
DEPARTMENT ClB' SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICESt COMMITTEE
JOINT FIRE RESEARCH ORGANIZATION

,",

This report has not been published and should
be oonsidered as oonfidential advanoe information.
No referenoe should be made to it in any
publioation without the written consent of the
Direotor, Fire Researoh Station, Bareham Wood,
Herts. (Telephone: ELSTREE 134-1 and 1797).

THE FLAMMABILITY OF FABRICS
PART 2

C. T. Webster

.,. .. ,...
f •• ,

Further work on the i'la.mrnabUi;f;y of fabrics is described and an empirical
equation is given for a relationship -be~~een vertical flame speed and distanoe
and time of sprsad c:r flame rctm,d the semi-ej.roular apparatus. This relation
ship is oonsidered to be more reliable than the e'iuatian for vertioal speed
and distance of spread given in F.R. 107.

,

September, 1955.

File No. E/4/3)JP

(9574-1-2) 1

Fire P~searoh Station,
Boreham Wood,
Herts.

© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.



THE FLAMMABILITY OF FABRICS
PART 2

by

O. T. Webster

Introduction

1ln earlier paper (1) reported a relation between the vertical spread of flame
of a fabrio and, the perfozmance in the semi-eiroular test. The relation oould be
expressed in tenns of the time for the flame to spread round the semi-eiroular
track as

<.

or in tenns of the final distanoe of spread of flame 'as

V= 1.81DO.4 (2)

V = vertical flame speed in om/seo
where

D =final distance of spread in in.

T = time to spread the distance D. (seo).

Equation (2) was not sufficiently acourate to pezmit the semi-eircul.ar test to be
used with oonfidence as an indioation of vertioal flame spread, and an investigation
has now been made of the relation between the vertical flame speed, the time to
reaah the final distance of spread and the distance of spread when the speoimen was
not completely consumed.

In order to obtain data from whioh this relation oould be studied, it was
necessary to carry out further tests. The experimental methods were the same as
~soribed in F.R. 107.

Results

A list of the fabrios used, together with the results of the experiments are
given in Table 1. The relation between vertioal flame speed and the time to reaah
the final distance of spread of flame (Fig. 1) is given by

V = O.8OD2.5 ." (3)
T .

This expression approximates to (1) with D = 21 in.

The tests with fabrics were suppkemerrted by others on paper, with .whioh the
speoimens of various thioknesses were builtfrom smgle sheets Using the minimum
amount of a flour paste (equal volumes of water and flour) to obtain good adhesdcn
the results are given in Table 2.

.. '
Further oonfimation of the relationship may be seen from the results of the

tests of the papers in various thioknesses. In F.R. 107 it is indioated that for':'! \
cellulosio material there is an inverse relationship between vertioal flame speed V
and weight/unit area, W, if this is expressed as

WV=K

and substituted in equation (3) then,
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For w, n the number o~ layers ~ paper stuck together may be substituted.
gives

It -T is plotted against D2.5 a straight line is obtained as in Figure 2.rr -
DiscUssion ~ results

Thi/3

It may be seen that there is less scatter in Figure 1 where distance and
time ~ spread or ~lame are- taken into acoount, than in Fig. 6 F.R. 107 where
distance o~ spread only is noted. The vertical ~lame speeds oaloulated ~rom

equation (3) have been plotted against the measured vertical f'lame speeds 1Il
Fig. 3. It may be seen that the points tend to lie on a line at 45 degrees
whioh conf'Lrms that .the relation is reasonably good. The greatest dsviation
~rom equation (3) is shown by the material ~rom the Japanese silk scarves and
this may be because o~ the open texture ~ the ~abrics. Other results, indicate
that materials with open texture tend to give anomalous results when carrpared
with other materials ~ the same chemical oomposition. For example, in tests on
ootton musl1Il weighing 3.9 mgm, per sq. om. the measured'vertioal flame speed was
15.2 om per seo, These two figures multiplied together give a value ~ just
under 60, ~rom earlier tests on cotton ~abrics, (see F.R. 107). the oonstant
would be expected to be 80.

The results with paper o~ different thicknesses conf';.:mt equation (3) and
the 1Ilverse relation between weight per unit area and vertical f'Lame speed.

When more materials have been tested a statistioal-analysis would be
worthwhile to establish the standard percentage deviation f'z-om equation (3).

Conolusions

Some ~urther work on the flammability o~ ~abrios is described and an
empirical equation is given f'oz- a relationship between vertical ~lame speed and
distance and time of spread ~ f'Lame round the senu-oaroul.ar- apparatus. This
relationship is considered to be more reliable than the equation ~or vertical
speed and distance ~ spread given in F.R. 107 and has the advantage that in
~ormulating a olassification ~or ~ire risk of' fabrics, a homogeneous method may
be derived where the same criteria time and distance are used throughout.

(1) F.R. Note No. 107/1954. The Flammability ~ Fabrics by n.r. Lawson,
C. T. Webster and J. Gregsten.
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Table 1
, "

, . , ,
Caloulated Caloulated Measured

Weight Distanoe Time to vertioal vertioal vertioal
Lab. Material per unit of spread spread D flaIre flame flllJDfl

Ref. and percentage area D T speed speed speed ,
No. oomposition by Eqn, by Eqn6

v= 0.80 ~ V=1.81D .4 •- 2T
, -2 V -1 V -1 V" -1

mgm om inohes sec, em•.seo, cm.eec, cm.aec,-
"

28b Artifioial 13 21 ' 301
winoeyette . 1~ 95 "

(fibre oomposition) 19l! 274-
21 319
21 293
21 298

Av 19;: Av 263.3 5.1 5.9 4.7

117 Daoron Fibre 30.2 21 516 2.6
21 509 2.9
21 523 1.6
21 481 , 2.9
21 503 2.6
21 495 3.0

-21 Av 504 3.2 2.5 Av 2.6

113 Fibre 1 27.4 131;- 166 2.9
131 178 2.4
14 180 2.7,
14 183 2.8

.~
164 2.8

. 1 182 3.0 _
v 13. Av 175 3.2 5.1 Av 2.8 ..

114 Fibro 10.1 20 191 7.3
1~ 115· 7.3
1st 182 7.3
18;f 166 Av 7.3
17 140
16J. ' 131

Av 17~ Av 154 7 5.7 .
115 Fibre 1 18.9 15 173 4.2

1&& 322 4.2
1.4 206 4.1
18 279 Av 4.2
1% 191

"Av~~ 187
Av 226 3.8 5.5

.,
,

116 Fibre 1.8 21 125 15.8 •
21 126 '16.1
21 115 14~~" •.
21 126 Av 15.
21 129

"

21 126
, Av 21 Av 125 12.9 11

(95741-2) '4!



Table 1 oont'd

I Caloulated I Calculated Measured
Vleight Distance Time to vertioal vertioal vertical

Lab. Material per unit of spread spread D flame flame flame
llef • and percentage area D T speed speed speed
No. oomposition I by Eqn, by Eqn..

I V:2~ V= 1.81DO.4
T

" V
-1 V -1 V -1mgm om-2 inohes sea. om.sea. em.sec. orn.seo.

'"

107 Rayon D 30.9 ' 1
262 3.612"2.....................

13 183

~)
1~ 196
13 170
1~ 197
131 210

Av 13.2 Av 203 2•.5 .5.1

104 Rayon Lambspun 16.1 1~ 149 4.8
17 209 4.9I I 16 ' 166 4.9

I 17~ 2,54 Av 4.9
17 20.5
16i- 189

Av 16.6 Av 19.5 4.6 .5.6
,

31 Japanese silk 2.9 21 69 8•.5
Soarf 1 21 7.5

21 70
21 7.5
21 76

I 21 7.5.
Av 73 2.2Av 21

,

Soarf 2 1.3 4- 4- 11.5
8 6

10
9 7
2 2
3 2

,.'

16.6 3.7Av 6 Av 4.2

Scarf 3 1.9 % 7 9.2
% 9
~ 8
2 2
6 6
5 3

Av 6.8 Av 6 16.0 3.9
"

2.41a- Wool 26•.5 3 20
c.. 4 20 1.7

" 6 22 1.7
:t . 4 14- 1•.5

~ 18 1.4
__3L._ 14 1.5

- Av 4.2 --Av'18 1.7 3.2 ltv 1.1

15 Wool
2.1Polyaozylonitrile 29.4 12 165

12~ 140 1.8
12~ 132 2.3
13 210 2.0
121. 1.50 1.9
15\ 131 2.1

Av 12.5 Av1.54 2.8 .5.0 Av 2.0
(9.5741-2) 5
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Tal:ll.e 1 oontld

I caloulatedl Caloulated Measured
Weight DistanoG Time to vertioal I vertical vertioal ,

.Lab. Material per unit of spread spread D flane flama flame
Ref. : and percentage area D T speed speed speeg,
No. oouposition bYEq~ by Eqn·O 4-

V= 0.8 V.. 1.81D •- -T

. mgm om-2 inohes V -1 V -1 V -1
seo. em.seo, om.eec, em. sec.

VI001 ootton .5.514..5 nt
J'-.

1,3a 13.3 50 4-.8
.52 .5.6 r

6 15 4-.6 '.
,

44 12 Av .5.0
12 68

Av 9 Av 39 5.0 4-.3

11 Vlool ootton 4-0/60 1.5.00 13k 84- .5.1l' 83
124 83

Av 12.7 Av 83 .5 •.5 5.0

9 Wool/visoose/nylon 26.0 6i 34- 1.2
.5 22
44 18
4- 19

11* 8.5
11'2 . 91

Av 7.2 Av 4-.5-- 2.4- 4-.0

-

-

.
-

•..

•
-
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Table 2

Result at' Test on Paper of Various Thiokness

I i I

icaloulated Measured,
Weight Distanoe Time to vertical vertioal

Material per'unit of spread spread D flame speed 5 flame speed
, by Eqn. V=o.8~

..
mgm.om-2

D T V V -1
inohes seo • om.seo.-1 om.seo.

..
6.4- 21 84- 19.2 17.4-Chart Paper 1 Layer, 2 " 19 14-7 8.6

18 127 8.7

3 " 1st 203 5.8
18 190 5.8
17 171 5.6

5 " 14- 155 .3.8
1~ 1.30 4-.1
14- 153 .3.7

. 6 " 1~ 12.3 .3.6
111 91 4-.0
1~ 122 .3.6

8 " 12 14-9 2.7
11t 118 .3.0
12 126 3.2

,I 10 " 9 T7 2.5
111. 114- 3.2

\ 114 148 2.4-

..

• ..

.'
..

DS 9574-1/2/14-3 50 9/55 R 7
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T = Time to spread
distance 0

v = Vertical flame speed
c mz sec"
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V T = 0 _8 d. 2-5

WV= K

KT = 0-8d. 2-5
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