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TEE ffiOPAGATION OF li'LAME OVER TEXTILES. '. . :." ..

. by . :.c--.;.._ .

D, I, LAWSON, iJ, Sc., H, I. E. E•. , r, mST, P,

]l'ITRODUCTION .

Textiles are flexible woven materials. The spinning and weaving
processes associated with their manufacture ensure that the finished
mat'erials are more or less a well aerated 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 .f'Lame is .most readily
propagated and the heat transfer from the flame to the unburnt fabric
ahead of the flame is greatea t,

lW\.SUREivIENT O}' VERTICAL l!:LillViE SPEED

In assessing the danger of any fabric, it will be necessary to '
measure the vertical flame speed, as this is a measure of the time
available, either for extinguishing ,the fl~es or for discarding the
burning fabric. As burning is a continuous process of ignition, any

.. such measurement will also take into' account the ease of ignition of'
fabrics, ,

It is ,not easy to measure vertical-f~speedover fabrics· directly,
as the flame front is not well defined. It is, hm/ever, possible to
measure the vertical flame speed indirectly by vreighinl' the fabric '
continuously on a torsion br.Lance while it is burning ~ 1), Fran the rate
of loss of weight, the initial weight of the fabric and too weight of the
residue, the vertical flame apecd is r-c"G!.}:1T c".l'mlr·;i;cd, The o.pp<1.l'2.tus is
shown in l!'igure 1, and some typical results arc given 1n'ril.ble 1,

TABLE 1 ,
VERTICAL l!'LAiI!E SPEED m TYPIC.'IL FABRICS

.
Wei[,;ht/uni~ o.rea Vertical

l!'abric . ,. oz/yd flame speed
in-Is

Cotton net 0·7 12,6
Cotton 2,3 4·1
Rayon 3'4 3·0
Lingerie silk 2·9 I 2·7
(Acetate rayon) ,
Wool cotton 3,5 2·4

mixture ..
40/60 ------..--

. Wool cotton 3.75 203
rdxture

60/40
'Jinceyette 1".6 2·2
Wool 5··6,,· .. ,. 2,2
Cotton 7'3 1·4
Terylene rayon 9,0 1.2
Rayon 5·6 1. 1
Wool 7,5 ..

0·7 iWool nylon 8'5 0'5
mix,ure "

505°
19Wool serge :. / '. nil

Nylon . 1,5 , nil
Terylene 5·0

.. '.....
nilj I
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AJ..l cellulosic materials, wood; paper and textiles, propagate
flame at a rate which is inversely proportional to their ,,"{eight per
unit area, as shown in Pigure 2. In fact, a useful formula to have
in mind is:-

- --_.---...---_._-----~
":7V = 9· 3

W is the weight in oz/yd~
V is the vertical :lame speed in in./s.

where
and

The torsion be.Lance apparatus' ;i.s;' of course, quite unsuitable for
everyday. use, 'arid, this has led to' ·the-·developmen"~-of~.simplerapparatus
(lt~igure 3). consisting of a semi-cir6ular arched track over which the
fabric to be ,tested is stretched. ~he saffi?le is lit at one end nnd'the
final dista;nceof burning D., is noted, together wHh the time token T.
}rom these'two ,quantities th~ vertical flvme speed V; as measured: by
the torsion balance, can be estimated from thEi expr-esedon, . shown
graphically in Figure 4: - ' .

V =' 0~31 D2·5
T

The carr,elation between the vertical flame' speed calculated in this
way"and.w~th tha~ measured ~sing a' torsion :t'alance is,:s~own 'in"l~i-gure 5.

'1'11e semi-circular apparatus is described in B. S:476 :,'~t 2 (2),
in which a figure of merit, M, is assigned to the sample under test.
This is, the, time tak~n for flame to propagate 100 in. vertLeally ,. and
it is derived from'the distance and ti'me of burning by the expression:-

; ,
•

" "0 r]1 , . ',' •
- ,-.,-M-.co-320 - . ,, ',' "~j'-"'---:--:-_ .....,j I

which, is shown gro.phically in :B~igure 6.
materials are shown in Table 2.

Typical values for various

TABLE 2

lnGURE OIl' biERI'l" 'OF"TiPICAt 'l"ABRICS- , ......

PabrLc
Figure of

merit

., ,

. ,

- ... ~. ~

'. ";

45

8
24
33
37'

'42

over 10QO
over 1000'
over 1000 ,:

Cotton' net'
Cotton
Rayon
Lingerie sille
,(Acetate rayon)
\fool cotton

mixture
40/60

,Y/ool cotton
mixture

60/40
\1inceY'et'te~-------45---:...-, --.J '

Wool 45
Cotton 71
'rerylene rayon 90
Rayon 90
~ool 143
Wool nylon' ,_+_ • 200

mixture
50/50

Wool serge
Nylon
Terylene

, '

,
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. l'HE FIGURE 0:'" j,iERIT OP Cm,n,DH. ~'AERICS

·nylon' and, terylene fabrics do not propagate flame because their
melting temperature is beLow the temperature of ignition, rind when a
flame is applied the f'abr-Lc shrinks away from the flame. 1m exception
must be made in the case o~ nylon nets stiffened with lnel~Jine resins;
these resins have.' a high melting point and f'orm a matrix on \7hich the
nylon can burn, and the propagation of flame over such nets is about
that of cotton net (figure of merit 8). Recently, nylon nets stii'fened
with a 101'1 melting thio-urcu resin have 00[1e into common use. These do
not propagate f'Lame , and in fact. it is possible to use these ftebrics in
the construction of spr..rl: guards for dooestic fires.

Pure woollen-materials usually have a figure of merit of 100 U~1ardS,

depending on the weight per unit area of the fabric. Cotton and ra;yon
fabrics have figures of merit in the range 8 tIJ, the precise value
again depending on the I'Ieight of the fabric.

The figure of merit of mixtures of fibres is at least as bad as, the
rlOrst component , POI' example, rlOol/cotton mixtures containing more than
20 per cent cotton have a figure of merit corresponding to cotton material
of a sirrllar weight.

BURNS D~ RELATION TO '1m. ~iIGURE OI!' itiERIT OF lrAERICS

. In oz-der to get'information on the relr-tion between the figure of
merit and'burning accidents, the uanistry of lIealth have been asked if
they I'Iould enlist the co-operation of the Burns Units of hospitals in
Great Britain in 'supplying both infortlation regarding the accident and
a sample of the i'ubric first ignited. The ,questionnaire in use is shown
in, Figure 7. This is printed on 'ehe back of the envelope into I/hich a
sample. of fabric is placed.

Vihen the envelope is received,at the Fire Research Station,_ the
figure of merit, of the fabric is measured end recorded. The information
is then coded on to puncl1ed cards by the Statistical Section.

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

(1) What is the distribution of the number of burning accidents
in relation to the figure of rerit of the fabrics first
ignited?

(2) Is there any correlation betr~en the extent and severity
of burns and the figure of merit of the fabric involved?

(3) What would be the effect on the pattern of burning accidents
of encouraging the use of garments having a figure of merit
higher than those in use at present?

From an examination of the fabrics received so far from hospitals
'and from the Fire Service, it has been possible,to prepare a distribution
diagram of the number of burning accidents with respect to the figure of
merit of .the 'materials first igilited. This is sbown in ~'igure 8, wher-e
it will be seen that the bulle of the accidents involve fabrics having
figures of merit in the range 25 - 65. The Bore f'LanmabIe fabrics ore
not responsible for the bulle of burning accidents, probably because they
are not so frequently used or because such light-weight materials' are
usually worn in summer when fires are not generally used. Whatever the
cause,the implication is cleat that it vmuld be useless to 'prohibit
only the most flarranable fabrics as has been done in the United' States•

•
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It is probable that it would be mor-e profitable to encourage the
use of flame-retardant treated fabrics~ ~hose now on the market and
those which are likely to be produced, within the next year have f'Lgure s of
merit of several hundreds, and the tre~tments resist laundering as well.
Unf'or-tunateIy, the cost of' these is a 'big obstacle in the wa:y of their
'general adoption .. 'It has been suggested (3) thlltthe increased cost of '
producing flrune-retardant treated fab~ics might be .offset by a subsidy'
as their general use' wOuld reduce the, expenditure by the Health Services
in treating burns cases.. Before this: could be done' it would be necessary
to estimate the effect of changi~ the clothing habits of the nation on
the number and severity, of burns. 1'h~s is a difficult problem but it is
made easier to some extent by the fact the.t burning accidents are confined
mainly to dresses and nightdresses. '

Colebrook and Colebrook have, rep~atedlj pointed out (l") 'chat the
firGt baalca are to see that all open fires are guarded and that f'Lovd.ng
nightwear for children should be avoided. Parents can be urged to take
these measures now and .until such time as flame-retardant treated fabrics
are generally cvaaLab'Le..'

I
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FIG.I. APPARATUS· FOR· MEASURING
VERTICAL FLAME SPEED
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. FIG.3.. SEMI:..CIRCULAR APPAR.ATUS FOR
CLASSIFYING FABRICS



o

.100t---------+--------'l--------;

SOOr-------r--------.------.....,....,

. SOI------+-----I---+------~

o 5 10 20
.

]) In.

2,·5
VT= Q-3ID

V .:. vertico I fl a mit speed
in in./s

T = time. in sec to spread
distance ]) in.

FIG.4. ESTIMATION OF VERTICAL FLAME SPEED



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

..

v.........
E
u

I
o
UJ
uJ
11.
I,/J

oW
~

~
U.

...J
-{

U-
~
lJJ
>
o
w....
-c
-'
::>
U
-J
-c
U

~9

I
I

I
}
t

1~---~-~

o

.,

MEASURED VERTICAL FLAME SPEED - cm/s

FIG· S. COMPARISON OF MEP,SURED AND CALCULATED VERTICAL
FLAME SPEEDS



II --
600 21
SOO 20
400 19

300
18

2S
17

200 16

150 ....
- 15

125 14

100 13

80 12

4S
60 II

40
10

35
9

32 20

30
8

2 T (5)

26
7

24 -
22 -

6

20 /»<:
18

5

16
I
14

4

13

12

t I

,~ 10

3

9-

..
8

7 -" ... 2

6

5·5

5 'I,;

4-5

4

3·5

M ....
D (in.)

r:-IG. 6. NOMOGRAM OF M
320 T

D2.- S

1.12..2.86
f:'.·R.2.. ~~~ .

.... ,. ~."....... .". ... h t', ••



i

.:
•

,
DEPAI1Tlf!NT OF SClENTInC AND INDUSTRIAL RESEARCH AND nll£ OffiCES' COMMlTTI;E

JOINTnRE RESEAlI.CH ORGANIZATION
Slatl~ll R~ B"",ham WoocL Hau.·

REPORT FORM FOBINVESTIGATION ONBURNS DUE TO FABRICS
(}'OI" nae ~pMtiJII form Me blu:k of rnu"lopc',

Na.. 01 j».kD•..: ~...........•._ ~ _ .......•......•_.__~•.__......•..............
AcIoIrno_.~ •.•.••••._ .••~_•.•_. •. . __..•.••__ .. ~. "._H ..._.__.__

.'.- - - -
COllI If1M COtS COOl lTIM COO COOl ITIM COtS

Itrpon So.... _.'.___ 1.5 CA.~EHf nlST IGNITED 126-27 LOCATIO," OF ACCIDENT J9
Do•• 1>-11 01 . 1'11&"'-" I .... -..

0% Pyjomo. 2 Ar "urlr.SEX 12
03 Dtutiq IOWa 3 0111 til daon

1 Mal••
04 Underwear 4 Eh,(,,,'hl!"rfl

2 r"IIIIJlI. 05 [)req. or frock 5 Unk.nown

J\6,.f'4yun) 13-1
06 T~.n

SOURCE OF IGNmON
.

40-4107 Sllrt . 01 ~n iCoal tin.
nPE OF CASUALTY 15 GO Slilit

02 C•• Hre1 Folol 0'1 BlouNt
03 EJC'C'lric fire2 /'lea-I.... 10 CeTd:.lIaa. 01'
04 Oi.1.-:.~IPARTSOF BODY

puIIo....
OS tio.ed alO", (CHI

BUR:'IED
11 Uta! or I_clEf.

or r:qkc}i IIndinle all
U Bedding

06 Gil.l t"ookar ur lias:
~ P-"t. bum"H

Otbr-r Ih." -bcrnI
07 £I~lrit'~"'ror

i 16 ~-~--
.._..._.~._--

dll,IE
,• JI,.MI

I
'I : ()~11' ,um 17 ... .-...........__. 08 :j-lDQkinS JD4tcriai.

2 Dol .. arms ' .._- ..............." .._~--- O? M.ldlct
I o...lq; 18 99 Ul1knOWD

10 l\tlllcb.eI - t::hUdre:a.
2 Beth loop p'-'r1"" wi'h
1 T n1l1k, Vppllr fTOnt 19 THIS SECI10N fOR USE OF II Candle or taper
1 TNnk. ao.el' (TOot 20 FIRE RESEARCH STATION Other th.n.•ben..,..___........
1 Trt.llll, _pptZ' bac~ 21 FABRIC
1 Tnz.a.... Iow.r .k 22 Typo 23-29

AREA OF BURNS %$-2< Wl/cm2(me) 30-31 'I'l lr;l;~wn

1(> 01 hodr ala) Utllta.nee of 32-33 USE OF GUARDS 42
01 !Aoo "'"" s,. .p~d (C-pld. 11-.ree)
02 5-1l!l' TJllle rouDd "".. 34-36 aI :la:uldaa w.. 1U17
03 to-IS1' .... (...) h"'I"ll"pplJmcel
04 15-2Lll< Vert. Oame 37-38 1 Cu.rd n:. UH

05 20.~ .peed (cm'_) 2 GU8rd Me lo 1lM

06 Zi.:lO!'- 3 Ud.lllown
07 ;jQ-3So>

ASSISTANCE TO lNJlJBEDGO SS-4Oll 4.l

09 <llJ-4Sf, PERSON

10 4;-50\0 1 01.... ,..-._

II M.... ,..... 50!1 to aaJlll
2 Na·... p'-'CG

e EI'1'Hor BUlIN 25 -".1 FuLl.kJD .Wcbe. S Unkmnno
_ko

2 f • .u.I~
dUcbeu .

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

-.

\ ...

\

INVESTIGATION
FABRICS

FOR
DUE TO

REPORT FORM
OF BURNS

FIG.7.

JJSfSOOT/1 180 60 TjS6CI.

'J



2 - - -- ,-- - ---.
AMERICAN FEDERAL TEST

II .-FailS-I~ Passes

c J--
/ /

/
./

91-- / /

/
/ /

1/ / / /
/ ,

/ ./ / /

/

81-- / 1/,
-' -

-'
/ / /

/ // .

'i I-- /' / ./
/ '/ / /

1// , - /, , ./ -
/ /

6f- 1// / /
/ /

/ / /
/ /

Sf---
V/1/' // / /'

,
/ ,

~/
' ,./

-4
,

I-- / ./ /

V .// / /
/ , / //

,
/ //3f- ./ /// / ' / - /

/
, r /

/ /./,-
/ / I/

2 f--- 1/
/

/
/

~
/

/ / - // -'

/ .- / ./
If---

1// // /

I/~
[7

1// / // '.// //

i / ./ // I, / t/ / / // ./ I

'FIG.~8~ VARIATION OF NUMBER OF
INCLUDING RFL B,

INCIDENTS WITH FIGURE OF MERIT
INCIDENTS AND ALL OTHERS,

1009080706050

FIGURE OF MERIT

40302010o

u,
o
a:
w
lXl
~
::J
Z

<J)

f­
Z
W
o
u
z

. ..
II'
1
!




