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The measurcraent of the speed of propagation of flame over
fabrics is discussed and sowe gencral rclations between flome
speed and, the weicht of the fabric per unit area are described.
Methods are outlined for the measurcment of vertical flame speed
with simple robust apparatus. 4 survey is described by which
it is hoped to examine the rclation between the incidence and
severity of buming accidents and the vertical flame gpeed of
the materials involved.
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TH; YL/32GBILITY OF PATRICS
by
D. I. Lawson, 1.-1.85., It:I.I.E.E.,“F.Inst.P.
TNTRODUCTION |

Textiles are floxiblé toven ratcrials. The spinning and weaving
processes agsoclated with their rmanufacture ensure that the finished materials

.are more or less a well asrated 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 readmly propagated and the heat transfer from the flapo to
the unburnt fabric ahead of the flame is greatest. -

JASURTHUNT OF VERTICAL FLAME SPEED.
In assessing the dangerlof any fabrie, it will be necessary to mecasure
the vertical flame speed, as this is a measure of the time available, either
for extinguishing the flames or for discarding the burning fabric. A&s

_burning is a ContlﬂUOUB process of ignition, any such measurenent will also

take into account the ease of ignition of fabries.

It is not ecasy 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 speed indirdcflg by weighing the fabric continuously on a torsion
balance while it is buming The vertical flame speed is readily
calculated from the rate of loss of weight, the initial weight of the fabric and
the weipght of the residve. The apparatus is shown in Figure 1, and some
typleal results arc given in Tables 1, 2, 3, 4 and 5, relating respectively
to cotton and viscose mayon, acetate rayon, wool, nylon and miscellaneocus
fabrics. - - : - - :

A1l cellulosic materials, wood, paper and textiles, propagate flame at
a rate vhich is inversely proportional to their weight per unit ares, as
shotvm in Figure 2, In fact, a uscful forrula to have in mlnd for cotton and

. viscose rayon fabrzcs ig:=

] ) W = 905
-where - W is the weight in oz/yd®
. and . -V is the vcrtlcal flane speed in ln./b.

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

~ The-corresponding expressions for other fibres have been determined

Sl lesg precision because up to the present it has not been possible to
. test such a Wide range of materials as with cellulosic fabrics, but the

follow1ng relations are put forward tentatlvely -

Wy
Wwv

[

5 Eacetate rayon)
8 (wool/cotton’ mxtures contalnlng up to 60 per. cent wool).

These flgures would indlcate that wool/botton nlxtures are about as flammable

as, while acetate rayons are markedly less flarmable than, cotton end viscose
rayons of comparable weight, . -

The lower flame spced of acetate rayons is due to the fact that they
nmelt and drip during buming and as each burning drip falls the flame front

.is momentarily chepked some of the heat from combustion being removed,



The data for the buming of wool do not permit a weight-velocity 'Y
relation to be estimated but the figures whioh are available arc not
inconsistent with'the flahe speed being 2-3 tlnes Yess than that for
comparable weights of cotton. : -

Fabrics conprising mixturcs of fibres have a flammnbility intermediate
between that of the two fibres and very often characteristic of the more
flarmable of the fibrcg, Pure nylon and Terylene do not propagate flame
continuously-in a vertical direction., Nylon nets stiffened with melamine
rcsins however propagate flame with the same velocity as cotton nets,

_SEMI-CIPCULAR PEST

The torsmon bclance apparatus is, of course, qu1te unsult ble for cvcryday
use,.and this has led to the development of sinpler apparafus (Flgurc 5)
consisting of'a’ semi~circular arched track over which the fabric’ o be tested
is stretched. The sample is 1it at one end and the final dlstanoe of burn:Lnn
D' is noted, topether with the time takan T,  From these two. qpqntltles Fhe
vertical flane speed V, as measured by the forsion balance,’ can. be estlmated
from the expression, shown graphically in Figure 4 :-

Vv = 0.31 D2'5
T

The correlatlon ‘between the vertical flame specd calculated in this way, and
with that measurcd u51ng a torvlon balance is shown in Figure 5.

The seml-clrcular apparatus is described in B.S. 476 : Part 2\2) in
vhich a figure of merit, i, is assigned to the sample under test. Thls is
the time taken for flane to propagate 100 in, vcrtlcally, and 1t is derlved
from the distance and time of burning by the expr0551on -

M= 320T
N

vhich is shown graphically in Figure 6.‘ Typical values for various materials
are showm in Tables 1, 2, 3, 4 and 5, ' '

. THE 459 TEST

. The speed of propagation along nnterials sloping at an angle of 45° has
~ been adopted as .a criterion of flammability in the United States, Experiments
have been carried out at the Fire Research £ ation in this 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 figurc 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 flarm to spread a distance of 5 in. along the slope and
substituting in the empirical expression :- :

M=2,5 T

The method of ignition specified in the /merican Federal Test is such -
“that not all materials which pemit the propagation of flame at 45° are
imited by the standard source, and:in the .experimental results quoted in
‘Tables. 1, 2, 3, 4 and 5, the igniting source vas allowed to play on the fabric
con51derab1y 1onger than in"the Amcrican sgeczflcatlon. For some of the less
flammable matexinls prOpagetlon along a 45 slope does not take place but
neverthékss they will bum in the vertical direction owing to the more
efficient heat transfer. frimthe flames to the meterinl, Thisz will mean
that there is a maxinum figurc of merit which can be measured on the ﬂderlcan
" type of apparatus- the value: of thls maxlmum is not &t present knoun.‘

:'--' DISCJ SION OF SHHMI-CIRCULAR AND  45° TESTS

It will be scon on reference to. Table 1 that both the seml-clrcular and
459 tests give a fair rieasure of the fipure of merlt of fabrlos as dcterfnned

by the vertical flame, speed.



Both tests glve figures of mer1t for acetate rayon considerably lower
than those calculated from the vertical flame speed: This is undoubtedly
due to the’ fact that the better, support given -to the fabrics in these tests as
_compared with the vertlcal test con31dcrably reduces the drlpplng of the
buznlng materlal ]

' The factor is also generally prescnt when the tests are- applled t0‘ a
woollen fabrlcs. . . .

Pure'nylon and Terylene fabrics do not propagate flame in the vertical
direction and thercfore would have an infinite figure of merit as determined
by the vertical flame spced, The 45° test would also glve this value ag flame
would not be propagated along the 459 slope.

<The-sem1701rcu1ar test gives a finite figure of merit of several hundred
as this is measured by both the distance and time of sprecad and a certain
limited amount of flaming docs teke place near to the igniting source.

The same remarks would apply to all fabries vhich do not propagate flame
vertically including those rcceiving a number of proprictary flame-rctardant
‘treatments, Yhen such fabrics have been laundered many times they will
propagate flame“slowly in the vertical direction .and it is very doubtful
vhether propagation vould take place at an angle of 459, Under, .these
conditions the semi-circular-test is probably a more accurate measure of the
figure of merit as detcrmined by the vertical flame specd.

4

BURNS IN REIATIGN TO THE FIGURG OF MERIT OF FABRICS

~ In order to obtain information on the relation between the figure of
merit and burning accidents, the Ministry of Health has been asked 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 questionnaire in use is shown in Figure 7. This is
prlnted on the back of the envclope into which a sample of fabric is placed,

" Then the envelope is received at the Fire Rescarch Station, the figure of
merit of the. fabric is measured and recorded, The information is then coded
onto punched cards by the Statistical Section. -

From this- surVCy it ig hoped to answer three main questions :-.

'L(l). 7mat is the distribution of the numbér of burming accidents ‘
in relation to the figure'of merit of the fabrics first =~
. ignited ? .

(2) Is there any corrclation between thc extent and severity of
fbuxns and the figure of merit of the fabric 1nvolved ? .

(5)' What would be the effect on the pattern of burnlng a001dents
of encouraging the use of garments having a flgure of merit
higher than those in use at present ?

'From an examination of the fabrics 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 flnure of
' merit of the moterials firdt ignited, The distribution diagram is showm
in Figure 8, where it will be scéen that the bulk of the accidents involve
“fabrics havzng figures of merit in the range 25 - 65; this.is in. part
due .to the frequancy with whlch such fabrics are worn, The riore flarmable
fabrics are not responsible for the bulk of buring accidents, probably
because they are not so freguently used or because such light-weight -
materials are usually worn in surmer vhen fers arc not’ genérally required.”
Yhatever the cause, the implication is clear, that it would be ugeless to-
prohibit only the most flammable fabrics as has been done in the United
States, )



TABIE 1 - FLAMJE SPREAD OVER COTTON AND VISCOSE RAYOW

Welght per'i Vertical | Figure of Figufe of Figure of

. unit area | flame speed merit merit rerit
. Description oz/yd? in,/s '

- 100 Serii-circular | American

al v M= test teat
Vigecose net_ 0.5 13 7.7 8 7
Viscose net 0.5 16 6,3 6 7
Viscose net 0.7 D.4 10.6:). 9 10
Cotton net 0.8 14 7.2 7 8
Cott;)n muslin 1,0 6.0 16 9. 8
Cotton net 1.3 18 5.6 6 8
Vidcose 1.8 6.1 16 20 -
Cotton 1.9 5.5 29 17 14
Visoose‘ ninon 1.9 4,8 21 21 14
Cotton. scersucker 2.3 3.2 31 21 -
Cotton 2.4 3,4 a0 a2 18
Cotton gingham 2.8 2.8 36 26 2:2
Viscose 5.0 2'.9 35 37 -
‘fis;cose 348 2,7 37 30 -
Cotton 3,6 2,5 40 33 30
Cotton poplin 3.8 2.4 42 36 -
Cotton, erbossed 3.9 2.4 42 30 -
Cotton winceyette 3.9 2,0 50 31 33
Cotton winceyette 4,0 2.2 45 54 -
Cotton 4.1 1.7 59 33 45
Cotton 4,1 1.9 83 33 48
Cotton 4.3 2.8 36 32 -
Cotton flannelette 4,3 2.4 42 35 -
Cotiton 4.6 2.0 50 38 54
Cotton, viscose 4.6 1.9 53 39 36
Viscoge locknit 4,6 1.9 53 56 42
Viscose lambspun 4.8 1.9 53 56 44
| Cottori cambric 5.6 1.8 56 16 -
Viscose, brushed 5.6 1.9 55 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 -




TABLE:1. {cont'd) FLAME SPRELD OVER COTTON AND. VISCOSE RAYON

Descriptibn

Viscose

Cottonvelour...

Cotton corduroy

Cotton towelliﬁg

Cotton furnishing fabric

A rmaesa wa e me

Viscose, brushed

Cotton loomstate weave

Teight per | Vertical Figure‘qf Pigure of Pigure of
‘unit area | flane speed| merit merit nerit
oz/yd?, ©in./s - .
W v M= 100 Semi-circular | American
' v test test
7.3 1.4 - 71 60 -
P :.?..,5.. _ RSN W ; . la 3_. . '?.7 - ) .,.,Z.Q. . e e s . - ..-...,..._’... b o s
8,1 1.1 91 80 -
8,5 2.3 43 48 19 |
8,9 1.4 71 65 -
10,8 0.52 109 71, -
14,7 1.0 100 67 -
R
- - —_— - U |



TABLE 2 - PLAME SPREAD OVER ACETATE RAYON

Weight peri Vertical | Pigurc of | Fipgure of  TFipure of
unit arca | flame speed merit merit merit
Description oz,/yd in, /s
W v M= -1-%9 Semi-circular American
test test
Acetate rayon 1.7 1.7 59 10 16
Acetate rayon 1.7 1.9 53 11 -
Acetate rayon 2,3 1.5 &7 a 16
Acetate rayon . 2.8 1.7 59 18 16
Acctate rayon lingerie 2.9 2.1 48 30 23
Acctate rayon lingerie 2,9 1.9 53 26 93
Lcetate rayon lingerie 3.6 1.5 67 22 22
Acetate ravon lingerie . 3.8 1.4 71 23 21
Aoctate rayon . satin 4.9 0.87 115 22 27
Acetate rayon twill 5.9 0.90 111 42 38
....... — mrar e e e e o alos e it e v 2 s e e e -t 4 2 i)
TABLE 5 - FI&ME STRE.LD OVER YOOL
Weight per Vertical {PFigure of Figure of Figure of
unit arga | flame spéed merit merit merit
Description oz/yd® | in./s :
100 Serd-circular American
Y Vv M= T test test
Wool 3.7 0.69 145 47 -
Wool 3.9 0,81 124 47 -
flool 5,6 0.69 145 49 - :
l'l
ool 7.5 0.51 323 136 - |
Wool 7.8 0.68 147 159 -
Wool, kmifted 8,1 0 oo + 105 -
Wool serge 13,7 0 ot over 200 -
Viool serge 18,6 0 o0: over 200 -




TLBLE 4 - FLAME SPRE.D OVER NYLON

Veight per’

At ——

Vertical Figure of Tipure of Figure of
unit-arca {flame speed morit weiit merit

Description oz/ya? in./s o .

W v 3 = 100 Scmi;:;roular Am:z;zan

v

Nylon net N 3.3 30 8 -
Nylén net Gt - - 8 -
Nylon net 0.4 2.7 37 | 8 -
Nylon 1,1 0 00 over 200 -
Nylon l.a 0 - over 200 -
Nylon 1.4 0 oo over 200 -
Nylon 1.6 0 @ over 200 -
Nyion 1.9 0 oo over 200 -
2.0 0 o -

Nylon

over 200

-—

-t
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3 Wool-Orlon

TABLE 5 ~ FLAME SPRELD OVER MISCELLANEQOUS TLBRLICS

s

3335 viseose 16,2/ rds
nylon

Yool-polyacrylonitrile

Cotton,Erifon ftreated

Cotton,Erifon treated]

Cotton,Erifon treated

Canvas ,Erifon treated

Cotton,Proban. treated

Viscose,Proban treated

Canvas,Proban -treated

Cotton twill,Proban
treated

676 viscose 380 Fihrol

Teinht per
unit area
Description 0z/yd?
¥
20% wool 80% cotton 3.7
205 Wwool 8(Ja cotton 4,0
40j wool 60 cotton 3.5
40k wool GOu cotton 4.4
50/ wool 50 viscose 7.7
5505 wool 455 cotton 3.9
606 wool 405 cotton 3.7
605 wool 405 cotton 4,1
50 wool 504 nylon 8.5
5@6 wool 33% viscosc
17/ nylon 7.7
| 50/ wool 33,5 nylon
17 viascose 8.6
Linen crash 5.4

" Winceyette: 50 Fibroccta

5.9
543
8.5
15.5

5.1

8.5
9,9

12.2

ane 5.4

.67 viscose 335 Fibrolanc 5.6

6% visgose 3%> Fibrolane 7,4

67% viscose 330 Fibrgl

Vié cose -Orlion

Viscose -~ Terylene

ane 9,1

8.7
9.0

Vertical Figure of Figure' of Figurc of
flame speed nerit merit nerit
in./s Semi-circular |American
test te
v v 100 es st
te
2.1 48 4d 76
2.2 45 42 -
2.0 50 46 -
0.67 149 336 -
2,0 50 51 -
2,5 44 52 -
1.7 52 71 -
0 o 194 -
0.47 213 100 -
] o 435 -
2,1 48 43 -
1.1 a1 - 50 -
1.1 o1 120 -
0,8 125 a0 -
0 @ over 200 -
0 0 over 200 -
o o over 200 -
0 o0 over 200 -
0 w0 over 200 -
3 00 over 200 -
0 o0 over 200 -
xR
0 ovoer 200 -
1.8 56 83 -
1,6 63 88 -
1.3 77 101 -
1.4 71 99 -
1 L] 8 % 6 8 -
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FIG.3. SEMI-CIRCULAR APPARATUS FOR
CLASSIFYING FABRICS
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