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A COMPARIOON OF RESULTS FROM THREE

FIRE PROPAGATION TESTS

by

Alison Il. B:4set

1 • Introdnotion

Both the Commomea1th Exper:!Jnental, BUii~ S~ation (C E.B.~.') and the Joint
Fire Researoh"Organizatiol1 (J.F.R.O.) have d.ev:eloped tests ,(1, 2) to measure the
fire propagation hazard of waJJ.bOSJ:'ds ana their t~t!JIents. In order to oompare
the classifications, specimens were interchanged between the two stations and this
note gives the results of the tests by .bobh organizations on their own and on each
othem materiaJ.s. The materiaJ.s supplied by, the Commonwealth Experimental Building
Station had(p;reviotisl;y been tested by the National Bureau of Standards (N.B.S.) in
Washington )J. enabling a threefold comparison to be made. '

2. The Fire' ProPagation Test (2)

2.1. Test method

The specimen under test forms one of the larger sides' of a chamber of
Elimensions' 7t in. x 7t in. x 3t in. Flames from a raw of gas jets impinge
en the lower part of the exposed surface. After the first, three minutes of
tl}e test'i'thb heatiilg is inCre!l-Sed-by'twCn'llectric elements.

The apparatus is shown in Fig. 1. ,Air enters through a rectangular
orifice at the base of-the chamber and the combustion products'flow out
thr0u8h a chimney and cowl.' Gas temperatures are measured by thermocouples
located in the chimney. A standard temperature-time' curve forpurpcses' of
classification is obtained'" by adding 5000 to the temperatu:res obtained'
throughout a test on an incombust:itble specimen with specified thermaJ.
properties. '

2.2. Provisional Class:i:ficatiOn (Pig. 2)

Class A. Measured temperature-time' curve crosses standard temperature­
time curve after three minutes and' remains above' for less' than
three minutes.

ClassB. Measured temperature-time curve crosses stwld.ard.-eurve after
five minutes but remains' above for three millUtes or more.

ClassC. Measured, temperature-time curve orosses stwtd.ard.' curve after
three minutes and before five minutes and remains above for
three, minutes or more. "

Class D. Measured 'temperature-time -curve crosses 'stardard. curve before
or at three minutes.

3• ~tralian Tests
- -- - --

Three types of test were carried.out by the COmmonwealth Ex:per:!Jnental Building
station. The first test gives 'a measure of the ignitability of the'materiaJ., the'
second a measure of the rate of'spread of flame, and the third. a measure of the
heat contZi-'b\ttion of the materiaJ. to the g:;'OWth of fire. The tests are described
elsewhere ~ 1 ) • The indices from the three tests are combined to give an index of
"early fire hazard" for each materiaJ.. (Appendix I).
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4. Results
- .. .. ..

Thp 4ustralian materials are desoribed_,,~,~~1?1e I ~ogether with a reference
number ~1 ) • ~"re~ts obt~d on t~e F~ ~pag~tion, ~~st J the National. Bureau
of'Sta.nda.I$l Index and the OOllDonwealth Exper:imental Building Station Early Fire
Hazard- Index are listed for each materiaJ. in desoending order of the Early Fire !

Hazard: Inq.ex.

Table I

DescrigtJ.on of. Boaras··a:Di·BeSu1ts,
, .

" -

SpeoiJien Index of~ N.'B.S.
No. Early lri.J:oe Index Class

. Hazard '

Time to
Oress
'Standard
Curve

J .:P.R-O.

,

538 D 1.7
D 2.2.
'n 1 ..9 , ,

Av.D 1.9

198 .. 'D 204- \.

D 1.8
- ~v.n 2.1
28 C 4.5

~(top) I 4.9
D 2,.6

Av ..C 4.0
,.

0.6 B 5.7
B/C 5.0

" - -
Av.B'· 5.4-

5.1 B 6.0
B 5.2
B 5 ..3

Av.B 5.5

0 4.3
25 o 4.6

c 4.5
!Av.C 4..5

33

38

38

98;" .

9b

. , .
• ~I

6a 80
.,'

-
... ' ..
,- ,

",.

1d 63
"

40 40

31

: ezr::.'·:·. rt:' on 0:,' ...\11....~·~:.:·.:~1.", .:::1:0 '.:.:~.

Desoription':o.fi~t1"8ljanBoardS
and finishes', "

3/16 in. Plywood, ooaohwood veneer
filled. 2 coa,t-s coPaJ. varnish

3/16 in. Australian hardboard No.f'£
1 ooat heat intumesoent·,
ureafo:rniaJ.d.ehyde atarch-:boUnd _ ' _,
water paint. 2 coats high pigraent ,
ratio, short- oil modified alqa: refiiJ .;
i iIi. Australian softboard lfo.1 •
1 ooat~ heat intumescent' .
ureafo:daJ.dehyde-staroh bound
water padrrt , 2 coats casein bound
water paint

i in. Australian softboard No.1.
1 'ooat glue size, 2 ccats alkyd
resin casein bound water paint

t in. Aust~ian softboard'"No.1. '
2 ooats,semi-g~osB fire resisting"
paint

, , I

~ere is some evidence'that these materials deteriorated. betwe'e~ despatch and
testing in the·United Kingq.om. ' .'
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The British materials are described in'Table'II with the results and classifi­
cations of the Fire Propagation-Te~t-and the cOmPuted:Early Fire Hazard Index iil
order of descending class on the Fire Propagation Test. The separate indices for
each of the three Commonwealth Experimental Building Station tests are given in
Appendix I for all the materials. '

Table II
British Materials

Commonwealth Experimental Building Station Early Flame 'Spread Index
l,

Description of J~F.R.O. Early Fire Joint Fire Research Mean time to
British I.Ia.terial No. HazaId Index Organization Cross

and Finish (C.E.B.S.) Class . ,Si:~Curve
',M;iA'; Seo.

Woodwool 1 0 A Never

Fibre insU1.at· B
.

13
board, + 1.95:J

2 5 35

ft2 intumescent
paint

Fibre insulat' 3 33 B/C 5 0
boaId + O.520~
ft2 intumescent .
paint

Fibre insulating 4- 4-5 C 4- 0
board + silicate
paint (one coat )

Hardboard 5 73 D '2 48
--

Fibre insulating 6 78 D 0 48
board + distempez -

-- -- _. _. ,

, The relation between tl:le Joint F:Lre Reseanm Organization. Commonwealth '
Experimental Building Station and National Bureau of StandaIds classifications is
shown schematicaJ.ly in Table III.

5. Correlation between tests

By plotting the Commonwealth Experimen~al_Building Station Index against the
time at which the standaId curve of the Joint Fire Research Organization test is
orossed, in (fig. 3), a tentative relation between the classifications given by
the two tests is obtained. This is shown in Table J!/.

TABLE IV
"

rentative Relation'between Tests
-

C.E.B.S. Index J.F.R.O. Class

Less',than 5 A
Between more than 5 and about 35 B
Betwe~n about 35 and about 55 C
Greater than about 55 D

-3-
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• However, all the materials tested were c1al3sified on the F;re Propagation Test
onq by the time at which the standard curve V@l, cro,ssed and the time spent
above it was not relevant to their olassifica~ion. No mat~riaJ. classified by
the second mebhodwas included in the exchange and this may be the reason vmY"
the "heat evolved" index does not appear to pl~ a critical role in the present
correlation. This ~ be seen from the data given for -the separate indices.
Omitting the "heat evolvea." index makes no difference to the order in whi.oh
the materials are placed.

A second limitation to this relation is that all the materials tested
were cellulosic in origin and the generaJ. pattern of their behaviour whan
exposed to flames or heat is likeJy to be the same. The resulting classifi­
cation of materials made 9f)foamed plastics or even of cellulose materials
with reflecting surfaces ~4 might be diffe~nt. However, the results
obtained SO far suggest that it is po:;;sible to ~btain a good c:orrelation
between Fire Propagation Classification and the COIllJllCl~thExperimental
Building Station Index and an adequate correlation between the National
Bureau of Standards Index and the Commonwealth Experimental BiJiJdi'ig section
IndeJ::. ..,. ~ .. .~... '. I . '" - .
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APPENDIX: I

C.E.B.S. Early Fire Hazard. Index ..

The index is ~ times the .sufu of three separatie indices ~ it' IIIEo/ r8:nge ~ value
from °- 100, "the degree, of'~ increasing as the v:aJ.ue of, the index ,increases. '

'(a) Ignition time in~. An integer, to the' nearest minute, equa]. to the
difference between 20 and the ignition time at ,a given intensity of ~diation.

(b) Spread of flame index. 'Index numbers are related'to"the time for
flames to spread to the top of a 9 tt. wall.. They are four thiros the time taken
for a radiometer to register an increase' of ~.14- w/om2 ~er ~ts l:>r:iginaJ. value.

Index No.

0

1

2

3

4-' . , '

5

6

"
7

8

9

10

1.33 x Time for.Radiation
Intensity to increase by
0,14 w/cm2 (t min)

t, ,=> 4t
q.t) t 74-

4- » t >- 3t

312 ;>' t '7 3

3 > t >~

~> t >2

2 '7 t 71t

1t '> t )'1

1 :?t "7t
1 /' t '> 10s'2

108'7 t

, (c) Heat evolved i.nds. The index in (b) does not give sufficient weight
to the, hazard represented by the amount .of heat evolved by the board, The third
index nllates to the mean of the intensities of radiation on a thennopile at one
minute and. two minutes a.:f'ter ign:i.tion,

Index No, Mean of radiant intensities (w/om2)
at 1, and. 2 mins.

1 0,05 /' I > 0,02,5

2 " 0.075 > I » 0.0.5

3 0,1 7 I '/' 0,0'75

4- 0 ..125 > ,I » 0,1

5 0.15 > I > 0.1;~5.. --

" 6 0 0175 > I > 0.15

7 0,2 , » I > '0.175

8 0,2257 » I > 0,2

9 0.25 .> I > 0~Z~5

10 I > O,2!)

:. "-.5"-
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The CommonweaJ.th ExperimentaJ. Builcg.ng Station index for their own and the
Joint· Fire Rese~_Organiza.i;ionjDateriaJ.sis made up as f():LlOws.

. British Materials
- CommonweaJ.th ExperimentaJ. Building Station Materials

:rooe~_::SR18

Indices EarJ;y~
C.E.B.S. (a) (b) (0) Hazard

~

6a 15 9 8 80
.,..

1d 14- 6 5 63·

..... 4d' .. 14 0 2 4d'

9blt 13 0 2 3ft'... . . .
31 13 0 2 .~8.. .' " ., .. . ..',,,-, ..

9a 13 6 o· 33

Joint Fire Research Oxganization MateriaJ.s

Code No •.
Index EarJ;y li':I.re

.. (a) (b) (0) Hazard
Index '.

..
0

.'

0 0 .. .01 ..
.. ..

0
. . .. " .

0
..

2 2 '" 5

_ ~ ._ •• OM •• " .3 ~ ~. - . 12 0 1 .. . __ .......33 ...... _
--

4-' 16 0 2 4-5

5 15 7 7 .... 73

.. -. .,.... ,6 16 9 6 78

. t'.

-6'- 'I

•

--
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Thermocouples

Combustion
chamber

Specimen--+-7~

, Gas .burn er -+~~~

FIG.I, FIRE PROPAGATION TEST APPARATUS
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FIG. 2. PROVISIONAL CLASSIFICATI()N
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FIG3 CORRELATION BETWEEN TES,TS OF'CE'B.S, & J,FRO '

•

TABLE II

BRITISH ~USTRALIAN
Fire " COrmilonwealt~
Propagot}6r; ;experimental

TEST Test . '~ilding Statior
Index ' r

CLASS
~ B C 'D, 2 "40 '60 :SO, KP

• "f'\ .'
,

AUSTRALIAN 20

-' t' -,
CEBS Index • .: r-,•

<II 'I·' I"-
,;"" . -,

U.SA
" ' • • I •10'

Notional Bureau •of 'Standards 2

Itlame Spread ,3
,

Index •
~o
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