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FLAMMABILITY TESTS Cif MATERTALS SUPFLIED BY THE FLAMMABILTEY TESY TG
PAITEL OF THE TEXTILE DISYITUTE

b

C. T, ‘ebster

Introduction’

At the first meeting, 29th March, 1955, of the Flammability.
Testing Penel of The Textile Ins tltutv it was agreed that "The aim of
the Panel was to make recommendations 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 that members should send samples of Fabrics to
The Textile Institute for dispatch to other wembers who would carry out
flarmmability tests, The following report describes {lammability tests
made by the Joint Fire Research Organization on textiles supplied by
the following Orgenizations:- :

British Cotton Industries Research Association,
Messrs. Courtaulds, Ltd,

Lace Research association,

Joint Pire Research Orgenization,

FExperimental

The'flammability'results given in this report are from the materials
subjected to the following tests:-

2) Bemi-cirecular test :

3) The American Federal Test CCC-2191b. (In this test as
carried out by the Joint iire Research Organization a
coal gas fleme was used instead of a butane flame),

;1; Vertical flame spee?zyest (1

Befors testing half the samples conditioned to 57 per cent relative
humidity at a temperature of 26°C and the remainder vere dried in an
oven ot 105°C for 30 minutes, The weight per unit arsa was determined
for each material, after conditioning.

Results of tests

The individual results of the tests are given in.fppendices 1, 2,
3 and 4. As no identification numbers were found on the Lace Lesearch
Association fabrics, samples of the fabrics have been atuached to the
results in Appendix 3, In Table 1 vertical flame speeds have been
calculated from the semi-circular test u51ng the following empirical
formulae:-

(1) v = 1655 _ when flame completely spreads
11-03 round the semi-circle

— Jwhere flame spreads partially
(2) V= 0:0780-/2 Jround the semi-circle

wm

]

where V = vertical flame spzed cm sec” -1,
¥ = time seconds,
D = distance of Tlawme spread in cm,

i n

In the American Fedéral Test the times, in seconds, are given for the
flame to sprecad up the 4 in, strip and release the weight.,



Discussion

The mean result for each fabric is showa in Table 1, In Mgure 1
the vertical {lame speeds calculated from the results of the seni-
circular test are shown against the measured vertical flame speed, l'or
the American Test the reciprocal of the time will zive a measure of the
mean rate of spread along the slope and this is plotted against the

weasured vertical flame speed (sce Wig, 2}, Botl tests (opowr to cvorssiiaak &he

vertical flame speed of blue_acetsse rayon and. cotton (3), while the
American Test underestimates the vertical flame speed of 40/60 wool cotton

and the semi-circular test overestimates that of pink raised viscose rayon
with the fluff below. '

Apart from the fabrics mentioned the observed and calculated vertical
flame speeds for the semi-circular test are in reasonable agreement for
specimens conditioned at 26°C, In general, both tests give similar
rasults, This may be seen more clearly if the time of spread for fabrics
spreading 21 in, in the semi-circular {ests is plotted against the time
of spread in the American Test os in Figure 3. This apgreement suggests
that both teats ere in general measuring similar physical properties of
the fabrics,

The results of both tests sugpest thot more consistant results are
obtained if tests are confined to conditioned rather then oven-dried
specimens, This is possibly due to the chanzes that may occur during
the period after dryving and during the test., ‘The results Tor wool -
.cotton 40/60 with the American Tests were devendent on whether the
flame actually penetrated the fabric in the 1 second it was in contact
with it, For about half the tests with the oven~dried specimen the
flame penetrated the fabric giving an average spreading time of
13 seconds, and for the remeinder it did wnot, piving a mean time of
38 seconds, “ith the conditioned specimen the flame did not venetrate
and burnt up the top side only, “his resulted in a type of burning
different from that when the fabric hangs freely, A similar benaviour
has been observed with cellulose nitrate f£ilm +) where the mean spreading
times were 3.5 and 11+6 seconds only for tests in vhich the emulsion was
on top and below respectively, In the semi-circular test with raised
viscose rayon with the fluf?f below, the fabric burnt more rapidly on the
fluff side than on the reverse side and this avpears to have given rise
to too great an estimate of vertical flame speced, 1To detailed statistical
analysis has been made of these results so that it is not possible to make
a more specific comparison of the two methods of tesi,

Conglusions

Both tests in general classify materials in the same way, but there
are some snomalous results with both tests when they are related to the
vertical flame speed, The American Test may give varieble results with
some materials due to the fact that the flame does not alvoys penctrate
the somple. The British Test gives rapid flome spread over brushed
noterials when the roised fabric is placed downwards, The times involved
in the American Test are about one-tenth of those involved in the semi-
circular test,

Conditioned specimens give much more reliable results than oven-
dried specimens. ' -
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TABLE

1

The average test results obtained from fabrics
from various sources

Calculated
Semi-circular test vertical
Verticall flame speed |Amen:icrv
Materiel I'reatment Jleight f'lame ' . Teot
cm"1 speed R D E R A tin:
ci sec” Distance "ime | Equation|cm segl sev
(em) sec 1 3
Blue acetate Conditioned { 13 Lody 535 (21") | 146 1044, 9.5
rayon at 78°F 57% R.H
Oven dried 5.9 " 103 1%5.8 8.2
Pink raised Conditioned | 19.1 Le8 " 325 L3 26.2
viscose rayonjet 78°F 5745 R.E
flutf on top
Oven dried 5.6 0 151 9+ % 17.2
Tluff below Conditioned 48 " 146 10.4 2L
. lat 78°F 57 R,H|
QOven dried 5.6 L 107 13+5 25+3%
Dacron fibro Conditioned | 30+9 2.8 " 527 2:6 27
at 78°F 57:% R.H; :
Oven dried ' 3. | " boyst b 3.1 23.6
White nylon Conditioned | 4.7 . - DID 10T FLAME -
at 78%" 57/% R, H. ! | I
Oven dried . | - DID 10T F!LAME - | |
1 i ! I
BRITISH COMTON TIDUSYRIES RESEARCH ASSOCIATION
B,C. IR, A. 1 Conditioned | 13-8 hedy 535 (21v) | 215 66 17:2
at 78°F 57/ R.H,
Oven dried 5.7 i 172 83 180
B.C.I.R.A. 2 Conditioned | 14+0 L+8 " 204 6-9 19.2
at 78°F 57 R.IL
Oven dried 5.9 " 172 83 19.7
B,C.I.R.A.3 Conditioned | 15°5 L7 u 24,2 5.8 1747
Oven dried | 55 | g 186 746 143
LACE RESEARCH ASSOCIATION
et A Conditioned | 4+39 | 45 ° " L0 37 3.2
Oven dried L3 " 39 38 341
Het B Conditioned 2:57 | 35 " L6 33 35
Oven dried 58 u L5 33 ey
Net C Conditioned 1.62 | 39-5 " 37 40 3»3
Oven dried 31 n 27 55 2.
Net D Conditioned 2¢54 1 24 " 55 26 5+1
Oven dried 58 a gl) 37 16 i
1 Yellow Conditioned { 15+5 4.9 45 230 L*6 20.4
locknit
Rayon Oven dried ! 6.3 53.5 (21"} | 239 59 1676
JOLT FIRE RESEARCH ORGAWIZAS TOIT
Cotton Conditioned | 15.6 49 53+5 (21%) | 240 5.9 1 0
1 Oven dried 55 " 201 70 144k,
Wool/cotton/ Conditioned | 12+5 5+9 30.5 70 5.7 | 45
40/60
2 Oven dried 640 34 oL 5e7 25
1 Cotton Conditioned | 6-4 88 52.5 (2i") | 106 13. 6.6
3 Oven dried 107 " ol 152 5.7
- b PR ‘. P
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AP-ENDX 1
G FABRICS SUBNMITTED BY :ESSRS, CGOURTAULDS

)

» SEMICIRCULAR TEST MEASURED Ca10, V.F. S, AMERICAN
7 . V.7 8S. V. PEST
MATERIAL TREATHENT sJEI(;I;?Z — DISTARCE e o S,
o B . - el rece, L. | e I N
Blue Acetate Conditioned at 13.00 139 53.5 em(21") 4k 104 100
( Reyon ) 780F and 577% ‘ :552 " g. ?
i Courtaulds n : 33 " ol
| Reletive Hupialty 140 9.5
' 157 n Se7
' 155 1
| meen = 146 secs mean = 53-5 |
| ,
E Cven Dried 104 53 5 cm(21™) 549 13.8 8.5
: 102 n 85
104 n 8.1
107 " 8.2
100 " 79
99 "
' mesn = 1027 imean= 53.5 cm
g .
| Fluff on top| 0 | B .
| Plik reised Conditioned 1910 323 53:5 em(21") &3 I3 27-0
viscose reyon ’ - ??g " - ggg
1d & &
" (Courtaulas) 320 53.0 250 .
‘ 337 5345 26-0
, 337 " 260
meen = 325-3 Imean=53.5 cm
b (Fluff on top) | Oven Dried 149 53+5 cm(21") 5.6 9+3 18.5
g L 219 n : 200
: 123 " 18.5
| i 109 " 15445
! f 175 " 155
i 133 n
|
l ! mean = 151:3 |pean= 5345 cm
| ]
} ! Fuf upderneath| ' ‘
5 Conditioned 139 53.5 cm(21")  4e9 1002, 26.5
| 150 n , 22.0
I 1524. ” 2’ .0
i 1{,_0 " 26'0
| 137 25.5
155
; f‘ mean = ,”-}-6 MERI= 55.5 fort)
| ! : _
j' Fluff bel | Cven Dried 108 53.5 cm(217) 5.6 13.5 25-0
: (r o) ' 93 ° n 3Q.0
: 105 " 2543
115 " 2200
6l n 250
, 156 n
mean = 107 |pean= 53-5 cm
J - = - B S e I —
Dacron-fibro | Conditioned 309 517 535 ca21") 2.8 2.6 27.0
519 n 27.0
538 " 26.0
! 5L6 " 28.0
J ‘ 521 " 2600
| | 522 " 2645
i mean = 527 mean= 53.5 cm
| Oven Dried 465 535 am(21")  3-9 301 1 22-0
i ! | 1;_58 n - 2545
|
; | ifg 23.0
| | 245
! | 152 n 22.0
| 2 " 2.5
'1 mean = 4507 |pean= 53.5 cm
j S . _.4} S R— R
L~ -1

-3
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A EDIK 1 contd,

SERTLT UK TRST AL SUST AT W T T O AT

HATSRIAL PLFATHENT SEIGHT o ke Ve S Falbionl
g, o= TF DISTANCE ety o b U
SECS oo, sec T ImE 3 SECS

Yhite Nylon
(Courtaulés)

Conditicned et
76°F and 57.-
Pelative Humidity

Uven Dricd + did not 7L om
’ burr, £.1 o
el cm

Sei oo

Tl am

Se1 cm

The: &Xi= : . :; L

Lo 76

- did not
burn, only
melited

I a%n=

2,1 em
1,5 cm
Leh o
6.3 <m
Pu1 om
5.7 cm

\n
»
o
i

¢ - 38 not
DL

DECATLED TEST FE50.7S N FABRICS SUBMLTTLD BY Znivish UM LRDUST:

ACFEDIN 2

SIES 2.8EarCH ASSuuIATIUN

' .
B.C, 1 Eoia0 1, Conditioned 13.80 220 53¢% cm (21%) Lok &. 6 t6ab
210 ! 1.4
210 n 1 7.5
216 " 1.:.&}7
215 " t el
217 o
mean= °15 meanz 52+5 onm
{wen Dried 172 Siefocm Se7 203 T,
1?2 n » 1 t-_'-
173 1l
170 n 205
172 " 17,
172 # 1o,
means 172 mean= 53.5 cm
B.C.IF. A, 2, Conditioned 1% 00 209 53.5 em{ 1" IRE v 9 1546
198 1 4 9_ )
25 " 210
204 " =
2(.}5 1 16.5
205 "
ean= 2043 | can: 53-- em
Cven Dried . 166 53+5 cm{2i") E.9 £.3 17.2
1?2 15 1 -{;-. 5
1?1 # 155.7
175 " 2.3
175 " Ceh
175 " “"?.“j
' mean= 172.3 _sen= 53.5 am
B.C.I.R.A. 3. Conditivned 1550 255 53,5 091(21"> Le7 5.8 17,3
250 17.0
246 " 16,6
?h} v 16,2
21‘;‘2 it ?C.?
230 " 12.9

Oven Dried

mean= 2hZ+5

v
o
[}
[}

17
182
165
191
190
195

mean= 155.7 | san= &

53.5 cm

5245 com(21%)

1"
#
r
H

"

56

FRagxR,.
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AFTRNDIX 3

RESULSS U PABRICS SUBMIPTED BY LACE RESEMRCH ASSUCIATICN

TETALLED ha
SEZICIRCULAY TRST ¥EASURED CALL, V¥ 8, AMNERICAN
MATRELAL TREAT MENT VEIGHT CIAE DISTANCE v.F. S v. P ,..lEST .
. Secs ins, s, sec, TIMEKE - SECS
Conditi-med =t L4 39 41 537 um(21 " 4500 17 B
7689F and 57;: LO " 3.2
Relative Humidity L0 " %l
' L0 “ 3.0
&_1 " } OL
Y " Ze2
mean= 1.3 mean= 535 cn
Lven Iried 41 5345 ca(21")  42.00 38 2e &
}1._0 1 T 9
38 : 3.2
5 ] j - b
38 " 2.z
39 ’ XN
nean= 39 meen= 535 cm
Net B Conditioned 257 51 5.5 an{21") 3446 33 3-9
47 " ' Zed
46 f 3 el
46 " 3.5
L5 y 3.7
L " 37
neans= LG'S mean= 53.5 cm
Cven Dried 45 53+5 cr,.-;( 24 5800 33 2.5
&7 " 33
45 " 3.5
24}‘1’ 1 2 0_3
55 " 3.5
16 " L.1
mean= 4543 mean= 53¢5 cm -
Ket C Conditionszd 1.62 33 525 cn{21")  39.5 LO 2.2
41 " 33
58 n 5. 6
A 37 1 2.2
. 36 " 3-5
: mean= 370 meen= 535 cm
{vsn Dried 30 53¢5 cm{21") 310 L) 2.9
2 z 2.5
2 " 2.:3
27 t 2 * ?
28 n 2.8
2B " e
mean= 27+3 - |aeanz 53-5 ¢m
Tet D Conditioned Lo 5k 55 53.5 em{ot") 24L.0 26 L8
. ) 5? n 5‘ 7
52‘_ H 5 [ 1
57 3+ 1
55 ; 5-2
. 52 1] e 8
; ween= 55 meati= 53.5 o
cven Dried 29 72,5 cm(ﬂ") 580 37 46
L‘_O I 3 * 9
. LO I dpa 2
B T 1 oo}
39 -
40 " 3-8
;»_ m " .Li‘. 1
P hean= 3%.7  jmeanz 5r 5 ca

=D

[1=1"%

vlaa



APCEDIX 4 . :
LETATLED TEST RESULTS (N FABRICS SURMITTIED BY JUINT FIRE HESEARCH UdGAIIZATICH

RO
SE}ICIROUZAR TXST  LESUNED | caic e .
< el Bt TEST HWEMARKS
50 <7 - T AR LT ST . e Ve e e “‘I. :.‘. Q, )
LATERIAL SREATRENT EIGHT ThB VISTGCE om, sec? v o ar ?.f:CS
— BECS ’ mafhady Lty -
5 S.BCLHENS
Cotton Conditioned at 15058 me, o2 b h3.5 cm(ﬁ‘l":} 49 5.9 150
Wo, 4 71 6OF and 57 241 *
Relative Aumidity 42 "
, oy "
23 k]
I:,LG n
means 240 secs mean= 535 om
(wen Dried : 193 53‘;5 em( 21" 5o Ted 13-4
2
202 ' A
195 "
N 20 "
210 "
‘meac= 201 .secs mean= 535 o
60 docl sonditionad 202 ng.onTe 60 Rle5 cm 5e 3 5.7 L5 o censtration of
L cotton , 7 66 32 ' fevric by Flsuae in
Mo, 2 CE 33 : Admerican test
>0 3
93 2>
: ! €5 29
i i ,
i o= (U sec8 meanz 0«5 om ' -
Cvan Drieg : : 75 Sl ) 57 .. 25 . [13, secs mean waten flave L
: 138 2 : senetrated Cabric,
85 755 38, vhen flzme 4id not
?
%1 255 qenetrate fabric,
%6 36
z o
&1 5h
! meen= 943 gecsiceans 345 cm
votton Conditione=d €.44 mg, an=2 105 b305 am{21™) Eets 12.8 €6
N, 3 106 " ‘
| 106 -
| 105 " :
; 106 u :
1&.6 1"
meen= 1.6 secs mean= 555 cm
Lven Dried 96 5%¢5 em(217)] 107 1502 5.7
95 1 )
! i
i = 93
! 95 ¢}
Sk :
9‘|+ N %"
mean= 94.5 secSmean= 53.5 cm i

FR.198. Y/2az



APUENDIX 3 contd.

~*f: - SEWIC-RCULAR 18T WMEASURED CALC. .7, S, SHMERTCEN
MATERIAL TREAT;ENT VEIGHT o < rtere V.R. 8, V. TEST
S - TIME DISIANCE Cms, Sec, CTHE : SECS
- 3€c8 ins,
Yellow Locknit Conditioned at 155 148 3Se5 cm 4+9 Leb 23.0
~ Rayon 789F and 7% 177 44 20 4
Relative Humidity 203 L3 20« U
234 16 19«1
25k 50 1S 2
325 51 ‘ 21.0
mean= 230«2 |uean= 45
Oven Dried 252 53+5 cm(21") €3 5«9 148
219 " 17-0
21-!-0 n 1 ?. o
257 " 16-7
244 " 17~1
224 " 171
mean= 239

mean= 535 cm
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