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A test has been developed to assess the resistance
of a roof to penetration by fire from outside.

This and & second test to measure the resistance
of the outer surface to spread of flame arc described and
a number of test results are given,
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DEVELORINT OF A ROOF TEST
by
"¢, T, WEBSTER T

INTﬁODUCTIGﬂ

Develonment of a fire test for roofs was started by the Building Research
Station in 1906 and this work has since served to give some pguidance in the
framing of Byelaws, Zxperiments were discontinued at the- outbreak of the
var but in the last two years they have restarted. 2

The Byelaws require that roofs should afford protectibn against the
penetration of fire to the inside of a building from a burming building in
the neighbourhood. :

The present paper dcscrlbes two tests. In the first of these radiation
representing the heat from a neighbouring bu1lding on fire is applied %o the
specimen under test. The time for which the roof will resist the penetration
of fire to the inside is measured, In the sccond test the radiation varics . g
across the roof so that information can be gained as to the c1rcunstanues in ‘
whlch a roof will spread flame across its surface. .

FIRE FENETRATION

Test conditions

Roofs may be exposed to conditions of varying decrees of severity.. .For
example, a roof exposed to a warcehouse fire would have. to resist scvere
- exposure for mch longer than one exposed to a domestic building on’ flre, and
different distances of separation would produce different levels of radiation
on the roof, It is, however, expected that in general, any onc level of
radiation intensity would grade roofs in the same order and dlffercnt expoaure
risks could be dealt with by the specification of different requirements or
gradings for-different purposes. . 4 level of intensity su1tab10 for thls.
purposec- has ;been chosen on the following grounds. x

If a bulldlng is expoaed to a nearby fire there would be no p01nt in o
demanding that it bc better protccted from radiation by its roof ‘than by . its ' -
windows. This means that a roof necd not resist penetration by radiation and
burnlng brands and resist flame for a time significantly longer than the time -
after which the same radiation will cause a room with a typical area of
window opening to ignitc spontancously.. The duration of the severe part of .

a fire in a domestic building is approximately half—an-hour, and, it is cu'gcstﬂd
that a roof exposed to a domestic bullding on fire need not resist radiation

for mich more than this, The intensity required to ignite a room through the .
wrindowr mlcht therefore be a suitable radiation level for the test and although:
information of this kind for {u}l-scale has not yet béen obtained,a model. Jlnod
with fibre insulating board, and containing furniturc.was found to ignite -
in about half~an-hour when the intensity was 2,3 w em~2 for a 33 per cdént’

vindow .opening and 0,2 w cm” =2 for'a 100 per cent window opening. 3By interpolatlon
en intensity of 1.3 w om™ -2 would -be required for a 50 per cent window

opening..- For the test it is convenient %o use a level of intensity. of

1.46 w cm~3, This is ‘the rediation from a fire at 1 ,000°C. incident 25 feet
above groumd level on a roof at 450. pitch facing a facade ‘50 feet square With

30 per cent window opening across a roadvay of 4u fect, ascc Pigure 1.

The principal relevance 'of a fire test for roofs is to roofs in cities
where the exposure risk is greatest because buildings arc closer togather
and in thege circumstances there is no reason to distinguish between roofs
on account of their pitch since ‘on a low building surrounded by larger
ones and o a high building surrounded by smller onesg the pitch of the



roofs is largely irrclevant, For these reasons all roofs werc tested at
one pitch namecly 450, '

1

The hazard from burning ‘brands is increcased by wind blowing on to thc roof.

This produces pogitive pressurc on the outside of the roof and tends to drive
the flames from a brand into any cracks or fissures such as the gaps between
tiles. It was decided that a wind of 15 mile per hour, (Beaufort Scale

No.4 a moderate breeze,) would be representative in value,

To simulate this suction was applicd to the undersurface. This
corresponds to 1.5 nmndlffercncc in prcssure: betwecn the upper and lower side
of the roof, -

It was considered that a luminous gas flame would be & convenicnt and
rcgeatablc mcthod of 51mqlat1nn 2 burnirg brand, A 9 in., luminous filamc¢ from
& § in, orifice vas sclected, ‘iiwcn this flame was played on cither slate
or tile rooft and suction applied on the lower side flame approximately
2 in. long could be secen on the lowcr side,

In the ponctration tests thls flame was applicd for one mlnute five
minutes aftcr the stqrt of the test and moved over the surfacoe off ’
the speclnen.

LHPPARATUS

The apparatus developzd for carrying out the roof tests isshowm in
Figure 2. It consists of a square radiant panel supported at an angle of
45°% on a vertical frame and consists of four 1 ft square gas fired surface
combustion panels with their centres ot the corners of a square of 19 in..
side. Thls .is the optlmum spacing for obtaining uniform radiation on the
spccmmon..

Between the vertical legs of the frame a 2 ft.wide track supportsthc’’
trolley vhich conveys the roof specimen to the radiation panel, The-trolley
carries a frame for supporting the specimen at 4350 50 that in the test the
roof is parallel with the radiant pancl and the position: of the trollcy is
such that the disinnce of the roof f'rom the surface combustion heatersis:

23 inédhes. A cover with a mica window is fixed to the lower side of the frame )

and suction is applied by comecting an extraction fan to the cover. To
provide an air seal so-"that air is dravm through the upper surface of the
roof, the.specimen (Figurc 3) is framed round the edges with asbestos wood
S0 that a flat bearing surface is obtaincd and this rests on ashestos
nmillboard laid round the frame on the trolley. Gaps betwoen cdges of the
:specimen and the asbestoa vood are plugged "with ccmcnt mortar, -

The suctlon under thc roof is mcasured by a gauge of the typc shovm in
‘Tigure 4, The slope of the side tube is 1 in 10 and the movement of thc
'colourcd water for 1,5 mm water pressure iu 1.5 cm,

The radiation 1nten31ty incident 03 the specimen is monitored by .

" 4 copper asbéstos dise thermocouples . ( placed symmetrically at a distance *
of 6 in, in front of the surface combustion pancls in -the corners of o
"squarc of 2 ft side. . The gas supply to the pangls is controlled by a

- governor so that once the intensity of radiation is adjusted it remains
constant for at least.4 hours, The framc for supporting the thermocouples

is shovm in Pigure 5. ihen the radiation intensity incident on ‘the roof
is-at the correcct valuc of 1.46 watt cm™ -2 for the ponetrwtlon tosts the .
output from each of the monitoriyy discs is 25.5 MV, Vith cach disc aiving - the
same output thc distribution of radiation intensity over the roof is that
shovm -in Table 1 below. .

1
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TARLE 1

Distribution of radintion intensity over
a roof in the penetration test

Distances from
contre inbpes- _ _ -
owatt om®d 12 61 Centre 6 | .12

1o 4-1,5] 1.6 | 1.5 | 1.2

Rcsults‘ofmpeﬁetration Yests

_ The results of penetratlon tests on various roofs are.shown. in- Table 2.

“ In the tests on the zine covercd roofs one coat of biack paint was applied to
- the cxposed surface to simifiate the conditions likely to bc scen in prﬁctlce
ithrough corrosion and deposition of soot. -

iABLb 2

_ Results of penetration tests on roofs
" lloisture content of wood 12 per cont

—

Test Peri : .
. Type of Roof hoir ndﬁd _Type of Fallprg
| Timber Deck 1n. ‘Squarc cdge | - 8 . Failure:by flaming
. Boarding, | ‘Two.Layers Organic 12 oo
* - Bage Pelts - - _ gt | " " "
 Underlayer 25 1b ‘saturated felt. 13 " v
. Pinish, 40 1b self finished felt. 9 . meoemo T
ks’ nbove but with asbestos Base T .12 Foilure by flaming
Felt. 1 12 n noon
R 1 21 1t n " 7on
2 00 Failure by glowing
1 6 - . .|| --H".. flaming.
Timber Deck:% in. ‘square edge 3 10 Did not fail :
"

Boarding, One laycr of 25 1b ‘ 3 - 40 e
zine with underlaydr of 25 1b )
Saturated”orggnic Base Felta .

31 Eailure‘by flamlng; 

As above Ulth dull black flnlsh on 2
roof. : 1 34 o noo
: 3 00 o v

,l 2 17. oo Con -n
One layer sheét lecad 6 1b/sq.ft 1 0 Failurc by flaming
without a join laid on one layer 50 ! ! "
of 25 1b saturated bitumen felt .. .4B SN

on & in, nominal squarc cdge .
boarding, - =




TABLE 2 (cont'd) .

B . T “
Type of Roof :hsif Peﬁ;d ~ Type of Failure
Westem Rod Wood Shingles 5 Failurc by flaming
on Battens 6 " n
6 non f
ﬁ . ’
Co*wu"atyd Lsbestos Ccmcnt on 3 30 Did not fail
purlins., ' : :
Corrugated metal protected 2 00 Did not fail
vwith Bitumen (4% 1b/sq.yd 2 00
1% 1b felt sq.yd)
Clay tiles on Battens with rcinforced 3 6 Failure by flaming
Bitumen Felt Underlay.
3 35 Did neot fail
3 13 Failure by flaming
3 40. +-Did not fail
4 OO " " n *
Slates on Battens with Reinofrced 5 20 ‘Failure by flamlng
Bitumen Felt Underlay. 2 . 50 " " .
. 3 Q0 B | B | "
_L . 4 I

SURTPACE SPRELD UF FLAME

 Test Couditions

" The miin requirement in the part of the test concerned with spread of
~{lames an the outside of the roof is to determine the minimum radiation
lnten31ty at which a combustible material vhen used on a roof will ignite
from n small source and tend to propagate {lame. A simple methiod of
determining this value is to ignite thc hot end of a roof sample subjected
to rdiation which varices in intensity ﬁlong the length of the specimen.

The point at vhich flaming ceases may be regarded as defining the minimm
intensity of supporting radismtion rcquired for ignition of a roof by a
~ burning brand., It is preferable to let the flaming spread dovn the roof
because if as in practice the flames spread upwvards then the roof is subjected
. to additional heat in front of the flame and a mcasure of the minimum
intensity of radiation for ignition is not obtained., This then permits the
results tc be interpreted in terms of actual building configuration and
dlstdnces.

£pparatus

For thc spread of flame test only the two upper suriace combustion
heaters are used, ‘hen thesc heaters are correctly adjusted the two copper
nsbestos thermocouples opposite the heaters give an EJMLF, of 25.5.1L.V.

The Gistribution of radiation intensity over the roof surface, with the
monitoring thermocouples giving an output of 25,5 i.V., is shown in TFigure 6.

Results of surface spread of flame fests

Because of the small range of non-proprietary roofs with corbustible
surfaces it was decided to moke a series of tests on bitumen felt laid on
1 in. nominal square cdge boarding., The results of the tests and details
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Surface: spread of flame on bltumen felts.Radlatlon
1nten31ty as in Figure 6 .

‘Distance‘of

- Type of Roof . Specimen spread of
R o ' © No... [ - .flame
- inches
- 8ingle layer of self finished 40 1b A 1 \ 18

bitumen felt asbestos base on % in,
thick wood deck, .

4s No. 1 but with underlayer of 25 1b 2 20
*'gaturatedibitumen felt asbestos hase,

As No, 2 but with underlayer of 25 1b 3 20

saturated bitumen felt organic. base. ’ : . 20

: ‘ 23

Mean = 21

Single layer of self finished 40 1b & | . 83
- bitumen felt organic base on § in, N .
.thlck wood deck \ o

-Is No. 4 but with underTayer of 25 1b D Ao '.83451

‘saturated bitumen- felt'orcanlc ‘base. . : 34 -
';. . L . N . . 54;
lean = - 34
: As No. 4 but witﬁ uhderlayer of 25 1b g . : .g53
saturated bitumen felt asbestos base. . R

Mean = 32

-Corrugated metal protected with : : -
" bitumen (4% 1b/sq.yd 17 1b felt sq.yd) 7 ; 9




cof the felts are shown in Table 3 from the table it may be seen that the
results are consistent, -the organic basc felts gpreading a distance ranging -
. from 32 to 34 -inches and asbestos base felts 18 to 23 inches, These

results appear to be indépendent of the underlay; the same result was
obtained whether the felt wms laid direct on the wood decking or laid on a
felt with a different basc for cxample asbestos base on organic base felt,
In Figurc 7 a curve is shoym.of the final distance of spread of flame dovn
a roof covered with asbestos base felt, The intensities from the curves at
- various points on thils curve cre given as determined . in Figure 6, 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
‘& function of radiestion intensity.

Discussion and conclusions

Table 4 summarises the results, the roofs arc arranged in ascending
order of merit from 1 to 9. - The order of arrangement is based on. two
principles:~ ;

1. The roof should resist penctration by heat for the 1ongest
posslble time, : :

2. There should be minimum spread of flame on the surface,,

- .The order of the roofs in Table 3 agrees with the Model Byelaws and
general experience, Tile, slate, and zinc roofs have been long knowm to
give a reasonably satisfactory performnce when exposed to a neighbouring
fire, Copper roofs though not tested may be expected to give much the same
performance as zine roofs. Lead gives an inferior performance to zinc because
the metal melts vhere it bulges through therimal expansion: Roofs inferior to
asbestos based bitumen felts such as organic based bitumen felts, unless
ocovéred with incombustible materials such as gravel onerhalf inch thick or
. bituminous macadam, are excluded by the Model Byclaws, Wood shingles are near
- the bottom of the tablu of results and this pogition is in agreement Yl?

.the views of the Fire Grading of Buildings Committee in their Report which
states, 'The data we have available on the fire risks of cedar shingle~-roofs in
Lmerica, vhere they have been cxtensively used, form a record of disastrous
conflags ~ation involving whole towmships?, '

Though not yet tested a concréte roof constructed as a floor slab is
probably the best type of roof. It is well known that this type of
congtruction will resists heat in fire resistance tests cven when directly
exposed to flame -for several hours. Other tests have shovm that asphalt
mastic, a roof surfacing somectimes used on concrete slab roofs, will not
spread flame cven at higher intensities than those uscd in this investigation.

The tecst deseirribed is intended only for conditions implied in the
Byelaws, so that the béhaviour of roofs when exposcd to fire on the underside
has not been studied. Neverthcless a need may be felt for some information
on this aspect of roof bechaviour. In this connexion dat gould be providc?
by other methods for exnmple the "Spread of Flame" Test or a new btest )
at present under development, which measure the contribution of the inner
roof lining to the growth of firc while the Fire Resistance Test can measure
the ability of the roof to prevent penctration of the roof from inside the
roof,
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TABLE &4

Summarised results of fire tests on roofs

Average Distance of
: » time for spread of
T, No, i
ype 50 Section off roof penetration £1leme
hour min, inches
1 TILE ROOF "over 3% hrs, No spread
REINFORCED BITUMEN
FELT.
2 SLATE ROOF 3=5 No spread
REINFORCED BITUMEN
FELT.
3 over 33 hrs, No spread
CORRUGATED
ASBESTOS CEMENT
L 14 GAUGE ZINC (Bright surface)
over 33 hrs,
5 (Black painted surfacd No spread
2 - 23
ZINC ROOF <
F
6 LEAD ROOF %swﬁ? SBuT ngg 52 No spread
7 over 2 - 00 9
BITUMEN COATED
CORRUGATED IRON
8 1-22 20

ASBESTOS BASED

BITUMEN FELT.
ON TIMBER DECK.




TABLE 4 (CONT'D)

Summerised results of fire tests on roofs

Average Distance of
time for spread of
Type No, Section of roof penetration £1ame
howr .min, inches
9 1 33
ORGANIC BASED
BITUMEN FELT,
ON TIMBER DECK
10 6 Not measured

WOOD SHINGLES
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FIG. 3. UNDERSIDE OF SPECIMEN WITH FRAMING.
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