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MATERIALS SUITABLE FOR ‘CLOTHING AIRCRA“T FIRE CRASH RESCUE WORKLRS -
e PART II1-

by
. P, L. Hinkley, D." L. Simms and D, W, Millar

I B Introductmn :

Part I of this report (1) gescribes tests for the evaluation of
protective clothing and estimates the value of some clothing assemblies
including a number of suitings, The tests were designed to assess the
protection given to rescue .workers by the sssemblies againet flame end
against radistion, horsemeat being used to simulate human flesh, The
time taken for the surfape of the meat in oontact with the clothing to
rise by.25% was used as & measure of the protection afforded by *+he
assembly, The thormal proteotion afforded By the materials was
measursd with the assombly 4n slight compression, In practice, poor
contact botween skin and clothing would intrease the thermal insulation

" because of better air ciroulation and the high thermrl resistonce

of the air gep, but thore are bound to be arees where the contact between
the skin and the olothing is good, e.g., shoulder, knces, elbows and

the protection timee obtained from the experiments in Part I and in Fhis
paper represent the more hagardous conditionss The previous ‘tests -
indicatéd that 2 good type of suiting consisted of en outer flameproofed
 léyer; an interlining deeigned to provide an air gap, and a smtable
linz.ng

-~ This note describcs rurthcr work on suitinga and nleo some minor
modificatiom to the tests and to tho test proceduwre, For this work,
the Ministry ef Supply, (R.D.A.E.I,) supplied verious materials to be
tosted in different coumbinotions and elso some composite metorials
consisting of immor and outor layers bonded together with rubber,  The
matcrials of the bost set of assewblics were to be mads wp into garments

 for field trials where their effeotiveness in praotical fire fighting
and their canfort when worn for long poriods at tho ready would be
evaluated, A list of materials, together with thoir Fire Rescarch
Organization reference numbers, their thickmesses and their weights per
unit arca is given in Teble 1,

Tablé 1 -

Mztorials tested

Purpose. Description . Appearencs | J.F4R;0;. | Thickness| Weighs
' : or colour téference | . . .per wnit
Nos arca
mm &/ cm?
Lasting cloth, wool blue R.1L3 147 { 0.029
(f‘lameproofc_zd) L .
Lastmg cloth, wool - ‘ white " RJ144 11 003
Outer (not- flameproofed) '
materml . : : :
| Fearnought, wool white RS54 | = 29 0+08
(not flameproofed
or waterproofcd)
Asbestos cloth vhite R.145 0+8 0+038
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Table 1 (cont'd)

Purpose Deseription Appcarance |J.F.R.0. | Thickness; Weight
' or colour referonee per unit‘
No. area |
tm o/cm? |
( Vool pile (cotton green R.146 5,20 0-0L5 |
backed)
Open mr:sh fabric whi te R.148 £ 0049 |
(cotton)
. Quiltcd fibreglass diamond R, 163 2°6 0045
Inter- between two layers stitching
lining of cotton poplin
(heavy)
Quilted fibreglass zig-zag R, 162 146 0+034
betvicen two layers stitching
of cotton poplin
* (light)
Combined |Double (Wool (Kq)} foawn facing | R.152 30 0=11
outer p texture dark brown
material | rubber lining
and bonded
inter- fabrics(Wool (K2) fown facing R.151 Zely 015
lining brovn lining
Yool (K3) light fown R.149 Leb 010
facing
green lining
1
§Wool brown facing R.150 3e2 0093 i
(lining I
(cotton
facing (Ky)
Lining Cotton poplin off-white R.147 0.1 0.12
material
Under- String vest vhite string | - R,63 Bels 0.092
clothing (knitted cotton)
2. Experimental procedure and rosults

2.1, Flame test

This test is deseribed in detail in Fart I of this report (1),

Horsemcat was placed in contact with the inner face eof the clothing asscmbly,
the outer face of which was exposcd to flames from o petrel fire, The

rear and cdges of the assembly werc shicldad from the flames by an asbestos
wood board. The time token for the surface of the hersemcct te risc in
temperature by 259C was noted, the petrol flsmes were then extinguished and
any furtier rise in temperature was noted. The 26 s.w.g. thermocouple

uscd in the first serics of experiments for temperature mcasurements vas
rcplaced by a copper disk & in, in disucter and 0+008 in, thick having »



A

36 s.w.g. copper-constantan thermocouple soldered to the centre of onc

face,

ensuring better thermal contact.,

tested,

as ageing of thc horsemeat and «the slow

The disk tended to adhere to the surface of the horscmect
Four samples of cach asscisbly vwere
In order to eliminate the cffects of rrogressive changes such

incrcose in temperature of the
apparatus, thc pieccs of material vicre allocat.d randomly to the various
assemblics, and the tests werc carried nut in random order,

Some tests were carriced out to compare the offcct of reversing the
vwool pile and some to detcrmine the effeet of using underclothing %a
string vest) on the protcction tincs afforded by three assemblics

. having a long, an intermediate and a short pretection time.

‘The results

src given in Table 2, and the appcarance of the assenblics after the
flame tests are shown in the plates.

Table 2

‘Results of flame tests {average of four tests)

fibreglass

Outer material Interlining Lining Time Further {Additionsal
for 25°C |[temperature| time for
temperature{ - rise - further
rise = ' teuperature
: rise -
" sec, Sc scc,
Blue lasting Wool pile Cotton 58 2 9 !
cloth (flam (pile’ outwards) | poplin o ' ;
proofed) ' f
| Open mesh " 63 2 12 5
fabric (two . !
layers) N ;
1
( | Wool pile (pile | Cotton 49 2 8
( outwarls) ' poplin !
é Open mesh " 64 4 .2t
White 1ast1ng( fabric (two’
cloth (not layers)
flamoproofcd) ——r— . — :
Heavy quilted » None 50 - ok 9
fibreglass : -
Light quilted | Nonc 37 -8 8 |
fibreglass ' I
i
Wool pilc (pile | Cotton 37 5. 11 ,
outwards lin '
Asbestos , Pep i
cloth Open mesh . - " 54 4 .15 :
fabric (two -
layers) :
| Woel pile (pile | Cotton 105 1 30 ;
outWardsg poplin -
H
Fearnought Open mesh " 116 N 40 i
(not flame- fabric (tvo j
proofed) laycrs) |
Heavy quilted None 73 0 - !
i




Table 2 {cont'd)

Outer meterial Interlining ! Lining Time | Further iAdditional
- for 259 I tempormturq time for
terperature | rise ~ furthor ;
rise = | torpcrature
i rise - i
scc, oc J sce, !
AL ; ?
g Light quilted None 59 05 2
FL,(.....MO‘U' ht fibreglass
(not lare=( | — '
prooted) é Nene Cotton 3 2 8
’ poplin
+
i
( KXy (wool) " Iy 6 . 20
Rubber ( :
bonded- K, (wool) " 65 7 27
double - — . \
texture KS (wbol) n - ‘ .57 5 - 5 ‘
materials - , . L i
K, (wool lining " 33 17 16 i
L !
cotton facing) . i
-
. } ¥Wocl pile (pile | Cotton 51 2 s, |
l oAy ards) - poplin ) ' '
White lasfing #ool-pile ( 110 S RN 1 =
cloth ' ouhaanlsﬁ) .;
- | Cotton E 78 2 - 11
poplin/ : i '
string
: vest/ 3
: o peotton ]
\ ; pcplin !
i : . ‘i Ny
¥Wool pile. (pile |cottin 72 0 -
inwarq§) poplin §
%ool pile (pile " .70 0 - |
Fearmought i outiards). S JI
| : ‘ :
| " Cotton 12 | 1 22 i
| poplin/’ : !
| string . i
vest/ '
Gd.cotton o
:} poplin !
—
Double texture rubber bonded(. | Cotten .25 1 % 6 f
wool and cotton feabric K, poplin g »
f ‘Cotton | 44 16 1 20
poplin/- . ;
string te.
vest/ b
cotton - , i
roplin’ i :
, |
|
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The Radiation Test

This test is desceribed in detail in Part I of this report (1).
is similar io 4he flame test except that the 2% in, square erea of the
Tace of the acssembly is exposed, not to flames, but to radiation hiving
an intensity of g cm?2, The 26 s,w,g. thormocouple used in the firsh
curies of tests was replaced by the copper disk thermocouple vwith
% cold junction in a constant temperature L:plosure, Bach test was
socated four times, Samples of matericl were allocated rancdomly
beticen the various assemblies and the tests vwere carried out in a
Toncon order,

4 -

-

Yliere the outer materials had similar reflectivities the radiation

1t

tezss did not place the assemblies in a significantly different order

thzn that in which the flame tests placed them,

outer materials and a selection of the others were tested.

The results are given in Table 3.

tests,

Accordingly only the

xach result is the nean of four

" Table 3

Results of the radintion tests

Outer material | Interlining |Lining Time |  Further  Additiomul |
' ' : ' for 259 * torperuture: tiwc for |
tenperature! rize v Twrther |
rise } ! tempcraturei
! ! rise
. sec, . “c | sce,
. Wool pile (pile | Cotton 53 i 5 ! 7
Blue lasting outwards) poplin : ;
clth (flame-{ '
pro:::fetl) : Lipen mesh N 93 l 6 19
fabric (two .
layers) L !
: | '
E Yool pile (pile " 76 e 5 15
White lasting outwards
cloth (not t
flameproofed)({ |Open mesh it 83 3 ] 2L
fabric (two i
layers ; 5
- 7
( Yool pile (pile n 62 3 i' 17
outwards? ! {
Asbestos I 1
Open mesh " 81 9 ' 32
cloth fabric (two !
layers) |\ !
- ; :
Y : 5 ” . f
( ﬂoo%ugiiidg§1le 110 3 ; 25 E
Fearnought 5
(not flame- Open mesi ! 152 3 l L6
proofed) rabric (o i '
laycrs) ; .
( |wone v 535 | 2 9 |
I( K1 wool " b 7 22
D-uble
texture g K, wool " L5 8 25
rubber Kz wool " 67 3 1
bonded 5 3 : !
materials K;, Wool lining " 36 E 6 , Hy
Z cotton facing i ‘
i H i




e

J— e —— e = mme C wewe TT me e e

e

—t
™+

3. inalysis of resu

3.7, Plome togt

The vardious assemblics generally ranked jr: the sane 5
componcats except that the performance of Foorvousht ora proboly
lasting cloth is worsencd when used with quilteld 11 PG LS o
standord doviation for Pearrought was about 40 sec,; for the other

natarials it was 8¢5 sce.

£ HRESSE shovis that therc
is no diiffcrence bctwrcn thc twn typcs of las tlnU ch that lzsting
cicth is sigrificantly bhetter than asbestes to the qu“n, of 14 + 7+5 sec,
T otkat Yearmonght is by far the best of all, It ig howcver by
e mesy varinsle, The cstimated differcnce between Fearnought and
losting cleoth is 81 + 21 sce.

Far

Coen mesh fabric is somewhat better thin woel pile Lo the oxuvent I
£ P

12 + 6 sec, (on average 2055), The rubber bonded fabrics differ
significantly among themselves and also from Pearmought used withoui an
inverlining. The differences betreen the mean timcs of the four
materials are sufficiently large to supgest that the order of docvenning

merit is (Kp, K3, Kq, K.).

3.2, Radiation test

An analysis of the results of the radin tluﬂ tests given in Table 3
does not place the materials in the sondwich ubuenblles in a significantly
different order to that given by the flamc test. The variability of
the radiation test for materials other than Pearnought is higher than
that of the fisme test; the estimated standard deviation being 1347 sce.
The .cstimcted standard deviation for Fearnought is 332 sce.

Analysis of fthe results for the rubber bonded materialz shous that
the mean tine for K, is significantly higher than thosc for the other
materisls but that dtlwrwise ths test is nct auiplclently sensitive to
show the existence of an order of merxit for the rulber bonded inaterials.

L Discugsieon of materials

In general, the behavicour of the individual materials did not
GATTer in the verious asseunblivs, It is therefore possible to consider
cacil naterinl neparsicely.

Laol, Orter materials

Lo1.%, l'learnought

This gave better results than any other outer natcrianl., Mot only
were the rrotection tirmcs longer but, cxcept whén an interlining of
open mesh fabric was used, the subs equcnt temperature rise aftior removal
of the source of heat was lower,

“ihen heated, Fearnought swells and ferms a mess of frothy carboneaceous
waterial having o very low dénsity and which, in these tests, protocked
tuc uwnderiying Tabric, This largcly accounted for the long, variable
protection times, ks the layer was very fragile, it would rapidly
disintegrate with the wearcr's movement and in practice tlerefore the
superiority of Pearnought would not be so apparcnt as in the tusts,

The chrnnught tested was not waterproofed and suffercd from the
disedvantage that it could absorb large auantitics of water,

4.,1.2. Losting cloth

Flameprocfing appecars to have no effect cn the rrotection offorded by
lasting cleth againzt either flames or radiaticn,
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Lasting cloth is {lammable and under the influcnce of flames or
radiction it tended to disintegrate exposing the interlining. Some of
the asscmblies including lasting cloth continucd to burn for a fav
scconds after tie cxtinefionof the petrol fire., The swelling observed
on losting cloth was not so marked as with Pearnought,

Ll 3. Asbestos

This has the advantage of not being cusily disintegrated by flames

iation, olthough the fabric beeomes vweak after prolonged heating
4(1 15 not durcble cven vhen new, The protecection times are shorter
than for cither Pearnought or lasting cloth and the termperatuve rise
oTtey remeval of the scurce of heat toends to be higher,

L2, Inner linings

L.2.%, Open mesh fabric (double iayer)

The prd%ection times cgainst both flames and radiation were higher
than for the other interlining watcrials,  This material is flammable
and incpection after a test usually showed it to be badly scorchod
Plates t, 6 and 7,

Le2.2, ool pile ‘ S

Tests shoved that the protection times viith the pile inwards and
outwards viere not significantly different for this material., The .
backing, being cotton, is casily ignited but the wool pile when hecated
forms o nass of carbonaccous material which tends to protect the
underlying meterial (Plates 2, 4 and 6).  For this rcason it is probably
to be preferrcd to open mesh fdbrlC in- spite of the shorter measurcd
pretection times.

ba2,3. - guilted fibregloss

These viere the least satisfactory of the interlining materials
tested, Statistical analysis shoued that their usc spparently. rcduced
the effeectivencss of Fearnought and probably of lasting cloth -as well,
Yhen used with lasting cloth, the temperature rise after rcmoval of the

source of beat tended to be high, particularly with the light weight ’
material, Botir these effects mey be attributid to the casily ignited
cotton poplir covering (Plates 5 and 9)s  The lines of stitching were

2ls0o a source of weakness; in onc experi c¢nt the flame was propr gatcd
thireugh ¢ Jinc of stitching to ignite the inner laycr of cotton poplln.

G Je Double texture rubber bonded fabrics

The rubber bonded feabric having the longest protcetion ageinst
flames was Ky, while that having the longest protcction agahinst radiation
was K3, This may be e result of the differences in reflectivity., Ko
was the heaviest material vhile Kz was the thickest.

The best fabrics (Ko and K3} gave protection times comparable with
those given by lasting cloth with an interlining, However, thc weight
per unit arca is rather greoater for the double texture fabries than for
the other asscil:lics and the temperaturc rise after removal of the sources
of hcat is also greater, The cotton facing of K, ignited in the flame
test and continuced to burn after removal of the source of heat and is
therefore unsuitable for use in a protective garment, -

Vortical strips of .all the rubber bonded materials could be ignited
by 2 small petrol flame and would continuc to bum, In these tests the
rubber layor was cxposed at the edges, a condition which would be avoided
in the made up garments, However in the flame tests the rubber lining
did nct ignite slthough a strong smell.of scorched rubber was generally
neticod, Once ignited, rubber is difficult to cxtinguish and for this

cason o rubbor 1nvgr¢ayb1 -cannot be regarded as satisfactory and shouid
“! reciaead by o less Planmable material,  3ince Lv interdeyor 1s
%o viater this type of materisl might pro~e more satisfachory

v
-

i}
semventinl nsacrblics iF the wearsr were tn he gprzyod with

"LU
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L.4e Effuct of underclothing

The protection time for 4hree representative assemblics vwins
inercased by & f’actor of from 1% to % S} using a string vest. Orthodox
woolen underscar iz veéry littlc use (2),

5. Lffect of weizht/unit arce gnd thickness of matorials
Gy

The protcetion tiune arforded by indivilual asserblics agoinst flanc
end radiction docs not sppecr to devend on their weights per unit aree.
The total weipht of o garment docs to scuc extent afrect its coufort in
wenr, but other factors such as stiffnces must alse be eonsidered.

The protcction time afforded against flames by various asscmblics
is shown plotied against their thickness (Fig, 1).  There is some’
evidence to show that protcction tioe dves depend upon thickness (which
night be expected ns thermal resistance is roughly proportional to
thickness), but the results are ton widely scatter:d fer definite
cmelusionsy

Lo6. * Further terperature risc after removal of heating scurce.

The temperaturc risc after the removel of the source of heating
may be due to the ignition of the materials of the assembly or tc the
heat stored in it., It is undesirable to have easily flammeble metericls
in the assenbly since the outer layer mey be dostroycd locally ond
exXpose then . :

To minimiz c the teuperaturs risc due to heat stored in the assecubly
and to hasten cooling of thc skin, protéction shceuld be achicved by
having an asscmbly with a high thermul resistance rather than,a high
thermal capreity s €0 L Lolr woeadd v o orels tively gyeater store of
heat, . .

5e Discussion ¢on tests

5¢7 The cffect of the b&luCtOd temperature rise m thc value of
the “rolhotion time chtained

It wes: mehasised in part I df_this report (1)_that the sclection
of a temperature rise of 25°C was arbitrary un% ?hat this was probobly
greater than thnt necded to cause severc pain « It ves cmsidered
that the sel:cction of this level of teinperature rise would be unlikely
to affect the general order in which the assemblies were placed by the
tests, .- .

In order to verify this assumptlcn the timcs taken for the rcer
surfaces of thc various. assemblies in the Tirst group .of flamc tests to
rige by 15%C were plotted sgainst the corresponding times for a
temperature rise of 259,

The resulting graph is shown in Fig. (2). Although the sdatter of
the points about a2 straight line is fairly large, they arc well distributed
about the line, ' The slcpe of the line is 25/15, so that the ranking of
the materials would not be materially changed if a risc of 15°C were
selected 1nstead of the rise of 259 at present chosen,

5.2. ' Relation betwcen radiation and flame tests

The protcction tiscs afforded against flames arc plotted against
the protection times afforded against radiation in Fiz. 3,  The ;oints
are distributed, with a large scatter, ebout a straignt line; the
proteetion times given by the flame test arc of the order 048 of those
obtzined frem the radiation tests, The mean heat trarsfer from the flare
cannot therefore have been greatly in cxccof ?f 2 Vi/er? snd 'so except for
those materials having 2 high reflcctivity the {lanc t;st 15 on'y
alightly more severe uhan the present radlut*un test,



6. Practical considerations

The original terms of refercnce of this investigation stated that
the suits would be worn on duty. The rescuc workers were not expected
to enter a {f'irc zone as it viould then be impossible to bring cut the
Crovie They would only attem't rcscue arter the fire had been brought
under control, '

The intensity of 2 ﬁ/cmz has becn considercd (1) to be of the right
order of magnitude for these conditions where the lower parts of the
body might be subjected to flames, e.g. from pockets of petrol in the
foam or bur.ing grass., In an emergency such as a petrol tank explosion
or flash back there may be & large increase in radiation and the rescue
workers might be immersed in f'lames,

The expectcd relationship between protection time and rate of heat
transfer at high rates of heating to a first approximation is a
reciprocal onc, Thus clothing providing protcction against a radiant
intensity of 2 W/cma for 3 minuftes might be expected to provide
protection against 10 W/em? for about 30 sccrnds,  Although these
figures are only tentative it is probable that there would be sufficient
time for the rescuc workers to retrcat without injury provided that their
clothing did not continue to burn after ignition.

Only comprehensive field trials con cstablish the guantitative
relation between the test rcsults and practice.

In thesc tests the protcction time is defindd as the time for the
skin temperature to rise 25°%. This probably ranks mnterials in their
rroper order but the temperature rise is greater than thet needed to
produce severe pain, On the cother hand the tests werc corried ocub -.ith
the materials on slight compression and in contrct with the skin. In
rractice, poor contact between skin and clothing would incrcasge the
thermal insulation and air circulating within the suit would tend to
reduce the cffect of local heating.

If the rescue worker retreats from the source of heat as soon as he
fecls pain his skin temperature will not nccessarily fall immcdiately,
it moy continue to rise at a rate dependant upcn the thermal properties
of the clothing, The cxtent of burm damage to skin is dependent beth
on the temperaturc and the time of exposure and maintaining the surfacc
of the skin at a temperature which initiallr only rroduces pain or
discrmfort way, in only a short timc, producc a burn. Thus, the
grcater the tendency for the inside of the clothing to maintain or
inercase its temperature, the lower the safcety morgin given by the first
onset of pain, Since materials maintain their temperaturcs after
exposure, the clothing should be designed so that it can be rapidly
removed,

.
-

{e Conclusions

7o

. lfatcrials

7.1.1, Outer materials

The best tested was Pearnought,  Lasting cloth besides being
flamasble, disintegrates quickly on heating, The double texturc
fobrics K2 and K3 might be satisfactory if a less flammable bonding
matcrial were substituted for the rubber but the cotton faced mierial
Ky is not suitable as the frcing is cesily ignited.

71224 Interlining meterial

The best of the natericls tested was the wool pile;  this could be
improved by using a woollen backing for it., The string wst mterial
might smoulder wnder flame ¢ nditions and mest of its insulation valus
disappcars if the outer garment is destroyed, The fibregiass lining is
unsatisfachory; it is not a sufficiontly good insul: tor in the form
supplied and the cotton poplin covering is flamncble.
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7.1.3.  Underwear

The importance of underwesr in the forw of o string vest hasbeen
clearly shoin.  Orthodox wnollen undervear give very little protoction(2l

Tatade Further tempersture rise

If matorials which maintain their temperaturc of'ter cxposure are
used, the g mworits should be so c:nstructed that they can be quick
T 2l : :

= )

Jec 3t procedure

Teldln Flame .tcst and radiation test

The flame test, except for fabrics having o high reflectivity is
only a little more scvere than the radiation test and the results are
aimilar, It is, however, ¢sesontial that it be used for highly
reflecting matcrials, '

Y Te2a2,4 Relation of tcsts to practieznl conditicns

The tests may be used to compare the various assemblics of
materials, but firm conclusions could only be dravm from fiecld trials,
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PLATE.l. FIREPROOFED LASTING CLOTH
AND OPEN MESH FABRIC

PLATE.2. FIREPROOFED LASTING CLOTH
AND WOOL PILE
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PLATE.3. LASTING CLOTH (NOT FIREPROOFED)
AND OPEN MESH FABRIC

PLATE.4. LASTING CLOTH (NOT FIREPROOFED)
AND WOOL PILE
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PLATE.S. LASTING CLOTH AND LASTING CLOTH AND
LIGHT . QUILTED HEAVY QUILTED
FIBREGLASS FIBREGLASS

P |

e

PLATE.6. ASBESTOS AND WOOL ASBESTOS AND OPEN
PILE (REAR SURFACE MESH FABRIC

SHOWING SCORCHING)

ASSEMBLIES AFTER FLAME TESTS



PLATE.7 FEARNOUGHT AND OPEN MESH FABRIC
( NOTE SWELLING OF FEARNOUGHT)

PLATE. 8, FEARNOUGHT AND WOOL PILE
(NOTE SWELLING OF FEARNOUGHT)

. %
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PLATE.9. FEARNOUGHT AND FEARNOUGHT AND
HEAVY QUILTED LIGHT QUILTED
FIBREGLASS FIBREGLASS

ASSEMBLIES AFTER FLAME TESTS
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PLATE.Il. FEARNOUGHT, WOOL PILE AND STRING VEST

PLATE.I2. LASTING CLOTH,WOOL PILE AND STRING VEST

ASSEMBLIES AFTER FLAME TESTS
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PLATE.I1I3. COTTON FACED DOUBLE TEXTURE RUBBER
BONDED FABRIC (K4)AND STRING VEST
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ASSEMBLIES AFTER FLAME TESTS
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FIG. 2. TIMES FOR 15C TEMPERATURE RISE AGAINST TIMES
FOR 25C TEMPERATURE RISE (FLAME TEST)
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