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THE FLAMMABILITY OF FAERICS
PART 2 o

by
C. T. Websater

Introduction

An earlier paper (1) reported a relation between the vertical spread of flams
of a fabric and the perfommance in the semi-ciroular test. The relation oould be

expressed in terms of the time for the flame to spread round the semi-circular
track as

%

vV = 1655 (1) -
1:03 .

or in terms of the final distance of spread of flame 'as

V= 1.8100% (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 accurate to permit the semi-circular test to be
used with confidence as an indication of vertical flame spread, and an Investigation
has now been made of the relation between the vertical flame speed, the time to
reach the final distance of spread and the distance of spread when the specimen was
not completely oonsumed, :

In order to obtain data from which this relation could be studied, it was
necessary to carry out further tests. The experimental methods were the same ag "

Results

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

080025 T (3)
T .

This expressim épproximates to (1) with D = 21 in,

The tests with fabrics were supplemented by others on paper with which the

specimens of various thicknesses were built from single sheets using the minimum

amount of a flour paste (equal volumss of water and flour) to obtain good adhesion

the results are given in Table 2. « .

5 !

Further confirmation of the relationship may be ssen from the results of the -»

tests of the papers in various thicknesses, In F,R. 107 it is indicated that for ™ |

cellulosic material there is an inverse relationship between vertical flame speed v

and weight/umit area, W, if this is expressed as

-

WV =K

and substituted in equation (3) then

-K-_fl-‘\ = 0980D2.5
w

(95711-2)



For w, n the nunber of layers of paper stuck together may be substituted. This
gives : :

.Ii-";[l = 0080D2.5
. n '

If T is plotted against D27 a straight line is obtained as in Figurs 2,

Discussion of results

It may be seen that there is less scatter in Figure 1 where distance and
time of spread of flame are taken into account, than in Fig, 6 F.R. 107 where
distance of spread only is noted, The vertical flame speeds caloulated from
equaticon (3) have been plotted against the measured vertical flame speeds in

- Fig. 3. It may be seen that the points tend to lie on a line at 45 degrees
which confirms that .the relation is reasonably good. The greatest deviation
from equation (3) is shown by the material from the Japanese silk scarves and
this may be because of the open texture of the fabrics, Other results, indiocate
that materials with open texture tend to give anomalous results when campared
with other materials of the same chemical composition. For example, in tests on
cotton muslin weighing 3.9 mgm., per sq. cm. the measured vertical flame speed was
15.2 om per sec: These two figures multiplied together give a value of just
under 60, from earlier tests on cotton fabrics, (see F.R. 107), the constant
would be expected to be 80,

The results with paper of different thicknesses confirm equation (3) and
the inverse relation between welght per unit area and vertical flame speed.

When more materials have been tested a statistical analysis would be
worthwhile to establish the standard percentage deviation from equation (3).

Conclusions

Some further work on the flammability of fabrics is described and an
empirical equation is given for a relationship between vertical flame speed and
distance and time of spread of flame round the semi-—circular apparatus, This
‘relationship is considered to be more reliable than the equation for vertical
speed and distancé of spread given in F,R. 107 and has the advantage that in
formulating a classification for fire risk of fabries, a homogeneous method may
be derived where the same oriteria time and distance are used throughout.

(1) F.R. Note No. 107/1954. The Plammability of Fabrics by D.I. Lawsan,
C. T. Webster and J. Gregsten, i

(95741-2) : 3



Table

1

Caloulated | Calculated | Measured
Weight Distance | Timse o vertical vertical vertical
Lab, Material per unit jof spread | spread D flame flame flame
" Ref, and percentage area D : T speed speed speéd
No. compositian by Eqn. by B .
- V= 0,80 D2 | V=1 .8%6-4 .
T
2| v o, v Vo4
mgm cm inches 8e0, cm, seo, om.sec.  Om,. S0,
28b Artificial 13 21 ) _
winoeyetie . 13% 95 .
(fibre composition) 19% 274 -
' 21 39
21 293
. 21 298 :
Av 19%  |Av 263.3 5.1 5.9 L7
117 Dacron Fibro 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
113 Fibro 1 2744 1% 166 2.9
1 178 24
14 180 2.7 .
14 183 2,8
1 164 2.8
AvA3.T AV TT5 3.2 5.1 Av 2,8
114 Fibro - 1041 20 oA 73
1 . 115. 7.3
18? 182 7. _
18% 166 Av 7.3
17 140 o
168 | _ 131 |
17,8 |55 15k 7 5.7
115 Fibro 1 18.9 15 173 b2
18-"g~ 322 he2
15% 206 o
181 279 Av 4,2
152 1N
15§ 187
Av 16.3 |Av 226 3.8 5¢5 ,
116 Fibro 1.8 21 125 15.8 ’
21 126 ”11’?-11_ ‘
21 115 '.% -
21 126 Av 15,
21 129
21 126
‘Av 21 Av 125 12,9 11
(95741-2) "



Table 1 conttd

- .| Calculated | Calculated | Measured
. Weight Distance Time to] wvertical vertical | vertical
Lab, Material | per unit |of spread | spread D| flame flame flame
Ref, and percentage area | D T ~ speed speed speed
~ No. . camposition by Eqne. by Eqn. -
. ' Va 0.8@. V= 1,81D0+4
T
. ' > Vo Voo
mgm om™ | inches sec. |om.seo, Cle S6C. Cm, 560,
107 | Raym D 30.9 12% 262 - 3.6
e 13 183 .
' 13 196
) 13 170
i 13% 197
132 210
Av 13,2 Av 203 2.5 5.1
104 Rayon Lambspun 16.1 15% 149 L.8
, 17 209 L9
! 16 166 L9
173 25k Av L..9
17 205
164 189 .
Av 16.6 Av 195 L.6 5.6
3 Japanese silk 2.9 21 69 845
Searf 1 21 75
21 70
21 75
29 76
21 75
Av 21 Av 73 2.2
Soarf 2 1.3 L L 1.5
8 6
10
9 7
2 2
3 2
Av 6 AV 4,2 16.6 3.7
Scarf 3 1.9 9% 7 9.2
9-?- 9
8% 8
2 2
6 6
5 3
Av 6,8 Av 6 16,0 3.9
1a- | Wool 26.5 3 20 2.4
¢ L 20 1,7
. 6 22 1.7
; L 14 1.5
“. ll-"‘?- 18 1 vzl'
35 14 _d.5
Av LI--2 AV 18“‘ 1-7 3-2 Av 1.7
R e 294 12 165 2.1
Polyacrylonitrile . .
12% 132 2,3
13 210 2.0
124 150 1.3
125 131 _ 2.1
Av 12,5 Av 154 2.8 540 AV 210
(957u1-2) 5




Tatlle 1 contld

| Caloulated| Calculated | Measured
. : Weight Distancae | Time to vartiocal vertical vertical .,
-Lab. Material per wnit | of spread | spread D flame flame f'lome
Ref, » and percentage area D T speed speed speed
No. canposition by Eqn. by Egn, 0
V= 0.8 va 1,810074
T i +
: \'i v v :
mgm om™2 | inches seo, em,sec,™1 | onm. sec.” ) . cm.sec.“1f
132 | Wool cotton 55/45 13,3 11%_- 50 4.8
l 6 15 _ ll-.5 ~
L 12 Av 5,0
12 68
Av 9 Av 39 5.0 o3
11 | Wool cotten 40/60 | 15.00 13 e 5.1
12-3- 83
123 - 83
Av 12,7 Av 83 5.5 5.0
9 Woolviscose/nylon| 26,0 &2 3% 1.2
5 22
il 18
b g 9
11 5
112 . AN :
av 7.2 Av 45 2.4 4.0
|
l
’
'
(957u1-2) 6



Table 2

Result of Test on Paper of Various Thickness

Caloulated Measured
Weight Distance ! Time to vertical vertioal
Material per wit | of spread | spread D flame speed 5 flame speed
by Egn. V=0.801}2—
D T v v »
mgm, cm"’2 inches sac, cm. seo, ™1 cm, sec,
" Chart Paper 1 Layer 6.4 21 8y 19.2 17.4
4 2 1 19 147 8.6
18 127 8.7
3 18% 203 5.8
18 190 5,8
17 171 5,6
5 14 155 3.8
135 130 Lo
14 153 3a7
6 " 12—;— 123 3.6
11'? N 4,0
123 122 3.6
g o 12 149 '2¢7
1% 118 3.0
12 126 3.2
) 0 n 9 77 2,5
- 11-%-,— 114 3.2
S 11z 148 2.k
s
J
D3 957481 /2/443 50 9/55 R 7
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