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MATERIAIS SUITABLE FOR CLOTHDTG AIRCRAFT FIRE CRM:3H P..IWCUE VrORKCRS

PAHT IX: SillI'lbrARY OF EXPEPJ:liENTAL Iv~'l'HOI:6 AND PJ;SULTS

by

P. L. Hinkley, D. L. Sj~mm and R. W. Pic~~rd

~. Introduction

This note summarizes work (1-9) donent the Joint Fire Research
Organization for the Ministry of Supply to assess the relative merits
of materials £luitable for cl.c thfng aircraft fire crash rescue worker-a,

The problems of des Lgrring clothing for) protection a~ainstheat
and flames arc discussed fully clse~hcre\10 • '

A list of the materials discussed in this report is Given in
Appendix I. , They arc divided into four groups as .f'olLowa r>

, ' .
Suiting (outer material, interlining, lining and underclothes.)
Gauntlets (outer na tcrda.l , interlining and lininG.)
Footwear (outer leather, interlining, 'lininn and' aocks , )
Vizors. .

. These tests do not truce into account such factors as moisture
pe1"!J1cability or stiffness of the rraterials though thcsu may greatly
affect the comfort and pcrfonnancc of the ~ar.n~nts.

2. Protection by Sui tings '

2.1. :::;xperiJ~,:ntal method

Tests \'lere carried out to catama te the thern1O.l protection afforded
by the assemblies of ~~tcrials against flames. from a small petrol fire
and against radiation. The protection was assessed by cstimatinc the
length of time tho clothing ~ould prevent dangerous skin,temperatures
from being reached. .

The thermal protection afforded by the Qaterials was measured ,nth
the assembly in slight compression. In practice, poor contact bo tvcen
skin and clothing would tncrease the thermal insulation because of
be t tor nir ct.rcul.a tion and, ,the high thcnnal res is tanae of the air gap,
but there' are bound to be arena where the conbao t bctncen the skin and
tho cloth~g is good, c.g. shoulder, knees, elbows, and the protection
times obtained from the experiments nrust be taken as being more
representative of these conditions. Horsemcat was used to simulate
human flesh; the outer surface of tho clothing assembly was exposed
to the flamus 8nd the temperature rise of the surface of the horscmeat
in contact lfith the assembly was recorded continuously. The time
taken for the temperature to rise 25 0C \ms taken as a measure of the
protection afforded by the assembly; the flames vero then extinguished
and any further tempera turc rise recorded, Usually four tes ts were
cnrried out on eaoh assembly, tho results are /jiven in columns 5,6
and 7 in Appendix II.

This temperature rise of 2500 is arbitrary and is probably
greater than that needed to cause severe 'pain. However, Cl100Sing a
lower val\lc does not alter the general order in YThieh the assemblies are
ranked. (2 J

. ,
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The radiation test is similar to the f1an~ test except that the
2} in. square area of the face of the assembly is ex~osed, not to flarlie
but to radiation of an intensity of 0.5 cal.em-2s-1 l2 u/e~) estimated
to be the level likely to be encountered. The results arc givon III
columns 8, 9 and 10 of 11 ppendix II. . .

The flame test, exeept for fabrics having a lri.gh refleotivity was
found to be only a little more severe than the radiation test.(Fig.l).
It is, howevcr-, essential that it be used for highly refleoting materials.

·2.2. ~~

In general, the protection t imo is dependent more on the thickness
of the nmterials (fig.2) rather than the particular type of fabric.
l,n air gap is, however, of more benefit than a similar thickness of
fabric.

The best outer JItllterial tested vas Pcarnought ; howevcr , it has
been stnted that thin suffem from thu diDndvimtnllc thAt it cah absorb large
quanities of water 8J1d bec~ne heavy. Lasting eloth disintegrated en
heating arid occasionally oWltlllued to burn after the· petrol fire.
Was extinguished. Some asbestos fabrics have the advantage of being
non-flamnable, but the protection t'imes were ahor-ter' than for "'0011",:'1
rnnterials of equivalent I"lcight and the rise in temperature after
removal of the source of heat tended to be higher.· The usc of a highly
reflectin3 alumll1ized surface on the outside of an.assembly increased
the protection tll"es allainst radiation by a factor of the order of
10. Against flames, the protection is less than this figure as
convective heating is a significant part of the heat transfer. The
flames also tended to soot up and damage the surface. of the material
and so reduce its reflectivity. l.fter the removal of the heating
source tho temperature of the horseflesll remained eonstant or continued
to inorease for a·long time owing to the lou emissivity of the
reflecting surface. The rubbcr bonded material gave. protection. for as
long as tho combina tion of II woollen outer rna terial and an interlining.
However, it cooled rather s Lov/Ly after removal of the heating source
and it was found to be flammable. The rubber bonddrig would provide a
barrier to wa ter.

The best interlining tcs tedwas 1"1001 'pi.Lc, Although the measured
protection tinres were slightly shorter than for open mesh fabric, the
materia,l continued to. provide reasonable protection even if the outer
layer ~~s destroyed.· 11 synthetic spacer fubric was found to be of no
usc because it melted.

Unde~"lear "ns found to be of great siGnifioance;. a str~lC vest
increased the protection times by a factor of from l~ to 2. \2) Orthodox
w?011e(9)nde~"lear produced no significant increase in the protection
t:une. ,

11 flame retardant treatment applied to lasting cloth and fearnought
had little effect on the protection time. This is because the heat
contributed by the external source was large compared Ilith that
contributed by the burning lnaterial.

2.5. The effect of water on protection (6)

2.3.1. Effect of moisture content

Because the thermal properties of textiles vllry ydth moisture
content, the protection tllne may also vary. Experllnental results showed
that as the moisture eontent of a clothing assembly was increased from
zero, the protection time at first decreased aTld then ll1creased to a
maxinrum at saturation. The effect over the range ID(ely to be
encountered in practice can probably be neglected. No experllnental
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evidence was found that the wearer is likely to be scalded by steam
from a damp pro tcctLve ga rment ,

2.3.2. Jjff'ect of llwcttin,'1. doYm"

. To s tudy the possibility of workers being scalded whilst being
"we t tcd dorm", ., a process "hiah providc:J extra prot..;ction - assemblies
ware expos ed to radi.a t i.on and \ihcn the temperature rise recorded had
r-eached 2500 a jet of wa tor rF8.S played on the outer face for 5 seconds.

~rith garments of high \'lettability tho watel' pone tra tad the
assembly to produce a sudden large temperaturo risco Ln ~lpermeablo

layer in tho assembly prevented this tempcruturo ri£1e.

Thus, lI\"lctting dorm" an opera tor ahou.Ld be curried out before he
enters the fire zone Uf1~CSS he is wear-ing special clothinrr incorporating
an impermeable layer.

3. Gauntlets

The experimental methods vet:o as doscribed above in 2.1. Tho
best gauntlet. tes~ed consisted of a aluminized asbestos out.:.:r material
with a lining' of brushed kni.tted cotton. However, this gauntLeb
provided less' protection than the suits aGainst radiation and was
very ineffective against flames. ,Its protection could be increased
by 11 thicker lining bu t th:i.s may result in 0. los s of tao t Hi ty.

4. Footwear

FOO~1C3r WaS tested in the S3.@C way as suitin3s and gauntlets
but it was'only tested against fla~mes as it. is rarely expo~cd to
radiation alone. Tho best type of boot assembly had an interlining
incorporating an·air 8ap, such as open weave asbestos cloth or
expanded nco prone, liJ1 alwr.inized layer ins ide the boot is of no
vaLue ; Service boot leather rIElS found to be a sliGhtly better outer
material than \':hitc chrome hunting side. The protection is ir.iproved
cons iderably by thick socks.

The t,cmpcra turc of the boot continued to risc for a Long period
after the .cxttinc tdon of the I'Lames , Thus footYlcar should be
constructed SO that it can be quickly and easily removed•

. 5. Vizors

5.1. Transmission of light and heat

The maximhm tolerable level of r~diation (11) for a period of up
to thrc~ nrinutes is about 0.035 cal.cm-2s-l (0.15 w/cn~) and even
this may be too high if tho air circulation is restricted. Assuming
toot the rescue worker is exposed to 0.5 cal. cm-2s-1, the vizor
should transmit less' t~~n 7 per cent of.the radiation frOB a petrol fire.

Idco.lly, protection would be provided by 1\ vizor wlri.ch , \'Thils t
trnnsro.rent to visible radiation, ~ould reflect infra-rcd rudio.tion.
Reflection is pret'crab.Le to absorption because, although both reduce
transmission, with the latter the vizor becomes hot and then
rc-radiatfJs upon the face. 'lucre is also the danger that the face
may come into direct coritao t uith it. Host of the vizors tested,
hovcvcr , absorbed heat. The effects of prolonged hca t i.ng on thc vizor
were therefore studied as veIl as the transmission.

I. vizor should not ignite under the mast severe exposure
conditions, nor should it (lis tort or 103e :.bs optical propcr-ta.cs on
prolonged heating and it must not, SM tter if s prayed \·:ith \'10. ter or
foam whi.Ls t hot.
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5.2. 7~xecrimcntt\1 methods and results

The experimental s aurae of retdin. t1.on.ras n. Gan-fired pancl., (12),
and the vizors Here exposed t,o 0.5 CUl.CI,1-2 s - l .

The tr(\n~mli::;::do!1 of liGht by the vi:.~orn was menau rcd usin13 a
phot ographao exposure meter \lith a s poc t rnL r,~s~onsc approximately tho
same (\13 tll,.'\t of' the eye. The .tr:'.nmd::Jsion 0:1.' thurmo.L ra.c1intion
lias nons ured by a thermopile (13).

Lny deterioration of the 'vL~or (itlrin[J' exposur-e \;~.... s noted. j,ftcr
2 minutes exposure of the slass vizors, tl. .iat of' watcr \:flO directed
at the front f'acc, l'hc result::; of these cxpcr'Imerrts arc fiivcn in
columns 2 - 6 of J.ppcnddx III.

'l~hc meat satinfnctory vizor \'Ifi::; the compoa i.bo UltlsS one (4). The
aluminium cozrt cd pczo pox vizor had the best transmission ch<.'\r:l.ctcristics
but the coa tin2 is easily darm.g ed wbi Lo if it is protee ted by a layer
of Lacquer' t hio t ends to become cloudy. The. d..'\ngcl' due to dcf'orma tion
of n P'o1'spex vizor to the '-rcarer may be minimized by placing D. sud tab.Lo
r:iru gam;c behind the pcrupex , This oLso r'cduccn thc t ranami t tuncc
of the vizor to a safe level D.lthough vi:;libili ty is dir.;propor-Hona bcLy
rae'.uccd by a polished [!D.uzc. Per's pcx may ignite um1cr exec ptiol1al
Gircu!'Ml trtnccs althcuGh the formation of' bubbles should act as a
rlft:.."ning. '1'ho vizor made from a thcrrronettine pLaa tic \7D.S unsatis factory
r..:J it crazcd and ccaaed to bo : t rans par-ent rn thur suddenly, probably
before unb ca rnbLe rain woul.d nave been f 01 t. The Lamina t cd glum.;

.vizorlJ cracked when s prayed \lith water but did not sha ttcr.
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APPL:NDIX I

Selection of 1~terials Tested

Purpose Description
Appet1.I'U!1CC

or
Colour

J.F.R.O. ThicJrJless
Ref.
No. mr.l

Weight
per unit

arcn
g/crrt2

------ -._-- -----1----_...+----
Lasting cloth, Blue
(flar,lcprcofcd wool)

R.14.3 1.1 0.029

Laa t ing cloth
(1'1001 not f'Lamcpr-oof'cd Ilhite

Foarnought (wool not
flame proofed or White
watorproofed)c.

Outer

Material

for

Suits

lterlining

1i ts

Lning
)r
,its

idcr­
lothing

Asbestos cloth

Serge (l~,~ Nylon
8~; wool)

Aluminized asbestos

Aluminized cotton

Double 'texture rubber
bonded woollen material

\'1001 pile
(cotton backed)

Open mosh fubric
(cotton)lf

Spacer, fabric (pcly-,
vinyliaene chloride'
\!!\rp and poLy'thcnc '
weft). ' '

Cotton poplin

string vest (hand­
knitted)

"oollon knitted
underr/car n~terinl

White

Khaki

'Polished
Alum;i.n i urn

Polishecl
Aluminium

Fawn facing
Brown lining

Green
':'fhit'c

:ibite

Green and
Brown

Off white

White
string

Off white

R.144

, R.l54

R.145.

R.92

R.167

R.166

R.151

R.146
R.177

R.148

R.61

n.147

R.6.3

R.94

1.1

2.9

0.8

1.4

1.4

0.4

.3.4

4.0

5.1

10.5

0.1

5.4

0.0.30

0.080

0.0.38

0.045

0.095

O.0'18

, '0)
0.045

0.040

0.1.3

0.012

0.092

0.028

----+~---'------_+---..-_+_---t_.--_+-~__"_I

,ter
\ycr of
10twuar

Leather (chromo)
hunting side

Leatner (chrome side)
used in service boots

"[hitc

Polished
Black

R.l5G

R.161

1.9

1.9

0.12

0.11

<0 1,lso used for underwca.r,
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II Appearance J.F.R.O. Thickness Weight
IPurpose

I
Description i or Ref. per unit I

Colour No. mm are~
,

g0Jcm'

Expanded neoprene
I

l31ack R.159 3.1 0.098

ii:xpandod rubber mack R.157 .3.2 0 .. 21

Interlining Ler.thor (soft dry Natural R.160 1.6 0.12chr-ome s pHt)
of

0p0n weavo asbestos \!hite R.59B 2.0 0.077
rootwear cloth

Aluminium vynide Aluminium
lmninate outside R. 59C.· 0.6 0.069

, . Whito ins ide

Lining Goatskin White R.59D 0.9 0.069
of
lFootYIOar Naturnl kip Natural R.158 1.3 0.098

Sock Knitted wool i'ihite R.BO 1.5 0.043

Go II.'"tkt Aluminium faced Aluminium R.72 2.0 0.12
a abc sboa eloth

O... \"QY

Cooret"'
Asbestos cloth Off white R.73A 1.9 0.12canvas backed

r>auntlet Jute ca\lvas ' Off white R.73B 1.6 0.092 IInterlining ,

- ,

Cotton Iva terial Off white R.73C 0.6 0.021 I.,.
I

}auntlet Brushed knitted cotton Grey i.69 1.9 . 0.031 ·1,

Lining Linen canvas Ofr Ylhitc R.70 2.0 0.086 I
....J

,

Per-apex Transparent - 5 - ,

I
1

. ' ,

Porapex backed by 40 mesh " - 5 - ,

34 s.w.g. ,.bright steel
!wire gauze (wires

I
.ddagonaf} "

Tinted pers pox " - 2.7 -
Compesite material(~vo " - Laminat ed -

• sheets of glass bonded glass 3 mm•
V,'1.0'1' together with a semi- Air gap

reflecting layer of about 2 mm,
eopper be~eon them Plastic 1

,

aeparn ted by an air rp 2 mm.
frem a plas tic shoe t

Laminated glass II - 2.7 -
Perspex with a semi- " - 5 -
reflectinZ coating of
aluminium half lacquered)

A thermosetting plastic II - 4 -
I ,-



AFPlliDIX IIAPIDIDIX II ,
I

l J
Protection against f1D.mea and radiatim oi'f'orded by various nBsemb"'1cB

I

j, . . I

._- --- -_._.__._~tel~-~_~- ---------·1 -._------ .1;'1",-,':lC tdtB l~!ld1o.tion teats - ... - ..---- ·_·0__ .- . Time for . l'\ti'the~ _. l.dditiOrtU- Ti.me for Further 'AdditiOnal
I I 25'U temperntlI'e time 25'C u4 temperature time

Outer Interl...ining I Lining I Underwear tempere.ture rise

I
for further temperat riso for further Rem.a.rkBL temj">erature risei '1

rise temperature
sec. OC . rise - seo ~~~--~ Oc Ir1sL~....a§o.---_...-..._-

ditto

LaBt1:ng cloth tends to char
l!Way exposdng the interliningo

7

15

3

3·

6
r;,

l'----_.----- ---l
24 II

- - ..- -- ---- ----------i
20
10

76 I! 5 I
n o,t t e 8 ted

\ ----_._-------

83

53

4D
_. -_'~ff-'--JJ'---+--~--f-.J----------_._-_-----;

I
I

SUITS
!

Mhite lasting
cloth

!'earnought
i53 ; 2 9 When heated Fearnought swells to

110 3 25 tom. a brittle mass of frotqy
not t e B ted carbonaCJeoua material.. -- - -----,- _._---- --- _._---_ .._-- --- _._---~_._- ---_._-- -- - Q_-----------

I None 15.5 I 2.5 I·
:hald. sergo None None Woollen knitted 13 5 r

II

It

i- ...
I

t e

II

n

"

It

It

If

II

------'------..,;--------,---------------------------
20

12

12

---.- ----._- --. ·--· .. r--·----- -. --._-.-_.
[
to,

!
!

r
r e 8~ u 1 t s

1bl
I

16 I 150I
;

I
I

64-
,

lB- I 170I
.

I

1 I

185 12 I 36

185

180

155

N 0

Open weave None
aabestoa oloth Ylhite
+ aluminium goatskin Two lo;yers or
vynide laminate sock

j Open weave \1h1te Two lqers of
asbestos cloth goataldn sook

I
EJ:panded I

Natural kip J Nonorubber j

IExpanded
j

fI I II

I neop%U1e
I

IChrane split n i It,

Expanded It II

neoorene
;ervlce boot

leather

J
l I I

I
cloth Cotton material n

~ 6 8 65 2.5 15 I.eoostos Jute eenvaa
I I

I ,
I I

: , 1--- .
Bru.Bhed kn1t ted I I

I

64.5
III 28 I 1+ 19 0 None I I

~um1n1um faaed None oottan ! !.. I- --------.- ---

I
. ,

sbel3tos cloth I

-1--
IIt L1nen canvas It- 19 ! 10 16 270 0 None r

f
--- - - ~. . - - - -- __ .. _... ~ _4 ..... -- - -- - _. _........-_............ . -' -- -I-----



'l'ransmission of' heD.t and li,~ht by Vizors

" il'r8.nsmission of' r~diz.tion bv the vizors j~-

lnfrr..-red he0. t radie.tion £Yom a f'ire I Time f'or I(~ I~ Effectiv:e trcmsmittance Visible Ratio of serious
,

~- Vizor Transmittance (includL~g r0-r&diation) I radiation visible distortion
~

after 1 min. tranSll'ittance tr2l1Smittance at notes{ Initial value

i l?er cent per cent per cent to i.rh"'ra-rcd 0.5cDl.an-2s-1

; tr2Ilsmitt8I1ce (2.//=2)

~pex 10 10.5 95 9.5 90 j~ter 120 sec. bubbles f'ormed in

" per-apex, Vizor sagged in.ro.rds
t
Fe gauze backed 7 8 45 6.5 70 Perspex badly distorted but the
~spex

~
.lire ~auze was not distorted

~ted perspex 12.5 16.5 20 1.5 75I

Cspex .Iith semi- Unlacquered coating daIkened,
F.~ecting aluminium 3 4 45 15 90 ' ' lacquered coating become

.ting translucent
.

..
After 105 sec. bubbles appeared

bnated glasa 22 - 95 4.5 - between the laminations. Applio-

I ation of' a jet of water af'ter
120 sec.resulted in the front
lamination being badly orb-ck:ed

11 but the rear lamination r-emafned
i intar-t.Ol'

i Application of a jet of water after
120 sec. 'had no effect. The vizor
vzas irradiated at 3 wi=2 for a
further 60 sec. The plastic sheet

~posite vi.zor 1.7 1.7 30 17.5 became defonned and touched the
glass and an opaque blister f'ormed,
A jet of water was again directed

: at the front face. Front lanrination.
cracked but the rear glass lamina-
tion remained intact.

~ermosetting
10.2 15.2

I
91 8.9 After 90 sec. the vizor surface

[plastic. became "cr'aaed" and by 120 sec.it
...as opaque and breaking up •

•
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