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MATERIALS SUITABLE FORCLCYrHING AIRCRAFT FIRE CRASH RE~GUE WORKERS ­
PART II'

'. p. L.-' Hinkley, D.- L., Simms and D. w,. Millar

1.: Introduction,

Part I of this report (1) describes tests for the evaluation of
protective clothing and estimates the value of some clothing assemblies
inoluding a munber of suitinge. The testa were designed to assess the
protection given to r-escue ,worker. by tho assomblies against flame end
against rGdiation, horanieat betna used to simulate human flesh. The
time taken tor the' surface ot the meat in oontaot w1th the olothing to
rise by, 25<t: was used &s • me.aeU!'G ot the protection affordc'd. b~' .f:h:; ,
assembly. The thormal proteotiCll afforded 'by the lJ1aterials was
JDeasured with the a88en:b~ SA 8light canprea.ion. In practice, pcce
contact between .kift' an&! clothinl would increase' the thennal'insulation
be'oause ot better air e1roulat1on end the h1gh tmnnt~l rceistar.cc
of the air gap, but t1»re are bound to be area. where the contact be tweei
the skin and the oloth1ng 18 good., e.g•• shoulder, knees, elbONs and
the protection titms obtained £'rom the experiMnts in Part 'r and in ~hiB
paper'repre'sent the nxre hazardoUs cOnditione. The prcviou.e ..te'sts t 1) ,.
indicated that a good tYPo ot suiting consisted ot en outer flameproofed
layer. an interlining dee1gned to provide an air gap, and a aui.t ab Ie. "

lining.
t

.: .. This note describes ,further work on eu1t1qa a.n4 IUSO some minor
modif-icationa to the teets azn to tho teat pwoClure. For this worle,
~he ,Ministry of, Supply,. (R.D.A.E_I.) supplied various materials to be
tested in dittorOnt ooUlbhlotione and also .~ OCIZ6'os1te materials
consisting ot im10r and 'outer lqo1"8 bonded toaether 'With rubber. The
materials of 'the bost set of assemblies ..ere to ,'be ma40 up into ganncnts
tor fie3:d tr1a~ whclre their ef'tuot1vcnen in ~~1oal t1re fighting
and .their OODtcrt when.~ tor lcmg p,or1oda at tho ready would be
evaluated. A list ot materials, tosether with tho1r Fire Research
Organization '~tcrencC nambers, their thicknesses end their weights per
uni t area is given in Te,blc 1.

I

Table l' ,

Materials tested
,H , •• i

, -
Purpose, De sartption .. Apt:lcaranae J.F,ReO" Thickness 'jfcight

or colour reference • ,per unit
No. nrco.

nm ,e/cm2
. .,

Lasting cloth, ~ool blue R.143 1 ·1" , 0·029
(flumeproofcd) ,,' "

Las'tmg clotlt, wool 1'1hite R.144 1·1 0-03
)

(not'flamcproofed)Outc'r )

'rna teri.ri1
"

.. ..~. ,
Feamought:, wool white R.154 2-9 0-08

)
(hot flameproofed
or waterproofed)

Asbestos cloth v:hitc R.145 0·8 0·038
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Table 1 (eont' d)

-_._-JI :

Purpose Description Appcaro.nee J.F.R.O. IThickness I Weight
or colour reference p~r unit I

No. :.~r<.: a I
nrrn r/cm2 I,

I- I
( Vlool pile (cotton R.14b h'O 0.0~5

,
green

Ibacked)

R.11,8
i

Open mc sh fabric Vlhite 5·1 0·049

I(cotton)

--
Quiltcd fibreglass diamond R.163 2'6 0'01.5 I

Inter.. be~veen two layers stitching
lining of cotton poplin

(heavy)

Quiltcd fibreglass zig-zag R.162 1 ·6 0·034
betwo en two In,yers stitching
of cotton poplin

(light)

Combined Double . Wool (K1) f'awn facing R.152 3-0 0'11
outer texture dark brown

material rubber lining
and bonded

inter- fabrics Vlool (K2) r awn facing R.151 3'4 o- 15
lining br-own lining I

\·'001 (K~) light fes;n R.149 4·6 0.10

If"cing
green lining

Wool brown facing R.150 3·2 0·093 1
I

( lining I( cotton
(K4) Ifacing

Lining Cotton poplin off-white R.147 0.1 0.12
mntGri~11

Under- string vest r:hite string R.63 5·1, 0.092

! clothing (knittcd cotton) I !, ,

2. Exper:ir.1ental procedure and results

2.1. FlRrrc test

This test is described in detail in Pcr t I of this report (1).
Horscmcat Vias placed in contact Vii th the inner f'aco of the clothins assembly,
t!'D outer face of which was exposed to flames from a petrol fire. The
rear and edges of the aasemb'ly were shi.oIdcd from U", f'Larnc s by an asbc s t os
wood boar-d , The tire taken for the surface of the horscmcn t te r' i.sc in
temperature by 2500 Vias noted, the petrol I'Lr.mcs wcro then extinguished and
any f'urtl,er rise in temperature was noted; The 26 s .w, G. t hcr-mccoupj.c
used in the first series of experiments for temperature ucasui-cucnt s vas
replaced by a copper disk t in. in diaioeter and 0'008 in. thick hwi.ng .'
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36 a, w. g. copper-constantan thcnnoc ouple solderGd to the con t.r;; of one
face. The disk tended to adhe re to the surface of, tho' hcrec j1lt~:-:t

ensur-Ing better therma.l contact. Four samples of each aascrnb Iy we rc
tested. In order to eliminnte the effects of pr-ogrc s aivc change s such
as ageing of the hor-scmcat 'and .the s Low incrc:,.se in temperature of tho
apparatus, the pieccs of matcr-ia L wer-e al.Locatc d r-and ornl.y to the various
assemblies, and the tests were cnrricd Qut in r~ld0r. order.

. Some tests werc carried out to c0TI1p,....re th~ cf'f'cct of rcvcrsin~ the
wool pile and some to determine tJ ....c cf'f'cc t of using und er-c Iothirig (a
string vo st ) on the protection tin~ s a ffordcd by three assemblies
toying a long, an intermediate end a short protection time. 'The rcsuliB
arc given in Table 2, and the appear-once of the aaae nb Li e s after the
f'Lame tests are shown in the plates.

Table 2

Results of flame tests (average of four tests)

Additional
time for
further

teapcrature
rise ­
sec.

Further
tcrrpcrnt ure

rise -

Time
for 25CC

temperature
rise -

. '. sec;

Lining

.. ,....

In~crliningOuter material

i
l

:---------t---------t-----t------......-----t......;...-----,.

·1

9

8

9

21

122

2

2

4

,4

4-9

50

64

58

63
'J

n

Cotton
poplin

11

Cotton
poplin

. , None

Open mesh
fabric (tWo" ,
layers)

Open.mesh
fabric (two'
layers)

Heavy. quilted
fibreglass

Wool pile (pile
outwar-d a)

Wool pile
(pile" oU'twards)

J

I
I

____~-:-_-jl- +_-----+-----+__.:.--_--.....,t

,

-~____;'~~---:i---+---~_+-~--:"~...........---__:j

!
.\

(

1
Whi te lasting(
cloth (not
flamcproofed)

~ Blue lasting(
cloth (flame{

prOOfed)~

. .

Light qui1 ted
fibreglnss

None 37 8 8 I

!

Asbestos
cloth

Wool pile (:pile
outwards)

.Open TIl:: sh..
fubric (tvio

layers)

Cotton
poplin

II

37

54 4.

11

. , ,15
I

~ .
;

i

)

W~ol ,pii~ (~ile" Cotton
outwards) p cpI in

105 1 30 I
I

I
Fearnought
(not flrurc-

proofed) ~

Open mesh
f'abr-Le (two
layers)

Heavy quilted
fibregloss

II

None

116

73

. I
i

o

:

40

1
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Table .2 (cant' d)

--------~-----------,........----r---------.----..."

Int erlining f Lining

sec.

Fcc:':')lO'-l[.;ht f
(not. i'lmie-(
prOi)l'c<1) . ~

None

I Cotten
poplin

59

J4.

0'5

2

! I
(

Rubber- (
bonded­
double
texture
mo.teri,nls)

II 41+

65
,.

57 ..

3.3
,

6

1.., 1

I J
!

5 ' , - t

" !
17

27 :.
~

--
i

I)

i
-4

!
1,
,- I
1

!
I

I
I
I

I
. '

f

I

I
1

j
, I

!
i
j
:

I
I
!
i
I
I
I

: i
i,

i
I
I20

22

14.T
!.
f,
I

!
I.!

.. I

i

1

i.
. f

I
I

,
1
1
t : ,
.i" . !
I

;~.l
, !

I.
I
I

2

2

1

o

o

1

I

.....l.------+.--

72

70

78

142

L 51

I 48
I

I

II

.1 Cotton- . 25 1
poplin

Cotton 4·1 I 16
.poplin/ . j
string

Ivest/
cotton

I
IIpoplin' i
1
I

1 I

Cotton
poplin/­
string
vest/

...cot ton
, poplin

..........:'

II

..., .. , "

....... ",

'::001 pile (pile
out\'in;ccl.,s).

! -+- -4-~__~__1_-----+_-----
I
I
I

I
J ..
I
I
I

I·
I

; Wool pilo (pile Cotton
j ~ in,ards) ~ ppplin

! '!!ool ..pile' (pilo' " II ..

, GUb7UrQS),

n '. Cafton l
. I

,. poplin/ j
: string

vc:.st/ "
. ' "c ott on

" pop l tnI -
I . I

(

I Wool P~l,EL (pile .cot t.on
i11'.'1 ards ) : poplin

"

Double texture r-ubber' bonded
wocl, and cotton fr.bri.c K4

t

Fearnouljht

Whi te lasting
cloth

..
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This test is described in detail in Part I of this reoort (1). It
is s imi Lur t o the flame test except that the 2+ in. aquar-e 2. ron of t he
face of the nsscmbly is exposed, not to flnnes, but to r-ad i rrt Lon h'.vlr.t3
LO intensity ,of ~ 'Q/cm2• The 26 s.w.g. thcrnocouplc uac d in the fi:r:;";
s:::~ies of tests (1) was replaced by the copper disk t he rmoccup.Le \-ii",;;r..
j.-:,n cold junction in Do constant temperature :.:clc,'::;urt;. :Sach test was
T",?:: a ted four t irnea, SampLes of mat er-LaL wer-e a Ll.oca tc d rr.nc,oT'1.1y
~)C :-:!ccn the vcr i.ous assemblies and the tCSt3 r.cr-e carri':ld out in a

f':.lF.::::::-C t.ne outer materials had similar rci'le:ctivitics t he r:vli2tion
t,--,:.,;".3 (i.id not place the asscrnb Lie s in a s i gn Lt' i corrt.Ly different order
thO;J1 that in Ylhich the f'Larre tests placed them. Accordingly on'ly t he
outer materials and a selection of the others v.er'e tested.

The results are given in Table 3.
tests.

Table 3

~~D.ch re sult is the: rieun of four

".

Result s of the rac..L\tion tests

r ,
I

i -----, i iOuter material Interlining I Lining Tirl1e I Furth.::r : Adtllt lc.rl,.:.l I
I I

for 250C " tOl-lpcruture : t ino for I
tcmpcr:::.ture! r Lae ; f'ur-thc r I

rise I I tempera turc;; i
I I
I , rise ~
I QC I

4 sec. ; I scc ,
r

: : !
Blue lasting ~

Wool pile (pile Cotton 53
J

3 7
outwards ) poplin i: I

cl"th (flnrnc- I ;

I I

f i) > upen mesh ., 93 6 ! 19 Ipro(: Cl,l .

f'abr-Lc (two I, I
layers) \

1
I

Whi te ID.sting~
! I

Wool pile ()ile " 76
,

15
j

5 I
outwards I

r
cloth (not ~

,
1 1 Iflamcpr oof'ed) Open mesh It 83 i 3 I 24- I

( f'abr-r c (tw 0 i, I I
layers)

!,
:j

, -j
I

( 17001 pile ()ile II 62 3 i 17 I
outwards I I, I.

ASbestos! Open mesh " 81 , !
cloth 9

I
32 Ifabric (two I

layers) I
I
~

( Vi 001 pile {,)i1e
. , I

I' 110 3 ;. 25 f

outwa.rds I I

Fearncught I

1
.

(not f'lflr.1~- IOpen nosh
II 152 , 3 4-6 I

pr'oof'od) t'cbr-Ic (t\vo 1
i

) Layc rs ) . ,.- ,

( II
i 1None 53 I 2 9 ,

I

( K1 wool II 4J+ 7 22
\

D"uhle I
\ K2 wool ! II 45bext ure

f
: 8 j 26

r'ubbcr
.

K3 \'1001
I " 67 3 r 17

bon1el~ ~
36

,
rrna te:::-~[l1s ( K4 wool lining " , 6 14-
I

cotton facing i l, , t
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3. i,nal:rsis of results

~-~._._._-----~ - ~ __ -- __ v_ -- -- -- - '-I

ThE: '\,'!)ricl:.s V.S sernb lies generally rnnkr;\:l .ir. ~,h8 S 8.:1:'] :.:..-;: l··;;:'- ~~, ;'::";i r
CC'm.t-;O::-K:~~t:1 except that the perI'ormance of Fc;_'..r·..:~;,:,tl.i~~ht·:::.:;~.i f:,o"l-.J~.J)\.:i- -,
Lae t Ing cloth is wor-sened when used wi th quiltel i'ibr(;J~~-:\sn" ri:1..~
utrmdc.rd rlr.:v i at i c n for Fearriough t 1"10.::' about 40 s cc, ; for ·ci:e 01,:-:"..;1.'

ma ' '~ria13 i'c nas 8-5 sec •

.:':.r. F:.n::t~::,;:;;is of' the variation be-tween outer m[lt,.rl~l.:-; C,ht)\"iS thCi.t t!lOre:

is no diff'e:rer:.(;''; bet..-J€cr. the twn types of La s t i.ng clct!-J.: that 18.stin[~

c:(:t~: 'is si€n~f':ic[tl""ltly better than aabc s tc s to the ~~c~..,r>}J~; of 14 _: 7"5 sec.
'. ~ t.::-.:':':. ~"C~t:':':J.ol.~gr/c. is by far +.he bo s t of all. It '':''3 ho ...·:c:~;(-;r "t',Y :·:1:~

',,; . .; P.ll-'S"'.; V2..:....iilbl,). 1\he cs trimc ted difference betwee n Pe arnoug at and
Lr.ot i.ng cloth is 51 .:!: 21 sec.

Open mesh fabric is aomowhat better th::n -;joel pile tc UK extent d'
12 + 6 sec. (on average 20;0). The z-ubbo r bonded fabric" differ
significant ly among t bernse 1vcs urid a Lso fro!":i F03n10ught used Vi it1j ( l u i. ~:n

intcrlining4 The differences between the r:1:C::m t i ro s of the f'our-
material::: aro sufficiently large: to sue:!~&st that the: Qr(:'('~ of d'_c":-(:;.:~.;:~r,g

merit is (KZ' K3' K1, K4)'

3.2. Radiation tost

An analysis of the results of the rnd i rrt ion tests g ivcn in 1',,1:1e 3
does not p Lace the. materials in the s<:.nJ-;lic:h c,ssemblies in a s i.gn i i'i.cant.Ly
different order to that given by the f'Larnc t cnt.. 'l'hc variability of
the radiation tcst for materials other than Poarnoug~t is higher than
that of the fl ,,"'c test; the estimated standard dovi at i cr, being 13· 7 ,,~c.

'QlG .c s't imctcd 3 t andard deviation for ,"earnough t is 33·2 soc,

Analysis of the; r'c s uLts for the rubber bonded material.' shous that
the mCM t u.o fe>.' J\3 1S significantJ,)" higher t han t ho sc fC'r th~ othc r­
mnt,'rials but tll,"t othe:I'Wise the test is net sufficiently sensitive to
sheM' the ex i s tonce 0i' an order of merit for the ru:_·ber bonded iClattJrials.

4. DisCUGsir,Tl. of materials

In ,,":::enero.l, the behav i our of
lL.~..:,~'f0r in i.hc 'l['_~"~ous as scu.b.l i as ,
caell Llutcrj c\!_ :'·,~-;rnr El.tc; Iy ,

the inc'.ividual m:1terials did not
It is the rct'or-c po s s ib Ie to consi'~er

h.1.

4.1.1.

This gave better :results tho.n any other outer ua tc r i.aL, I':ot onfy
were the proteetion tir.>:s longer but, except when an intcrlinin~, of'
open mosh fabric was used, the subsequent tempern tur-e rise 8.ftcr removal
of the source of' hcot was Lcwc r-,

':!hen hca tcd , Fear-noug lrt swe I'Ls and f'r-rrns [I r.1[i~33 of' frothy ccrboncceouc
mate r-I 01 having c. ve ry law dcyii·ii ty and wh i oh , in these to ~t:3; prot,:.'ct.,~·cl

the 1L:l,krlyiq; ,',t!lrjc. This largely accoun tcd for the long, vnr i ab.l c
protection times. As the Loyer- was very fr-agile, it wcu.Id rapidly
disintegrate 'I'lith the ':Jearer's movement and in practice tl:crcforc the
superiority of Fearnought would not be so appnrent DS in the t~sts.

The Fearrioug ht testec1 was n o't wntcrproof'ed end suf'f'c rcd from the
disurlyantD.gc: thnt it cou.,d absorb large quarrt i tics of ·w~D.tcr.

4.1 .2. Lo_r,ting cloth

r '1 nrnep r o c f ing appears to }k1.VC no effect en the pr-o t cc t i.on Df'f,:;~:l2d by
Li.s t Lng cloth aga Lnst either flamer, or radi,-,ti(~n.
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Las t i ng cloth is f'Lamrnab Le and under' the irlflucncc of f'Lame s or
r-cd i ct ixn it t endcd to c1isintegrntc expos mg the interlining. Some of
the aasorib'l Lcs includ:ing Las t i.ng cloth continued to burn for a fon
seconds 'after tJ\(; cxt mc t i.on of the petrol fire. The swe Ll irig observed
on L:'.sting cloth Wo.s not so markcd as ,',ith It'earnought.

. . ftsb0 stos

'l':1i~ has tho odvantugc of' n~)'t being easily disintegrated by flames
.«l i at ion , Q.I t hough thc: f'ab r-Lc bcccces v.e ak after pro'Iongcd hoating

Jl'l .is not (lllr:::blo oven I":)tcn new, The protection times are shorter
'~h:l:, for o i th..:r .·,i'2arnO\.l{~ht or La s t Lng cloth and the t emper-a tuve :rise
::i'tc:r rcmcvn l (r th" scurco of heat tends to be higher.

L~. 2. Inn.::r linings

Open mesh fabric (double layer}

The pr~tection times against both flames and radiation were higher
than for the other interlining mat cr-ia Ls , This rna'tc r'La L is flammable'
end mz pcct ion [(ftcr a to s t u sua Lly showed it to be badly scor-ched,
Plates. 1, .6, and 7.

'.iool pile

Tests showed that the protccticn times \"iith the p·ileinwui'cls·"ri!1d
ou'twar-ds were not significnntly different for this material. The "
backing, being cotton, is cas i.Iy ignited but the ',1001 p i Le when ho a tcd
forms [1 nas s of' c.rrbcnacc ous mator-aa L whach tends to protect the
underlying met er-i al. (Pbtes 2,4 t\nrJ 6). For this reason it Ls pr-obabIy
to be prc f'ez-r-cd to' open mesh fabric in' spite of the shorter. measured,
prot[~ction t unes,

ThcSE v.er-c the least s~:tisfD.ct0r~r of the interlining'materials
tested. Statistical an aIys is ehor.od t hat their usc apparently.' reduced
the. c:ffc.ct.ivOl1"::SS of Pear-nought and pr-obabIy of lasting cloth as well.
::'hcn used v.Hl1 Las t irig cloth, the temperature rise after removal of thE:
nource of }\eat t.ondcd to be high, particulnrly vlith the light wei.ght; •
matc r i af., Botl:' t hc se effects may be Lttri!)Utcd to the easily ignited
cotton pop'ln: cover-ing (Pbtes 5 and 9). The lines of' stitching' were
:-"lso a aource of' ·....'eEl!cncss; in one expe r-I 'ent tho flare 'yias pr-op-igatcd
through ['. line: of stitching to' ignite the inner layer of 'cotton ":POP~1n•.

,'~. 3. DoublG texture rubber bonded fnbrics

The rubber bonded fabric having the longest pr-ot cctnon agsins t
f'Lamo s OJ/as K2, v.h i.Lc that hav ing the longest protccti on against radiation
~ns K3. This m~y be e result of the differences inrcflectivity. 'K2
-:.as the hcav i.c s t rna terial vih'iIc K3 was the thickest.

The best fabrics (K2 andK}) gave protecti~1 times comparable with
those given by Izst ing cloth with an interlining. However, the Yleight
per unit area is .r-athoz- grc:"'.tcr for the; double texture fabrics than for
the other aescul. lies and the temperature rise after romoval of the sources
of ho ab is also gr-ec tcz-, The cotton facing of K4 ignited in the' f'Lame
test and continu8d to burn after removal of the source of heat and is
therefore unsu i tnblc; for usc in a, protectivq: garment•. '

Vertical strips of all tho' rubber bonded materials could.be ignited
by t: sraal I petrol flame and wou Id cont i.nuc to burn. In these tests the
rubber Laynr Vias exposed at the 'cdges, .a cond i tion which vlnuId .be avoided
in the made up garrncnt s , However in the flame t e sts the ,rubber 1 ining
d.i.d net ignite oLthough a strong smoLl . of scorched rubber" Vias generally
l1C·tic':~r:l. Once ignited, rubber is c1ifficult to cxt i ngui.sh and for' this
:r'i.::[l::':n:1. C, rubbc r: 1.n to:clay,,'I' .C": Om] ot be regarded as s atis f'ac tory cr!:l 'fihauld
:.1':. rCl:'l~iC,~d by <:\ 10.£:: f1al::r.mblc ::1ater"ial. Sinco tJ,c intcrJ.~:}"~!' -is
::i.,t:,::·:-;rj,·:,]Jr! ';;0 \'£i.'ter tt'is type of rnatcri::..l Might p rore more sat5.:~f~\~t;)J~?

~:; ...,~.: 'i~ ~J'; :x·,!·:.·;.'~~ -:: ,~, ;~._~. :--,.:.~ ~~cri~b li:-:-3 if the wcar-e r 'were tl.:'1 h,= 3 pr 9,yt)r:-1 1\J·.~.th

"; • ~.: 'r'"
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4.4. Eff~ct of unde~lothing

T.1-.c protect inn tim::: for thrc(; representative a s scmbLica "'ie.s
increased by ~, factor of t'r-ou 1* to ~ \>y using 11 string vcs t , Ort.hod ox
wco.lcn undcrv.car- L very l,itt:!..:: usc (2).

4.5. Effect of \,Ci;?;t~t!tU1it [tr(:H nnd tJ-d.ckness 01' materials

The protection t i.uc ai'Fo'r.lcd by indivi:1ual as senb Lj c s aga iris t f'Lauo
~~l~ re.cli~·.ti0J1 d00S not ::pJ!c2.r to dc~.?cnd on their "'eighte per unit 2.1'C2..

1'he t;)tal we igl1t of ['. garrnen t doc s to SC:..'.0 extent c. fii.-":ct i ts co: !fort in
vl(:.;;:r, but ot ho r factors such us st i.f'fnc e s '.::ust aI s o be ccnaadcre d ,

Thc protcct ion t iTO C af'I'or-Icd £1g2 ins t f'Lcmos by various as scmbl i"c' S

is shown p.Lctccd ag"i!1st their thickness (I<'ig. 1). Thcre is some'
evidence to show that protection ti,'e doc s depend upon thickness (which
might be expected c,s t hcrr.ia), resistance is roughly proportional to
thickness), but the results are troo Widely scat t.er-cd feT definite
CCJl1clusions~' •

The temperature rise nfter the r emcvc.L of the source of hec.ti.ng
may be due to the ignition of the materials of the~ssembl.ir or to the
heat stored in it., It is undc s i.rubIe to have e as i.Iy f'Lamncb Le me.terids
in the asscutiIy since tw outer layer may be destroyedlocclly [,nd
expcse t hcm. '

To minimiz!" the tC!'.1peraturc rise due to he at stored in the as scrab.Iy
and to hasten' cooling of the skin, prot;~ction ahouLd be nchievccl by
having an assembly with ',1 high tber",,,l r-es i.s t oncc rC\ther than.r, high
thermal cnprc i ty ":3 t' ::':,c~r --,,';,tld 1"V(. , r~lc tiv01:' grc c t .. t- ",-Core of'
he" t.

5. Discussion 0:0 tests

5.1. 'iI1C efr'cct Gf the selected tcr,per,ltUl'l' rise en the v~lu(, of
ti,e rrot.cctionti",~ cb t.i incd

It Wasvomphasd, sed in part I ~f this report (1) the. t the selection
of 8 te"'Per"turc r i se of 25"C was ,>:rbitr::,ry ani} that this was pr-obabIy
grei1ter t han tlic~t deeded to cause ,severe po Ln U). It Y:GS considered
that the sel-:ction of this 'lcvel of temperature rise vould be unlikely
to af'f'eot 'the gcnera I order in which th() assemblies' wez-e p Laccd by the
tests,

,',

In order to vcrify this a s sump t i.cn the times taken for the rear
surfaces of the various. assembl re s in the first group .of flame tea t.s te
r-Ls. by 15CC r.e ro plotted "gninst the ccr-rc snondfng times for a
temperature r:ise of 25"c. '

The resulting graph is shown, in Fig. (2). Although the scattcr of
the points about a straight line is fairly large. they are weLl. distributed
about the line, 'The slope of' chc line is 25/15. so that the ranking of
the materials would not be m~terially chunged if a rise of 150C ~erc

selected instead of the rise of 25"C at present ohoaen,

5.2. Relation bet~een radiation and flame tests

The pr-otcc t i on time s afforded agaanat flames are plotted, against
the protection times afforded aga iris't rnd i.a t Lcn in i"ij. 3. I'he ;'oints
arc distributed, with a large scatter, "bout a straignt line; the
protection Umes given by the flam test arc of the order 0·8 of those
obt.aincd from tLe' radiation"tests. The mean heat tro.nsfer' from'th0 f'Larne
cannot bhcrof'or-clhavo been g'reatiy, in cxce es ill' 2 \//cn2 end 'so except' for
those wlterids having a hig,h reflectivity ,4) the fllll:1C hst is only
sligIyclr moz-o severe than the prc eerrt r-ad i.a t ion test.

•
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6. Praetical cons iderations

The originnl t erme of reference of this investigation s ta tvd that
the suits would be worn on duty. The rescue workers were not expected
to onter a fire zone as it would then be impossible to bring eut the
CrCYI. They would only attem·:'t rescue after the fiN had been brought
unde r control.

The intensity of 2 ':7/cl',.,2 has been consddez-cd (1) to be of the right
order of Jro,gnitude for these conditions where the lexlCr parts of the
body might be subjected to flames, e.g. from poekets of petrol in the
foam or bun,ing grass. In an emergency such 'as a petrol tank explosion
or flash back there may be a large increase in radiation and the rescue
workers might be immersed in f'Larncs ,

The expected relationship between protection time and rate of heat
transfer at high rates of heating to a first approximation is a
reciprocal one. Trus clothing providing protection against a radiant
intensi ty of 2 'ii/cm2 for 3 minutes might be cxpcc t cd to provide
protection against 10 W/cm2 for about 30 sec~1ds. Although th8se
figures are only tentative it is pr-obabI c that there would be suffioient
time for the resoue workers to retreat without injury provided that their
clothing did not contanue to burn nfter ignition.

Only comprehensive field trials c o n cs t ab Li.sh the quanti t a t lve
relation between the test results nnel prnctice.

In these tests the protcc t.ion time is defined as the time for the
skin tem:peraturc to rise 25 0C. This probably ranks i:I:1terials in their
proper order but the temperature rise is greeter than t hc t needed to
produce severe pa in, On the other hand the t c s t s ,jere ccr-r ic d out ',ith
the matcr-LaLs on slight compre es i on and in contr.c t "ith the skin. In
prnctiee, poor contact between skin and clothing would increase the
them-nl Lns u.Iata.on and nil' c i rc u.La ting rli thin the suit would tend to
reduce the effect of local henting.

If the rescue wor-ker- r-e t.r-cat s f'r-or.i the source of 11l:nt as soon as he
feels pnin his skin tempernture will not necessarily fnll im:meclintely,
it mc.,y cent rnuc to rise at a rnte dependent, upcn the thermnl properties
of the c Lothing, The extent of hurn dum"gc to skin is depondcrrt bo t h
On the temperature and the time of exposur-e anel mai.n t a in.ing the aur'f'acc
of the skin a t :J. tempernture which ini tin]'l',' only rrcxIuees pa in or
d i scnmf'or-t t,'"y, in only a short t ime , produce a burn, Thus, t.ho
greater t hc ton-toney for the inside of the clothing to mnintnin or
increase its tClllpcrnturc, the Lower- the scf'c ty marg in given by the first
onso t of p a in, Since: Iiwtcri:J.ls mci nt.aan thei.r t empe r-at urc s after
exposur" , the clothing should be designed so tlwt it c an be rapiclly
r-emoved,

7. ConcLuui ons

7.1. Hatcrinls

Outer materi(\ls

The best tested was Fo arncught , Lesting cloth besides being
fl"':I!.1~ble, disintegrates quickly on heating. The double texture-
febries K2 and Ie3 l~ight be satisfnetory if a less f'Lar.unab Le bonding
matcria'l Were substituted for thc rubber but t.hc cotton faced !'Ioterj,o.l
K4 is not su.i tab Lo as t ho f",ei.'og is eo.s i Iy i<;ni t ed,

7.1.2. Interlining material

The best of the na tc r i.c Ls tested rlc.s th" ';;(101 pile; this coul d be
improved by using a 1"0011en back ing for it. The string vest ',uteri"l
migl1t smoulder undc.r flame c'~nclit i.on s and ucst of' its insulation ve Lue
d.iscppcars if the outer g artmn t is de s t rcycd, 'Ph" fibreglass Lm ing is
uns a t i sf'ac.bcry j it is not " sufficiently good .insuI. tor in the form
suppf.Lcd and the cotton poplin oovering is f Larru.ribLe,
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Underwear

The mrpcrtance of underwce r in the for,,) of ,', string v e at lias beer. )
clearly ShO;iD; . Orthodox woollen underwear give very little protection (2 •

Further tempenturc rise

If mat.cr-iaIs wh.i.ch maintain their tcmperrrtur-c oftcr exposure are
t:S€ ~, t~"'.c ~':"';!cy-;ts should be so c. nstructed that they can be qu ick ly
~,:., :,·.r~(:4

FllJrilc .ted and radiation t cst

The f'Lamc t.oat , except for fblJrics hov ing r. high rcfLcc t iv i ty is
only a little more severe than the rnd.rat.Lon test and the ro suLt s are
similar. It is, hoi.veve r , e s scn t Ial, t ha t it be used for highly
reflect ing matcr-aaLs ,' .

Relatian ot tests ~o rracticf':.1 condi t i.cns

The tests may be used to compare the various aaseubl i cs of
materials, but firm conclusions could only be drn~n from field trials.
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PLATE.1. FIREPROOFED LASTING CLOTH
AND OPEN MESH FABR.IC

PLATE.2. FIR.EPROOFED LASTING CLOTH
AND WOOL PILE
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PLATE.3. LASTING CLOTH (NOT FIREPROOFEO)
ANO OPEN MESH FABRIC

PLATE.4. LASTING CLOTH (NOT FIR.EPROOFED)
AN 0 WOOL PI LE
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PLATE.5. LASTING CLOTH AND
LIGHT. QUILTED
FI&RE.GLASS

LASTING CLOTH AND
HEAVY QUILTED
FIBREGLASS

PLATE. 6. ASBESTOS AND WOOL
PILE (REAR SURFACE
SHOWING SCORCHING)

ASBESTOS AND OPEN
MESH FABRiC

ASSE~BLlES AFTER FLAME TESTS
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PLATE.7. FEARNOUGHT AND OPEN MESH FA&RIC

(NOTE SWELLING OF FEARNOUGHT)
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PLATE.e. FEARNOUGHT AND WOOL PILE
(NOTE SWELLING OF FEARNOUGHT)

PLATE. 9. FEARNOUGHT AND
HEAVY QUILTED
FIBREGLASS

FEARNOUGHT AND
LIGHT QUILTED
FIBREGLASS

ASSEMBLIES AFTER FLAME TESTS
I·



PLATE. 10. K,

DOUBLE

K2.

TEXTUR.E

K,3

RUBBER BONDED

K~

MATERIALS

,

PLATE. II. FEARNOUGHT, WOOL PILE AND STRING VEST

~_. III;

',"1.-1(,'

." _....
1 IJ r-

.~ .1 .

PLATE.12. LASTING CLOTH , WOOL PILE AND STRING VEST

ASSEMBLIES AFTER FLAME TESTS
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PLATE.13. COTTON FACED DOUBLE TEXTURE RU~BER

BONDED FA~RIC (K",,) AND STRI NG VEST

"

ASSEMBLIES AFTER FLAME TEf,TS
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