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DEVELOBIlW OF A ROOF TEST

by

C. T. YIEI3S TJ~R

INTRODUCTICI'!

:.. ,.
, "

Dev~lo~ilent of a fire test for roofs ,vas started by the BUilding Research
Sta tion in 1936 and this nork has sinoe served to give some gui~ce in the
framing of Byelaws. Expc rdrnen as were discontinued at the outbreak of the
Vlar but', in the last two years they have restarted.

The Byela17s require that roofs should afford protection against the
penetra tion of fire, to the inside of a building from a burrdng building in
the neighbourhood.

The present paper describes two tests. In the first of these radiation
representing the heat from a neighbouring building on fire is 'applied to the
specimen under tes t. The time for which the roof \'lill resis t the penetration
of fire to the inside is measured. In the second test the radiation varies
across the roof SO that information can be gained as to' the c Lrcurnabanccadn
which a roof "rill spr-ead flame across its surface,

FIRE PENETRATION

Test conditions

Roofs may be expcsed to conditions of varying degrees ofseveri:ty., ',For
example, a ,roof exposed to' a warehouse fire would have, to resist sever-e

, exposure for much longer than one exposed to a domestic buildinrs 011' fire; 'and
differeqt distances of separation would [lroduce different levels of radiation
'on the roof. It is, however, expected that in general" anyono level of ,
radiation in tensity woul.d grade roofs in the same order and different exposure.
risks could, .be dealt with by the specification of different r-cqutz-oments or

,gradings for ..different purposes, A level of intensity su'i.trahl.o for this
purpose, has .been chosen cn the f'oLl.owdng grounds.

If a building is exposed to a nearby fire there v/Duld'be nc point'in
demanddng that it be better prctected frcm radiation by its roof'than by,its
windows., This means that a r-oof need not resist penetration by ,radiation and
burning brands and res is t flame for a time significantly Longer- than the ti,me,','
after which the same radio. tion will caus e a room wi th a typical ar-ea "of'
vrindow opening to ignite cpontaneoual.y, The duration of the severe part 'of,
a fire' in a domestic' building is approxdrm teLy half-an':'hour, and, it 'is Guggesto(l'
that a roof exposed to a domestic building on fire need not 'resist radiation
for much mor-e than this. The intensity required to ignite a room through the,
vindm7 might therefore be a suitable radiation level for the test and althou[h'
ir;fom~tion . of thi~ kind for fllH-scale ha~ ~ot yet ?cen obtained, a I'!lo(l,:,J.~.~.ned,
w~th f~bre lilsulahng board, ll) and contaJ.nlilg f'urnd tur-c ,Was found to agruco ",
in about half-an-hour'when the intensity was 2,3 W cm-2 for a 33 per cent'
vindow,opcningand 0.9 w cm-2 for'a 100 per cent .lindow opening,' By interpolation
an intensity of 1.3 w cm-2 wpul(l,be required for a 50 per cent' w:i,ndoY! "
operdng •. .Poz- the test it is convenient to usc a level of intensity, of
1.4617 cm-2• This is 'the radiation ,from a fire at 1,OoooC,incident 2S'feet
above ground level on a roof at 45 0 ' pitch facing a facadc,'SO feet square ,ri,th
50 per- ccntwandow opening acrC?ss a roadway of '15' feet, see Figure l~',

The principal relevance 'of a fire test for roofs is to roofs in cities
Tnlere the exposure risk is greatest because buildings are closer togather
and in these circumstances there is no reason to distinguish be~7een roofs
on account of their pitch since'on a 101, building surrounded by larger
ones and on a high building surrounded by snnller ones the pitch of the
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roofs is largely irrelevant. For these reasons all roofs vere tested at
one pitch ~~mcly 450 •

l'he hazard fror'l burning 'brands is increased by wind blowing on to thc roof.
This produdes positive pressure On the outside of the roof and tends to drive
the f'Lames from a brand into any cracks or fissures such as the gaps between
tiles. It was decided that a wind of, 15 mile pcr hour, (Beaufort Scalc
No.4 a moderate breeze,) rrould be representative in value. "

To simulate this suction was applied to the undersurraoev This
corresponds to 1.5 n~ difference in pressurebetrreen the upper and lower side
of the roof.

It was considered th.:it a luminous gas flame would 'be 0: convenf.cnb and
~ege~table,m~thodof si~wlatin3 ~ burn~rig brand. A 9 in. lurlli~ous flanle from
a 8" an, or~f~ce 'ins selected. ,i.lCn th i s flame rms played on e~ther slate
or tile roofc and suction applied on the lower side flaroe approxin.~tely

2 in. long could be seen on the lower side.

In the pcne tz-atd.on tests this f'Lame was applied for one minute five
minutes after the start of the test and moved over the c:ur:(":G,: of,
the spocdmens

The apparatus developed for cnrrying out the roof tests isSho~n in
Figure 2. It consists of a square radiant pane l, supported at an angle of
450 on a vertical frame and'consists of four 1 ft square gas fired surface
combustion panels ,tith their centres Qt the corners of a square of 19 in.,
side. This, is the optimum spacing for obtaining uniform radiation on the'
specimen. ' •

Between the vertical legs of the frame a 2 ft, wi.dc track supports thci' '
trolley 'TIlich conveys the roof spec~nen to the, ~ldiation 'panel. Tiletrblley
carries a frame for supporting the specimen at 450 so that in the 'test the
roof is' parallel with the mdiant panel and the positionof the trolley is
such that the distance of the roof from the surface combustion he~tcraii,
23 inches. A cover '7ith a mica wmdow is fixed to the 101101" side' of the frame
and suction is applied by conneeting an extraction fan to the cover. To
provide an air s eo.L so' tha t air is drawn through the upper surface of the
roof, the, specimen' (Figure 3) is f'ramcd round the edges rlith nsbestos wood
so that a flat' bearing surface is obtained and thio res ts on asbestos
millboard laid round the frame on the trolley. Gaps betwcen ' edges of the
.specllnen and the '~sbGstos wood arc plugged'\1ith cement mortar. '

Ti,e suction under the roof is measured by a gauge of the type' shewn> 10
'Pigure 4. The slope of the side tube is 1 in 10 and the movement of the,'
, coloured "mtel' for 1, 5 .mm xte: tel' pres sure i:J 1, 5 em, '

The r~diation intensity incident o~ the spec~en is monitored bY:,
4 copper asbestos disc thermocouples ,(5) placed symmetrically £\t a distance "
of 6 in. in front 'of' the surface' combustion panels in ,the corners of a

'square of 2 ft side. Tile gas,supply to the, panels is controlled'by a
governor so that once the intensity of radiation is adjusted it remains
cons tant for atlens't" 4' hours. The frame for supporting thc thermocouples
is shown in Figure 5. When' the radiation intensity Lncd.dcrrt on the roof
is'at the correct value of L46 watt cm-2 for the penetration t~sts the,
output from each of the monitori1:"- ddaca io 25.5 MI!. Y!ith each disc [iiving .thc
same output the distribution of radi.c~tion intensity over the roof is that
shorrn,in'Table l,bel0l1.
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TABLE 1

Distributi~n of radi~tion intensity over
a roof in the penetration test

rices from
e inches ' '

t cm-2 12 6 Centre 6 12

1.1I2l -1.5 1,46 1.5 1.42
__ L_,

Distil.
centr

Hat

<':

Resul.tsof, -pcne tIDtion t'es ts

The results of penetration tests on various roofs are,sho\1n,in'Table 2. ,
In the tests on'the zinc covered roofs one coat of blQck paint ,vas applied to

, the exposed surface to s:imi.\l.a t e the conditions likely to be: seen in prrictice
: through corrosion and deposition of ~oot.

TABLE 2

Results of penetration tests on roofs
l\Ioisture con ten t of wood 12 per cent

,.' .

"
"
"

"
"-u"

"

"

! ' -i
• I, ,

Type of Fnilurc I- .. ....

F"ilure.by flnmii~,

" " . 11 '

Test Period
hour min.

,

, " ',' Typ~ of Roof

~----'----------1I---_ .._--l---":'--------l
Timber Deck L in; 'square edge 8s, ' "
Bonrding,: ',Tr:,o .. r"'yers Organic 12
Base Fclt; '"" 9}

.. Under-Layer- 25 Ib sQturntec1 felt. 13
Finish, 40 Lb self finished, felt. 9

i
:I

1------------~~4------,----~--,--------__I

-k«: above ,but yli th o.sbcstos Base
Felt.

Timber Deck,' 1; in.'s quare edge
Boarding. One layer, of .. 25 Ib
zinc with underlayer'of 25'lb
Saturated'oI'C,:,nic Base Fq..t •

. " ,
... " --..:_---+------+----

As above ,with duil lilack., finish on
roof. ~'. ~ ,..

. .,'
','

: ,.'

". .:

.. -.
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I Type of Roof
Test Period

,+ype of Failure

r=
min. ' ,

------
Western'Rcd Wood Shingles 5 Failure by flaming

I
on B..'\ t t ens 0',

6 " II 11

6 '11 11 tI

I, . -,

1Co~~gatcd Asbestos Oemonb on .3 30 Did not fail
pur'Id.ns ,

0,

j
I

l Corrug.:ttcd metal protected '2 00 Did not fail
; vd.th Bitumen (4{ Ib/sq.yd 2 001* lb felt sq.yd) ,

0 --_....--.......

Clay tiles on Battens with reinforced 3 6 Failure by flnming ,
Bi tumcn 'Felt Underlay. .

.'3 35 Did not fail

.'3 13 Failure by f'Lami.ng
3 4O, " -Did not fail

" 4 00 II n n

!

, t.,
SIn. tes on Battens 1"<'i th Rcinofrced ,.

.'3 20 Failure by flaming
Bi tumon Felt Under'Lay, 2 ,,50, " lI, n

3' 00 n ti II
, .,

--- - .

. TeB t Con.~i tibns

The rmin requirc@cnt in the part of the test concerned ~~th spread of
"flnmes an the outside of the roof is' to'determine the'r.J±nimum,rodiation
intel,1~ity' at which a combustible m..'1 tcrinl when used on a roof will ignite
from a small source end telld to propagate flrume•. A'simple method of
determining this value is to ignite the hot end o~ 0. roof sample subjected
to rndiation which varies in intensity along the length pf the specllilen.

The point I;l. t uhich flaming ceas os may be regarded as defining the minirrn.lm
intensity of supporti.ri.g radiation required"for ignition of a roof by a
burning bIT.nd. 'It is preferable to let the flaming spread dm,n the roof
because if as in pr.o.ctice the flames spread u~7ards then the roof is subjected
to additional heat in front of the flame and a measure of the nUnimum
intensity of radiation for ignition i~,not obtained. TI1is then permits tho
results to be interpreted,in terms of actual buildin~ .configuration and
distnnces e-

. I

For the spread of fl~me test only the two upper surface combustion
heaters are used. \!ncn these hCQters are correctly adjusted the ~,o copper
asbeafos thermocouples opposite the heaters give an E.M.F.' of 25.5J:.V.
The c'listribu tion of radiation intensity over the roof surface, with the
monitoring thermocouples giving an output of 25. 5 l~(.V., is shown in Figure 6.

Results of sur!'?-...2c sQrcad of...!l~me tests

Because of the snk~ll range of non-proprieta~J roofs vdth cO~IDustible

surfaces it was decided to make a series of tests on bitumen felt laid on
1 in. nominal square edge boarding. The results of the tests and details
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Ti.Jmj 3 .'
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Surf'ace spread of flame on bitumen felts•.Radiation
intensity as in Figure)'6 '.'

...--_._----- _._---,..---_._--

Type of Roof

1---_.- -.-------

Singlo layer of self finished 40 Ib
'7 •bitumen felt asbestos base on 'Ef an,

thick'wood deck~

li.S No. I but with underlayer of 25 Ib
:. '~aturate,d .bi.tumen felf'asbestos bas e ,

As No. 2 but with underlayer of 25 lb
sa tura ted bitumen felt organ_ie," b£tse.

Single layer of self finished 40 Ib
bi tumen felt organic' base' on i in•
.thick wood deck.

. Ml No'•. 4 -but. v{ith under-Layer' ·o~ 25 lb
'satura'ted bitu~cn-felt organic base.

, ..' ~

. l~s No.'''4 but with under-Layer- of 25 Lb
saturated bitumen felt asbestos base.

-Corrugated·metal protected vvith
.. bitumen (4* lb/sq.yd l~- Lb 'felt sq.yd)

. Specimen
No•...

'1

2

3

4

5

7

'Distance of
spread of
. flame'

inch'es

18

20

20
20
23

Mean 'J::.'"721

. ~54'::',

34..
,34'

Eean :::: . 34

·33
,'31~,

Mean = 32'

9

'4" ' ••

____..; --l.-~__-_~ ___'.__l

.'

.,,:.: .

• {" i.~ , .', ~' :'.

. .,

r:«, .:

, ..
., .

- 5 ..

t. •
,
,
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of the felts are Sh~'lll in Table 3 from the table it may be seen that the
results are consj.s terrt , -bhc orgE.'n,io base felts ,lipreading a distance ransing

,from 32 to 34incnes andtasbcaboa base felts 18 to' 23 Lnobce , These
resul ts appear to be independent of the underlay;' 'the same result was
obtained whether the felt ,inS laid direct on the wood decking or laid on a
felt ,nth a,different ~~se for example asbestos base on organio base felt.
In Figure 7 a curve is,shoYlll of the final distance of spread of flame dOYffi
a roof covered with asbestos base felt. The intensities from the curves at
var-Lous poiilts on this eurve are given as determined .an Figure ,G. It may be
seen that the intensity along the line to which flame spread is practically
constant round the curve ,indicating that distance of spread of flame is mainly

'e: function of radiation intensity•
.. ~.

Table 4 su~~rises the results, the roofs are arranged in ascending
order of merit from 1 to 9. ,The ,order of ar-rangement is based on, ,trIO
prinoiples:-

1. The roof should resist penetration by heat for the longest
possible time.

2. There should be minillD.lm spread of flame on the surf'ace;

"The order of the roofs in Table 3 agrees wi th the' Model Byelaws and
general experience. Tile, slate, and zinc roofs 1k~ve been long kno.vn to
give a reasonably satisfnctory perf'orrmnce when exposed to a neighbouring
fire. Copper roofs though not tested may be expected to ,give IlD.lch the same
performance as zinc roofs. Lead, gives an inferior -perf'orrmnce to zinc because
the metal melts ymere it bulges through thermal expansion. Roofs inferior to
asbestos based bitumen felts such as organic based bitumen felts, unless
covered with incombustible materials such as gravel one -hal.f i.I1ch thick or
bituminous macadam, are excluded by the Model Byelaws. Wood shingles are near

, the bottom of the table of results and this position is in agreement Vith
.bhe vicylS of the Fire Grading of Buildings Committee in their Report \6) which
states, 'The data we have avnilable on the fire risks of cedar ~hingle-roofs in
i.merica, whero they have been extensively used" form a record of disastrous
conflagrntion involving ymole' tovrnshipSl .

Though not 'yet tested a concrete roof constructed as a floor slab is
~robably the bos t type of roof. It is well known tha t this type of
construction ,nIl resists hent,in fire resistnnce tests even when directly
exposed to flmlle,for several hours. Other .tests have shown that asphalt
rM.stic,' a' roof surfacing sometimes used on concrete slab roof's, Ynll not
spread flame evcn at higher intensities than those used in this investigation.

The tes t dcscr-abcd is intended only for conditions implied in the
Byelaw~s, so that the behaviour of roofs Yrhen exposcd to fire on the underside
has not been studied. Nevertheless a need may be felt for some information
on this aspect of roof behaviour. In this connexion dat~ qould be providc~

by other methods for example the "Spread of Flame" Test \7) or a new te~t \8)
at present under deveLopmerrt , yrhich measure the contribution of the ilmer
roof lining to the grorrth of fire \\hile the Fire Rcsis tance Tes t can measure
the ability of the roof to prevent penetration of the roof from inside the
roof.
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TABLE 4

Summarised results of' fire teats on roofs

Type No. Section of' roof

Average
time for

penetration
hour min.

Distance of
spread of

flame
inches

1
~~

TILE ROOF
RE.INFOACED BITUMEN

FELT.

. over ~ hra, No spread

2 SLATE ROOF
REINFORCED BITUMEN
FE. LT.

3 - 5 No spread

3 over ~ bra. No spread

CORRUC,ATED
ASBESTOS CEMENT

\4- GAUGE ZINC (Bright surface)

FELT
over it hrs ,

5 (Black painted surt"i No spread
2 - 23

ZINC ROOF '7

6 LEAD ROOF ~WITH 52 No spread.
6 L6(SQ.n: LEAD

7 over 2 - 00 9

BITUMEN COATED
CORRUGATED IRON

8

LAYERS

1 - 22 20

T. 87



TABLE 4 (OONT'D)

Swnmar1sed results of fire tests on roof's

9

10

Seotion of' roof'

Z. LAYERS

ORGANIC BASED
BITUMEN FELT.
ON TIMBER DECK

WOOD SHINGL£'S

Average
time for

penetration
hour .m1n.

11

6

Distance of
spread of

flame
inches

33

Not measured

. '.
T88
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