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S/;i01.JLIliJRING TI'f DUSTS AND FIBROU" 1t~T:';RIALS

Part IV Jute Cloth in Still Air

by

K. N. Palmer

An investigation of the smouldering of jute has been
made with particular regard to the development of fires
involving this material, such as storage fires. The rates
of propagation of smouldering in several types of jute cloth
have been measured and wer-e found to depend chiefly upon the
weave and condition of the material, direction of propagation,
and number of layers of cloth undergoing combustion. It ,vas
also found that smouldering could easily be initiated by a
glmving ciga~ette end or a similar small source of iBuition.

Practical applications of these results ar0 discussed.

Introduction

The importance of smouldering as an industrial fire hazar-d has already
been di~cus~ed in earlier reports concerned with some common combustible
dusts. ~1,2) The results of experllilents described in these reports showed
that slow smouldering could occur even in very shallmv layers of dust and
that its initiation could be effeoted easily by a glowang cigarette end, '
Apart from dusts, however, there are other materials of general industrial
usc which arc combustible and may, therefore, support smouldering. funong
the InOS t COEUllOn of these 1a tter na terials is jute sacking; this is
extensively used in both transportation and storage. The origin of fires
in rm.terials stored in jute sacks is often obscure; in many cases tho source
of such ftres has been reported as spontaneous ignition of either the stored
materials or of tho sacking. As sup~orting evidence for this sup~osed cause
was frequently scanty, or even non-existent, the,origin of these fires ViaS
only occasionally established ,vith any degree of certainty.

Recently the problem of storage fires in certain oiiseeds (palm ke~el~)
contained in jute sacks has been the subject of several investigations;~3,4)
a considerable amount of exper-dmenta.L work was carried out upon both the
seeds and the saaking in order to dotennine whether spo~taneous heating and
ignition were the probable causes of the fi.~es. The cxper-iments showed
bhat, w1lile..s rail ~&.rl?"'~1;·8 11C:J.-tine D.p ~o e~"1r:: u(;, ...;::.Q coeur Ln the se rnatcrinls I no
evider..ce Was obta:1I:e6 :In '~hG latol'3.to17 ;.-·i:· ·t:~le t:1;y'tllP.I' h'3D.ting necessary for
spon_tanp,01lS i~n.~.~i.')n \-;:1d2:-:- the oOj:J.<liticm t;~ ()~'. st;c~:,<-;gc in this COlm(tnr i in view
of fhone cono.i.usi.cns t(l~ alternat~ve auggas txi.on was put fox-ward 3) that the
fire~ !"es'.~l~"G. from sLowamoul.derdrig of the jute sacks ,' initia ted by an
exueraiaL source of ignition. This was supported by the observations made
upon actual s tacks of bagged oilseeds which vlOre not seriously damaged by the
outbreaks of fire; these observa t Lons showed that charring tended to occur
in small well-defined areas within the stack ("hot spots") whilst the remainder
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Was comraratively unaffected. . If the ignition had been spontaneous,
wd.despread heatine would be expected throughout much of the stack
accompanied by charring near the Centre. The actual behaviour of too stacks
Was therefore closer to fha t 'which would be expected if, for example, a
small source of ignition were introduced into the stacks during the
bUilding operations; if SClouldering were initiated in this manner it m:·'.ght
continue for a 1011e .i.i,tOl"VUJ. before it \10.S transforr.::od into fhw-.le.
If the smouldering had proceeded unnoticed the production of flame would
then appear to be spontaneous;

Furthermore, if sp:mtaneous ignition does oocur in JJl9.teria1s stored
in jute sacks, the produotion of. smOUldering will most probably be th'"
first siD-ge of the ign" tinn. The subsequent developncmts will then 1,0 •
similar, LrrespecHve of v:hetht}r the fire 'ilUS initiuted sp:>n'taooQuv:l Cl.' ..

by an eA~ernal source of ignition. ..
If the occurrence of smouldering is to be considered as a possib:LE!

initial stage in fires in bagged materials, it is necessary to know 1;1'>.z
approximate rate of propailation of smouldering in the jute clotho TIl-9
expo rdments described in this note were therefore chiefly concerned with
tIE measurerrerrt of the rates of smou'l derd.ng in several tyres of cloth in
common use. The effect of the weave and weight of the cloth Vias Lnvest Lga'ted
initially on the nnterial as received from too manufacturers; attempts
were also made to oimulate wearing in the original cloth by both washing
in boilinil vlater, Which expanded the threads and loosened the weave, and
by rubbing the cloth with a wire brush, which JJl9.inly raised a nap on the
lIl£'.terial. Experimen ts were also carried out upon the clean cloth in bci;h
new and "worn" conditions to obtain a measure of the ease With which smoLJ .::,crin;
o ou Id be initiated.

Since, in practice, the continual use of sacks .,,,,,1.,1,;3 not only in
we:J.rinil but also in th", soHin" of the cloth, a s tudy "l1a" made oi:' t be effect
U~~)l1 the n::lOulilcrinc roto of inprcCnG.t10n of tho cloth with various conbustible
oils; the effect of the additi 'n of water to the cloth WOos also investigated
for c:C:.l:nrison.

I,ll tIE experiments described in this report were carried out under still
air conditions.

Materials Three s pecdmena of new jute cloth differing considerably in
wei(lht and weave were obtained. Some charaCteristics of the cloth are given
be10vI in Table 1.

Table 1

Details of the jute cloths, in too condition as received.
" ..

Cloth I II III

Wea.ve Twill Twill Scrim

17eicht ~(unit area 0.077 0.044- 0.016
cm2

No. of warp threads 38 27 10(ends) per inch ---
No. of v.eft threads

12 10 15(picks) per inch --',
Th1.01-::'d38 rnra, 1.20 0.67 .. IO.,b6 .

.- __J.
li!ois'~ure conrent % 9.4 8.8 3.5

,
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Cloth I~ the heaviest, .Ias very closely woven but Was not as thick as some
of ',1,0 "o2.rs0st types of s3,Cki:Je; cloth III, had a very open weave and
VIDE: ·'.:r;,il\<ll of '.he liGhted nntedal. Cloth II wa s of intormediate 'Ieight
and we~'I'.r00

The oi13 L18(;(l in the experiments upcn impregnated jute were: transformer
oiJ. (:rJE.sh 1XlitJ~; 295()F), ker osri.ne, and oltdne (9~J% fre" fatty acid). Further
expardmerrte vrere cal.'riol-l OU'~ lIP:~1 r.loth :j.mp.~.'2Gj:.;tec. '-ti'~h ais'~illed Vlate11

•

£.i::2.2edill:£ In the eXl'e.~'i'"Bll+'S l'l>c'!; the ,,1,,;:,:> ~;1 :i.1'.'J o;:ic:i.nd stata, Viithout
treatnnnt, the Im.tel'::'al YIH.J3 cut int:> re(~tc..ngula.:t' 1",i".:;(':ps a trd fixed in a metal
SUI)rort; the n rrnuer of la:,r'~f:,·~. of' mat3 ri~'1·.t 'i':~::'::\ ··Jr.~ri.eQ in a Gozries of experiments
and the cloth was arr:l.;~ea so tl.lBt 5::ov,ldcr:i.i:lg ei-:;l~r !J~·"oIi'.gated alone the
\'Iur)? threads ( i.e. p:l.rallel to the se'Lveuge :'..P- ;;h", cri:::;in(l.l roll 01' naterial)
or alonE the "iJefto Tr~ee SIJPI)p~li~ 01 mrlous ~,·,~.Qfh3 itexe ~uea, valu0s of
wha.ch.are siven in Table 2. Support C empty is sbown in Plate 1 and the same
sUPDort with the oloth held in lXlsition is shown in Plate 2.

Table 2

Widths of the supports for the jute cloth!!

Support A B C

Width an. 4.5 7.7 13.5

SmOUldering Vias initiatoo. by s ·l'anc'j.l1e too "'-'PlOort upright and playing a small
1')i10t gas f1aJ,;e on th-J uFp5r f).'"e edg"l of ,;b, dcth spe cdmenj this prevented
flame travellinz from ;;he pilet light and sir-geing the projeotine hairs on
th<3 cloth. W':xn a unix'ol,n smoul.der i.ng zone Was f ormed the 1'lL1P'Jort Vias placed
so that smou'l.der'Lng could propagate in the direction requi.z-ed in tbe particuJ.n.r
exoezunen t (ioao horizontally or -..erticolly up"lo.rds). The zone was allowed
to- trovel c. 1''0\7 centimetres to achieve s tea dy propagataon before timing was
started; the time of tra,,..el was then measured at centimetre intervals over
a tota~ di"'G9,noe of 10 an. If the smouldering had c e a s e a or
if thl combus td.on zone was consistently mrrovlins after this dis~nc0, then
the cloth a r rangcrmrrt concerned was classified as "non-snoul.derf.ng'",

flane exper-irmrrts Vlere carried out upon cloth in whLch the weave had been
10)s8,~",:J by washing, in order to s'imu'la tc w0ar:lng. The ';Iushine procedure
wa3 ;~:: f<)110',7s: stl.'ips of tre cloth were bo:'..i.·3il for :~O min, in ''later containing
abouc '~. 1)-~i.:·O':'U:~ qY'j._~;~h"-,-OO cbiBr::;ent. The v~---.r ~·l~t-J .;:~)J]~) i:r: (J~,ntqd and the clobh rinsed
ffiVo:.lliJ. 'l~:"c;:: t] h:J~1.'ir~G::'; these operations were follo·.v,;t! byzti nse s in cold water.

The strips were then lightly wrunG and l"ft to ·,.::nin and dry overnieht; drying
Was finally completed by placin3 the cloth in an oven at 1009:J for 30 min.
The cloth was tren cut into rectanGular pieces, mounted in a support, and the
experiments were carried out in the same manner as with the ori[linal material.
During the Vlashinc the cloth darkened considerably and the water Was also
discoloureclo

Th'! al ternative rretbod of simulatine wear-Ing Vias to raise a nap by
stroking the cloth with a small '7ire brush made 1'::'0101 file cordine. Th'3 cloth
was cut into strips, parallel to the wd't thr"e.<'~~;. and br-ushed on both sides
along the length of the strip:::; oa re Ws.~J 'h:<81, ;;()'G to .1'!istL'rb seriously the
weave of the cloth. The mate!'ial 'It.S th,r: Oil';; a nd illo:.mteil in the sUPIlOrts
as before; smoU:I.o'1.'3~'ing Was initio.ted C) leaa;']>; of a \7:l.J'''1 bea1:ed electrically
to a dull red. The Gas pilot light could not be u,;",i'. us flame easily spread
from it vertically dmmwards,. being transmitted by tr.e '12..1)1>

..
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The experdmerrts upon too jute impregnated with various oils or water
wero ry..rried out U)?:i11 clcth II, as received, on'ly, Tl"".;t" l i.quiJ i:'i,rlS o:r~Jlied

to '~he c'Loth by spr·Ll.:,-).ng. or by droPl:inr; from D.. fine jl~'~ I)S G,'~)jl:l as J(C'ssible;
tho cl.o'th was the~ 't'>::,llc·:: [11111 covered for l"0.l":i.o r).n up to .:~0 Tnj,rl~ '~0 nJ-J.(,.,\7

th 1 ~ ... .:l t ~"1 -,-_""'Jo:J .....~ ~,:~.- -.-.,\.",.. fT1 ... ..;:) '"";1_.,~.:~ ,,"~r~r•..,;:J ·!..of- .~'~""'lt:'- ,'" ,...~,l."" ..11....... '·lH.'·.8 J.qUJ.,~ 0 51-N._l. l .. ,:t. , .•.l..J I! ... t1JJ O'LJl .•.• :\ .... ~;..o, .,J •.,._ _ ., •• '._., 1; •••.• ,

detE1:c.~i.ne d b:yo w'd .r.;~li.:l~G :i"(I.-;.lovr.i.r:~ ·tnir::: t·rr.' rr:.:\ b:".,·j~~'1. W8,S r;~'~ ,;\.{).} ::;:l.~ J-j, y(n,'~
'1..:11tO rnot1!liied i;,1 ;:;;..t·J~r~:,··:.;.~t' [; ~-~\... ~.;~. ~~ sr;·I.aL~J.t~G:cj·l'~G C:)i)J.0. l,)!"JPOE~t.Y~:; ~,>t,.~~j·.:01. '~Q t1w
w~:Ct ·~h.rec~us;, r:,:",.(.I.~ll('t<.: ~'i ug WI:'.8 '~~1e,1 id tiEl.ve d 'oy ':~h0 pilot flc\I!1c;: Pl'0JJ30 A

eJ.'. tiol'l in both t~~71 }').:·:d.zor,·!;al :'l':Q ;;ho \,oX'-;icc lly upward Cliroo bions WD.'3

investir,oted as bofo~~c

•

21:.2·?ll_J2.{~A.._'J~cf~;l1.~ Tllf: ~!Lv~_~~(l~)\."i~e'[-~ i;irnes cf tho '13:'~~) rJ_('·t:'-~J 0.3 .r.~:;e~~~:·.\··{;::..~
washe d, o..n:3. bn1gbnG., a.re S';.\'01l ill 'I'cb Le 3 one! Fizs~ 1 and 2~ The ~:'.:I.:~.<'::' ':.',~.,"'->;i. ..
~"O "•..}'., ,r'"l'ly' '')",,(·t: ll""On '~'~"l,,'lr:; ur'ltr"'~"ill' +,'l "ln~' r.l,·r '/" e',,;, -i'l'()'",~ ,..' .. """ <- '.,1.' .. ". ;.,I,~,'.lt.....-. t.,v_J.:.u ........ • ~.,~_'W oj; •..:J.,J.l:,. ~ _ .J..J~L, d:..l ....L ..~ ...._ ....... ::- ......... ~ '<IJ. ., ........';L'"_j.~I~ .• ",." •.'~!.-..~'; I .". _

2 (for the clc-l;h 1~·C'2i.von) [l.r-:.~ ust:::\l;.y tb l:rJ:\~ rf' t;{) a-::J.~::d(r.:;,k:-F;" J~; :'::y r5:'A~;1
experi!;,-:m"tjl -.;,,:: {i;,e s.nnu1Ci::2"iuS W6;S:: ~us·~£:.iun':~ ~·b.s ::"":·Jd)c1.<'; ~:::.I)!J ::::::l~~) ;-:·!\·~"l:1C~(H'.i

a'l; 0.. urrif'crm r:ti.e an d the ::;mol;ldcring t:Jile T!nS ·~hDr.'cFL':'O inu8p;li1 1J,;:H1 ·i.; o;' '~}¥-:l

a..:.s·L 3.-t": ~8 t~.'a-!0lled 'by the Z0!1~. If -the nimbe» of J..8Jvl'S 0:(' c:.c+.h .,v~:-",:.) ::;r.:l.r
:.\115t SLlf.'i'.i.ci~nt for aus trd.ne d saouldezLng, the combustion ZOLl6 elid t~0':v .:J;(~t;nl~

c.·..xr..:;>h:t.:::ly a cross tho cloth specdmen, In these cases a r.l~~~:'n of t;l.i'bll':'~l';;

c!.o·ljr... up )~o 2 an. in vr.i..dth vza s left at the sides of the SUVpu.t'·~o III no i:-:'3tl)..'1:e
it;,r! a BinDle J.r.."yor of cloth suStain smouldcr-Lng,

8raoulderin5 could be initiated in the three c]r:r1;hs 'by c;;rr:ll 30L1,'{,,"y:n 2f'

ig:::.i>.;iol1 such as 3. dUll-red, hot (rire or 9. 8Io·.'ri~~;; (;ig.o.J.'a·~ '~'3 G~·;::.) '1'11.:' r';.::..'>:~

o'f.' :i.snition varied With the na ture c nd conditions 0t' t~~') C::.!":"ll'\,:,;o hit ·tl1";~/1

:i.gtll ~;ji;]c; sources Were invariably more ei'r(~c-:'::i.':v \7h'~:1 2:;.y1;::.~:r, 11pCr. '.-':::,.5 b.s:}:)!:'
b ruahed rm terinl.

~.i:,i)''r,:'':m1~·~0cl ,111to (':l"~~;h' J''l...0 1':'S L'..1.tS of tll.r~ ~l:.~l~::'i!d'~;i':j:'; l:'.Dn jmJ·::.rf-:!;:.:ljtd;>?:1 cb'th II·
'.... I'I... _ .... ;.;~\ ._ 110 ......'" ..... -._ ........ ~.L. J _

.':'•.'-, '::' r3ho',,'n in 1':i·G,s" }ub~ '~'h::H"f) i;he ~oulm:c:L:.l[; ~;:~:-te :~~~ rj.r:..~·ii0.:!. E:~r.:~n;d: ';::10
""/oigh-i:; of liquid [tc:':1Q,l '1;::; unit Yieight of C1C\,':1 as l'Bcoivc,'lo D ulT..i. OF: 'L~lt3 r,mo:..ll­
t1tw5.ng it \'rM a~t1.in fa uml that tr-O combOO·i;:i.O!l ZOlJp.e artvr:.~C3a 0..t !~liif:)l:':;,l X'3.tes,
in "oo+.h ihl ln1.....,-:m'...~l ['.1'.<1 tIn ~ rtieal }"Osi-t1J.)!l,J of the s!.'tppor·i;!l This ·,·lJ.B .i;'1

S}':L t,e of th~ visible transfOl'once of oil 'by flir,tillo.tion f'.l:'Cffi noar too hot
co:n1.Hation zone to the cool unburnt olo·~~~. rr.~!e oil so tronsf'errE:6." r.,Jwev'3.::"
cOll:}el'lSed in smell globules upon p:ro,jectins r...ait'~ cf the cloth and aid :Jot
s:;;:':'·')~d unifonnly throughout the Inye:-:s ii1JUl!t0d i!1 tl-u suppor"t.

The addition of more than a certain arrr..tmt of liquid to the cloth p'IXv~ntec.

slDJuluering from being sustained. The a:noun';; of liquid per unit weight of
oloth required for this d01:endec. ur:on both the nc\+'ure of th0 liquid nnd 'th":!
direction of pl'Oplf';n.tion of smouluc:t'ing (hol·izon·i;:;..l or vor~dcal)D ~'hL1~;o \7:!.th
0. 'weir;ht :.ro.tio of liquid to cloth of 004, sus tainea f;i'l'.oulderinG in tl:e vnrl:i';::JJ. ."
position occurred with unter i.:rnpr.esnation but not v-li th tro.n sformer oill! .A l'~h\J u.gh
detn.i.led investientions Vlere not ulldertaken it appeP.-ered tbat the chant::~cver

to non-smoulderio6 in the c~oth, with a given liquid~ occurrea abrupt~ wr~n

f.l. certain critic'll a.motmt of liquid had been addea~ e.1Juhough the cloth Yfas
still combustible.

The exper:iJ:lo3n-ts df)fjc~ibed above shew +'h!\t th.(-} >dl.~ee tjol?es of jute cloth
investiga.· ted of widely dii'ferinc:' Y/cicch·h· :>'" '1 "r."''''~1~'' ',""'T'n l·~"p ....b'e of un;'~'''-o c;' .. J ;...o,J ..... '1 ... O::;'l· ........ --.11 l't_ ...." ,W.l. ..Q._ u,v,4

going regUlar and 311~tn.5,n(-~a. srnouloarir;g., ':tho :~.~Lm;nl.' rata of propagation
in clean material de~:'lf~0a upon the cr..arf).ct:').t':'~r:;~.rJr. crr i::~c ~lcthj upon whether
prol::aeation Was 3.1cnG \vJ.l'p or weft threaas aile:. up<.m i to:,; Gi.~.·.;::.:..t·ion (ho'd.zon~"E'~
or vertical):I a.id l).~.s·) varied "'i th the condition o:f' t.'::.e !!~'1.'~-"l:,:·i.al., Thu:J :'rJTIl
TMle 3 £Ind Figa. ~ ~,~lG. 2 it nny be seer. toot lmd,c:.:c 5~i1r:.i::';H· u(J'-1di·~-:i.(;ns the .rxt'3S
of 8!:1Culdorir.[; ,)"~ elc'iih I, the het'lviest materiuJ., v;eY:'3 J,c ss '~h~n t'!".. C:1S

t;f cloth II o
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Ta.ble 3

The smouldering times of clean jute cloths

pondition Smoulder ina
Minmum no. of Smouldering
l~ers for sustained time for n

Reoarksof SUJ?lX>rt plrallel smoulderine lE\Y6rs
cloth to (=n) min/em-.

--t..-
lA.s rece ived A wefi; >4 - -

II C " • 5.7 8.1 min/em forI~.

...L~~M________.'-:10 __

Washed B It L:.. 3.7 4 I ' '; f'I D~ r.u.n ~ ..or
: ,. I3 J.~r0.t'S

II B warp 2 I )00 4...? TId.n/:..:m for
I I :;, l~ye't":;;._~>--;;;;'rt'L--i - - ---J 3:; I2:;;i",:;:,. r'o~Brushed B

!f)z:s'll~S -
Washed B weft .>3 - -It B warp >3 - -
Brushed .B weft 3 6.5 -

~s received B weft 2 sec Fig1 .•
tt B warp 3 see Fig2 -

Washed - A wef'!; ..,
2.5 3.0 min/em for....

3 layers
304 min/em for

·1
4 lo,yers

n 1:1 '\"~7QX1-t .2 20 5 2.5 miry/em for

f
I . 3 l~rs

I 3. 0 miniem forI I ~ft 4 layers
i " B 1"\ see Fi131 -c:

'1 II B . .....m.rp r, see Fi.g2 -L.

h-~ ._-
2.3 tj"rnin/cm foriBr-ushed B weft 2

, -- -~ . _18'YYs

~~ a received B weft r )'4-'~--1- .. !'• II B >~ ~I warp ...
1 ,- ...he d A weft '_··!:-··_·~··~j-·I--5:8··-· -• .13..", 1t A warp 4 . 5~2 -I n B we!"~ 3 4.7 D.O miu/em for1

I 4 layers
tt B warp 4- 4.5 -

Brushed B weft )3 - -
As received B weft )8 - -II C weft 10 2.6 -

Washed B 'Weft 6 2.6 inflamed, Bee
below.

Brushed B vleft ) 8 - -1t C weft ·10 20 6 -_...... ~._-.-.........._--~

-- --0.--._..,..-
~s receaved C "i'veft ,)10 - -

) W£..f"heo. C weft ) 6 - -
Bru shed C woft ). 10 - -

..

Cloth III
( smouldering

upwards)

'.

Cloth III
(SlOOlllde ring
h.::>.rlzontally

Cloth II
(SmoUlaering
horizontally)

Cloth IT
( smouldering

up.vards)

Cloth I
( smo ulderine

up"/ards)

Cloth I
( WlJu:i.dering
horizontallY)

~f'~~: In the experLnent Upon washed cloth III, smoliLderine; verticnlly upvards, the cloth
c\.i.:0e:lly Lnf Iarmd af'b9r the combustion zone had been timed over a distance of 9 em. The
b~:p:':'·:lJ··Lent Was repeated but, although ihe rates of smoulderina were almost identical, the
eJ..dh diu not infJaneG No inflaming was observed with either cloth I or II under the
I:l"till air condit ions of all the experirnen ts.
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Direct compard.eon with cloth III is not possible on this point because
sustained smouldering could not be obtained vlith a reasonable number of layers
of cloth. The smoul.derdng times obtained when propagaHon was along the
weft threads were uSlll.l};)" slightly greater, and never less, than those
measured upon smoul.derLng along warp threads, other conditiOl)S being identical.
Since the difference in t;'d smoUldering times was small it Was not investigated
in detail;' it was~ hoWC;V'2'·J to 1)0 (Jxy.ec~;ea Eince the warp and weft threads
were not equ!!l in nunber' (',~ ,1'Cle i) or G:u:ll::6te ..••

Increased rates of smoul.der ing were obtained With both the Vlas':1.9d and
the brushed cloths; the inoroace ''Itl.S evident under all expordmentaL ccndi,tiona
investigated. T;:",s8 ':'e2ult:; ~.!li.i:i.:.::',tr; that greater smoulilcring rat:,;;; -"';';10, to
obt.ained with uso-i :~l(" 'I"j s?c,;::l:.ig ~:h:-~:) \7i"l:ih unused matcriaJ.s6 I'~ i~ ~;,.YG,,:wCJ:·H::i:r

tha.t very siorrd,1Az- ~~I~~~1.ac~~:i.r.;:: '':."~!:!G.3 were measured ,uPJl1 both ':~2..s:~.a:1 C-:~:I": '~"'~:'q:;11:·~C.:

cloths, under the same expe rdnen ta'L condi tions, althol:;;h th", :'crm'3~' '~~';';;'rt .....;j

oven dried whereas the latter materials had I:lOisture contents as given i;l
TobIe 1.

The effect of impregnating the cloth With vardous oils, to simulate
soiling of the material, was normally to decrease the rate of smouldering. The
results, r,iven in Figs. 4-6, show that the increase in smouldering time over
that o·f clean cloth Was approxim':l.tely proportional to the amount of oil added.
As a similar effect Was obtained with distilled water (Fig.3) it may be inferred
that the oils and water acted in similar manners upon the smouldering i.e. acted
as ooo'lant s , It is therefore probable that wearing and soiling of jute
sackang affect the smoul.derdng time of the material in opposdte senses. The

, amount of liqUid required to be added to the cloth in order to prevent sustained
smouldering may not depend solely upon the properties of the liquid but may also
be affected by the characteristics of the cloth. Consequently it is probable
that if the number of layers of cloth were increased 61' if the Layers were of
greater Width, and a larger support were' used, then rmre liquid would need to
be added to t he cloth to prevent sl!X)ulilcring.

With all the specimens of clean cloth it was noted that a minimum number
of layers of material Vias necessary for s us tai.ned smouldering. This minimu:n
nunber depended upon the 'MOlight and weave of the c 19th, the size of the support,
the direction of propagatdon of smouldering, and the condition of the clotho
With the cloths investigated, however, it was never less than two. The
minimum number decreased as the breadth of the suppor-t was increased, i. e. with
Wider layers, probably because there would be loss heat conducted away from
the centre of the combustion zone; tre minimum number was also markedly less
with washed or brushed cloth than ",vith cloth in a new condition. The latter
effect is in agreement with the more rapid smouldering observed With the c'l.eai.
cloths subjected to the wearing processes. From the vractical vievlpOint, the
fact that one layer only of the cloths investigated would not sustain smoulderj",.;,
may not be of grant importanco. Increased thickness of cloth is present ill
folds and seams and two layers of material must be in contact whenever bags ez-»
stacked.

The' results also showed that, apart from a minimum numbar of layers being
required for 'sListain,ed sl!X)uld!"ring, the smoulderinG time of a given cloth
increased as the number ofhyers was increased (Figs. 1 and 2). There is,
moreover, an approximately linear relationship between smouldering time and
n umber of 1.o.Yers ,Iithin the 1'0 nge tested; this may be comp:l-flilil With a linear
relationship obtained with strips of fibre insulatin[l board, ,) of constant
thickness, between smoul.der-i.ng time' and the ra tio of ..area of cross section of the
combustion zone to its'rerimeter. With the jute cloth the thickness of a.
cloth layer is negligibly small compared With its width (Tables 1 and 2
resIcctively) ,and it follows that with a larger number of cloth layers the
area ,of combuatdon iaone is increased but not its rerimeter, Which remains
sensibly constant•. ' . The smouLderdng time should therefore be proportiona~l

.. to "the' cross sectional area of' the combustion zone and, sinco tho width
.. ", of the zone is constantin a given support, should therefore be proportionaj.



to the number of lAyers of cloth.
in fair aGreement with this.
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The results shown in Figs. 1 and 2 are

•

In cene ral, the :i{;ni t:iDn of all the cloths Was remarkabIy easy; thus
smoul.der Lng could be initiated without difficulty by elc,'ing cigarette ends
or wire heated to a dull red. The rapid surface spread of flame over the
nap of bru;;:1:l~d 'cloth has been previously observed wi in actual stacks of bagged
lllDterials ~4) and there is thus a correlation between the laboratory processing
cnd normal wearing.

The 1\\:Jrk described wove was undertaken in order to ascertain whether
smoukder i ng could be an intermediate stage in the dove Lojraent of fires inv'Jl.v~,\'~

jute sacking, po.rticuiarly storage fires. It Ins been shown thet su~ta.j1Je,!
smouLdering ron occur, and in fact may be easily initiated, but that its ;:"Ce·:;,.
of prol:aea~ion depends upon several factors Lnvo Lvdng not only the '-'eo.vo 0:'
the cloth but a Lso its condition o.m1 the effect of the aur roundi.ngs , It i2.
therefore only possible to make certain broad gen eralizations with rOAfl-rd
to the smoulderin[l 'time of jute cloth, the precise value of this t:iJ:le in a
particula l' incident will depend upon local conditions. Thus, from Table 3,
the smouldering tiae of clean material similar to those studied will be 3-6
min/em, dapendang mainly upon tbe direction cf proJ.Xleation of snoul.derd ng;
This time ranee COUld, however, be o.ffected by increases in the nuaber 'of
lasers of cloth, the condition of the naterial (Wh:lther badly worn or soiled)
and lly the incidence of dra ught. In the interior of a stack of bagged
material th:lre roy be neglir;i1iJf: dra ught and the combustion may even be retarded
by a self-produced deficiency of oJ<;'f[len. If it be ass uned that an average
stlouldering time is 5 min/em, then in 1 hr the combus Hon zone would travel
abouf 4.7 in. in still air. The total time of travel alone a 4- ft. sack
lenr;th, say, would thus be abeut 10 hr, assuning proraeation alon3 a str,li.gh'l;
line. Smoulderinf; could therefore easily continue within a larr,e st8.ck ".f
lXl.£lCOd rraterials for seve 1'301 days. The effect of draught upon the proIf.,·:y:;,Lcn
of srmul.der dng in jute cloth is still to be investigated; it seems p;:,o')":.; ';»

tint a marked increase in the rate will be caused. D::'D.ught may a.Lso (..f:i.'",,~

th:l tronsition from GlOWinG to flaminJ oombustion; the bursting into n,,·.,,;·;;·:
of \"/a shed cloth III, during an experiment mentioned above, was probably ll~"

to exceptionally favourable convection currents and indicates that r::er\npcJ
only sliGht airflows arc necessary. This will be the subject of a furthDJ:' I~;:~"u

Conclusions

The main points arisin[; from this work are:

1. Sustained smulderinc nay be initint!3d ot:l.sily in jute ·5-'\c:!d.n::;
by a snaU source of i',nition, s uch as a slorlinc ci[;a.retto end.

2. The rate 'of proraeation of smouldering depends upon several
factors including the weight and weave of the cloth, the condition of the
material (worn or soiled), the direction of propaga Hon of combustion, and
the nunber of layers of cloth undergoing smulderine.

3.
continue for

It is concluded that smouldering of tho jute cloth may easily
several days Within a large stack of bar,Ged materials.
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