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DiTROIJUCTION

Textiles are flexibl'c Doven nateriClls. The s pinning and weavdng
processes associated "i th their rmnuf'ao tur-e ensure that the finished materials

,are more or less a well aerated mass with good therr,ml insulating properties;
unfortunately, this'leads to conditions which are favourable ,to ignition and
to the propagation of' f'Larne, 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 to
the unburnt fabric ahead of the f'Lame is greatest.'

liI:J.sURIj)}::NT OF VERTICAL FLAME SPEIID

In assessing the danger'of any'fabric, it will be necessal1f to measure
the vertical flame speed, as this is a measure of the ti.me available, either
for extinguishing the flames or for discarding the burning fabric. As

. burning is a continu~us process of ignition, any such measurement will also
take ,into account the ease of ignition of 'fabrics.:

It· is not easy to measure vertical flame speed over fabrics directly as
thc flame front is,not well defined; It is, however, possible to measure the
vertical flame speed indirccny by weighin[i the fabric continuously on a torsion
balance whd.Le it is burning ,1). The vcrtical flame speed is readily
calculated from the rO.tc of loss of weight, the initbl 17eight' of the fabric and
the weight of the residue. The apparatus is shorm in Figure 1, and some
typical results are given in Tables 1, 2, 3, 4 and 5, relating respectively
to cotton and viscose rayon, acetate rayon, .~ol, nylon and miscellaneous
fQbrics. - ~ -

All cellulosic materials, WOOd, paper and textiles, propagate flrune at
a rate which is inversely proportional to their weight per unit area, as
shown in Figure' 2. In fact, .a useful f'ormu La to have in mind for cotton and
viscose rayon fabrics is:- '

" -whez-e
and .

wv =9.3

W ~s' the weight in oz/yd2

V is the vertical f'Lano speed in in./s.

It E1c''Y be shown , 11ithout much difficulty, that a relation of this kind miGht
be expected on theoretical grounds.

• '" The· corresponding expressions for other fibres have been determined
rdthless precision because up to the present it has not been possible to
test such 'a, vdde range of rrk~terials as with'cellulosic fabrics, but the

• ,. ' following rekttions are put forward ~entatively:-

WV = 5
wv= 8

(acetate rayon) ,
(wool/cotton' mixtures containing up to 60 per, cent wool).

These figures would indicate that wool/cotton mixtures are about as flammable
as, while acetate rayons are markedly' less f'Lanmab'l e than, cotton and viscose
rayons of compaz-abl.e weight... -

The lower f'Lame speed of acetate rayons is due to the fact that they
mel t and drip during burning and as each burning drip falls the flame front

,is momentarily che?ked, some of the heat from combustion being removed.
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The data for the burning of vrool do not pernut'a weight-velocity
relation to be ~s~imatea" but the fi[ures whi()h a~e ,available are not
inoonsistent Tlith'the flame speed being 2-3 'tiiles 'less than that for
oomparable weights of cotton.

Fabrics conpi-Lsdng mixtures of fibrcs have n flammability in teI!:ledia te
between th.'1.t of the tyro fibres and very often eharacteris tic of the more
flar.mable of the fibres. Pure nylon and Terylene do not propagate flame
contintlotisly' in' a vortio"lo,il'ao tion. Nylbn nets stiffened with melamine
resins however propagate f'Lru.io vri, th the aarao veloei ty as cotton nets.

SEmI-CTI1CUIt~'~ST '
'. :; "\ . ',' -' " . - ,'.. .. ' . ":

The torsion balance apparatus is, of course, 'quite unsuitabl~,'fori:ivcryday

use,. and this has led to the deve.Iopmen t of sir.lpler apP8.ratus"'(Fig~te3)
consisting' .of'.' a.' se[ri:~eireular arched traek over which the, fabric·,tOQ.c.~\3sted

is stretcned.' The sDJ,i!?leis lit at onc end and the final distan'ce CJ,f"b.tirning
D is noted, t oge thor- vlith the t irae taken T.' From these t\'lo,quarititi,es"",the
,vertical' fli1:l"e". speed" V, as measur-ed by the torsion' bslanee, 'can be cs t£-.ntec1
from the expression, shown gra!?hically in Figure 4:-' , .

.,
•

V = 0.31 lfl·5
T

",

The correlation. be tween the vertical flame speed calculated in th~s !lay" .and
vlith that measured using a torsion balance is shovll1 in Figure 5.

, The'ser,u~circular apparatus is described in B.S. 476 : Par~ 2'(2), in
vha.ch a figure of merit, i-l, is assigned to the sample under test. This is
tho time taken for fl~~e to propagate 100 in. vertically, and it'is derived
from the distance and tine. of burning by the expression:-

M = 320!
])2.5

\'Ihieh'is sho\1l1 gr:.\phieally in Figure 6. Typical vs.lues for various'nnterials
'are shO\m in T:.\bles '1, 2, 3, '" and 5.

The speed of propagation along nmteris.ls sloping at an angle of ,450 lUls
'" been adopted as .a criterion of flamnability in thc United States. ExperiHents

have been carried out at the Fire Research ~''ltion in this ,'lay and it has' been
found possible in s~ne cascs to correlate thc speed of burning with the
vertical flame speed and hence ,lith the figure of merit. Some typical figures
are shOYIl1 in Tables 1, 2, 3, 4 and 5. These have been found by measuring the
time T for the flame to spread a distance of 5 in. aleng 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 ITk~terials ~hieh pernlit the propagation of flame at 45 0 are,
ignited by the standard source, and:in th.e .experimental results quoted in'
'Tables. 1, ,2, 3, ,4 and 5, the igniting source r:as allowed to play on the fabric
considerably longer than in"the American' sgeeifieation. For some of the less
flammable nmterials propagation along a 45 ' slope does not take place but
neverthcless they \'Iill burn in the vertical directionoYling to the mor()
efficient ,heat transfer,frCJI;l""the flar.les t'o the nc.terial. This will mean
that there is a maximum fiC!ure of merit which can be measured on the J,r,rerican
type of apparatus;> the value' of "this ,maximum is not at' present known, '

, " ": ~: ~ . ,"'.: ::.. :. . ~

It will· be seen on reference to, Table 1 that both theser,ii:'Circuiar and
450 tests give a fair cwasurs'of the figure of merit, of fabrics' as deterr,uned
by the vertical f'Lamo, s peed,

•

•

•

•
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Both tests give figures of merit for acetate rayon considerabiy lower
than those calculated from :the. vertical' f'Lame speed; This is undoubtedly
due to the:fact that. the better support ·given·to the fabrics in these tests as
compared 'with' the' vertical test" considerably z-educee the dripping of'the
burning matedal.· . , .

. . .

The fac tor is also [!enerally pres en t when the tes ts are a'ppl.Led- to'
woollen fabrics.

Pure nylon and Tor/lene fabrics do not propagate flame. in tho vertical
direction and therefore woul.d have an infinite figure of merit as determined
by the vertical flame speed•. The 45° test would also give this value as flame
would not be propa8atod along the 450 slope•

. The. semi-c'ircular t os t r,ives a finite figure of morit of several hundred
as this is ~easured by both the distance and t~"o of spread and a certain
limited amount of' flaming docs take place near to the igniting source.

The same remarks would apply to all fabrics ,:hich do not propagate flame
vertically including those receiving a number of proprietary fl~1e-retardant

treatments. When such fabrics have becn laundercd many t irnes they '7i11
propagate flame:slowly in the vertical direction .and it ~s very doubtful
nhether .propagatri.on wou'Ld take place .at an angle of '150 • Under.:these
conditions the s·emi-circular·test is probably a more accurate measure of the
figure of merit as' detcrrHined by the vertical flanle speed.

~
BURNS ]}I R:CLATra, TO THE FIG.um:· OF MERIT .OF FABRICS

In'order to obtain tnformation on the relation b~~7een the figure of
merit and burning accidents, the Ministry of Health has been asked if it would
enlist the co-operation of ,the Burns Units of hospitals in Great Britain in
su pplying bo th information regardinrr the accident and a sample of the. fabric

.first ignited.' The, questionnaire in use is shown in Figure 7. This is
prin'ted' on the back of' the envelope into ,fhich a sample of fabric is placed.

•
',!hen the envcl.o pe is received at the Fire

merit of' the. fabric is measured and recorded.
'onto punched. cards by .the Statistical Section.

Research Station, the figure of
The inforrilation is· then coded

•

From th.is·survey.it is hoped to answer three main questions :-.

"(1) ilhat is the distribution of the number of burning accidents
in relation to the figure'of merit o~ the fabrics first'
ignited?

(2) Is there any correlation betvieen the extent and ~everity'of
.bume and the figure of' merit of the fabric involved? ..

(3) . "iibat ·woul.d ·be.the effect on the pattern of burning'accidents .
of encouraging the usc of garments having a figure of r.lerit
higher'than those in use at'present ?

. From an examination of the fabrics received so far from hospi~als and
from the Fire Bri[!ados, it has .bcenpossible to prepare a distribution
diagram of the numbcr-of burning accidents with respect to the figure. (If
merit of the nmterials first ignited. 'The distribution diagrru~ is'sh6Ym
~ ~igure 8, whore it will be seen that the bulk of the accidents involv~

fab:dcs having figures of ;:lerit. in the range 25 - 65; this' is in. part
due. to the frequency ui th wht.ch such fabrics arc worn. The r;lOre.flar:mlab.le
'fabrics are not responsible for the bulk of burning accidents, probably
because ,they arc not so frequently used or because such light-weight .
rna terials are usually worn in sunmer- when fires are not' genera.I'Ly required.'
Y,'hatever the cause, the ~plication is clear, that it would be. useless 'to .
prohibit only the most f'Lamnab.l e fabrics as has been done in the Un1 ted
Sta tea, .
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TABIE 1 - FWffi: SPREAD OVER COTTON 1\ND VISCOSE RAYCU

----_._------_.----_._ _.. -_..~-_._ - . _ ...• ' .. ' . - _--- .__ - -'--- - -..- .~
• IWeigh t per I Vertical Figure of Figure of Figure of i

Iunit area' \ flame speed merit merit merit
Description oz/yd2 in./s

7

7

8

6

i.1I = l~o_+_S_er_ii~~~~cu__la_r-+_Ar_,_"e~;~~

7.7

V

13

16

w

0.5

0.5

Viscose net

Viscose net

i
I

--- -1_ -- - -4--_.::-
!

I
Viscose net 0.7 10.6 9 10

Cotton net 0.8 14 7

Cotton muslin 1.0 6.0 16 9 8

Cotton net 1.3 18 5.6 6 8

Viscose 1.8 16 20

Cotton 1.9 3.5 29 17 14

Viscose ninon 1.9 4.8 21 21 " 14

Cctton.seersucker 3.2 31 21

Cotton 3.4 22 18

Cotten gingham 2.8 36 26 22

viscose 3.0 2.9 35 37

Viscose 37 30

Cctton 33 30

Cotton poplin 3.8 42 36

Cotton, embossed 3.9 42 30

Cotton trinceyette 50 31 33

Cotton trinceyette 2.2 45 34

Cotton 4.1 1.7 59 33 -15

Cotton ,Ar.1 1.9 53 33 ·18

Cotton 4.3 2~8 36 32

Cotton flannelette 42 35

got ton 4.6 2.0 50 38 34

Cotton, viscose 4.6 1.9 53 39 36

Viscose lockni t 1.9 53 56 42

Viscose lambs pun 4.8 1.9 53 56

Cotton cambric 5.6 L8 56 46

Viscose, brushed 1.9 53 51 53

Viscose 1.6 63 67

Viscose, brushed 2.0 50 49

Cotton velveteen 1~9 53 50
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TAB~.:.L .(~~ontl d) FIJ.liE· SPREAD OVER OOT~1()N Jilin. VISCOSE RAYON

---------_.. '-'-'" _. -_._. ----- ~--,.----_.... ---_... _----_ .. -_ .... _-

Semi-circular luaerican
test test

DeSdriptipn

WeiGht per
.unat .a.rea

oZ/Yd2.

W

Verticol
f'Lame speed

in./s
V

Figure of
. merit· ..

Figure of
merit ..

Figure of
merit·

I--------.-----+-- ._.- -_.
Cot ton furnishing fabric 7.3 L4 on 60

Cott~.v..e1Duro.. 0" ••_ •••• _ ••~ :.7 •. 5 _ _.0•• 1.::'-. ..
!

. . 7.7. _......_.._.: •.7Q. ~ ... '"
~ .......'- ........._-~.-

Viscose 8.1 r.i 91 80
I.

Viscose, brushed 8.5 2 •.5 43 t1:8 19

Cotton corduroy 8.9 L·1 71 65

Cotton loomstnte weave 10.8 0.92 109 71

Cotton t owel ling 14.7 LO 100 67
______... ; .•.•. _.J. _____.•d. - ....-.. "'--"'.'- ~.-

..._4_'.·_____.___~__~

t

.'

" " ..

.' .... I·

., ..

.... ___0_ •• • __ J



TABLr: 2 - 1'1JIHC SPR;;;.!>D OVEn ACETATE RAYON

Dcscr-i, ption

......- _._....,-..- - -.-.- .-T-·- ----
··r· t I v t· 1 F' f·(\ G~gh per I cr a.ca.r '~gurG 0

un i t ar-ea I'Lamc speed mcri t
0z/yd2 i in. / s

Figure of
merit

1'isure of
mcr-it

v 'f. 100.,. - V Semi-ciroular
test

American
test

22

21

23

18

23

16

16

22

9

22

23

26

18

30

11

10

27J
12 38

_. -_._~---- ---_._-- .-

..._-- '-'.-----t.-..--....
Acetate ro.yon 1,7

I
1,7 59

Aceto.te rayon 1.7 I 1,9 53

Aoetate :r;'f.yon 2,3 I 1.5 67

IAceta te rayon 2.8 1,7 59

Acetate rayon lingerie 2.9 2.1 48

Acetate rayon lingerie 2.9 1.9 53

Acetate rayon lingerie 3.6 1.5 67

Acetate rayon lingerie .. 3.8 1.4 71

Aoeta te rayon ·Sl1.tin 4.9 0.87 115

Aoetate rayon t-i1i11
I

5.9 i 0.90· 1111
___.___L_..... _. _ ..... J .. _______ __.. __
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TlJ3LE 4.- FIJtME 3PRE.\D OVER NYLON

r-----.. '-'--r---~ '-'--T ._ ...~_.-:----
Weight· per' Ver~ical Figure of 'F~euro of
um t .ar-ea f'Larae speed meri t Ol3i'it

ozl.yd2 in./s

,I

I
I
I

Amerioan
test

FigUr~ of I
merit

8

8

8

over 200

over 200

over 200

over 200

over 200

over 200

Semi-oiroular
test

00

00

00

00

00

30

37

--......_-----
'1! V

.--_.- ----_.
0:4" . 3.3

O• ...,:.-

0.4 2.7

1.1 0

1.4 0

1.4 0

1.6 0

1.9 0

2.0 0

Nylon

Nylon net

Description

Nylon

Nylon

Nylon'net

Nylon

Nylon

Nylon net

j NYlon__

___. • __•. ,.--J". • _ .. _~_.___.__. .......__.....

" ,

-.

-,
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TABLE 5 - FLtJvID SPIm'.D OVER 1ITSCEW.NEOUS FJJ3RICS

~. '-'--1"---'--'-'. _.-.-
Figure of Figure of

merit merit
Semi-circular Anerican

test test
Description

....

___.__ ._ _._,-<1.-- _ _._..__.,_.,__ -.--.-."..... -- - ----.-.-- .
2C#b woo'l 8O;~ cotton 3.7

2Qo wool 80jb cotton 4.0

40;; wool 60i~ cotton 3.5

40;~ wool 6o,.'~ cotton -1.4

5Oio wool 5q,~ viscose 7.7

55;-0 wool 1~b cotton 3.9

60/6 YTOol 4q~ cotton 3.7
J .

40,~6C>b wool cotton 4.1

50;b wool 50i~ nylon B.5

50/~ wool 33/~ viscose
j 17;; nylon 7.7
I

50;0 wool 33/~ nylon
17;; viscose 8.6

Linen crash 5.4

L8 56 58

2.1 '18 4<1 76

2.2 45 42

2.0 50 ,16

0.6'1 149 336

2.0 50 51

2.::5 £14 52

1 'I 59 71, .

0 00 194

0.47 213 100

0 00 435

2.1 48 43

IWincelette: 50:: Fibro~ota
I 3*0 viscose16.2/:-5r5s 3.9

nylon
Wool-Orlon 6.·1

Woo1-po1yacrylonitrile 8.7

Cotton,Erifon treated 5.9

Cotton,Erifon treate

1
6.3

Cotton,Erifon treatc 8.5

Canvas ,Erlton treate~ 15.3

Cotton,Proban trcate~ 5.1
!

Viscoso,Proban treated 8.5

Canvas,Prob~.treate~ 9.9

Cotton ~'d11,Proban

treated 12.2

1.1

l.1

0.8

o
o
o

o

o

"o
o

91

91

125

00

00

00

00

00

00

00

00

50

120

90

over 200

over 200

over 200

over 200

over 200

over 200

over 200

ovor 200

6'7)b viscose 33;:~ FihrolanG 5.4

.. 67;0 viscose 33>~ Fibrolanc 5.6

67/G visoose 33;; Fibrolanc '7.4

6'7;~ viscose 33-/0 Fib11anc 9.1

Vis case -orron 8. t
Viscose - Teryl611c 9.0

1.8

1.4

l.8

l.0

56

63

77

71

56

100

83

88

101

99

68

80



FIG.I. APPARATUS· FOR MEASURING
VEP-TICAL FLAME SPEED
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FIG.3. SEMI-CIRCULAR APPA~ATUS FOR
CLASSIFYING FABRICS
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