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TEE FW~,1ABILITY OF FABRICS

by

D I L 0 1 C T ~ WC~):J'Lcr and M. J. Gregsten• • . aws ' ~ •

Introd.~ction

The fire hazard of r:l-ai":l,-::able fritri'c::; is Vidl knosn, and there ha.ve
been many attfl'rrrpts to 'ltlYir.,'J 1:C :;c~~~ 'by f:J':'8.nS of' "I'!",,ich fabrics can be
graded accortkLng to t:1.ci:c 0.CS".'S; of f:a::.:L!':::,bility.

/

In. this country a l'ron·-In:'laJrilllabiJ.i.f;y Test .Vlas ir:troduce~ with
B.f3.476 in 1932. This test has Leen followed in sewrftl E'U:',J}:can
countries, dp-epit.e a grootg ccn'7:i'~'~'':'G:) i;hs..": it r':",X;", !,~(/i. ·f·J.'1.1y !,p.?resent

. .,., '. -., ',' • • . . ~ 1·(.,c..+ .~ ·~t'>"nbehavLour' cf ru.LLt.(:;r~.a..L.S i.'!.~a\.;!" ~~[.ct::CC-L C'":l.a.'':':.i. t;:':" ..)Li..::3, ~~l.. t.L.l(;J,. .. + ....~~ ~

s:wl::?!a.rd discr,-:';~3,1'lo:i~;s one',;.:'. D\.:':::.'~.~lZ 7he l-c~rl~~~n 01" r~.S_4·76 ~n 1953,
. ,. ", .. t . 1IT If" " ... '.. r'1" ';' ,1· ,-. ,',.:. 1~' . " ~t"'d

it'VC'~3 c:n:-;:tG..~~:c::-ct ~ilc.." "''';f.i.d 1'.'J~- 4",,_.~:rr!!""11.:LJ~":"~~Y ~,,:,,.~,~ ~.L.'.......}...I.r , ~ ,l., \.JlU:L.., ... ,

"and i.fr1nt CC~1;:.:i.ae:L'c.'r.:i_0n shcurd be given "Go ~_;::..e r1ff',"O::'v.9l"ler.'t at an
alternative that woul.d be applicable to a..~ meter:"al~ jn thin sheet
f'orm,

It is generally agreed that a fab!'ic presents the greatest hazard
when it is hung vertically, and it is therefore de:;;ire.'hle that any test
should give a reliable indication of the pr coab Le bchavi.our 1.."1 this
position. Flames travel so rapidly in the 'le'l':"tical direction, however,
and the flame front is so badly defined that it is not easy to measure
Visually the rate of spread of flame aCCuLately on a specim~n of
convenient size. Consequently, vertiqally held specf.mans are only used
nowadays in assessing tbc t:Jf:Z'iciency of fire retardar..t Lreaumenbe , or of
fabrics in which verti.cal so re ad at' f'Lame is 1~:nited. Nevcrthe.Leaa , it
was considered that the . f::"~-st ;3h:~I' i:1 a re-eXaill'::.lJat:ion' of this problem
shou'Id be an attempt to :t'inC sane means of measurdng the rate of spread
of' flame on a spccimen he 11 Yc:..'ti/~:.lly, and tl....cn , if possible, to
develup a convenIeirt f orrn of test tl::-:..t would. g :lye rc->zult s rn agreenent;
with practical observa't i.onc , I-: Y!&.~ C!.ec.;:'_,:'ec. ~~'':''-: orv- ....~OJr of measur-Lng
the vertical fl~.Ir.~ speed would be t o v;t-:~.::':(f t:t:'FO' b.zming s['lrr:el~ continuously.
This would :=nc..:"<!.A. t"le rn te of 101':3 of VI~~.;;:J.t vc b.: CCilC'u.:'.:'> 'ted, and from
it the ve r+'i .:'-&.~, n.':":'i~r;' sp('f'''l. r. educed,

Appar8.tt,s

The s~plc under test was susperAod On a torsio~ bal~"1ce (f1g.1)
conai sHng of a steel wire 0.036 in. diameter and 7t ~:n~ Long tensioned
between the arms of aU-shaped caatdng, Th3 La'Ianco arm was fi tted with
an n'O';u;:ltf....b'l.o courrtez- weight and a small concave mirrllr was fixed at the
fulcr1ml. A pa~allel berum of light was direc~cd at t~e nrir.rur and
f'ocuased on phobographfc paper which was wrapped round a 7 in. diameter
cylindrical fu."1.:m in the camera. The camera dX'-lill W.?G euppor-ted on a
~;'i.1clm:m(lus motor which rota ted it at a speed cf one rE-ovo1t.:~ion every
15 seconds. A continuous trace was left on the photographia paper as the
drum rotated thus re cording the movement of the mirror on the '~vrsion wire.
Btlfore each samp'Le was burned .the apparatus was c~libr09.ted. by hangdng
weights on the balance arm, A trace was obtained for each vmight so thct
the photographic paper was, subdivided by hor-Laonta'l lines each corresponding
to a. particular weight. The 8a.mple Vias suspended on the balance arm and
a trace obtai.."1f'ld fer ite initi~l yrcig::.t. ' It was t.hen ig:lited at the lower
end and a record of the: 105s of weight di.1:':'i!'.g ullrni~,~ ',"ci3 :.'b~8il'l'3d. A
typical trace is shown in fig.2. ~'iie csc i Lle t.i cne Oil tile trace are due
to lack of damping of the iorn:ton balance and fh e meen r,t~s::"+'ion 0:: the traoe
is taken as indicative of the weight at any time. Pr-om the phcYi:Qs:-aphic
r-eooz-d a graph is plotted of bhe weight of the sample as a fun -:-tion of
-time, and the f'Lame speed is' deduced as shown in fig.3. Before any
systematic examination of different fabrics was commenced a number of'
samples each having different lengths "'C'.S burned, and the maximum rate of
~lam: spread ~aleulated. Two typical examples are shown in fig.4 where
J.t WJ.ll be seen that the maximum rate of spread is not developed until a '
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somple about 50 in. long is burned. In all subsequent tests'the sample
was 6 ft long by 1~ in. wide.

M:E.terials-- .... ' _._.__....-;.

The list of materials tested is shown in Table I. It includes
cotton, cotton treated with various conoentrations of monmmnoni~il

phosphE.te, materials made from various artificial fibres; wool and
wool cotton mixtures, paper of 'various thiclmesses and wood veneers.

TABT,]; I
-._•••__._• .:lI

1Jateriala tested

- ..-.---.--........ -·-f-----...··--

'/inc~"ette

l~l':'.l1nelette
ik::t (dressed)

Ra.:;0n >~l)
II (C
',: 1D
r: E
n l~~

S,i}un Re.,yon
~inen (crash)

'l'extiles
ao:StCinTv,ashed)
Cotton (unwashed)
cotton soaked in
i,ionCJ.i1lTloni 11.'11 ~110s­

phate Solutions

Concentrations:­
O· 2;"; Soln
0'4i') 11

0.85; II

1.2;.:) II

1 • 6~·~ :1

2. O>~. Ii

2. 55; II

4.5;'.J 11 •

8.0;: II

'ilool serge
FyIon
'ller-..r1ene
'."fool cotton
":Tool cotton
'::"001' cotton

20/30
40/60
55/45

_A. ~" ._... __.•_... •

·.iood veneers
000'••. _, .. ,... ,_...... _........~ .• __

J'!MOgany
-~"nlnut

1:.~eB.l~

Fop12.r
Obeche
Iz-oko
i~h

Pe:oers-.. ........_._~
Certridge pape:r
Eewsprint
Recorder chc:r-~

Brown paper
iSiscellaneous-,_ ,.. -.-. -
c:ine,ilEt·~0g:':·i1.j;>r.. L"ilm
(llitrate base)

1 -... 11I--......-- _ .. _ j
I _.__ "'_. •.~•.•_'--------

All ti1e materials were first brought in'co equilibrium VIi th an
atmosphere at a temperature of 65Q.~, and 60 per cent relative humidit3T.
'J.'he impregnation of the cotton mabez-La.Ls vie» cnrried out by irnT:lersing
the sample in the impregnating solution whi.ch had been heated 'Co 90°0.
'IIhe solution and sample were then allowed to cool to room temperature.
The sample ",.!Z"s then dried in a horizontal position '~o prevent migration
of the solution.

From the photogra?hic trace the maximum rate of loss of weight
oould be found for each sample and this together with the calculated
flame speed is shown in ~G.ble II.

It will be seen that the results for flo.me spread range from no
vertioal propagation to thai; of cellulose nitrate film which has a
vertical flame speed of t he order- of 90 cui/aec, '.1001,. ,1y10n Dnd
terylene were easily the Le asc hazardous mate:o:-ie.ls) though H; msy be
that these results would be modified by the presence of dyes. A
mixture of wool and cotton in the proportion of 45 pe~ c~nt ootton to
55 per cent v~ol has almost the s~ue flaMlmb~lity as plain cotton
fabric. The fire retardant tree.tment of cattail using moneranoni.um
phosphate is only effective wheu solutions of a strengTh of ~bcut

8 per cent are used. Very low concerrtr-at.Lonc will c.ctua::'ly increase
the rate of flame spr-ead,

~'he appar-atus described so far is only suitable for Labor-atory use
8.J."1d any commer-c.i af, assessment of flammability wouId have to be made on much
simpler and more robust equipment.

A measurement of the vertical flame speed cannob eaaily be made visua.lly
owing to the absence of a we.il defined flame f'r orrc, ' 1m alter:1S.tive me'chod
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of asseas.ing flamma.bili ty is to allow the naterial to burn a~ various
angles to the vertical ~~d to see ct ~hich angle the.se~l~ ~~ no
longer able to support fleming. ,J:. sdmp'Le wny of d?1ng ~hi~ 18 to
spread. the somple over a semicirculnr track and havdng 11t ~t at one
end. 'C 0 note the distance to which the flame spreads.

The apueratus, shown in fig.5, has a dic.meter of 14 in. and the
semicireular- track is 21 in. long. The specimen iz 1~ in. wide and
ignition is by the flame from 0·1 mI. absolute alcohol contained in a
sme.ll trough 20 x 10 y. 3 mm. It was found that a large number- of
materials burned completely round the semicircular track, but these
materials can be differentiated from each other by noting the time
taken to do this.

Results

The distnnces or times of spread for the var-Lous specimens are
recorded in Teble II. In each case the mean r-esul.f far three
spec irrens ~s !.'ccm-ded. The dist:mce of spread d r-ound the semi-
circular tr~0K is sh~vn graphically in re:dtioil 'GO IQr~ical fleme
speed V in fib.6, or for specimens burning' comp'l.e ~:,~ ly z-ound the
aemi.caz-cl,e , the time taken, T, to spread 21 in. is ::;~iill3.I'ly shown
in fig.7. '

Empirical mathematical f'unc tLons derived by fitting the best
curves to the experimental points a-vailable give the following
relationships:

V =1.81 dO· 4

and V =1655
~1.03

The exper-imerrta.I observations from which the di,.:;tcnce expression
was derj.vcd have a standard percentage devi.atdon of 17% from the curve
defi.."'1t:-d by the expr-ess Lon; while the carrespondi.r..g devie.tiqn for the
second ex-pression is 10·5%.

It will be seen that the vertical flame speed is roughly
proportional to the square root of the distance of spread and inversely
proportional to the time of spread for materials which burn complete1y
round the semicircle •

•

In some instances standard deviations of the distances or times
of spread of samples of a dozen upwards have been obtained. The most
variable material tested so f:::.r has been a cellulose acetate film in
which the mean distance of spread for 15 samples was 5·3 in. and the
standlU'd devia.tion was 2· 9 in. The results for the other materials
'Were considerably "lzltter, a typical material 'r:.eing a 40/60 wool/cotton
m:i:x:ture in vih.i..ch 15 ~a'11ples r,aVB a meen sp:se0n, of 1'+ :ins. v:ith a standard
deviation of Oe4 ins. ?:jr IU~'_teriD,~_3 b~lnl~,!"'.g cGrrrplet.eJ.y r ound the semi­
circle the tlmes of 'ourrru.g ',H;;~'e ".f?-r'y C(,:...~;i:::,'".;e":1.t,e. +.ypi:Jal result being'
that for spun viscose ~:,.:,.-':.,:~ :1.n v:hic:h 15 ;:::ar':'p~ieR w;'.vc a mean time of
197·6 eeoonds wrch a 2.t<.c,!i3:),J':ci c.1c\,-iat'i.0':: of 5 S8C;::d.S."

It ":li11 'be seen f'r om I'abLe II ·c·:'..:,.t i;;-i~' -:18~Or(; (),::' :.;a'l"h.":':, r-es Idue
of the -t:'t:-f:'.t'3J. 8Q'Gton :fa1:;>~ics gen€)ral.~T :!1.~:.e~8p.~ "J:! 't!l ~1~:.) C~)"'_')c::t[,D.tion
of the cnmonaum phoephabe solution. Thb ill.;.~h-t have been expected from.
a knowledge of Richardson,t s1results on the cnr'.:(,Jl:')j~3.til)n of wood after
tre::-.t!hent with monorsmondum phosphate.

It may be asaumed that the 'increase of carbon is at the expense of
the volume of combustible gas given off. If the quantity of combustible
gas burnt is less, then the heat transfer to the burning material is less
and this should affect the speed of travel of the flame. Fig.8 does in
~act shew that vertical flame speed decreases as weight of carbon residue
1.ncreases.

i
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A further insjection of Iteble. II reveals that the rate of loss of
weight for the ceiiulcsic materials (i. e. coctons (untro2.ted), \"i scose
re.yc:J~ paper-s and wood veneers ) is fzdrly constarrt El'~ arcur.d 0.30
grG:'~.s/;,~c. Thi:. would be consistent with the fact th:.t fc:: such
mat::.r~.2..ls "the wd.ght/uni t length lE\I'gely dp.term:i.r.es the ver-cacal, speed
of fl~~3. ~u fiZ.9 the logaritmil of vertical flcme speed has ~ee~

plotted against +'he logarithm of weight/unit area for these materials
and Eu~ge;,;ts Q. linear rela.tionship between t hcse hro qt1.2.nti·cie;:;. H
may t~·H·n.'e:.:'0r·~ be said that for cellulosic makl~ials tile vertical flame
speed is roughly inversely propartion~ 'Co we~£ht /u.~it area.. .
Conclusions
------~--

An apparatus has been described whereby the upward speed of'
propagation of flame over e. vertically hanging strip of material may be
measured. It haa been shovm that this is propor-tLona'L to the square
root of the distance of burning of the material when supported round a
semicircula:&.~ tr'ack \and that for materials burning r-ound 'che semicircle
the =-,;.~e '1:' v8-:-":;Jcal propagation is inversely pr opor-t i one.L tc the time
of bt;,·c,.::'i:l:";.

It ':..:?uearc fr-or; the se t 03ts tho. t t:::;l verh;;. ".~~ ~:.: ·:.:0~: .:~ burning of
e. wid e var-i,e '~Y of ceLl.ul.oa e materials is anvec-se Iy ph')Or ·ciona.l to the
weight p~r unit area of the materials.

(1) Richardson, H. A. A new aspect of the action of "timber
fireproofing compounds. J. Soc. Chern Indus.
Trans. Vol 56 p 202T 1937.



\·;"(>(;1 «!Dr-ge) 6.3.7~ TIc sprcud

NYI.Oll 4.50.- Ho sprcLd
'rmYLl1iE 16.60 lIo apr-cud

RAYC:i'< {A) 22.78 o. <~5 12;' 3.2 7
R.,ytll

~~
28.85 0.27 21 3.3 6J.

"Rl.Yor; 25.94 0.27 16~' 3.3 5~

Clf1.Ui\UI.i aoakcd in 8i.3oln. ml4UZlO4- (Sn.lt tr.ken up 6.8;; w/w) 17.50 0.12 4D 4-.1 3t

RAYON (D) 31.61 u.36 161· 3.6 12k 141
,..;'1110Y1::1'TE 19.93 0.28 3. 3.9 72 328
R..Willl ~E) 19.00 c.26 1}~' 4-.2 10+-
RAroH F) H3.56 0.28 140 4-.7 15'3 68

('"O·.t~'U·I soekcd ir: 4.5," so.ln, NH4H2104- (S;,.lt t3l:cn up 4..05'~ w/\/) 17.10 U.15 39 4-.4 9
2/3

riOOL OJ.i"l'U!< MITZURE 55/45 13.26 0.22 11 5.0 l1i
U!fI1ASHID OCf.!70[f 16.78 0.30 0 5.8 56 245
i1ASllED co-nON '16.40 0.28 0 5.0 52 256
'~','OOL OOTEl)I: lJIlCTURE 4D/w '15.08 0.26 9'J 5.1 10;-
.,nOL oori}!(fr:j U:iX'l"U;.lE 20/80 13.3.3 0.26 10 504- 48 277

CUl'1'W soaked in 3.5;:; soln. jlli~12}{)4 (Solt t alcen up 2.75,'; Vl/W) 16.90 0.18 38 5.0 ii'";;

I,:nr~ (Crt·.ah) 18.65 0.37 6} 5.4- 41 263



" , ,. E R I i, L ..ei;).t Vertica:' Gtrip testa 5em1c.i.oum, test
'" J-. ~ , , rccults results

~ \.Clit
, ,

unO.
=00. Rate of 1030 J.-eTce::t ~;cight VC!·ticc.l neme I:leanfinal Uean time trec1Jl time

T R E .'> M !·:r B 11 " of \1C'iB!1t oi' residua speed di.stnnce to sprewi to a.,:read
~ -, of spreed 12 in. 21 i.'l.

J
- \ i// r.~ cn.~2

,
'r~ ,:~c--1 - "1'

"-
in.

-
I /,/

L • ,j" cz, ace!! 5CC~ Q::O.

trl' s:
00'...""L" IlO.::>W ;In <.5;'-" aoln. UI~ii'\. t~(l,t t:k~~I_ I.l.Y 2. ~> <;;/tl~ 1e.eo U•.lJ -- 2;:) 5. -I' Ii<:

t
.

CXY.i."c:c..; .<>cI.L..W in 2.01. aoln. IlHrS? }'Q1o. Sal't"takCn u.p 2.0% VII" 16.70 0.24 26 6.0 11 48
CC'l'Totl soaked in 1.6% scm, Nl

4
2I04. Salt take~ ·W '.74% w/w i 6.70 0.27 20 6.0 '5: 44

.

CaHTRImE BlPER '10.. 70 0.38 9 6.5 18 32

CO'I'roN scaked in 1. 2..,~ aoln, ]~1I2ro4t11lt t:lken '~iJ 1.291£ wiTt) 16. so 0.30 20 6.7 17:1; 47
COT'£QH soaked in u.8% aoln, llli4,!i2104 Salt taken up 1.21;';' v1w) 16. eo 0.33 14- 7. 1 38 232
CO'.¥TOH soaked in 0.4~';; BOln. NH4-H2I01o. Salt token up 0.85%w/w) 16.50 0.38 10 7.7 54, 215

..
SFUN RAYOIi (Viscose) 10.96 0.52 0 7.5 35 184-

COTTOll soekcd in 0.2% soln, ~!+1l2IOla. (Salt taken up 0.81 %wk) 16.50 0.37 7 7.2 38 214-
--

FLANNELETTE ? .. b 1. ;-; 2
, 12.50 0.30 0 6.1 58 200

/ . ./ I
BR(lc"iN hlPm/ ---~---c..C' tV,. .1 8.80 O.}O 1T" 10.8 19 127

" ~
,

lfEilSHUNT --~-- 5.80 0.30 0 110..3 15 91
RE:SULTS ~ .F 1'~5TS

<HilId' Pt.Pm I 6.40 0.36 9k 17.4- 14 84-
Nl!1L' (Dressed) - . --- -- 2.20 0.26 0 31.7 18 49
CJNEM."~'OGnAIH FILM (Nitrate base, exposed and processed) 22.03 7.00 0 91.4- 16 50

'.
"

<,
-,

21.5 x 10-3
'...

'OAK VH'mER - Thiokneaa in. 37.77 II o T M E A S U R E D 1~ 91 "- ..

- " "
" " 210..5 x 10-3 in. 37.19 " n u " " 14-1- 73

~vN~Em ;.

\'fAImJ'l.' Vl'NEER " " 22 x 10-3 in. 27.15 " " " " " 15!; 55-
TEt\K VEm:ER - " " 28.5 x 10-3 in. M·.12 " " " " " 1~ 78

RJl'LAR vENEER .. n 80 x 10-3 in. 68.13 " " u " " 1}i 118- .

OBE::HE VaiEEH " u 23 ::r: 10-3 in. 17.1aO 0.37 6.1; 5.0 '5
.,.,- 40

IROKC VllilEBR - " n 43 :It 10-3 in. 67.05 n 0 T 1.1 E A S U R .E D 1~ 156

ASH VEm::R - " " 27.5 x 10-' in, 40.87 " " n n " '6 71
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Where

r = Slo~ of graph
l = Initial Iczn9th of specrmen
wl=lnitiol wczi9ht
w2=Wtzi ght cor bon residue

I

-x

= 0 ·26 gmt sec

= rx t
W'-W2
0'26 X72X 2'54

9'3

=- 5-1 cm/stlc

I
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FIG.3. PLOT OF THE TYPICAL PHOTOGRAPHIC RECORD SHOWN IN FIG.2.
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