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At the third Confe"enoe .·of ,CIB/CTF in June 1958 the effect of restraint in
fire resistance tests(1) was discussed and it was decided to carry out a
qo~operative programme of research to stu~ the effect of restraint on the
perfgrmance of floors. Holland, France and United Kingdom agreed to participate
in tpis i!lvest;!,gatic;,n and it was subsequently a·greed.to useca common type of
construction having a fire resistanoe of 1 ~ 2 hours. Floors oonstructed from
P9UOW preoast beams were found the most suitable and in an attempt to produce '
;!,dentioal, oonstructions, the beams were obtained from a factory in Holland which
ha~ alrea~ supplied similar units to the Fire Research Institute at Delft.

S~Op? . of' tes~.s

The present series of tests consist of three 10 ft (305 em) wide floors of a
total thickness of 6.9 in. (175 mm) constructed of precast reinforced concrete
beams of 'loll-ow cross seoti.on with a concrete topping. There is no transverse
r.estr.a~nt in any of the specimens but the following end conditions are imposed.

Specimen No.1 - Simply supported
Specimen No.• 2 - Restraint mainJ,y against longitudinal expansion
Specimen No. 3 - Restraint against longitudinal expansion and

angular movement.

~t is expected that the downward deflection of the restrained floors: will
be. oo~stderabJ,y less than that of the freeJ,y supported construction, but the
end conditions shoul.d have no effect on the heat transmission through the floors
if t};1ey remain. intact. The occur-r-ence of' spalling on. account: of restraint at
the ~nds, however, may lead to higher temperatures being attained on the top
eurf'ace of the restrained specimens •.

Desc:r;iption of sp.ecimens

The specimens have. been constz-uctied from. precast: hollow concrete: beams
EFimre 1») :r;-einforced with 2. -~. in•. (1:2 llJIiI'~) dia •. bars: at: the bottom. and
2 ..,.t 41 •. (6 mm.). dia •. bars at the top with wire netting in, the lower' flange •.
Tl;1e 'Wits, with tapering sides,. are 9•.8 in~ E250: mm.,), wide, at the base and
when. cl,os.ely butteq:, together· twelve· beams' give a· width of' 10 ft·.. Beams of' two
diff~rent· o.v:er.a,ll lengths hav:e been, employed' in the' construction. of the floors,
unit:j. 12: ft 9 in., (388 cm) long for specimen' Nos:•. l' and. 2. to give a clear' span
of' 1~ ft. (366 em). and.' for specimen No., 3, beams 1:2: ft: ~366 em•.) long·to give
a clear span of 1'1 ft 6 in. (350 em)•.

After' mounting the beam~ in the test'f~e an' in. situ' concrete topping was
cast to, provide an ayerage cover' of 1:•.18 in·•. (30' mm), to: the top of' the beams
giying a, floor constz-uct ten of a to.tal. thickness of' 6-',9 in •. (175 mm •.),., The
in situ. concrete was made from' uncrushed river' gravel" washed: riv.er' sand and
PorvtLand cement in the ratio 3 :. 2 :, 1: by voIumev, The· maximum size of the
ccar-se aggregate used was i in •. (19. mm.). During the' placing of the concrete
topping 6 in. cubes were made which will' be. cr.ushed to' determine the strength
of tl)e concrete at. 28 days and at the time of. test'..

Specimen Nos •. 1 and 2 (Figures 2 and 3) have been constructed. in the' standard
testipg frames normalJ,y employed at Boreham Wood for' testing simply supported
flOOrS.. T!lese frames are fabricated from stee~ joist; sections with an encase­
ment. Of r.efractory concrete giVing a bearing step on the' short sides.. For.'
specinien No. 2 the space between the ends of the beams: and' the frame was filled
with· concrete. to· provide restraint against expansion: and possibly' some restrain~

agatlns t angular movement.
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For specimen No.3 a different type of steel-beam frame was used and

as shown in Figure 4, encastre conditions 'have been provided at the two
short ends which impose both longitudinal and angular restraint. L-shaped
continuity reinforcement of i in. (9 mm.) bars at 10 in. (254 mm.) oentres
togethez; with two ~n. (6 mm.) dia. distribution bars were used in the
enoastre ends, the long edges of the floor being free.

Test results

It is planned-to submit these floors to fire tests at an age of 6
weeks beginning in the middle of May. The last floor speoimen (No.3) is
scheduled to be tested on 1st June when the delegates to the 4th Conferenoe
of CIB/CTF will be able to witness the test in progress.

Referenoes

1. Joint Fire Researoh Organization. Effeot of Restraint in Fire­
Resistanoe Test - CIB/CTF No. 35/UK/3, May 1958.
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EXTERNAL WALLS QP BUILDINGS - PART I

THE PROTECTION OI!' OPENINGS AGAINST SPREAD OF lIRE nOM STOU!' TO STaaEI

by

The attention of the Joint lPire Research Organization waa drawn by the
Building Research Station to the need to examine the problem of proteotion against
spread of fire tram storey to storey of a building thrOllgh the windows, on the
grounds that the present requirements were onerous aDi were restrictive in the
use of some forms of conatruotinn which were desirable:fbr other reaBODS. An
investigation was f'1rst made using modeL" and. then experiments were made on a
larger scale in a four storey tower built for the purpose. This Dote presents the
resultB of 'the large-scale series of tests.

Prom the fire protection aspect, the function of the external walls of a
building are' primarily (1) to contain a fire within the building and give
protection to fire fighters, and (2) tc preVent entry of tire from an adjoining
building.. When a wall has windows, however, its ,protective value is conaiderably
diminished, since suob openings form points of weaJ.mess from both of the
conaiderations eDUmerated above. li'ire safety can then be achieved by proper
separaUon ..~ buildings from the site boundaries bav.lng regard ",0 'the d1menaioDS
of the external weJ.la, the amount and distribution of window oPenUgs and the
Dature of the occupancy of the ~~. J4ethods for determining the separation
of bui1.d1ngs have been developedll), but they have not yet been used in bund1 ng
legialation.

I

~ \

/
!

L. A. Ashton and H. L.. ldalbotra

1. Introduotion

f

The presence at windows in adjacent storeys of a buj 1ding may introduoe' I'
another hazard, that ar flames issuing trom the wiDdowa in one storey and (
spreading fire through the windows above. Some building Codes and Byelaws have I
attempted to reduce this hazard by inc1ucling mandatory struoturaJ. requirements r-
reJ.ating to the separation between openings vertically above one another. The '
separation usually consists of a fire-resisting spandrel waJ.l of specU'ied height, ~I'
or a horizontal projeotion.

1

I
I

2. Survey of 'current practice \

In this country measures to reduce the risk ~ fire spread externa.l.l.y in a {
buUdjng appeared first in Byelaws in 1952, based, it appears, on a recommendation!
of the Fire Grading of Buildings Committee\2). The Committee reoo8Jlised'that it 1

would be onerous to uk for tire resisting glaz:in8 in' bu;l J d1np with average I

amounts of window openings and reoommeD1ed for build.1..Dgs of tully protected J
oonstruotion: "A reasonable degree 'of protec'ti,on could be obtained by prodd.1Dg
at least 3 ft of conat1'uction (of which at least 2 ft should be above floor level)
of the same srade of fire resistance u the walls, be'tween the lintel ~ the
lower window am the sill of th9 one above". The Hodel Byelaws of the !f:l.n1Btry \
of HousiD8 and Local GovernmentU} and of the Department of Health for ScotlaDd(4)4
included this recoDDllendation, to be applicable to all build1Dgs other than small '
houses, aDd added, as an altermtive separation, the provision of a horizontaJ.
pro.1ec~o:p extend~ng not less thaD 2 ft :from the wall. The London County Counoil
By-laws(5) specif'y that openings above the level or the sot~t of the first
floor shall be Umited so that their total area does not exoeed one hal.f the
eleva.tional area of the wall" a.Di ano such opening shall axteDd below 2 ft 6 in.
above the :floor of the storey in which it is formed." It should be Doted that
at least one large loeal authority in England has not included in its Byelaws ~\',

r I 'J ~
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TABLE 2

Estimated Fire Resistance of Wall Panels

r 1
: Under window panel construction Estimated fire resistance
i
r
I

Cladding Lining Internal fire External tire

lJ in. brick wall 2 hours 2 hours

Asbestos/oement Ii in. plasterboard Less than ~ hour Less than i hour
sheeting

1 in. cedar 3 • plasterboard ~ hour i hour1J' an,
I boardin81

A1um:i.nium sheeting i in. plasterboard Less than i hour Less tban i hour

I(Expanded plastics
in cavity)

11 . wired. glass . --1 in. fibre Less than i hour Les s than i hour: '4 :Ln.
insula.ting board.

.
1/16 in. gia.ss/ i in. fibre Less than i hour Less than i hour
fibre plastic insulating board

laminate

7. Test results

(1) General

The temperatures obtained in the various tests are plotted in Figures 6 to l5.
Photographs of the outside of the btdlding were taken at intervals during the tests
and a selection is shown in Plates 1 to 11. The results are summariz ed in Table 3,
and further details ot the individual tests are given in the Appendix.

8. Discussion of results

The purpose of the investigation was to examine the reqUirements tor the
separation between windows in adjacent storeys of a building in order to achieve a
reasonable standard of fire safety. With the means available, it was necessary to
confine the experiments to one size of room ot relatively small dimensions and it
is not possible at this stage to predict the effect of fires in much larger buildings
and having greater fire loads.

In the scope of oomparatively few tests, only the more important variables
could be dealt with. Since the tests were made in the open, weather conditions were
a factor which it was difficult to take into account, and :1.t was only with
exp~rience that its effect waS tully appreoiated. It is hoped that the other
varl.ab1es can be studied in work in progress anf1res in rooms carried out on a model
Scale.

(1) Effect of conditiona in fire chamber

MOdel experiments(lO) show that the height of flames issuing from the windows
Of' a room inVolved in fire increases with the rate of burning of the fuel, where the

- 5 -
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Building Codes and Byelaws at present generally include requirements
aimed at reducing the risk of fire spreading t'rom storey to storey through the
windows. El:periments have been made both with inodel rooms and large scale
stroctures to determine the protective value of these requirements and whether
relaxationB could be justified. This paper describes the large scal.e
experiments on 8 tour-storey building erected tor the purpose•

July, 1960.

Fire Research Station,
Boreham Wood,

Herts.



EXTERNAL WALLS OF BUILDINGS - PART I

TIlE PROTECTION OIl' OPENINGS AGAINST SPREAD OF li"IRE li"ROM STOBEY TO STOREY

by

L. A. Ashton a:cd H. Lo Malhotra

1. Introiuction

From the fire protection asp eot, the :fUnction of the external walla of a
building are primarily (1) to contain a fire within the building a.n:1 give
protaotion t~ fire fighters, and (2) to prevent entry of fire from an adjoin1ng
buildingo When a wall has wiDdows, however, its·proteotive value is cOI13iderably
diminished, since suoh open:in8s form points of weakne3s from both of the
cJn.siderationa enumerated above. Fire safety can then be achieved by proper
separaU..,r...~ building. from the site boundaries having regard to the dimensioI13
of the erlernal wall.i, the amount and distribution of window open.inc;s and the
Datura of' the ocoupan'Oy of 't.ha bv.~. Methods for detarud.n1n8 the separation
of buildings have been developed.l l ) , but they have not yet been used in buUding
1e81818tion.

The presence of windows in adjacent storeys at a bu'iJding may introduce
~other hazard, that of names issuing from the windows in one storey and
spreading fire through the window8 above. Some bllild;ng Codes and Byelaws have
attempted to reduce this hazard by including mandatory structural requirements
relating to the separation between openings vertically above one another. The
separation usually ccmsists of a fire-resisting spandrel wall of specified height,
or a horizontal projection.

The attention of the Join"; Fire Research Organization was drawn by the
Building Resear,~ Station tEJ the need to exsm1 ne the problem of proteotion against
spread of fire trom storey to storey of a building through the windows, on the
grounds that the preaent requirements were onerous and were restrietive in the
use of soma forms of constru~ti·;mwhich were desirable f\:lr other r&3.SI~:tll!o Ax!
Ul7estigation was f'.1rst made using model." and then experiments were made on a
lal-ger soale in a four storey tower "tmilt for the purpose. This note presents the
results of the large-scale seri~~ of test~.

20 Survey o~ current praeti~"!

In this country mea,s'.J.ras to reduce the risk of fire spread erternally in a
build:1JJg appeared first in Bye1.a.ws in 1952, based, :it appears J on a reeommerJdetion
of tha Fire Grading of Building3 Committee~2). The COmmitt~8 recognised that it
would be onerous to ask for tire rasis t:L'16 glazing in buildiIl8s with averag~

amoun.ts o:f window openings EWd re,~ommenied. tor buildings of 1'u1ly protected
oonstruction: riA reaso:::L.'l.ble degree of pr'.J'tecdon co'..lld be obtained by prcviding
at least 3 ft of construotion (of which at least 2 :ft should be above floor level)
of the same grade of tire resistQ.';lce as the walls, between the lintel of the
lower window and the sill of th~ eae abo'Vs". The Modal Byelaws of the Ministry(
of Housing aId Local Go'7~entU) a:1d of the Department c4 Health for Scotland 4)
i::.eluded this r&:oomne::ula.tion, to b~ applicable to all buildings other than small
houses, and added, as an a.1ternativa separation, the provision of a horizontal
projeot:j.o~ extending not le3S than 2 ft from the waJ.lo The London County Council
Bj--laws{SJ speoify that openings above the level of the soffit of the first
f"loor shall be limited so that their total area does not exceed one ha1i' the
elevational area of the wall, ani "no such opening shall extend below 2 f't 6 ill.
ab':>7e the :flo!)r of the stlJrey in wb.i.ch it is f'ormed. n It should be noted that
d least one largoe lo~l auth~rlty in q1s.."'ld has not included 1n ita Byelaws



slabs 6 in. thick, the other floors were of normal in situ reinforoed. concrete
4 in. thick. The entrance to the staircase at the groW1d floor level was sealed
to prevent the flame and the smoke entering the staircase and access to the first
floor landing was arranged by means of an outside ladder and a trap door. A
non-combustible door at the rear of the ground floor provided access to it aDd
was also useful for controlling ventilation. Small observation windows were let
int9 the back walls of the rooms and made it possible to look into the room :rrom
the balcony attached to the landings. Provision was also made tor fixing thermo­
couples to measure temperatures in different rooms.

5. Testing techIdque

The first test was a pre' j m1nary trial to determine the procedure to be
adopted for the rest of the experiments. Yock up furniture to give a fire load
of 5 lb/ft2 (approximately 40,000 B.T.U./ft2) was placed in the ground floor
room. A1'ter the first test it was decided to use timber cribs, three or four in
number depending upon the fire load, using pieces of 2 in. % 4 in. and 1 in. x
3 in., 30 in. long rough sawn timber. A rectangular layout was used for the" four
cribs (s ee Figure 2), varying in height from 36 in. near the windows to 60 in.
in the rear of the room. At the end. of the second test it was also decided to
line the walls aDd the floor with fibre insulating board to assist rapid
development of fire in the zoom as the main interest was in the f'ully developed
stage of the fire. Although not neoessary for these experiments, the windows of'
the fire chamber were glazed, except for a pane at the top, in order to obtain
information on the beharlour of' glass in fires. As the test proceeded the
glazing was broken as cracks were :fonned. Thermocouples projecting 3 in. below
the softit measured the temperature conditiona in the fire chamber during a test.

In the first £'loor room, in add!tion to timber flooring, two pieces of mock
up :£'urn!ture of timber and hardboard were placed as shown in Figure 3. Surface
thermocouples were attaohed to the side of the "cupboard" facing the window and
on the top surface of the "table" • Additional thermocouples were attached to the
in3ide of underwindow panels or on the upper surfaoe ot: the :floor boa.rd:i.ng, in
each test. A1'ter the first four tests lightweight cotton curtains were hUD8 at
the first floor windows, and simple hardboard pelmets were fitted.. Sheets of
newspaper were also placed on the table.

Some temperature measurements were also made in the second aDd the third
floor rOOIIlB in the f'our tests but as no significant temperature rise was observed,
the measurements were subsequently discontinued.

The prevail1ng wim conditiona were noted during each test and the average
wind speed was measured with an anemometer.

6. Description of the tests

The construction data for the series of tests are summarised in Table 1 and
are discussed in detail below.

(1) Fire load

The range of fire loads was from 40,000 - 1000, 000 BTU/ft2, 0 apable of
prOViding £'ires eguivalent in severity of' up to one hour of the standard fire
resistance test(2J. Experiments with models(lO)(ll) have shown that, under given
colJditions, the rate of burning of the fuel is generally independent of the fire
load, which ei'fects primarily the duration of the fire. AB the fire load
increases under given cOnditi003, therefore, the greater will be the time during
which flames are expected to attack the windows of the upper storeys, as 10118 83

spread of fire does not take plaoe internally from storey to storey.
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(2) Window sizes

The test series was commenoed with the ground. floor room having two
~ber framed windows, each 4 ft wide by 6 ft high and the other floors with
windows of the same height and 4 :rt 4 in. wide. The openings in the wall of
the rooms represented by thel3e windows were 61 per cent for all store;vs. ..
Atter the first two tests the width of the window was reduced to 3i ft and
the height of 'the ground floor wimows to 5 ft thereby reducing the percentage
openings to 45 and. 50 respectively for the gr~ and the first floors. For
four of the tests the glazing was extended. from ceiling to the floor level
and the openings thus increased. to 71 per cent of the facade.

(.3) Underwindow .panels

Arter the first three tests it was apparent that only the underwindow
panels or spandrel walls on the first floor were likely to be seriously
ati'ected. since the flames were traru3itory at higher levels and it was
therefore decided to contine attention to the performance 'of various
constructi,?DS on the ground, and the first floors. On the ground noor
resis·tanoe against an internal tire was demonstrated and on the first floor
the behaviour of the waJ.1 when expos ad to an external fire was shown.

All the tmder window panels, with the exoeption of the ground floor in
the first two tests and the last test when 4i in. brick wall was used, were
made with 2 in. square timber framing having an external cJaddi.ng and an
inner lining. Five different constroctions ware tested, i in. plasterboard
forming the inner lining in three of the constructions and untreated t in.
fibre inaulating board in the other two. Three typoo of non-combustible
cladding were tested and "two types or combustible claddi ng. In one test
with timber cladding, the boarding was extended as a continuous finish over
one half of the fa9ade from ground level to the top of the :first fioor window
to see if it would assist the fire to spread.

When no panels were used, io e. the glazing extended from ceiling to
floor there was a 12 in. separation ;formed by the floor struoture between the
top of the window opening in the ground floor and the bottom o:f the openin&
of' the first floor. In two such tests a balcoDiV of rei.n.forced concrete
2 ft wide complying with the existing byelaws, was mounted between the bo
openings.

Further details of the various window panels tested are shown iJJ. Figures
4 and 5, and their estimated fire resistanoe, as defined in B.S. 4-76(12), is
given in Table 2.

-4-
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windows are large, and the rate of burning depems on the surface area of the
combustible material. With smaller windows the rate of burning depends on
the air supplied to the fire, which, apart from wind effects, is gov~ed 'by .
the air :flow faotor A H, where A is the window ares. aDd H its he1gh.tl ll). The
tower experiments showed the e!'fect on flame height of increasing the available
surface area of the fuel and also indicated that flames from the ground floor
room tended to be higher when the windows in that room were smaller, but
weather conditions introduced a variable which could not be taken into account.

The fire load ranged in the tests from 5 to l2i Ib/ft2 (40000 - 100000
BTU/ft2 approx1mate1y). There is no marked. relation between fire load and the
damage sustained in the first floor room; except in Tests Nos. 8 and 9 where
increasing the fire load f'r9m 10 to ~ lb/tt2 resulted in higher temperatures
on the :f\trn:tture of the upper room. On the other bani. in Tests Nos.2 and 10
where the fire loads were 8 and l~ Ib/ft2 respectively higher temperatures were
recorded on the furniture in Test No.2.

(2) Ei'fect of windows

It will be seen that, except in Test No.1, the windows of' the first floor
room were shattered, perm:i.tting flames, smoke and. hot gases to enter the room.
Where curtains and pelmets were provided, these were ignited, although in the
absence of' other adjacent. combustible IMterlals the fire in this room did not
continue to burn. There:f'ore, if flames attain the height of the windows and
are sustained, if only for a short period, they are likely to break the windows
and ignite any readily :flammable materiaJ. close to them. Where flami.ng was most
vigorous, glass was broken in the windows of the second floor.

(3) Ef'feot of Beparation between windows

Current ByelaWS in thiB country require the .3 ft separation between
windOWB in adjacent storeys to have a fire resistance appropriate to tbe ·-type
of bu11d1n.g, Vl1th a value of between t hour and 4. hours. For domestio
'buildings the fire resistance requirement may be up to one hour for a non­
load-bearing panel supported in a BtruCtural frame. The tests were made with
undex-window panels having a fire resistance ransin8 from about fifteen to
thirty minutes, ani in no instance was a panel used having a fire resistance at
one hour appropriate to the fire ·load. of 10 - 12i lb/ft2• It was demonstrated
that under any conditions in the tests the fire to which the panel may be
exposed externally is much less severe than the fire 1t will have to withatand
intern.a.lly. In no test did actual penetration of a panel by £lames occur
although with the wholly combustible construction used under one window in
Test .Nooll~ penetration would probably have occurred if the flame attack had
been prolonged a 11ttle longer.

Timber ·cl.adding, having a thickness of not less than i in. behaved well
in repeated experiments, and withstood erternal fire exposure without being
penetra.ted by flames. The impinging of t"lames on the underwi.ndow panels was
never suff'iciently sustained to give continued burning of the timber, em a .;
charred .la.yer was bullt up on the surface of' the cladding which was resistant
to re-ignition.

Certain non-combustible materials suff'ered. the same kind of damage when
attacked by external :fire as is shown when they are exposed to internal fire;
asbestos/cement sheets shattered and eJ.uminium melted. The presence 1n these
panels of an internal l.:l.n.ing prevented the penetration of' flWlles to the room
through the panels.

The effect or a fm-ther reduction in the fire resistance at the separation
is shown by the tests (Nos.4. and 7) in which glazins extended. £'rom floor to
ceili.ng. In neither of these tests was the furniture in the first floor room
ignj.ted, although in one of the tests (No.7) the highest temperatures for the
f"urniture of the whole series were recorded.

- 6 -



The provision of a horizontal projection betwoen the windows of the two
storeys of the minimum dimensions required in the Byelaws was less effectivo in
prote.cting the contents .of the upper room than 803ft wall panel, as shown by the
results of comparable tests, Nos. 9 and 10, although the rind may have contributed
to the differences in the two tests.

The relative merits of the underwindow-panel, floor to ceiling glazing and
the horizontal projection are shown by the three tests, Nos. 6, 7 and 8, made
under similar conditiona of wind direction and speod, and the same fire load. In
the experiment with floor to ceiling glasing the hazard to the contents was
appreciably greater than in the other two experiments, but the hazard 1Ias not great
enough to lead to spread of fire to the upper room.

9. Conclusions

The following conclusions relating to structural measures which are likely to
be of value in reducing the risk of fire spread externally in a building are
derived from the investigation described, and from oonsideration of the problem in
accordance with fire protection principles.

(1) The most important safeguard against spread of fire from storey to storey in
a building is the provision to a compartment of fire resisting walls and floors,
with all openings in these elements protected with closures of appropriate fire
ree:istanoe. Fire, and the produots of combustion, smoke and toxic gases, spread
more readily internally than externally, and within a building are a far greater
halard to life and property.

(2) The investigation showed that ignition of the oombustible structure and
furniture of a room immediately above a fire would not occur readily under flame
attack for as long as fifteen minutes even when the undenrindow panels had no fire
resistance, but the provision of separation between windows in adjacent storeys in
accordance with building byelaws would not prevent ignition of flammable materials J

such as curtains close to the windows of the room above a fire.

(3) The intention of the separation requirements of' the Byelaws is illustrated in
Figure 16. A minimum height of 2 ft above floor level is specified for the
spandrel wall and this height is deemed to be sufficient to give protection to tho
contents against radiation from the flames or aotual flame impingement (Fig. 16 a,
b). In the investigation described tho items of furniture were substantially
shielded by the wall, but oombustib1e material of much greater height would have
been exposed to a higher risk of ignition. The indications from the tests and
from model experiments were that, under suitable conditiona, ignition of
combustible material in the upper part ~ the room, fQf example a ceiling lining
would be possible (Fig.16c). It has been suggested~tl) that a vertical projectio~

below the ceiling of a room is likely to be of greater use in protecting the
windo.s of the storey above than a spandrel Wall, on account of the different f1911
of tho products of combustion which would reSUlt, (Fig.16d). Model experiments~S
ahow, however, that such a measure is unlikely to affect the flame height which
has its origin virtually from the lower part of the window of the room involved,
and the result is likely to be as indicated in Fig.16e.

(4) A horizontal projection or balcony is intended to deflect the flames away
from the windows in the upper storey, but in order to be.effective in this way a
much greater distance of projection would be needed than 2 rt from the face of thl
wall, (Fig.16f and g).

(5) Within the conditions of the experiments it appears that a vertical separatil
~f 3 ft or a horizontal separation of 2 ft between windows in adjacent storeys is
f nadequate to prevent the entry of flames from a fire in the lower storey unless
ire resisting glazing is used. The extent of the increase in these separations

necessary t . hW1 d 0 g1ve reasonable protection against flame penetration through t e
ren ~s has not been determined. Tho indications are that the fire resistance

qu ed of the spandrel wall could be substantially reduced even belo.
r: 11
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APPENDIX

!,est No.1. Wind direotion S.W. Average speed 4.5 m.p.h.

Although the glazing in the ground floor l7indows began to crack at It min.
the nanes remained in position for another 8 min. The fire development was more
rapid than in the preliminary test, but the extent of flaming outside the
windows was s till small. At 16 min. some cracks in the first floor glazing
occurred. The tire started. to diminish at 22 min. and flamjng from ground tloor
wimows ceased. No significant damage to the first floor windows was obs erved.

It was decided after this test to increase the surfaoe area of combustible
material in the f'ire chamber by lining the walls and the floor with fibre
insulating board.

a,

t
at
al1d
ate

::lIDS

~nt

t

1
I

Test No.2. WiIld direction W. Average speed 11.2 mapah.

The f:i~~ load was increased to 8 lb/tt2 of which the wall and the floor
lining constituted a quarter.

The fire developed very rapidly in this test aDd by LJ min. most at the
glazing had been broken in the ground floor room and the flames :ft'om the windows
cracked some panes in the first floor. The vdnd was rather strong and, bl0wi.n8
across the faoe of the bu11ding, tended to sweep the f1ames to one side. Just
atter 5 min. one of the window panes on the first floor fell down ani an
asbestos/cement facing of an WJd.erw1ndow panel was shattered. Glazing on the
first floor continued to brea1c up and atter 7 min. the second asbestos/cement
facing exploded and the exposed face of plasterboard began to char. The intensity
ot fJa m1 ng decreased after l~ min. and the fire was almost out at ~5 min. The
first floor window frames were charred, most of the glazing broken and oladding
of the wall panels had disintegrated. The fire did not enter the first floor am
no damage to the oontents of the room was observed. With the exception of a
broken window pane on the seoond floor, no damage oocurred to the higher storeys.

Test Noo3. Wind direction NeW. Average speed. 8 m.p.h.

The fire load was increased to 10 lb/tt2 , the window sizes were reduced. aDd
a combustible oladding oonsisting of oedarboarding was used. on the underw1ndow
panels on the gt"ound, first and s ecam floors.

There was a rapid development of :fire anl by 3t min. the flames were issuing
from the ground floor windows. The glazing on the first floor commenced to break:
by 6 min. and the combustible cladd.iDg and window frames were ignited. The
flames issuing from the fire chamber were high enough to reaoh the panels on the
second floor. After the initial :f"1aming the cladding continued to burn only as
long as the flames were in contact with it. By llt- min. the lower edge of the
cladd:in8 had charred right through, the rest of the boarding was still intaot.
By 28 min. the fire penetrated through the grouni floor panels and the flame
intensity began to d j mi ni she The fire waa out by 28 min.

. . The fire did not penetrate the first floor window panels and no fire damage
J.l1.S1de the room was observed. The second floor panels were only slightly cha.ITed.

~st Noalt:. Wind. direction S. to S.W. Average speed 6.75 m.p.h.

Keeping the fire load the same as the previous test, the glazing on the
ground, first and second floors extended from floor to ceiling. The separation
between the top of the ground floor windows and the bottom of the windows crt the
floor above was 12 in. Four lightweight cotton ourtains were hung at the first
floor windows and. hardboard. pelmets provided.

- i -



There waa a rapid build up at fire and all the glazing on the ground
floor was broken by 2 min. Flames commenced to issue from the window open:in8s
and the lower part of the first floor window frames started to char at lj. min.
and. within the next 2 min. the glazing on this floor began to break up. The
wind tended to blow the flames awaf from the face of the building to one side.
One ourtain was first ignited at 7"2 min. and. subsequently two of the rellla1 n i ng

three ourtains were ignited. By 12 min. the inten.sity of flames began to
deorease and after another 6 min. there were no flames issuing from the
windows. The test was terminated at 20 min. The flames did not igni.te the
flooring or the furniture on the first floor, neither did the burning curtains
spread. the fire. There was no damage to glazing on the second and third floors. .

Test No.5. Wind direction S. to S.W. Average speed 9.2 m.p.h.

Test No.6. Wind direction N. Average speed 3.4 m.p.h.

Both these tests were repeats of Test No.3 with the addition of curtaining
in the first floo:::, room and some loose newspaper plaoed. on the table. The
wind was strong and un:f'avourable for sustained flame attack on the first floor
windows in Test No.5 but the conditions were favourab1.e in the second test.

The fire developed rapidl.y in both tests, but sustained and persistent
flaming ooourred only with the second in whioh the fire was also of a slightly
longer duration. In both tests the curtains were ignited. but the fire did
not extend elsewhere into the room. In Test No.6, the cladding of the UDder­
window panels on the first floor was charred more extensively and temperatures
in the room were on the average approrlmately 500 C higher than in Test No.3.

Test No.1. Wind direotion N. Average speed 4,.25 m.p.h.

This was a repeat of Test No.4 with wind. conditions more favourable to
external spread of tire. Early in the test the flames issued vigorously from
the ground floor windows end at times reached the third f1.oor. By 4- min.
most of the gla.zing on the f'irst floor bad disintegrated J the curtains were
consumed axxl the hardboard pelmets ignited. After 1.5 min. the :f'laming
diminished a.ni the fire was burning wholly inside the ground floor room.

The sides of the furniture :f'aoi~ the window on the first floor and the
floor boards near the windows were oharred. There was slight charring of
newspapers on the top of the table where for shori duration temperatures of
the order of 3000C were recorded. There was no spread of fire inside the,
room.

Test No.8. Wind conditions N. to W. Average speed 4.25 m.p.h.

With the window sizes am the fire load as in the previous teat a
2 ft wide concrete balcony was mounted. between the ground and. the first
f1.oor window openings.

Flames issued from the windows of the fire ohamber at 6 min. The flames
were observed to be defl.eoted. outwards by the balcony and once clear of it
to curve inwards towards the first floor windows. By 7i min. some of the
glazing on this floor had broken and the wi.nd.ow frames and the ourtains were
igni. ted. Three of the curtains were burnt out by 11 min. and nearly three
quart ers of the glazing fallen down. By 15 min. the fla.ming diminished and
the fire was burning inside the fire chamber only. The fire was almost out
by 20 min.

No charring of £urniture on the newspapers on the first floor was
observed..

- ii -
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Test No•.2,. Wind direction E. Average speed 1.25 m.p.h.-
ThiS was a repeat of test No.8 with the fire load increased to 12i lb/ft2

ani with only a slight wind.

Flames issued from the ground floor windows after 8 min. There was vigorous
flalning in !'ront of the first floor window with the flames curling back over the
balcony breaki.ng the glazing and igniting the curta.ins. By 14- min. almost all
the g1a.zins on this floor had fallen down am the window frames were charred for
their full height. The flame intensity started to decrease by 18 min. and the
fire was burning inside the fire chamber with only slight flame emission.

The furniture on the first floor suffered some charriI18 on the sides facing
the windows and some charring of the floor boe.rding near the windows also
occurred. Tra.nsient temperatures as high as 30QOC were recorded in the room.
There was no spread of fire in the room.

Test No.10. Wind direction S.E. to S.W. Average spee[ 6.25 m.p.h.

In this test underwindow panels of two different constructions, both on the
ground and the first f:Loors, were used. On one side of the verti.ca1 cen'tre line
the panels consisted of' 2eG. sheet aluminium cladding with expanded. plastic in
the cavity and plasterboard 1:inin.g. On the other side a c:La.dding of' cedarboarding
was used, in addition, the who:Le face of the building on this side up to the top
of the first floor was faced with cedarboarding to provide an unbroken combustible
finish.

The fire was slow to develop and the first flames issued from the windows at
13 min. ani ignited the combustible cla.ddi.ng. One of the c:urtains was ignited at
lsi min. am by 18 min. acme of the boarding adjacent to the window was also
flam:Lng. At 19 min. the aluminium paneJ. on 'the f'irst floor softened and exposed
the plastic insulation which started to burn. There was no continued burning of
the ced.arboard claiMing, "flaming occurring only when the flames were in contact
with it. At 24 min. the plasterboard behind the a1umin1um facing became visible
and its surface began to char. By 2~ min. the fire on the ground floor
penetrated through. the alum1n1um-faced panel and. through the· cedarboarding within
a further half a minute. At this stage there was v~ little fJsadng outside the
windows. .

The fire did not penetrate the underwindow panels on the first floor, there
Was no charring of furniture or newspaper, and one curtain end the palmats were
intact at the end of· the test.

Teat No.li. Wind direction W. Av~age speed 5.4 1Ir.p.li.

The fire load was decreased to 7 Ib/ft2 and two different constructions for
\Ulderwindow panels employed on the first floor. A IJ- in. brick was used Wlder the
windows on the ground floor. A fibre in.sulatin8 board internal. lin.ing was used
for underw1ndow panels on the first floor m.th an exterior c:Laddill8 of i in. wired
glass for one panel and. a corrugated sheet of fibreglass/polyester resin laminate
for the other.

. The fire developed fairly rapidJ.y and. the flames ignited the plastic sheeting
in Just under 2 min. The glazing on the first floor started to break at 3 min.
and one of' the curtains was ignited.. The wired glass panel cracked but remained in
Position and by 6 min. the plastic sheetd.ng had finished bu~. The flaming
~~gan to diminish at 10 min. Between 15 and 16 min. the internal liIlin8 of

l.tbrebOard ignited in the two panels. The fire in the grourd floor was nearly out
e. 20 min.

th The fire did not penetrate the first floor room by the em of the test althou@
15eJanel :Linings gave temperature readings of 600 to 7000C on the inside a.f'ter

n, and .WOuld. have ignited if the flaming had been of slightly longer duration.
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ELEVATION

SECTION A-A

FIRE CHAMBER

SECTION a-a
FIRST FlOOR

-FIG. I. FOUR STOREY BUILDING FOR FIRE TESTS
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a. Start of fire

c. Fire burning in fire
ohambe r (20 rrriri . ]

b. Emission of flames from
ground floor room (12 min v )

d. End of test (25 min.)

TEST NO.1. Ale SHEETING AND PLASTERBOARD PANELS
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a. Start of fire

c. Near the end of fire
(15min. )

b. Wind fanning flame across
face of building (7 min. )

d. Close up of ground and first
floor after the fire

TEST NO.2. REPEAT OF TEST NO.1.
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a. Start of fi re b. Flames issuing from the
windows (10 min.)

c. Penetration of fire through
sround floor panel s (18
min. )

End of test (28 rrrin , ]
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TEST N°.3. TIMBER FAr.F.n -06. "Tl;"T c:
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a . Sta rt of fi r e

c. Fire burning inside the
fire chamber (18 min.)

....._~--_ ..- ...
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b. Effect of side wind on
flames (5 min. )

d. Near the end of test
(20 min.)

.\
TEST NO.4. ROOM HEIGHT GLAZED WINDOWS

PLATE 4



a. Start of test
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c. Ignition of cedar boardiIl.i
with flames impinging on
its surface (10 min.)

b. Effect of cross -wind on
the flames (5 min. )

d. Fire penetrated ground
floor panel s (1 7 min. )

TEST NO.5. REPEAT OF TEST NO.3.
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a. Start of fire

c. Ignition of a curtain
(lOmin.)

b. Flames covering fill"st
floor facade (5 min.)

d. End of test (20 min.)

- \ TEST N°.6. REPEAT OF TEST NO.3.
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a. Before start of fire

b. Flames reach the 2nd
floor level (4 min. )

c. Fire burning inside the
fire chamber (15 min.)

TEST N°.7. REPEAT OF TEST N0.4.



.j

•

. ---..-'--..-.~ .....-.. ~.;:. -t-. ",

a. Before start of fire

\

b. Flames issuing from
ground fl.oo r (8 min. )

c. Side view showing curling
of names over balcony

.: . .i.
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a. Flames commence to issue
from ground floor (8 min.)

c. Ignition of a curtain
(13 min. )

b. Flames covering Ii rst £loor
facade over the balcony
uo min. )

d. Near the end of lire
(18 min.)

I

\



,

:.,,'

a. Start of fire

c. Impinging flame s ignite
cedar boarding (18 min.)

e. Penetration of fi re on
ground floor through
aluminium face panel
IZq! min. \

b. Flames issuing from
eround floor (13 min.)

d. Aluminium facing on tirst
floor melts (24 min •.)-

f. Penetration of fi re on
ground floor through
timber clad panel
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a. Start of fire
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c. Plastic [acing continues
to burn without zssi stance
from fire (4 min.)

b. Ignition of plastic faced
panel (2 min.)

d. Near the end of test
(12 min. )
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