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TIE~ FLl~iluLBILITY OF FLB...1TIOS

by

D. 1. Lawson, M.So., lVi.I.E.E., F.lnst.P.

JJ'JTRODUc'rlON

Textiles are flexible woven rnaterials. The spinning 2illd weaving
proces ses assooiated with their manufacture ensur-e that the finished materials
aro more or loss a well aerated mass with good thernml 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 foroes, usually hang vertioally; it is in this position
that f'Lame is most rea~ily propagated and the heat transfer from the flame to
the unburnt fabric ahead"of the flame is greatest.

lIEASURIi,IBNT OF VERTICAL FLAME: SPE:Ef)

In assessing the danger of any fabric, 'it will be neoessary to measure
thevertioal 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 oontinuous prooess of ignition, any suoh measurement will also
take into aooou':::.t the ease of ignition of fabrics.

It is not easy to measure vertical flame speed over fabrics directly as
the flame front is not well defined. It is, however, poss ible to measure the
vertical flame speed indireotlyby weighing the fabric continuously on a torsion
balance while H is burning \1). The vertical f'Lame speed is readily
calculated from the rate of Loss of wcf.gh t , the initial weight of the fabric and
the WGight of tho residue. The apparatus is shown in Figure 1, and some
typical results are given in 'Tables 1, 2, 3, 4 and 5, relating respectively
to cotton and viscose rayon, aoetate rayon, .mol, nylon Olld misoelloneous
fabrics.

All cellulosic materials, wood, paper and textiles, propagate flame at
a rate which is inversely proportional to their weight per unit area, as
shovm 'in Figure 2. In fact, a useful fonnula to have in mind for ootton and
Viscose, rayon fabrics is:-

where
and

W is the weight in oz/yd2

V is the vertical flfuile speed in in./s.

It may be shown, without much di:fficulty; that a relation of this kind might
be expected on theoretical grounds.

The corresponding expressions for other fibres have been detennined
,lith less pr-ecLsdcn because up to the present it has not been possible to
test such a ;vide range of materials as with cellulosic fabtios, but the
f'of.Lowing relations are put forward tentatively:-

\~ = 5 (acetate rayon)
WV = 8 (wool/cotton mixtures containing up to 60 per cent .7001).

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

The lower flame speed of acetate rayons is due to the fact that they
mel t and drip during bumingand as each burning drip falls the flame front
is momentarily checked, some of the heat from oombustion being removed.



The dati". fo" the buming of wool. do not permit a weight-velocity
relation to be (-;:~ 'c:.i,c,a'Ged but the figures which are available are not
inconsistent 'ii.\. flame speed being 2-3 times less than that for
comparable weigr~.'::.'.:; of cotton.

Fabl~ics mixtures cf fibres have a flammability :L."lternediate
between that of the two fibres and very often characteristic of the more
f'Larrmab l e of tLe: fibres. Pur-e nylon and Terylene do not propagate flame
continuounly in a verti0al direction. Nylon nets stiffened with melamine
res:L."ls however: ~::r()pagate flame with the same velocity as cotton nets.

SEmI-CIRCULt~ TEST

The ior3i:::n balanoe apparatus is, of course, quite unsuitable for everyday
us e , and th1.8 b.EV3 led to the development of simpler apparatus (Figure 3)
consi.st:in,c 0:':' 2. semi-circular arched track over which the fabric to be tested
is stre'ceh.::;,".: The sample is lit at one end and the final distance of burning
D is no:teo., together with the time taken T. From these two quantities the
vertical flame speed V, as measured by the torsion balance, can be estlllmted
from the expxess i.on , shown graphically in Figure 4 :-

V:: 0.31 D2.5
--T--

The correlation between the vertical flame speed calculated in this lvay? and
with that measured using·a torsion balance is shoY~ in Figur;e 5.

The send-ciJ7cular apparatus is described in B.S. 476 ': Part 2(2), in
Which a figure of mor-i.t , lvl? is assigned to the sample under .test. This is
the time taken f:)r flame to propagate 100 in. vertioally, and it is derived
from the distanoe and tirile of burning by the expression:-

320 T
:62 • 5

which is ShO,~l g~~phieaiiy in Figure 6. Typical values for various lnaterials
are shown in Tables 1, ~.3, 4 and 5-.

TIlE 45 0 TEST

The speed of propagation along nk~terials sloping at an angle of 45 0 has
been adopted as a criterion of flanmlability in the United States. Experiments
have been oarried out at the Fire Re search 2' 'J.tion in this 'way and it has been
found possible in some cases to correlate the speed of burning With the
vertical flame speed and hence ,vith 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 fl~ne to spread a distance of 5 in. along the slope ~ld

substituting in the empirical expression '-

M :: 2.5 T

The method of ignition apecaf'Led in the Lmerican Federal Test is such
that hot all materials whioh penuit the propagation of flame at 45 0 are
ignited)y the standard source, and in the experimental results quoted in
Tables 1, 2, 3; 4 and~, the igniting source was allowed to pl~ on the fabric
considerably longer th.an- in the Amer-i.can sgecification•. For some of the less
flammable materials propagation along a 45 slope does not ta~e place but
neverthooss they will burn in the vertical direction owing to the more
efficient heat transfer from the flames to .bhe material. This will mean
that there is a n~x~~m figure of merit which can be measured on the fWilerican
type of apparatus; the val.uc of. this maximum is not at present known.

DISCUSSION OF Sr~IT-CIRCULAR pl{D 45 0 TESTS

It will be s cen on .r-of'er-ence to Table 1 that both the sey,ii-circular and
45 0 tests give a i'airmeasure of the figure of merit of fabrics as determined
by the vertical t'Lame s pe ed,



Both tests give figures of merit'fbl?' acetatel?ayon oonsidel?ably lowel?
than those-ealoub ';"'d. fi'o:m);he ver-tLcal, f'Lame speed. This is. undoubtedly
due to the faot tL,~ the better support given to the: fabdos in' these tests as
compared vdth the vertical ,test oonsidel?ably l?eduoes the .dripping of the
burning material.

Thefactof' is also generallypresentwl1en the tests are applied to
vrbollen f'ahrd cs ,

Pure nylon and Terylene fabrics do not propagate flame in the vertical
direotion and therefore would have an irlfinite figure of merit as determined
by the vertioalflall1e speed. The 45 0 test would also give. this value as flame
would not be propaga,~q~l,?-long the 45 0 slope.

The senn-circular test gives a finite figure of merit of several hundred
as this is measured by both the distanoe, and time of spr.ead and a Qertain
limited amount of flaming does take place near to the igniting.souroe.

The same remarks would app Ly to all fabrios whioh do not propagate flame
vertiCally.inoluding those'reoeiving a number of proprietary flame-retardant
tret).tmen:ts. Vlhen such fabrios have been launderedmanY1;irnes they will
propagate f'Lame slowly in the vertioal direotion and it is very doubtful
whether propagation would take place at an angle of 45 0 • Under these
conditions the semi-circular test is p.robably a more'acourate measure of the
f'igurG of merit as det'ermined by the vertioal f'Lamcrspecd,

BURNS IN P.ELATION TO THE FIC,tJ:RB OF :MERIT OF FABRICS

In order toobtaininfo·rniation on the relation betlveen<thef,igure of
merit arid burning accidents, the Ministry of Health has been, asked if it would
enlist the co-operation of the Burns Units of hospitals "in Great~ritain in
supplying both information regarding the aooident and a sample of the f'abrd.o
firstigni ted. The 'questionnaire in Use . is, s hown in Figure"!. This is
printed on the back of the envelope into which a sample ol'fabric is placed.

When theenvelo'pe is receorlfedatthe Fire ResearohStatlon,the figure of
merit of the fabrio is measured and recorded. The inforn1ation lsthen coded
onto punohed oards by the Statistical Seotion.

From this survey it is hoped to answer three lnain questions :­

(1) What is the dis,t.ributionof.'. the number, of .burning' accidents
in relation to the figure of be:dt ofthefabrios first

,ignited,?

(2) Is there any correlation between the extent and severity of
bums and the figure of·)j1erit of the f'abz-i,c involved?

(3) What would be the effect on the [)atternof burning ~ooidents
of ei1cQuragingthet.1se of garrnent s having a figure Of merit
higher than those in use at present ?

From an exrunination of the fabrics reoeived so far from hospitals and
from the Fire Brigades, it has been [)ossible to prepare a distribution
diagram of the number of burning aooidents with respect to the figure of
merit of the materials first ignited. The distribution dd.agram is shown
in Figure 8, where it will be seen that the bulk of the accidents involve
fabrics having figures of merit in the range 25 - 65; this is in part
due to the frequency with wh.i.ch such fabrics are worn. The more flammable
fabrics are not responsible for the bulk of burning accidents, [lrobably
because they are not so frequently used or because such light-weight
materials are usually worn in summer when fir.cs are not generally required.
Whatever the cause, the implication is clear; that it would be useless to
prohibit only the most f'Lanmab.l e fabrics as has been done in the United
States. '.



It is probable that it would be more profitable to encourage the use of
flame-retardant treated fabrics. Those now on the market a:::.d those likely to
be produced within the next year have figures of merit of several hundreds, and
the treatments resist launderin.g., as wcLl,•. Unfortunately, the cost of these ~s)

a big obstacle in the way of their general adoption. It has been suggested ,3
that the increased cost of producing flame-retardant treated fabrics nught be
offset by a subsidy as their general use would reduce the expenditure by the
Health Services in treating burns oases. Before this could be done it would be
neoessary to esthuate the effect of changing the clothing habits of the nation
on the number and severity of burns. This is a difficult problem but it is
ma.deeasier to some extent by the fact that burning accidents are confined
mainly to dresses 9~d nightdresses.

The collection of the statistical evidence correlating the figure of merit
with severity and occiir-refic e of burns 'will take some thue•. If in the meantrlrne
it were felt that some administrative action were necessary, a British St"ndard.
could be drawn up for fabrics having a fummability so low that burning
accidents would be unlikely. The figure of merit for such fabrics would be
oonsiderably greater than that of the fabrios normally used in clothing. In
fixing such a limit two f'ac tors would have to be cons idered :-

(1) The spe~9:,J2f.f.l.a.:n~.J2~agati.g~.;,.'2illL~h~fab..!.':i£~ Materials only
propagating flame slowly would be unlikely to cause severe burns
and such flaming would be readily extinguished.

(2) 1h£..ti.&~2.t..r~~it. This, if the Standard were to be of any
practical use would have to be attainable commero;l.a.lly, even after
repeated laundering, representing the normal life of the fabric •.

If such a standard of performance were defined it would have the imrnediate
advantage of providing the publio with materials unlikely to cause serious
burns oasual ties and would also provide indust!"! '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 flovdng nightwed~ for
children should be avoided. Parents can be urged to take these measures
nov, and until such thue as flame-retardant treated fabrics are generally
available. . .
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TABlE 1 - FLANE SPREAD OVER COTTON AND VISCOSE RAYON

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

Weight per Vertical Figure of Figure of Figure of
iDr.it area flame speed merit merit merit

Desoription I oz/yd2 in./s
H 100 ,Semi-ciroular Amerioan

W V
~__~es~__

test
---_.

Visoose net 0.5 13 7.7 8 7

Visoose net 0.5 16 6.3 6 7

Visoose net 0,7 9.4 10.6 9 10

Cotton net 0.8 14 7.2 7 8

Cotton muslin 1.0 6.0 16 9 8

Cotton net 1,3 18 5.6 6 8

Visoose 1.8 6.1 16 20

Cotton 1.9 3,5 29 17 14

Visoose ninon 1.9 4.8 21 21 14

Cotton seersucker 2.3 3.2 31 21

Cctton 2.4 .3.4 20 22 18

Co tton gingham 2.8 2.8 36 26 22

Visoose 3.0 2.9 35 37

Visoose 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 ~inoeyette 3.9 2.0 50 31 33

Cotton winceyette 4.0 2.2 45 34

Cotton 4.1 1.7 59 33 45

Cotton 4.1 1.9 53 33 48

Cotton 4.3 2.8 36 32

Cotton flannelette 4.3 2'.4 42 35

Cotton "~.6 2.0 50 38 34

Cotton, visoose 4.6 1.9 53 39 36

Viscose looknit '1.6 1.9 53 56 42

Visoose lambs pun 4.8 1,9 53 56 44

Cotton oambrio 5.6 1.8 56 46

Visoose, brushed 5.6 1.9 53 51 53

Visoose 5.6 1.6 63 67

Viscose, brushed 5.9 2.0 50 49

Cotton velveteen 6,3 1.9 53 50
--_.,._~--_.



TABLE,l '(;con'c, 6.) PIJl1VlESPREAD OiTER COTTON AND VISCOSE ItAYON

_..._._ .._.----- --_'_-"-- -'"- -"._-:-.•,.~.-.- i""k'_~~:--"~-'~'-''''''---''-.'''~' --._.._-~.,-----

i'reight per Vertical Figure of Figure of Figure of
unit area flame speed merit merit merit

Desoription oz/yd2 in./s

W V
100 Semi-circular American
V test test

-,-~ --,,_ ..- ---
Cotton furnishing fabric 7.3 1.4 71 60

Cotton velour 7.5 1.3 77 70

Viscose 8.1 1.1 91 80

Visoose, brushed 8,5 2.3 43 48 19

Cotton corduroy 8,9 1.4 71 65

Cotton Loomsta t o weave 10,8 0.92 109 71

Cotton towelling 14.7 1.0 100 67
-------._-,~.._~._--- -_ .•....- . -"-_.,-_._--- ---.-..: ----'._-----_._.._~



TABLE 2 - FLAME SFPJiiAD OVER ACETATE RAYON

Figure of
merit

Semi-circular
test

Figure of
merit

American
test

Acetate rayon

Acetate rayon

Aceta te rayon

Acetate rayon

Acetate rayon lingerie

Acetate rayon lingerie

Acetate rayon lingerie

Acetate rayon lingerie J"

Acetate rayon satin

Acetate rayon twill

1,7

1.7

2.3

2.8

2.9

3.6

6,9

1,7

1.9

1.5

1.7

2,1

1.9

1.5

1.4

0.87

0,90

59

53

67

59

48

53

67

71

115

III

10

11

9

18

30

26

22

23

22

16

16

18

23

23

22

21

27

T.ABLE 3 - FLAME SPHEWOVI:R WOOL

-.-----------t---.,----+---------- -....--._._------_._-.....,

Description

Weight per
unit' arfJa

Qz/yd

w

Vertical
flame' speed

in,/s

V

Figure of
merit

M :: 100
V

Figure of
merit

. Semi-oircular
test

Figure of
merit

Amord oan
test

Wool

Wool

Wool

WOOl

Wool

Woo1 7 knitted

Wool serge

Wool serge

3,7 0.69 145 47

3,9 0.81 124 47

5,6 0.69 145 49

7.5 0,31 323 136

7,8 0.68 147 159

8,1 0 '?G 105

13,7 0 00 over 200

18.6 0 00, over 200
,

._--..._--~'------------.-----_.----I



TABLE 4 '" FIJJvlE SPREAD OVER NYlON

8

----- -_._--~--------1
36 8

_._......c•.---""T-_.~-...,.. "---'--f--"---
Weight per Vertical Figure of F±guro of
unit area flm1e speed merit merit

oz/ya2 in,ls

2,7 37 8

0 oc over 200

0 00 over 200

0 00 over 200

0 00 over 200

0 00 over 200

0 OQ

over 200

.'

Amerioan
test

Figure of
merit

Semi-circular
test:M ::: .lQQ

V
v

Description

vr

Nylon net 0.4

Nylon net 0.4

Nylon net 0,4

Nylon 1.1

'Ny'Lon 1.4

Nylon 1.4

:Nylon 1.6

,Nylon 1.9

~ylon 2.0
.

--.-- ~ , __.,.~-J... ,, __ ---------.-----1.-----1.



TABLE 5 - FUME SPREAD OVER 11ISCELLANEOUS FABRICS

----·---------:;eigh:per-"vertical IFigUre' 0;1' Figure O~-rFigU:-:';'-l
umo·'zt:,;.,ryard~a fl~ve•. /sspeedl mer-i.t merit meritDescription ~" Semi-ciroular l~erican

test test
or _ 100".,--:;;:-

-------.-1------ ...--.----.
20% v~ol 80% cotton

20;0 wool 80;6 cotton

40/0 wool SOlS cotton

wool 6Ojo cotton

50~ wool 5076 viscose

55}" wool 4B1S cotton

60% wool 4q;; cotton

60/6 wool 40;b cotton

3.7

4.0

3.5

4.4

7.7
3.9

3.7
4,1

1.8

2.1

2,2

2.0

0.67

2.0

2.3

1.7

56

48

45

50

149

50

44

59

58

44

42

,16

336

51

52

71

76

50l; wool 50;0 nylon 8.5 o 00 194

50;6 wool 35)£ viscose
17/b nylon

wool 33/S nylon
17;0 viscose

7.7

8.6

0.47

o

213

00

100

435

Linen crash 5.4 2.1 48 43

Winceyette: 50/'; Fibrocota
3$ viscoseJ.6,2/3JXls 3.9

nylon I
Wool-Orlon 6.4

Wool-polyacrylonitrile 8.7

1.1

1.1

0.8

91

91

125

50

120

90

67;0 visoose 3010 Fibrolane 5.6

67;6 v'Lsooae 3310 Fibrolane 7.4

67;b visoose 3316 Fibrqlane 9.1

II

Visoose -Orlon 8.7

Vi"os, - 'O"1"eno I 9.C

68

80

83

88

101

99

over 200

over 200

over 200

over 200

over 200

over 200

over 200

over 200

56

63

77

71

00

00

00

00

00

co

00

00

1.8

1.0

1.8

o
o
o

o
o
o
o

o

5.1

9,9

8.5

6.3

5.9

Canvas,Erifon treatedl 15.3

Cotton,Proban treated
!

Viscose,Proban treated 8.5
I

Canvas,Proban treate~

Cotton ~vill,Proban I
trea ted 12.2

. I
67}6 viscose 35;0 Filirolane 5.4

Cotton,Erifon treated

Cotton,Erifon treated

Cotton,Erifon treated



FIG.I. APPARATUS FOR MEASURING
VERTICAL FLAME SPEED
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FIG.3. SEMI-CIRCULAR APPAR.ATUS FOR
CLASSIFYING FABR.ICS
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DEPARTMENT OF SCIENTIFIC ANDINDUSTRIAL RESEARCH ANDFIRE OFnCES' COMMITTEE
JOINTFIRE RESEARCH ORGANIZATION

• Station Road, Bareham Wood, Hcrts.

REPORTFORMFORINVESTIGATION ON BURNS DUE TO FABRICS
War 1101" on conspleling £01"111 lee beck of on, ...I"IWI

Name 0 pat ent ......
Ad<hou

COllE ITIM COLS CODE ITEM rcois CODE ITEM COLS

lUpon No. ]·5 i· !GARMENT FlRST IGNITED 12~271 LOCATIONOF ACCIDENT 39
0.•• ~ll 01 jNightgown

, At home

02 Pyjamu 2 AI work
SEX

1
12

~ Ie::;:~~:wn I I 3 Out of doon
] ""'e 4 Elsewhere• Female

0' Dreslor-frock s Unknown

I:J.l
06 TroU&eN

SOURCE OF IGNITION 4041~eiyt'anl 07 Skirt

TYPE OF CASUALTY is 08 Shirt 0' Open cQallire
O. Gaslir"

] Fatal O. Illeuee
03 Electric fire• Non-Intel ]0 CIIrdigan or 04 Oilltave

IPARTS OF BODY
pullovee

0' Closed stove (coal

BUR:'IJED
II Coat or jacket or coke)]2 B(!ddlng

r ~:r~:\'~~r:~) Other than above
06 Gal cooke!;" or ring

I
07 Elc<'lrk cooker or, :IJI',,,1 16 ...

I
d"l1

1

I:':~ :':::.. 17 00 SmokinS mfJ.teriaJ~

2 09 MotdlCS
] One leg 18 9. i.i~k~~;~·"··· I 10 Maachcs -ehtldrea

• Beth J~. In pinyin!/:with
1 Trunk.. upper {r<mt 119 THIS SECTION fOR USE OF ~~~::el::nt:;:"1 Trunk, lower front 12. FEeSTATlON

28-··199
1 ITrunk. upper back 12]
] Trank, lower back !22

'U'~i~;~~"
AREA OF BURNS 23-2 30.311

1%of body area) Dl~tance of

1
USE OF GUARDS 4.

0] LeIS than 5'}l> ~pread (Complete if Bource)
02 5·10~ Time round whole 34-36 pf lguttlon wBsllny
.3 10·15% ate (~ee) healing appliance)
04 15·2090 Vert. name

37,38, ~ Guard in UBe
05 20·25% speed (em/sec) Guard not in use
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