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Summary

Two methods of assessing the flammability of falrics
are described. In one the rate of burning of fabrics in
ﬁhe vertical direction is measured, and in the other, a
more robust instrument suitable for general use, a strip
of the material is clamped around a semicircular freme and
the distance or time of spread of flame around the semi-
circle is observed, ’
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TEE FLAMMABILITY OF FABRICS
by
D, I. Lawscn, Co T. Webnster and M. J. Gregsten

Introduction

The fire hazard of fiammable fabrics is well knowa, and there have
been meny attempte to devin? iesie by mesns of which fabrics cen be

L]

graded according 1o their degrer Ol Tlammability.
'

In.this country a Non~Inflammability Test was introduced with
B.3.476 in 1932, This test has Leen followed in several Buropcan
comtrics, despite a growing ccorictlaon Thet 1t doos not TIV\y represent
behaviour of nabferials tnder precticol cornditivud, ond thaet certain
ewlward discrenancies ococur.  During the icwision of %.53.476 in 1953,
it wes considursd thot the Non~Inflaomuability Teasv chovld e uwitted,
‘and tnat censidsrobinon should be given To the devsiopnert of en
altermative that would be spplicable to any meterials in thin sheet
form,

It is generally agreed that a fabric presents the greatest hazard
when it is hung vertically, and it is therefore desirzble that any test
should give a reliable indication of the provable bchaviour in this
position. Flames travel so rapidly in the vertical direction,however,
and the flame front is so badly defined that it is not easy to measure
visually the rate of spread of flame accurately on a specimen of
convenient size, Consequently, vertically held speecimens are only used
rowadays in assessing the efficiency of fire reterdani treatments, or of
fabrics in which vertical sprezd of flame is 1imited, Nevertheless, it
vias considered that the first step in a re-examination of this problem
should be an attempt to find some means of measuring the rate of spread
of fleme on a specimen held verticclily, ard then, if possivle, to '
develcp a convenient form of test thai would give results in agreement
with practical observatimons. Lt was declided thad one way of mecsuring
the vertical flame speed would be to weisn Lhe Linming somple continuously.
This would enchl~ the rate of losz of weight e b calculsted, and from
it the vertical Dlane speed deduced,

Apparatus

The semple under test was susperded on a torsion balance (fig.1)
consisting of a stcel wire 0,036 in., diameter and 7% in. long tensioned
between the arms of a U~-shaped castinrg, Thez Lalance arm was fitted with
an adjuctablo comter weight and a small concave mirror was fixed at the
fulerum. A parallel beam of light was directcd at the mirror and
focussed on photegraphic paper which was wrapped round & 7 in. diometer
cylindrical dium in the camera. The cemera drum wes supported on a
grdrcaous motor which rotated it at e speed of one revolution every
15 seconds, A continuous trace was left on the photographic paper as the
drum rotated thus recording the movement of the mirror on the torsion wire,
Btfore each semple was burned .the spparatus was calibrated by hanging
weights on the balance arm. A trace was obtained for each weight so thet
the photographic paper was, subdivided by horizontal lines each corresponding
to a particular weight., The sample vias suspended on the balance arm end
e trace obtained for ite initicl weight. ' It was then ignited at the lower
- énd end a record of the loss of weight during biraing was stieined. A

typical trace is shown in fig.2, Tue oscilleticns ca the trace are due

to lack of damping of the tormion balance and the meen resition of the trace
is taken as indicative of the weight at any time. PFrom the phoungraphic
reccrd a graph is plotted of the weight of the sample as a funciion of
time, anq the flome speed is-deduced as shown in Fig.3, Before any
systematic examination of different fabrics was commenced & number of
samples each having different lengths «ss burned, and the maximum rate of
flame; spread calculated. Two typical examples sre shown in fig.h where
it will be seen that the meximum rate of spread is not developed until a



sample about 50 in,
was 6 £ long by 13

Materials

1,

long is burned,
in, wide,
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The list of materials tested is shown in Table I.

In all subsequent tests' the sample

-

I¢ includes

cotton, cotton treated with various concentrations of monammonium

phospnate, materials made from various artificial fibres;

wvool and

wool cotton mixtures aper of‘various thicknesses and wood vensers,
»

v Materiasls tested

Textiles

Cotton (washed)
Cotton {unwashed)
Cotton soslzed in

Honammonium rhos-
phate Solutions

Concentrations:-

Yool serge

ylon

Terylene

Yool cotton 20/30
ool cotton L4O/60
Vool cotton 55/45

incyette
Planneletie
Wit (dressed)
Rayon (4)

i1 B

n C

i D

i Eg
i F

Spuin Reyon
Linen (crash)

Jood veneers
Ockc )
¥ahogeny
Valnut

Heal

Fopler

Ubeche

Iroiz

Ash

Fapers,
bwrtrldge paper
Fewsprint
Recorder chore
Irown paper
iiscellaneous
Cinemetograph Fiim
(vitrate base)

L el L PR TPy .

All the materials were *1rst brought into equilibrium with an
atmosphere at a temperature of 65°%F and 60 per cent relative humidity,
The impregnation of the cotton materials was corried out by 1mner31nn
the sample in the impregnating solution which had been heated %o 90°C.
The solution and sample were then sllowed t0 cool {0 room teuwperature,
The sample wes then dried in a horizontal position to prevent migration -
of the solution,

Results
From the photographic trace the maximum rete of loss of weight :
could be found for each sample and this together with the calculated

{lame speed is shown in “able II,

It will be seen that the results for

flame spread range from 1o
vertical propsgation to that of ceilulose nitrate film which has a
vertical {lame speed of thz order of 90 cw/sec, “ool,- aylon end

terylene were easily the least hazardous materials, thougn it may be
that these results would be modirfied by the presence of dyes, 4
mixture of wool and cotton in the proportion of 45 per cent cotion to
55 per cent wool has almost the same flammability as plain cotton
fabric, The fire retardant treatment of cotton using wonamaonium
phosphate is only effective when solutions of a strength of ebout

8 per cent are used, Very low concentrevions will sctually increase
the rate of flamez spreed,

A simple apparatus for assessing flammebility of fabrics

N

“he apperatus described so far is only suitable for laboratory use
and any comuercial assessment of flammability would have {o be mede on much
simpler and wmore robust equipment,

A measurement of the vertical flame speed cannov vasily be made visually
owing to the absence of a well devined flame front, ' An alternative method
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of nssessing flammability is to allow the material to burn at various
angles to the verticzl ocnd to see ot which angle the sarmple is no
longer cble to support flaming. .4 simple way of doing this is to
spread the sample over a semicircular track and heving 1it it at one
end to note the distance to which the flame spreads.

The apparatus, shown in fig.5, has a diemeter of 14 in. and the
semicirculer track is 21 in. long. The specimen is 13 in, wide and
ignition is by the flame from O+1 ml. absclute alcchol containesd in a
smell trough 20 x 10 » 3 mm, It wes found that a large numter of
materials burned completely round the semicircular track, but these
materials can be differentiated from each other by noting the time
taken to do this,

Bgﬁults .

The distances or times of spread for the various specimens eare
recorded in Teble II, In each case the mean result for three
specimens s recorded. The distance of spreed d round the semi-
circular %rack is shown graphically in relatiou o vertical fleme
specd V in fiz.6, or for spccimens bwrning complevely round the
semicircle, the time taken, T, to spread 21 in. is sinilerly shown
in fig.7. '

Empirical methematical functions derived by fitting the best
curves to the experimental points available give the following
relationships:

N V = 1.81 d.o.q-

d V=16
R B

The expe%imental observations from which the distancs expression
wos derived have a standard percentage deviatiorn. of 17% from the curve

defined by the expression, while the carresponding deviation for the
second expression is 10-5%.

It will be seen that the vertical flame speed is roughly
proportionel to the square root of the distance of spread and inversely

proportional to the time of spread for materials which burn completely
round the semicirele.

In some instances standard deviations of the distances or times
of spread of samples of a dozen upwards have been obtained. The most
varioble materinl tested so far has been a cellulose acetete film in
which the mean distance of spread for 15 samples was H*3 in. and the
standard Qeviation vas 29 in, The results for the other materials
were considerably better, a typical material teing a 40/60 wool/cotton
mixture in which 15 samples gave a weon spread of 14 ins. vith 2 standard
deviation of O-4 ins, For materisls burming completely round the semi-
circle the times of burning were very consisient,a tysizal result being
that for spun viscose ruwvern in whish 13 sanpies gave 2 mean bime of
197+6 ceoonds with a stergbard deviation of 5 seconds,

Discussion

IS »ill e scern from Table II tXeot gne WRLENt ol carbhon residue
of the Treetad cotion fabrics generaliy increases witl e corzentration
of the oammenium phosphate solution.  This mizht heve been expected from
a kmowledge of Richardson?slresults on the carborization of wood after
trectment with monammonium phosphate, '

It may be assumed that the increase of carbon is at the expense of
the volume of combustible gas given off. If the quantity of combustible
gas bu;nt is less, then the heat transfer to the burning material is less
and this should affect the speed of travel of the flame. Fige8 does in

fact show that vertical flame speed decreases es weight of carbon residue

increases, '
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A further inspection of ‘able II reveals that the rate of loss of
weight for the cellulcsic meterials (i.e, cottons (untroaied), viscose
reycn, pepers and wood veneers) is fairly constant et arcurd 0,30
grais/sec. This would be consistent with the fact that for such
matzrials the weizht/unit length largely determines the veriical speed
of flame, Iu igz,9 the logarithm of vertical flcme speed has fbeen
plotted against the logarithm of weight/unit area for these materials
and suggests a linear relationship between these two guntities, It
may tnerercre be said that for cellulosic matcrials tue vertical flame
speed is roughly inversely propartional to weight Junit arez.

)

Conclusions . '

An apparatus has been described whereby the upward speed of
propagation of fleme over a vertically hanging strip of material may be
measured, It has been showm that this is proportional to the squere
root of the distance of burning of the material when supported round a
semicircular track'and that for materials burning round the semicircle
the rate »f veriacal propagation is inversely proportinonei tc the time
of buonin:,

It spvears from these tests thet the verticel siwed =2 burning of
8 wide vericiy of celluloze materials is inversely projoriional to the
weight per unit area of the materials,
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WEIGHT — gm

Q

1 i
\ Slope linear portion = ©:26 gm/sec
X Vertical flame speedd = rxé
w—- W
X _ 0-26 X72x2:54
9-3
S e e e T B =- 5-1 €M/ sec
Where '
t = Slope of graph
€ = Initial length of specimen
wi=Initial weight
wy=Weight carbon residue
|
i
i
Carbon residue%—- X
O 8 16 24 32 40 48
TIME - sec

40% WOOL / 60% COTTON MIXTURE

FIG.3. PLOT OF THE TYPICAL PHOTOGRAPHIC RECORD SHOWN IN FIG.2.
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