INDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTER
JOINT FIRE RESEARCH ORGANIZATION

This report has not been publighed and
e should be congidered as confidential advance

" information. No reference should be made to
%% in any publication without the written
sonsent of the Director, Fire Research Station,
Boreham Wood, Herts, (Telephone: EIStree
1341 and 1797,

TH.? PLAIBUBILITY OF TFLBRICS -

D. I. Lawson, M.3¢., M.I.B.E., F.Inst,P.

©rnitg

Sumnzy

The measurement of the speed of propagation of flame ovex
fabrics ig discussed and some general relations between flame
speed and the weight of the fabric per unit area are described.
Methods are outlined for the measurement of vertical flame gpeed
with simple robust apparatus. 4 survey is described by which
it is hoped to examine the relation between the incidence and
severity of burming accidents and the vertical flame speed of
the materdals involved.

October, 1956 | Pire Research Station,
Pile No, 1lOnQ/32/2L Boreham Wood,
Herts.

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



THED FLAMWBILITY OF PABRICS

by
D. I. Lawson, M,Sc., M.I.E.B., F.Inst.P,

INTRODUCTION

Textiles are flexible woven materdials. The spinning and weaving
processes agsociated with their manufacture ensure that the finished materials
are more or lesg a well acrated mass with good thermal insulating properties;
unfortunately, this leads to conditions which are favourable to ignition and
to the propagation of flame, Textiles, being flexible and subject to the
usual gravitational forces, usually hang vertically; it is in this position
that flame is most readily propagated and the heat transfer from the flame fto
the unburnt fabric aheidd of the flame is greatest, .

MEASURIMENT OF VERTICAL FLAME SFPEED
In assessing the danger of any fabyic, 1% will be necessary to measure
the vertical flame speed, as this is a measure of the time available, either
for extinguishing the flames or for discarding the burning fabric, As
burning is a conftinuous process of ignition, any such measurement will also
take into account the ease of ignition of fabrics.

It is not sagy to measure vertical flame speed over fabrics directly as
the flame front is not well defined, It is, however, possible to measure the
vertical flame spsed indirec%lg by weighing the fabric continuously on a torsion
balance while i% is burning ‘+/. The vertical flame speed is readily
caloulated from the rate of loss of weight, the initial weight of the fabric and
the weight of the residue. The apparatus is shown in Figure 1, and some
typical Tresults are given in'Tables 1, 2, 3, 4 and 5, relating respectively
to cotton and viscose rayon, acetate rayon, wool, nylon and miscellaneous
fabrics,

A1l cellulosic materials, wood, paper and textiles, propagate flame at
a rate which is inversely proportional to thelr welght per unit area, as
shown in Figure 2. In fact, a useful formula to have in mind for cotton and
" vigtoge rayon fabrics is:-

W = 9,3
where W is the welght in oz/’yd2
and V is the vertical flame speed in in./s.

It may be shown, without much difficulty, that a relation of this kind might
be expected on theoretical grounds.

The corrvesponding expressions for other fibres have been determined
with less precision because up to the present it has not been possible fo
test such a wide range of materdials as with cellulosic fabrics, but the
following relations are put forward tentatively:-

v
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5 (acetate rayon)
8 wool/botton mixtures containing up %o 60 per cent wool),

These figures would indicate that wool/cotton mixtures are about as flammable
as, while acetate rayons are markedly less flammable than, cotfon and viscose
rayons of comparable weight.

The lower fiame speed’o£ acetate rayons is due to the fact that they
melt and drip during buming and as each burming drip falls the flame front
is momentarily checked, some of the heat from combustion being removed,




the buming of wool do not permit a weilght~veloclty
ted but the figures which are avallable are not
flame speed being 2-3 times less than that for
of cotton.
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3ing mixtures of fibres have a flammability interediate

Pabrics cumprl
betwsen that of the two fibres and very offen characteristic of the more
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flarmmable of the fibres, Pure nylon and Terylene do not propagate flame
continuously a vertical direction. Nylon nets stiffened with melamine
resing however propagate flame with the same velocity as cotton nets.

£
SENMI~CIRCULAR TEST

" The torsicn balance apparatis is, of course, quite unsultable for everyday
use, and this has led to the development of simpler apparatus (Figure 3
consgisting of a semi-circular arched track over which the fabric to be tested
‘is stretchad. The sample ig 1it at one end and the final distance of burning
D is noted, vogether with the time taken T. TFrom these two quantities the
vertical flame speed V, as measured by the torsion balance, can be estimated
from the expregsion, showmn graphically in Pigure 4 :~

v = 0.81 D25
i

. The coirelation between the vertical flame speed caleulated in %his way, and
with that measured using a torsion balance is ghown in Figupe 5.

The semi~ciroular apparatus is described in B.S. 478 : Part 2<2), in
which a figure of merdit, M, is assigned to the sample under test. This is
the fime taken for flame to propagate 100 in, vertically, and it is’ derived
from the distance and time of buming by the expression:-

W= 52007
525

fwhiéh is shown gx’aphicaiiy inv”FigurQ 6+ Typical values for various materials
are shown in Tables:1, 2, 3, 4 and 5, .~

THE 45° TEST

~ The speed of propagation along materials sloping at an angle of 459 has
been adopted as a criterion of flammability in the United States, FExperiments
have been carried out at the Fire Research &'ation in thisg way and it has been
found possible in some cases to correlate the speed of buming with the
vertical flame speed and hence with the figure of merit., Some typical figures
are shown in Tables 1, 2, 3, 4 and 5, These have been found by measuring the
time T for the flame t0 spread a distance of 5 in, along the slope and
substituting in the empirical expression :-

M=2,5T

The method of ignition specified in the imerican Federal Test is such
that not all meterials which pexmit the propagation of flame at 45° are
ignited by the standard source, and in the experimental results quoted in
Tableés 1, 2, 3; 4 and B, the igniting source was allowed to play on the fabric
considerably longer than-in the fimerican sgecii‘ication. For some of the less
flammable materials propagation along a 45 slope does not take place but
neverthdbss they will bum in the vertical direction owing to the more
efficient heat transfer from the flames to the material, This will mean
that there is a maximum figure of merit which can be measured on the American -
type of apparatus;. fthe value of this maximum is not at present known.

R DISCUSSION OF SEMI-CIRCULAR AND 45° TESTS
'I,f_vziil be séen on.reference to Table 1 that both the semi-circular and

450 tests give a fair measure of the figure of merit of fabrics as determined
by the vertical flame speed. )



Both tests gv_v@ Flgureu of memt for ace’oatc rayon consa.derably lower
than those calculs’ 1. the vertical flame speed. :This is-undoubtedly
due to the fact thai the better support given to the fabrics in these tests as
compared with the vwmcal test considerably reduces the .d’ripping of the
buming matemal. . : L : Lo ‘

" The fao%or is aloo pcncrally prescnt vhen ’che tests are applled to
woollen fabrics,

Pure nylon and Terylene fabrics do no(: propagate flame in the vertical
direction and therefore would have an infinite figure of merit ag determined
by the vertical flame speed. The 45° test would also glve this value ag flame
woulé not be propapaueu al ong the 450 slope, . . S

The scrn—nlrcular tc3u gives a finite figure of merit cf sevcral hundred
.. as this is measured by both the dls’cance and time of gpread and a certain
o Ximited amount of flaming docs take placc near to the igniting: sourcc.

The same wemarks would apply %o all fabrics which do no’c propagate flame
S werdically. including those' receiving a number of proprietary flame-rctardant
“tréatments, When such fabrics have been laundered many times they will
propagate flame slowly in the vertical direction and.it'is very doubtful
whether propagation would take place at an angle of 45°, TUnder these
condifions the semi-circular test is parbbably a moré accurate measure of the
figure of merit as det”ermined by the vertical flame *s'pee'd.

BURNo N R_JIATION TO ”HI] FICUR.L: OF MEMT OF FAPRICS

. In order to obtain’ mfox'matlon on’ ‘che relutlon between the flgure of
merit arid buming accidents; the Ministry of Health has beenvasked if it would
enlist the co~operation of the Bums Units of hospitals .in Great Britain in
supplying both information regarding the accident and a sample of ‘the fabric

: ¢ first ignited. The questiormaire in useis’ showa in: Pigure 7¢ This is
s pr:m‘ced on the bao< 01" the envelope :muo whlch a samole @f f&bmo is placed,

When the envelope is received at ‘chc F:Lre Researc:h Statlon, the figure of
merit of the fabric is measured and recorded. The inforxmation Is then coded
onto punched cards by ’che Statlstlcal Section, ’

From this survcy it is hoped to angswer three main questlons He

(1) What -is tho &13 urz.butlon of_ the number of bu:mmg aoclden’cs
in relation to the flgure of nerlt of -the fabmos firgt
dgriited ¥ By :
(2) Is there any correlation between the extent and seVerity off
, ‘bums and the figure of‘merit of the fabric ipvolv'ed ?
‘ ’ (3) What would be the effect on the pattem of burn:mg acoldents
ST ESF encouraging -theise of garments having g flgure of merlh
higher than those in use at present 7 .

From an examination of the fabx‘ics received so far from hospitals and
from the Fire Brigades, it has been possible to prepare a distribution
diagram of the number of buming accidents with respect to the figure of
merit of the materials first ignited. The distribution disgram is shown
in Figure 8, where 1t will be seen that the bulk of the accidents involve
fabrics having figures of werit in the range 25 = 65; this is in part
due %o the frequency with which such fabrics are worn. The more flammable
fabrics are not responsible for the bulk of burming accidents, probably
because they are not so frequently used or because such light-weight
materials are usually worn in summer when fircs are not generally required.
Whatever the cause, the implication is clear; that it would be useless to
prohibit only the most flammable fabrics as has been done in the United
States,



It is probable that 1t would be more profitable to encourage the use of
flame~retardant treated fabrics. Those now on the market and those likely to
be produced within the next year have figures of merit of several hundreds, and
the treatments resist laundering as well. Unfortunately, the cost of these is
a big obstacle in the way of ‘thelr general adoption. It has been suggested %
that the increased cost of producing flame-retardant treated fabiics might be
offset by a subsidy as their general use would reduce the expenditure by the
Health Services in treating bums cases., Before this could be done it would be
necessary to estimate the effect of changing the clothing habits of the nation
on the number and severity of bums, This is a difficult problem but it is
made easier to some extent by the fact that buming accidents are. confined
mainly to dresses and nightdresses,

The collection of ’ghe statistical evidence correlating the figure of merdit
with severity and occlUrrefice of bums will teke some time. If in the meantime
it were felt that some administrative action were necessary, a British Standard
could be drawn up for fabrics having a fhumability so low that buming
- accidents would be unlikely. . The figure of merit for such fabrics would be
considerably greater than that of the fabrics normally used in clothing. In
fixing such a limit two factors would have to be considered :-

(1) The speed of Fflame propagation along the fabric,  Materials only
propagating flame slowly would be unlikely to cause severe bums
and such flaming would be readily extinguished,

¢ figure of merit. is, i e Standard were to be of any

(2) The fi £ it, This, if the Standard to be of
practical use would have to be attainable commerelally, even after
repeated laundering, representing the normal life of the fabric..

If such 2 standard of perfommance were defined it would have the immediste
advantage of providing the public with materisls unlikely %o cause serdious
bums casualties and would also provide industry with an agreed basis for '
development, .

Colebrook and Colebrook have repeatedly pointed out (4) that the first
tasks are to see that all open fires are guarded and that flowing nightwedr for
children should be avolded. Parents can be urged to take these measures -
now and until such time as flame-retardant treated fabrics are grenerally
avallable.
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TABIE 1 - FLAME SPREAD OVER COTTON AND VISCOSE RAYON

|

e et 2 o e e e 2 st e
Weight per Vertical | Figure of Figure of Pigure of
unit area | flame speed merit merlt merit
Degoription oz,/ya2 in,/s o ‘
—_— v M= ,l%_,@ Senu;r;;.agoular Ame:;':ggzn

Viscose net 0.5 13 7.7 8 7
Viscose net‘ 0.5 16 8,3 6 7
Viscose net 0.7 9.4 10.6 2 10
Cotton net 0,8 14 7.2 7 ' 8.
Cotton muslin 1.0 6,0 16 9 8

Cotton net 1,5 18 5.6 6 8 .
Viscose 1.8 6.1 16 20 -
Cotton 1.9 3.5 29 17 14
.Viscose ninon 1.9 4.8 Zi 21 14
Cotton seersucker 2,3 _5.2 31 21 -

lQot'bon ) 2;4 ”45.4— 20 22 18 -
Cotton gingham 2,8 2.8 36 26 22
Viscose 3.0 2.9 35 37 -
Viscose 3.3 2.7 37 30 -
Cotton 3,6 2.5 40 33 30
Cotton poplin 3.8 2.4 42 36 -
Cotton, embossed 3.9 2.4 42 30 -
Cotton winceyette 3.9 2.0 50 31 33
Cotton winceyette 4,0 2.2 45 34 -
Cotton 4,1 1.7 59 33 45
Gotton 4.1 1.9 55 33 48
Cotton 4.3 2.8 36 32 -
Cotton flannelette 4,3 2.4 42 35 -
Cotton 44,6 2.0 50 38 34
Cotton, viscose 4,6 1.9 53 39 36
Viscose locknit 4,6 1.9 53 56 42
Viscose lambspun 4,8 1.9 53 56 44
Cotton cambric 5.6 1.8 56 48 -
Viscose, brushed 5.6 1.9 53 51 53
Viscose 5.6 1.6 63 67 -
Viscose, brushed 5,9 2.0 50 49 -
Cotton velveteen 6,3 1.9 53 50 -




TABIE:1. (icont*d) PLAME SPREAD OVER COTTON AND VISCOSE RAYON

Weight per | Vertical Pigure of Figure of Pigure of

unit arga | flame speed| merit merit merit
Description oz,/yd? Cin./s ;

- v M= 100 Semi~circular | American
v test test
Cotton furnishing fabric 7.3 l.4 71 60 -
Cotton velour 7.5 1.5 77 70 -
Viscose 8,1 1.1 91 80 -
Viscose, brushed 8.5 2,3 43 48 19
Cotton corduroy 8.9 1.4 71 65 -
Cotton loomstate weave 10,8 0,92 109 7L -
Cotton towelling 14,7 1.0 100 67 -




TABLE 2 -~ FLAME SFREAD OVER ACETATE RAYON

Weight per| Vertical. Pigure of Pigure of Figure of
wmit areca | flame speed| - merit merit merit
Description oz/yde in. /s '
W v M =.-1%9 Semi-circular American
. © test test
Acetate rayon 1,7 1.7 59 10 18
Acetate rayon 1.7 1.9 53 11 -
Acetate rayon 2,3 1,5 67 9 18
‘Acetate rayon 2.8 1.7 59 18 18
Acetate rayon lingerie 2,9 2,1 48 30 23
‘Acetate rayon lingerie 2,9 1.9 53 26 23
Acetate rayon lingerie 5.6 1.5 87 22 22
Acetate rayon lingerie 3,8 1.4 7 23 21. -
Aecetate rayon satin 4.9 0,87 115 22 27
Acetate rayon twill 6,9 0,90 111 42 38
H . - . _[_ -
TABLE 3 - PL!‘}'E SPREAD OVER VOOL
Welght per Vertical |Figure of Figure of Figure of |
unit' area | flame speed mexrit mexit merlt
. Description oz,/yd in, /s .
) ' 100 VSemi~circular American
w V M = test test
 Wool 5.7 0.69 145 47 -
Wool . 3.9 0,81 124 47 -
Wool 5.6 0.69 145 49 - \
; A . i
Wool 7.5 0,51 525 136 -
Hool 7.8 0.68 147 159 -
Wool, knitted 8.1 0 b 105 -
Wool secrge 13,7 0] oo over 200 ~
Vool serge 18,6 0 o over 200 -




¢ TABLE 4 & FLAME SPREAD OVER NYLON

| Weight per | Vertical |Figurs of | Tigurc of | Figure of
mit area [flame speed merit merit mexyit
Description o oz/yd in./s o . .
oL . oy | v A = 100 Sem%;:;rcular Am:xﬁ;;gan
Nylon net 1 oo 3.3 5 s -
Nylon net 0.4 - - 8 -
Nylon net 0.4 2.7 37 8 -
Nylon’ 1.1 0 o over 200 | -
Nylon - 1.4 0 oo over 200 B
Nylon 14 o oo over 200 -
Nylon 1.8 0 00 over 200 | =
Nylon 1.9 0 o0 over 200 | =
;;\Iylon' 2,0 o} o over 200 ' : -’
§ B .




TABLE 5 ~ FLAME SPREAD OVER MISCELIANEOUS FABRICS

Weipht per | Vertical Figure of Pigure of Figure of
unit areca |{flame gpeed merit merit merdit
Description oz/yd? in./s Semi~circular | American
test test
7 v ¥ = 20
v
20% wool 80h cotton 5,7 1,8 56 58 -
206 wool 80F cotton 4,0 2.1 48 44 76
40 wool 505 cotton 3¢5 2.2 45 42 -
40k wool 606 cotton 4,4 2,0 50 46 -
50% wool 50k viscose 7.7 0.67 149 336 ~
556 wool 4%s cotton 3,9 2.0 50 51 -
6046 wool 40k ocotton 3,7 2.3 44 52 -
80% wool. 404 cotton 4,1 1.7 59 71 -
506 wool 505 nylon 8.5 0 oo 104 -
50 wool 336 viscose
17% nylon 7.7 0.47 213 100 -
5006 wool 335 nylon
17%6 viscose 8.6 0 oo 435 -
Iinen crash 5.4 2.1 48 43 -
Winceyette: 5Q¢ Fibroceta
553 vigcosels,2/Brds 3.9 1,1 2 50 -
nylon
Wool-0xrlon 6.4 1.1 91 120 -
Wool-polyacrylonitrile 8,7 0,8 125 90 -
Cotton,Erifon treated| 5.9 0 o over 200 -
Cotton,Erifon treated 6.3 o o0 over 200 -
Cotton,EBrifon treated 8,5 0 ) over 200 ~
Canvas ,Frifon treated] 15.3 0 oo over 200 -
Cotton,Proban treated 5,1 0 oo over 200 -
Viscose,Proban treated 8,5 0 o« over 200 -
Canva.s ,Proban treated 2,9 0 oo over 200 -
Cotton twill,Proban oo
treated 1z2.2 0 over 200 -
67% viscose 336 Fihrolane 5.4 1.8 58 83 -
_67% viscose 335 Fibrolane 5.8 1.6 863 88 -
87% wiscose 3%b Fibrolane 7.4 1.3 77 0L -
87h viscose B33h Fibrolane 9,1 1,4 71 99 -
Viscose -Orlon 1 8.7 1.8 56 68 -
Viscose - Terylene 2.0 1.0 100 a0 -
i -




APPARATUS FOR MEASURING
VERTICAL FLAME SPEED
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FIG.3. SEMI-CIRCULAR APPARATUS FOR
CLASSIFYING FABRICS
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DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES’ COMMITTEE
JOINT FIRE RESEARCH ORGANIZATION

Station Road, Borcham Wood, Herts.
REPORT FORM FOR INVESTIGATION ON BURNS DUE TO FABRICS

(For notes on completing form sse back of envelopes

Name of patient
Address .

[CObE M TOLS JCOBE] TEM TCGLS [CODE] TEM [
Report No._ L lis GARMENT FRST IGNITED 12627 LOCATION OF ACCIDENT | 39
Date 611 61 | Nightgown 1 A home

02 |Pyjamae 2 Jac wark
N SEX 12103 |Dressing gown 3 | Out of doors
Mate
N L 04 |Underwesr 4 || Blsewhere
05 |Drees or frock 5 { Unknown
Age (vears) 1314 82 ;:‘i‘:'l““ SOURCE OF IGNITION 4041
TYPE OF CASUALTY |15 | 08 |Shirt 01 [ Open con fire
1 | Faal 09 {Blouse 08 | Bleets fire
2 | Non-fatal 10 C-::iﬁ::: 04 [ 0il atove
:ﬁ:‘x:i gv BODY 11 |Cont or facker 05 Cl‘::i:;:;e (coal
| BURS 12 |Bedding )
(indicate all Othor than above 06 {| Gas cooker or ring
| parts burned) 07 || Btcetric cooker or
1 | Head 16 e e ring
1 . One urm 17 08 [|Smoking muterials
2 | Both arms 09 ||Matches
1 | Oneleg B g I 10 || Matehes - children
2 | Both legs playing with
1 | Trunk, upper front 119 | THIS SECTION TOR USE OF 11 || Candle or tapor
1 ! Trunk, lower front 20 FIRE RESEARCH STATION Other than above,
1 | Trunk, spper back 21 ARG
1 | Trunk, lower back |22, Trpe 0829
AREA OF BURNS 23.24 Wi/cm2(mg) 3031} 29[| Unknown
1% of body area) Distance of 3233 USE OF GUARDS P

01 | Less than 5% spread {Complete if source}

02 | 5100 Time round whols 3436 of ignition was any

03 |10.15% arc (sec) heating applisnce)

04 |15-20% Vert. flame 3738 1 [[Guard in use

05 | 20-25% spoed (cmvsec) 2 |[Cuard not'in wse

06 | 25-30% 3 [ unknown

07 |30-35%
o ASSISTANCE TO INJURED | 43
09 | 4045 PERSON ;

10 | 43-50% 1 [ Other persons present

11 | More than 50% <o assist

2 [[No-oas present ta
DEPTH OF BURN |25 ausist
1 | Pull okin thickaess 3 || Unknown
2 | Pastial ekin Remarks
thickness

FIG.7. REPORT FORM FOR
OF BURNS DUE TO

INVESTIGATION
FABRICS

DS#3007/1 180 60 7/56CL
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