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Summary

Two tests for the flammability of fabrics - the semi-circular
test B.S. 476 : Part IL : 1955 and a 45© test, a modification of the
American Flammability Test - are compared with each other and with the
speed at which flame spreads up a fabric hanging vertically. It is
shovn that the empirically derived correlation between measured
vertical flame speed and the performance of the semi-circular test can
be used to correlate the two tests with each other,
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THE ESITiATION OF VERTICAL FIAME SPEED OVER FATRICS BY FLAME
FROPAGATION ALONG A L5° SLOFE AVD ROUND A SEMICIRCLE

by :

P. H. Thomas eand H. VWraight

introductiom

In the United States an apparatus for determining the T lapmability
- of fabrics to be used for cl?t?ing was accepted os a United Sitate
Commercial Standard in 1953 1}, This paper describes work done ?2) to
discover if any relation existed between the performance of materials
on e modified form of this test and on the test developed by the Joinf )

. Pire Research Organization and published in B.S, L76 : Part ‘II : 1955 3

Some of the fabrics which have a raised pile or nap may, under certain
conditions exhibit a rapid surface flash on the pile or nap which can
then ignite the base fabric, This aspect of flame spread can only be
measured by' the American Test which provides for a method of raising the
pile and for testing ‘oven dry'. It is not discussed further in this
paper which is concerned with the relations bLetween the vertical flame
speed and the rates of spread of Tlame on the base fabric, unaffected by
the pile or nap in the two tests, The igniting source is applied in the
. American Test for only 1 second and this 1s insufficient %o ignite many
materials which will spread flame, Ior the purpose of the %ests deseribed
here the flame was applied until ignition occurred,

Doscriptiom .f . aericen Flemaubility Test

e

The American F%aTmability Pest 1s described in detail in the
published Standard: 1 essentially the test consists in applying a
butane flame § in. long, for one second to the upper surface of a

2 in, x 6 in, specimen held in a frame at 45° in a ventilated box, The
time taken for the flame to travel up the specimen and burn through a

cotton thread 5 in, from the gas Jjet is recorded automatically.

For this programme of tests an apparatus was constructed similor
to the American Flammability apparatus, The method of test was the same
except that the flame was applied untlil ignition occurred and thas a non-
luminous coal gas flame of the same size was used instead of the standord
butane fleme for meny of the experiments., This does not have any
significant effect on the time of spread of flame, '

Broorioentol procedure cul LLBUILS

The number of specimens in each sample tested was usually twelve,
Cne half of the number were dried in an oven at 105°C for thirty minuies
and left to cocl in a desiccator for use on the modified American test
and the others were conditioned to be in equilibrium with an atmosphere
at 22°C and 57 per cent relative humidity for use on the semi-circuler
test. : ' ' '

Tests were made on a wide range of materials including cotton,
viscose and acetate rayons, wool, and paper, Each material vas tesied
on the 45° test and the semi-circular test and the vertical flame speed
was measured by the method described by Lawson, Yebster and Gregsten ( )
The results ere given in Table 1. '
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From the results of the semi circular test it is possible to
calculate (5) a'vertical flame speed from the equation:

v = 0315 /2 e (1)
Ts'

where D is the distance of spread in inches
T, is the time of spread in seconds in the semi circular test
and V is the vertical flame speed in/sec,
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In B.S. 476 : Part IT : 1955 in vhich the semi circular test is
described a W:Lt?u:z‘e or Merit 'i' has been defined as 1 OO divided by the
calculated verulcal ”lame speed, i,e,

M = 100 . 520 g .. (2)

V- o 72

Calculated values of, 'V' and i sre also given in Table ‘. ﬁsinf
equation 1 it is possible to derive a similar equation For uhe modifisd
. American test (Appendix), This is given by

v = &0 r . . lf; (34)
7 .

45

where ). . is time of spread in scconds for the 45° test.

Hence since M = 100 this gives
v

M = 2.17 _ . ., . (3B
45 (38)
Although the Cormulae actually give a quantitative relation belwsen
- vertical flame speed or Figure of lierit and time of spread in the 45°
test it is necessary to obtain the best values of the COHSbantS by a
direct comparison between experimental results :

If the numerical constant of pr0portionality in squation 3B is
found for the data in Table 1 a value of 28 is obtained (see wipg. 1).
This corresponds to a figure of 35 in equation 34 instead of 47, The
correlation between the two tests over the whole rangs of results is
thus .

M = 2.81 )5 (4i)
and the corrssponding relation for-the verfical Tlame speed is
v = 22_ e s o (}'"B)
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The vertical flame speeds as caleculated from equation i for the

. semi circular test and from equation 4B for the L50 test are compared
with the measured vertical flame speeds in Figs, 2 and 3 respectively,
The two estimated values of vertical {lame speed are compared with each
" other in ¥ig, 4. - \

Discussion of results ’

Then testing some materials it was found that the application of
‘the pilot flame for only one second was insufficient to ignite the
specimen, - This was true Tor both coal gas aind butane but to g greater
extent with the butane flame (06), o use the ismericen test %o obtain
a figure of merit a longer ignition time is required and continuous
ignition with a butane {lame-has been recommended by the Textile
Flamability Panel with this end in view, This procedurv gives
results which agree with those obtalned using the coal gas flame,

The scatter of points about the line in ¥ig, 1 relating the
figure of merit in the semi circular test to the time of burning in
the 45° test is approximately constant throughout the range of velues,
except for some materials of high Ilammability, vor theses materials

i
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v TABLE 1

LIST CF JIalERIALS (D RESULLS O TESTS

R S
Vertical Vertical
Vertical wigzure flame flame
flame of speed speed
Weight | speed merit calculated | Time on | calculated|
aterial in, sec™! |(Semi- fron semi- | 45° test from
(Torsion |circular| circular ' 459 test
Belance) test) test ’
oz, yd~2 in, sec™! sec in, sec!
Cotton Het 0.8 14 7 e 3 A 10:3
Cotton Muslin 1.0 60 9 11.1 2. 0% 19.7
Cotton Net 143 18 6 16+ 7 30 1% 1943
Cotton 1.9 3.5 17 5+9 5. 7% 601
Cotton 2.1 304 22 45 7-O¥ 5.0
Cotton Gingham 2.8 2-8 26 3+8 8. 6% L+
Cotton 346 2.5 33 3:0 12.0% 2:9
-Cotton ilinceyette 3.9 2.0 © 31 3.2 13. 3% 2.6
Cotton L5 1:9 28 2.6 , 13.0% 2.6
Cotton Towelling 147 1.0 67 -5 <20 1.5
-Cotton Flannelette L 1e7 33 3.0 1802 2.0
Cotton Flannelette Lo 1.9 33 3¢9 19. 0% 1.8
Cotton-~Viscose Flannelette ha b 1.9 39 2:6 14 5% 2.4
Viscose Het 0-5 16 6 1642 2.8% 12.5
Viscose Net Q-6 1206 8 12.5 2.8% 1245
Viscose et 08 Qely 9 11.4 Lo ¥ 8+5
Viscose Ninon 1.9 L8 21 IYs 54X 6.5
Viscose Locknit Leb 149 56 1.8 16 6% 241
Viscose Lambspun L8 1+9 56 1.8 17.5% 2.0
Acetate Rayon 17 17 10 100 5.5 Gely
Acetate Rayon Lingerie 2:9 241 30 3.3 9.0% 349
Acetate Rayon 3.8 Tel 23 Le3 8e2¥ L3
Acetate Rayon Satin L9 39 - 22 L5 9.0 3.9
hcetate Rayon Twill - 6-9 09 42 204 12:0 2:9
Newsprint 1.6 5+6 15 67 6.0% 58
Chart Paper 1.7 -8 13 77 L6t 76
Thin Brown Paper 26 L.2 21 L.8 6 5% 5el,
Cartridge Paper Le3 26 36 2.8 13. 3% 246
Thick Brown Paper b b 22 39 2.6 11.6¢ 30
20% Wool 80% Cotton 40 2-1 Ldy 2:3 30 = 1.2
40% Yool 60% Cotton 345 2.2 12 2el, 33 1.1
60% Yool 40% Cotton 3.7 23 50 2°0 47 0+8
Wool 37 Q.7 L7 241 15.0 18
Wool 2.9 C-8 L7 241 DL s,
ool 5.6 07 49 2:0 20 O* 1.8
Wool Felt 71 not 14,8 07 50 07
tested
- {-Wool 75 03 136 Q-7 D.iL S,
Viscose-Terylene 50/50 9.0 1.1 80 1.3 23.6 1.5

DI, 8., - did not spread f{lame,

% - coal gas flame,
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either the time of spread on the 4L5° test is too long, or the figure

of merit given by the semi circular test is {oo low, in relation to the
performance of materials of lower flammability., 4 comparison with
vertical flame speed (i’igs. 2 and 3) appears to supggest the former,

While on the semi circular test the vertical flame speed over wool
cotton mixtures may be determined accurately they appear to give
anomalous behaviour on the 45° test and these mixtures have been omitted
in correlating the two tests {Equation 4i), 4his is no doubt due to the
fact that the igniting butane flame did not penetrate the wool cotton
fabrics very readily, ilame spread up the upper surface o burn the
cotton thread before flame has spread up the lower surfage, 1o explanation
has been found for this behaviouf, also noted elsewhere ) This
difficulty is avoided in the semi clrcular test in which the ;abrlc is
ignited at the edge. :

Figures 2 and 3 show that both tests can give an estimate of the
vertical flame speed but a comparison of Fig., L 'with ¥Fig, 2 and Wig, 3
shows' that the two tests give results more like each other than is
either to the vertical flame speed as measured by the torsion balance,

Both tests give too high an estimate of the vertical flame speed
of acetate rayon and wool., Vhen these materials burn vertically large
drips are seen to fall, particularly with acetate rayon. ‘his momentarily
checks the burning as some of the burning material falls away,

The dripping does not occur to the same extent il the material is
well supported as in the tests,

There are some materials vhich propagate flame vertically and
therefore in the semi circular test but which will not woropagete flame
at 459, Tor example, three of the heavy wools in Table 1, There is thus
a practical limit to the sensitivity of the 459 fest which will not be
able to measure the vertical flame speed below a certsin limit, Any
material which will not spread flame more than one quarter of the way
round the semi-circle will probably be.affected in this way,

Conclusion

Both tests give measurss of vertlcal flame speed or alternatively
of the figure of merit and in this respect the difference betveen the
tests is not generally significant., interials such as acetete rayon,
which drip when burning vertically will burn more slowly thon estimated
from the performance on a test and both tests give a similar result for
such materials which may differ appreciably from the vertical {lame
speed. The L5° test, if it is to be used to measure the figure of merit,
must have a stronger .or more prolonged igniting source than a butane
fleme for one second,

.Even a continuous butane flame is not strong enough to prevent
incorrect results being obtained for. wool and cotvton mixtures on the
© 450 test. The best linear relation between the L5° test and the figure
of mﬁrlt measured by the semi circular’ heSu is

M o= 2'8"’1‘2*5



- APPRNDIX

Relation bet.een Semi-circular lest aB§~§§9L2§§EF2)

In equation @)D T is the mean velocity of spread up to the point D,

Hence equation 1 becomes

v

1

0.315 D°/2 ¥ ... (18)

where V. = D/T, .

"Since this is velid for a variety of materials spreading different

distances around the semi-circle it follows that the veriation o the
velocity Vy at a point "x" on the semi-circle is the same for different
materials. A conveniant equation to assume for this variation is

yo= A& o A ... (2n)

where A is a constant for any one material, The fact that this implies
an infinite starting velocdity can be disregarded as a small correction
to the origin of “x" will meet this difficulty without making a
significent dif'ference to the following argument, The equation also
postulates a finite velocity Just before the cessation of Ilame spread,
This again is disregarded,.

How X/t is the mean velocity of spread Vx up to the point "x" so
that from @4) '
VX = (n +. 1) Vx --' [ ] (BA)

The above argument on the similarity of behaviour of different materials
also implies that equation (i) can be written

Vo= 0315 X3/2 7 o . (B4)
Equation @A) is therefore satisfied if n = 3/, Hence from (4) and {4)
2y
5
V, = ——F. v .. (54)
0315 X/2,

If x is put equal to 5.25 in. the distance round the semi-circle to
reach a slope of 45 we get the local velocity at a point where the
slope is 45° as \

vV
s T S

Strictly speaking there is a distinction between the time for the
top of the flame to reach a given point and the time the base labric
has burnt through at that point, It is the latter which is measured
in the semi circular test and the former in the 459 4test. The use of
the full distance of 5 in, may slightly overestimate the vertical flame
speed, but in view of other epproximations this is not importent,

Hence with & 5 in. spread in T45 seconda

v o= &l
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FIGURE OF MERIT-M (SEMI-CIRCULAR TEST)
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