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SUMMARY

Dxperimental work on the firc hazard of internal linings showed  thob
. R i

the tests ovailable do not give sufficiont scope for rcoommendotions to be

made on the use of intornal linings in any situation, This paper describes

a test to do this and suggosts that it mipght replaco tho surfaco spre‘a.cl of

flamo tC::JL; of B.S. 1}76;

Fd
i
File No, B/1/1P S . PFirc Rescarcl Siation
. ‘ ‘ A Borehan Wood, -
July, 1955. ' . | Hort s, P

+

© BRE Trust (UK) Permission is granted for personal noncommercial research usé.iégation of the work is allowed ang encouraged.
. 3 .
]

' . 1

/i



.

e

A METHOD OF CLASSIFYING THE FIRE HAZARD OF
©* INTERNAL LININGS AND THETR TREATMENTS

by
.- Dy Hird and G. C. Karas

"INTRODUCTT i

The .main hazard .,ass,qci;ated r)itﬁ tho usc of combustiblo ﬁxatcrials in
buildings is where larpge arcas arc uséd as internal ljnings-for walls and
.ceilings. -This hazZard does not only c’lcpcng en the no.turc o:[‘ tho 13_111119
thcmuclvc., bui; also on the nature. and amount of other combustible naterials
in the building. Mull-scale tests (1) carried out by the Building Research
Station ond the Joint Fire Rescarch 'Organi.zatim on furnished 1living rooms
showed that under certain conditlons a fire would develop .slowlyvinua. -room
lincd with an incombustible matorial and vory ropidly in a rc;om lined sdth certain
types of combustible hatorial, In similar teosts (2)‘511: the U.S. Forcst
Product s ‘Labbratory whore ‘the arr_ahgemqnts; of the combygtibles was such as -

" . to cnable an initial fi.ro in the furniturc to develop fapidly, the gli:f‘fc;:von'c:e
boetviean the combuétiblg and n'oncombust ible linings vas small,

To make a full assessment of the fire l'mzard‘ of dii’f.o:l:‘.cnt ’li_.ning::li it is.
neccssary to know how thej "\'.fill affeet the grovith of fire under a complcte
ronge of conditions,; and those sclected for the full-scale 'tc\sts at, the '
Joint Fire Rescarch Organigation arc those likely to show up differences in
" the whole rango of.matcriais from-tho most_' flamrable to r;oncqmbustiblc
('a:nc'l" these arc .:::'eprcscntatii.vc‘of the conditions in many modern dwellings and
officcs.) The dcvclopmcnt pf‘ a technique whereby srﬁall_—scal(.;. médcls could be
usoed to. s:l.mulatc the grovth of fire :.n a room cnabled the periormance of a
a ' variety of materials to be studicd under suc.h conditions ( 5). The rolo.ticn
between tho;lafgo and small~gcalce r\ésiilt sr“was such that the ros.bult:s of the
nmali—scalo'tcsfs' could be used vith Gonfidorice in' a comparison of t}'lc::f'i’céts
of d::.:f‘fcrpn;t ﬁtcmﬂ linings on tho growth of fire. .The cri{'.criqn chosen to
make this 'cor;ipariso_n vias the t:l.mc ta.k'c;n -f'or lthc room to become fully involwed
in fire (timo to fla.sh—ovcr)‘ when viedls 'mc'l- ccilings were lined vwith j:hp
matorial, ‘Tho time taken i‘o_x:,tho firc to roach thia stage 'f.rmﬂ'.d"govem the
time avoilable. for cscape for oécup'ants in.other paz'fS' of the bluldlng.

The rosults .of asuitablo test for internal 1inin}gs' should be capable of

correlation viith'the ‘actual fire performonce of the tested materials under a



variety of diffcrent “condi'tjibns. . Tt was |eonsidered that if the results of

| ’

anyjitest ‘could be correlated vith those obtained from the model rooms, they
}‘rou?.d furnish sufficient scope for recommendations en. tho use of internal
1in;;i.ngs in any situation. . '

| .
| Many tests have been desimed to assass the firc haszard of internal

linings and the best knovn in this country is the surface spread of flame

tes".l'? of B.S, 476 (l")." It was found that this.test classificd in one group) -
mt%rials 'r.fhich could have a vide range of) performances under fire conc“".;i.'l:'ion.s(3 ),
and I‘that this could not bhe overcome by any, resrouping, OF fhc other tests.in
ex:.stcnoo, only the Tunncl tcsn. of the Undervriters! Labora‘cor:.cu appeared to.
haw; a rengo vhich would allow a corrclation vwith the results obtained using
modcj;i roomss This test is however very cu.mbcrsomc; requiring a spocimen

25 $t long and 20 in. wtae(®), -
? It- vas decided thercfore to. dovelop al suitable test bascd on the |

follo*m.ng assmnp‘bion"-- ‘

v

,l 1)  The most important hazord -to be assessed is the ability, of
| a m‘cora.d, vhen used as an :.ntcrn..l lining, to dccelor_atg-., .
'the, crovth of fircs. Thc tost should slso show which

!} _matoricls can bo ignitcd by a smpll flame and will-ecasily. . .

| “cmase a continuous firc,.
. 2) . The combustible content of the material is only important in
’ . 50 far-as it ‘acccloragtcs this grovth; any contribution to the
fire, lQaL;i is likelyto 1?0 small comparcd with that of the floo:!: .
[ and contents,

' 3) . The smoke conditions in a building arc likely to dcpend much

mero on the depree of vcntilatioxi than-tho nature ofthe lining .- -
| ’r,‘ﬁatorial. . S 7 . ,' * ' |
'-. ) The test should, if possiblc, beja simplc'one vhich manufacturers
|’ ~could use in tho develomment. of products. BT L , A
It x.'as ceonsidered that a satiasfactory tés‘c coul@ bo evolved by o suitable
as;segsmont of three factors:- _ - e ‘
1‘ (2)  The case of :.gnltion of’ thc lining by a sinall f’lamo_. e
(‘0) The case of ipmition of the 1:Ln1.nrr by a lar{rcr source of heat,
(c) The rate of liboration of heet ai"ter ignl’clon of the lining

.:i together vith a m_eamzrc‘-of‘thc total amount of l}eat, llbur&tcd:




Se— o : ‘. .
For ease of control it was decided~that the main souirce of heat should be °

electrlcal but practlcal cons:Lc'leratlons necessitated the use of small gas
flames for the small 1gn:.t1n.a source. It was considered,that the rate of
'_ liberation of heat could best be B.ssessef1 by ncasurlnsr the tenne ature of the
flue gases when the specimen was heated in an encloswre. Tho“se considerations'
governed the form of the test end left a mumber of variables, the 7 most
important being the rate of hea.t:mg of the spec:uncn and the vent:l,latlon to the
enclosure, The fimal te_st. conditions and criteria chosen and descrlbea in this
paper wore thoso hich cnabled a.good oirralatian o bo mado bobroa o’
perfarangce of axrnpp of moborisls . ths toot nd théde performiddo vhan 3
uoed] 2 linings in the model .romm exporiments (Tablo 1), '

GENERAL DESCRTIPTTI

A panel of the material i‘s- used as a vertical will of a’simall-

incombustible enclésurc, a chimmey is incorporated in the roof 6f this enclosiire
and a slit for ve'ntilation is cut :i.n~ the bottom of the vertical 1795;1 opposite
the specimen (Figs 1, 2, 3)s Inside the box are tvo pencil type eler.stxfic fire
elex_nents and a sma.'lil battery of gas jebs. The gas jets simulate a sma.ll source
“of ig;-litic‘m and later suppqrtirg raﬂiaﬁion is supplied from thz.z"e'leé:t:ric. ‘
" elements at a-constant rate, A pair of thermocouples in the chimey record the
rise in temperature of tl;e flue gascs. The temperature/time curve obtained is
related to that resulting vhien a prescribed i‘r_.ncoﬁbus‘tible material replaces t_hel

specimen, These relaticonsare used as criteria to classify the material., A

detailed description is given in Appendix I.

’
/

PROCEDURE

The specimen to be tested is ores ed up as indicated (Apoeridisc'I), the gas

is ignited and the flames impinge on the sample. Three minutes latcr the

elements arc switched on and the po*rcr controlled to 1500 vatts, i.os 750° viatts
!

per clement. The experlmcnt is contlnued for 20 minutes. a:f‘bcr the ignition oi‘
the gas end a contlnuous tempcraturc/‘tlme recon?‘ is taken, th:Ls is: compcu"ed vwith

that obtained using a prescribed; :anombustlble opeclmen vwhich is ¢ -:m “thick

-

asbestos r.rood.'
R.JSUITS AND OPJZTEE%IA

The matcmals sn.mm in Table 1 were tested \uth the - exceptlon of

impregnated hardboard, vhich was unobjjamahle. at th.c spec_:li’lc salt rgten‘tion:'

-

*
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in addition,a samplé of Fitre insulating board impregnated with monammonium
;L"ahogphate to 19 per cent solt r:atep?:.;i.on was tested though no model room . |
#ests___l_lad been cerried cut on this material. Three samples of each specimen
' f'rere investigated and representative témpc_era.fure/ti_m curves are plotted in
I.‘Tigs ky, 5, 6, 7. A1l épeéimens .were conditioned at 20% and~56 per ‘c_ent i
Q‘elative hmnidity.‘ ,_The‘ fepea‘tabi]ity of the opparatus was fou.nd.'to 'Be good -
e;?nd F:Lgs 8 and 9, .g'j.*..re an indication.of_this. -.The res_ults when plc;‘tted :E'gll
:‘é‘Lr}to several ge.ﬁei'ai pattems and Figs L, 5, 6, 7, 1‘O gshow that  criteria of
classifiication can bé inferred from these pai;tems, vhich vAll give a;i:o:cf‘.er
of hozord similar to that obtained in the model roqlms.‘ The factors considered
eﬁre rirstly $he time boken to exoead tho temperature 0, cttained with the
inconbustlble matena], by 509C and secondly the t:.me for which’ th:.s e:cess

:1,}5 maintained (the excess denoted by > (6 + 50))e The class:_f'lca.t:l.on is
1| .

given in Table 2 and diagrommatically ih Fige 44, Class A being the

: léigll._est“clgssificgtion.‘
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Class D can be considered separately from the other classes, and

i;ndica'bes materisls vhich can be ignited by a small source, irrespective of

mwcorltribution theymay make 1;0 Q fjre- " In the Other ‘th_ree classes tha
. d:ontributioﬁ to £ho fire'is taken as the most important criterien, and a

subdlv:Ls:Lon is made to give Classes B and € by cons:.deratlon of the time to
:.‘p'nltmon. It can be seen from F:.g. 11 that 11: is poasmble to move {rom anyr
c?lass %o Class A mthou’c rroing throu{;h the a.ntermedlate classes by, in some

) m!aterials (Class D), increasing the t:.me for ipnition or in others (0lasses B & C

1.
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Y
reducing the period over which the materials evolve heat.

" 'PABLE 2
T ' , - .
PROPOSED CLASSIFICATION OF BUILDING BOARDS -

Class | - ' Criterio:

Class A | Reaches (6450)°C in more than 3 min and
' . remains '>{0+50)°C for less than 3 min

Class B . Reaches (6+50)°C in moro than 5 min and
© remains > (8+50)0C for more then 3 min

Class © Reaches (6+50)°C between 3 and 5 min and
' remains >{6+50)°C for more than 3 iin

Class D Roaches (G+50)0C in less than 3 min
P .

At ol e

.Tab._lE}J indicat_es how cach specirr.xcm i"all's into 'Ehe proposed ciassifi—-
cation and compares ‘these vith the results given in Table 1. 'Ta'ble‘ L anc'l.
Figs 8 and 9 show the veriation obtained in the results. o

. DISCUSSIQN OF RESULTS o

Tbo fact that vur:n.at:.on in tho “thermal propcrtles of thc s;:ec:.men can
make Sll[,ht dlfferenoes to the temnera‘ture of .\the flue gases before 1m:|.tlon
of the gpcclmm (Apncnd:.x II), makes this tes‘b mlsultablc FTor the determmat:l.on
of the contrlbut:l.on made bv materials” 1:0 a Tire,if this contr:.buu:x.on ie
small; hence the test could not replace the presen‘b combus‘tn.bn.l:.ty test.

| CONCLUSIONS
. The test described permits the grading of a complete ran(re of' matcerials
in relation to their performance under. practical fire conditions. Though the
relativo importance of mtemal lmz_nfrs and furmishings in the devel opment of
a fire will vary under different conditions, the order of hazard indicated 'bjr
the test will rema:n.n the same, the time scale only varymg.
The test should therefore furnish su‘f‘flc:.ent scope for recomnenda‘b:.ons :

on the use of internal linings in any situation.
AI;PE:NDIX . . -
D"TAILED DESCRI?ETIOI\I OI‘ Tn.ST
Figs 1, 2 and 3 are ce‘bmled dmens:.onal cramrrs of the c.poaratus.

Plates 1 and 2 o‘ive a general v:.ew o:f‘ the I‘ront anc'l rear. The a}:‘gar“tus is

made of Z-in, asbest_os wood of thermal conductlv:.ty not exceéding 5e12 x 104

—



c.9|*,.s. units, The vhole is maintained rigid by means of a metal frame of

20!s.7egs mild steel, A amall mica window is inserted for ohficrvation

pu.’r:['po 568,

| Two electric fire clements, maximum beting 1000 srtto, T A sdakel
chromum wire 26 s.w..g., at 21;. turns per inch on a —-:.n. diameter refractory
f‘omer to 53 ohms res:.stance cold, are inserted,and connected to a verisble
vc}_:-:;agc source and fhe Ifaower adjusted to_ 1BCé watts thr'cmg;hout 'i;ho-tcst.\ A
hor%’izonﬁal ér,as bwrner is mounted % in, avra,;gr from the specimen to ploy 14 small
f‘lal:n.eu onto the p_anel. " The holés are Y 16~in, diameter and towm gas, calorific
vali:.e stated to be approximately )4-90 B.'E:.u./ft3 (la-.h-ﬁ. cal/ cn3) is supplied at

a I‘Flue of 0,063 £t7/min (177 1u/min)s

Fig. 2 gives a detailed drawing of tho chimcy. = This is of 20 s.vags

shcl:et iron., TWo 26 s.Wegs chromel alumel!thermocouples are inserted in the
posfi.tions shown, In order to obtain an average the thermocouples are connected:
in j‘series.

The backing of the specimens consists of one sheet of ein, asbestos

wooTl end a 2-in, slab of cement fondu and vermiculite in ratio 1 to & by
volums, It was found that a good .sealm»necéssaz"_; to prevent leaks from the

boxﬁ The method used was ‘to press the specimen and the apbestos wood
| U . .
together against the gap by means of metal angles {Flate 2) ond to back ¢

these with the vermioulite held tiphtly against thems

i; | | APPENDIX IT

- The effect of the thermal, ‘mroperties of éifferent spéciméns on *tho

hea‘b losses from the box and consequently the flue gas tem ac*'aturm,:.

dlscussed and a number of comments on other features of the test arn made,

} INCOMBUSTIBLBS AND SPECIMENS BE’EUT{E IGNTTICN
| .

- The temperatures in 'bhe chimey are ~a measure .oi? the difference betvween
the ‘ihea'b supplied by the -elgectric and gas.heaters a.nd fhat losh by conduction
through the board and the 'box. ‘ |

‘ If a constemt flux of heat Q is assumed to fall on the surface and an
amount H 04 is lost from the surface, then assuming the specimen to bchave as "
s semi-infinite slab for a time Y than at an instant t, vhero 't < T

J

tho heat conduc‘bed to the interior of tho mample {¢) 4s giventy (5)...

| - PP .
| - L Qe i.,a_ b b ()




vhere h.-.--%- ;/ .
g S

K.= thermal c'onductivity
!’;:-= density |

§ = specii‘:j.c heat

H = cooling coefficient

K24

Widoing 1"21{."u = s
Y

I
2 A and cons1der:l_ng different fMos vaivos, the

¢
difference in chimey tempsratures for tvo mater:.a o for aayr dnstant &

is given by~
z ' z

- i ' ﬂ . . A, "
, 61, —"91,04.. £ {:4{6..[12 -~ & eafs f"‘f (2)

From equation (2) it is possible to derive the difference in temporature

between that obtained using asbestos wood and that which \fou.ldo 'be Ob‘talncd .

with a perfectly insulating material (“,!'-‘5 =0 1.30 £ rr/c = ) Co
[
. . Hs ﬂr- . -
o g'" :i . exfehiie ofify 5y
1 . [% ] & ."B'IFC ﬂ",

where the suffixes M, S, 0, refer to any material, asbestos wood and the
hypothetical material respectively.

,’,

then

¢ o~ Lf v’[b 5’5
;} | ) {’A‘..-J/'cﬂ ‘E. .rfdﬂ (l*‘)

Using values of ;f) obtained experimentally with fibre glass having /( 085 =
/.

3.2 x 'lO"6 GeSeS. units gives a valuo of 43(}: 350G for a. pcri"ecﬂ:lgr Q\h
insulating meberial. a |

This mcans thet although incombustible materials Witﬂ a lovr ‘Icés volue
1ill give fluc tempera’cure., above that for asbes‘bos wood, they will not

result :Ln a misclassification of- mcozrfbustlblc ma:ber:l.ala. This is borne. out

by the results for a number of ma'bemals covering a vwide ‘_rahge of EKpa
values (Fig, 12). ’
AFTER IGNITION OF THE SPECIMIN

The tomperature of the face of the snec:unen can be considercd coastant
after ignition, and although the heat losses by conduction will depend on
the tl_qema.l properties of ’bot‘h specimen and lagging, their cffect on the flue

gas temperature will be small compared with the contribution from the test sample,



GEN'ERAL COMMENTS
The time for which the flue gas temperaturc is pore thzm 50°C above

thoe time-tcnrpterature curve ‘obtained with the incombustible materisl vas

chosen as the simplest method of"clas“s:f.fication. The area batween tho

i, me—terner turc curve of a spec:.men and that of the standard incombustible
ﬁa*;oriel should give a botter indication of the contmbutlon the material
mekes o a fire. . |

T4 was Tound necessary to birush the thermocouples after esch tess

o prevent an accumulation of soot,

=Ch—
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PABLE 1 N

PARTICULARS . AND RESULTS OF BOARDS TESTED IN FULLY~LINED MCDEL ROOMS

s

' Classification | Mean tims
on spread of for all
. R . Tlame test of | rooms to
Particulars of linings B.S. 476 becoms.
' o S ' ) “involved
in fires
' min sec
1
Incomb'i.tsbible 17 10.
-Flbre insulating ‘board with 3/‘16—111. slc:Lm
plar'ter coat . ; : Class 1 17 L5
- A . _'
Woodwool ' o Class 1 16 L5
Plasterboard T a Class 1 46 .. 35
Hardboard immregnated with mon-emmonium | |
phosphate Retention of salt stated to be : T .
17-18% by weight) Class 1 i5 45
Hardboard ‘&th surface treatment of Pa:.nt“ A o o
(30 g/ft°) o . _ Class 1 . 13 30
~ Fibre :1.nsulat1_ng board with surface treatmen‘t o _
of paint A% (30 th ) — . ' Class 1 10 35
Asbe.atos vaper faced llbre msulatlng board Class 1 10 30
Fibre insulating board with surface treatmen‘c _ P
“of Paln‘t A¥ (15 g/1t°) . Class 1 . 9 25
Pibre :Lnsulat:.ng board with surf‘ace treatment E Class2~3 N
of silicate paint (Borderline) | 7 5
Fibre insulating board with 2 coats of . 4 , _ _
dlstemper . Class 3 - -6 00
Urrtreated hardboard : ' Class 3 & 15
Compressed strew slebs . Class 3- 5 45
Untreated fibre insulating board " Class & 5 00

* fn intumescent fire-retardant paint:
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TABLE 3

RESULTS AND CLASSIFICATIONS OBTATNED

of salt stated to be
17-18% by weight

Fibre insulating board
with mon-ammonium
phosphate (Retention
of salt stated to be
19¢ "by weight

¢ \' : .

Haruboarc‘i with surface’

treatment of pa:mt A%

(30a/£2), o

Flbre :Lnsulatm'g board .

with surface treat=
ment of oa;mt A%

(30 z;/ft )

A.;besto&‘ paper faced
fibre :m_mla.t:u_mg board

{
Fibre Il‘.‘t‘l sulating board
1 with surface treatnmt
.of paint 4¥ (15 g/rt2)

Fibre insulating board
“wvith gilicate paint
coat I

-t Fibre ilnsulating board

with 2 coats of
distemper

Untreated hardboard
‘ | |
Compressed straw slabs

Untreated fibre
insulating board

Samples not availble 5

7 0 6 ot
I \

5 25 6 15

6 50 8 |00

5. 15 } 7 L5

L 05 9 ?0
2 25 7 L‘ps
110 18 45

0 L0 12'3}0

6 .ot
7.. 00
8 30
12 45
10 15
7 0O

1 30
9 U5
19 00
15

13

|

. Class B

- Class B

Class B -

Class B
Class B
“'Clasa C--

- Class C
Class D

Class D

Clags D

T T
| N ) Mean time M:.mx'mzm Maximum { Resulting Times
! to reach |-duration } duration clasgi- in model
Part:.culars of JJ.mnas (8+50)°C of of . fication rooms
" ' L (8+50)°C { (8+50)°C-{ - :
!" j min sec | min Isec min, sco min sec
Incombusta_blo Never Nil N1 Class A 17 10
! . B N .

Fibre 1nsul¢$1ng board : T ot :
with 3/i6=in, skim 13 45 0 | 151 5 30! Class A 17 15
plag“ber coab ‘ -

| Wood viool Never Nil Ni1 Class A 16. 45
| Plaste“rboara 5 35 {0 13} 2 o0} classa 16+ 35

hardboord impregneated) ,
with mon-ammonium ) '
pnOSPhate {Retention t this impregnation 15 L5

‘Not

Tested :
13 30
10 35
10 30

9 25
7 45
6 00
6 15
5 L5
5

00

' ” ¥ Paint "A" an intumescent paint
+ Only one sample tested '
Table lq. and Figs 8 and 9 show the var:.at:.ons obtained in tho results

L}
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' TARLE 4

VARTATIONS OBTAINED FOR THREE SAMPLES OF BACH SPECTAMEV

1

‘, : Times to JDuration
: ‘. Particulars of linings - reach(8+50)0C . of (8+50)°G
L o v ", min ° secs |, min  secs.
{ TIncombustible . . Never Nl
. Fibre insulating: board with 3/ 16~in, ’ + 15 00 0 15
i skim plaster .coat .15 00 0 15
i Woodwool ° . ' f N'G‘VGI‘- . Nil
. Plasterboaid 5 30 i 2 - 00
3 5 30 . 1 - 00
5 15 o 30
ff -
{ Fibre insulating board with mon-ammonium f 7 0 6 ot .
; phosphate (Retention of salt stated to '
i be 195 by weight _
i Hordboard with surgace treatment of ‘ 5 %0 - 7 00
i paint A+ (30 g/1%°) 5 . 30 6 30 -
i 5 15 6 15
; Fiore insulating board with sun ace 6 00 8 00
i treatment paint A+ (30 g/ft2) 7 15 "8 30
'i 7 15 8 30
‘ Asbestos paper J.a.ced fibre insulabing . 7 00 . 12 45‘
; boqrd -7 00 9 30
6 30" 10 ° L5
' Fibre insulating board with su.é‘i“ace 5 15 -7 L5
; treatmcnt of pamt A+ (15 g/i‘t ‘ 5 15 10 - 15
i 5 15 - 10 15
'i Fibre uasula'l::mg board vith cosb of A 0 7 o
{  silicate paint - 4
a Fibre insulating board with 2 coats of L 00 : 10 00
: distemper 4 00 .9 00
N ) ‘. li. . 15 ) 1 30
{ Untreated hardboard - s 2 3 9 L5
.f ' ' ‘ L2 30 .9, 15
2 15 7 L5 -
‘I Compressed straw slabs - . 1- 15 18 T 45
[ ’ : 1 00 19 ' 00 .
'} 1 -’15 - 18 L5
Untrecated fibre insulating board 0. A5 12 30
- o .0 30 . 13 15
- P -0 L5 + 12 L5

# Only one sample testod
+ DPaint "A" is an intumescent »aint
. . B [ .. .



FRONT VIEW OF APPARATUS

PLATE.I.

PLATE. 2. REAR VIEW OF APPARATUS .
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