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EXTERNAL WALLS (OF BUILDINGS - PART I

THE PROTECTfON OF OFENINGS AGAINST SFREAD OF FIRE FROM STOREY TO STOREY

by
L. A. Ashton and H. L., Malhotra

1l. Intreduction

From 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) to prevent entry of fire from an adjoining
building. When a wall has windows, however, its protective value is considerably.
diminished, since such openings form points of wealkmess from both of the
considerations enumerated above. Fire safety can then be achieved by proper
separatior < buildings from the site boundaries having regard to the dimensions
of the external walls, the amount and distribution of window openings and the .
nature of the occupancy of the bl(i%.dﬂ.ng. Methods for determining the separation
of buildings have been developedll), but they have not yet been used in building
legislation.

The presence of windows in adjacent storeys of a building may introduce
another hagard, that of flames issuing from the windows in one storey and
spreading fire through the windows above. Some building Codes and Byelaws have
attempted to reduce this hazerd by including mandatory structurasl requirements
relating to the separation between openings vertically above one another. The
separation usually consists of g fire-resisting spandrel wall of specified height,
or a horizontal projection.

The attention of the Joint Fire Research Orgenizetion was drawn by the
Building Research Station to the need to examine the problem of protection against
spread of fire from storey to storey of a bullding through the windows, on the
grounds that the present requirements were onerous and were restrictive in the
use of some forms of construction which were desirsble for other reascums. An
investigation was first made using models, snd then experiments were made on a
larger scale in a four storey tower built for the purpose. This note presents the
results of the large~scale series of tests.

2. Survey of current practice

In this country measures to reduce the risk of fire spread externally in a
building appeared first in Byelaws in 1352, based, it appears, on a recommendstion
of the Fire Grading of Buildings Conmd.ttee(-?). The Committee recognised that it
would be onerous to ask for fire resisting glaging in buildings with average
amounts of window openings and recommenied for buildings of fully protected
construction: "A reasonable degree of protection could be obtained by providing
at least 3 £t of construction (of which at least 2 £t should be above floor level )
of the same grade of fire resistance as the walls, between the lintel of the
lower window and the sill of the one above”. The Model Byelaws of the Ministry
of Housing end Local Government(3) and of the Department of Heslth for Scotland(4)
included this recommendation, to be applicable to all buildings other than small
houses, and added; as an alternative separation, the provision of a horizontal
pro;jectz.osx extending not less than 2 £t from the wall. The London County Council
By-laws(5) specify that openings above the level of the soffit of the first
floor shall be limited so that their totael area does not exceed one half the
elevational area of the wall, and "no such opening shall extend below 2 ft 6 in.
above the floor of the storey in which it is formed." It should be noted that
at least one large losal authority in England has not included in its Byelaws
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these requireﬁenta of the Model Byelaws.

In other countries thers are similar provisjons in building codes.
The State Building Construction Code of New York(6) for example has
requirements for “"opening protectives" for buildings of more than two
storeys, except parking structures, for which 3 ft of vertical separation
or a 2 £t horizontal projection is acceptable. The National Bullding Code
of Canada(7) mekes limited use of the conception of separation between
windows: “Where any storey of a bullding is required to be separated from
the storey above or below and where the fire-load of the building is 20 1b
or more, all openings in the exterior wells located vertically one above
the other shall be separated by apron or spandrel walls not less than
3 £t in height at each floor level”.

The above review of current practice shows that there are different
views on the magnitude of the hazard of vertical spread of fire from window
to window of a building and on the measures which should be used to reduce
the hagard. It is difficult to obtain information from the behaviour of
fires in actual buildings which will throw any light on the question of the
efficacy of these measures. There are innumerable records of fires spreading
from storey to storey in buildings, but invariably unprotected or inadequately
protected openings or deficiencies in the fire resistance of partitions and
floors have been responsible. One incident was reported recently in an
Austrian journal(ag of a fire in a building of four storeys used for storage
of tyres, where the outbreak in the third storey spread to the fourth storey
through the windows. This was a factory of modern construction with spandrel
walls which were still intact after the fire.

3. Scope of the investigation

A tentative programme of experiments with the tower building was drawn
up, but this was modified to some extent as the work proceeded. The factors
which it gppeared should be included were: .

(1) Effect of size of windows.

(2) Effect of fire load.

(3) Effect of fire resistance of spandrel wall and including -
combustible materials in its construction.

(4) Bffect of a horiszontal projection.

Since the tests were made in the open the influence of weather, especially
wind, had to be taken into account.

4. Description of the building

The building has already been described(9) in detail end is shown in

. Figure 1. It consists essentially of four rooms, each approximately 10 £t x
10 £t x 8 £t high, one sbove the other, enclosed on three sides with
reinforced brickwork and open on the front so that wall panels and glazing
could be built ms required for the various tests. A staircase was included
in the struoture at the back of the rooms to give access to the upper roocms
through landings, and to provide the means of carrying out research on means
of escape.

The ground floor room was designed as a fire chamber and to enable it to
withstand repeated fires its walls were coated with a refractory plaster. The
floor between the ground and the first floor was made from refractory concrete



alabs 6 in. thick, the other floors were of normasl in situ reinf'orced concrete

i in, thick. The entrance to the staircase at the ground 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 and
waes also useful for controlling ventilation. Small observation windows were let
into the back walls of the rooms and made it possible to look into the room from
the balcony attached to the landings. Provision was also made for fixing thermo-
couples to measure temperatures in different rooms. ) :

5. Testing technique

The first test was a preliminary trial to determine the procedure to be
adopted for the rest of the experiments. Mock up furniture to give a fire leoed
of 5 1b/ft2 (epproximately 40,000 B.T.U./ft2) was placed in the ground floor
room, After the first test it was decidéd to use timber cribs s, three or four in
mumber depending upon the fire load, using pieces of 2 in. x 4 in. and 1 in. x
3 in., 30 in. long rough sawn timber. A rectangular layout was used for the four
cribs (see Figure 2), verying in height from 36 in. near the windows to 60 in.
in the reer of the room. At the end of the second test it was also decided to
line the walls and the floor with fibre insulating board to assist rapid
development of fire in theom.as the main interest was in the fully developed
stage of the fire. Although not necessary 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 behaviour of glass in fires. As the test proceeded the
glazing was broken es cracks were formed, Thermocouples projecting 3 in. below
the soffit measured the temperature conditions in the fire chamber during a test.

In the first floor room, in addition to timber flooring, two pleces of mock
up furniture of timber and hardboard were placed as shown in Figure 3. Surface
thermocouples were attached to the side of the "cupboard" facing the window and
on the top surface of the "table". Additional thermocouples were attached to the
inside of underwindow panels or on the upper surface of the floor hoarding, in
each test. After the first four tests lightwelght cotton curtains were hung 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 and the third
floor rooms in the four tests but as no significant temperature rise was cbserved,
the measurements were subsequently discontinued.

The prevailing wind conditions were noted during each test and the average
wind speed was measured with an enemometer.

6. Description of the tests

The constructicn 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 wes from 40,000 - 1000,000 BTU/ft2, capable of
providing fires eguivalent in severity of up to_one hour of the stendard fire
resistance test(zg. Experiments with models(lo)?ll) have shown that, under given
conditions, the rate of burning of the fuel is generally independent of the fire
load, which affects primarily the duration of the fire. As the fire load
increases under given conditions, therefore, the greater will be the time during
which flames are expected to attack the windows of the upper storeys, as long as
spread of fire does not take place internally from storey to storey.



(2) window sigzes

The test serries was commenced with the ground floor room having two
timber framed windows, each ) ft wide by 6 £t high and the other floors with
windows: of the same height and 4 £t 4 in. wide. The openings in the wall of
the rooms represented by these windows were 61 per cent for all storeys. ..
After the first two tests the width of the window was reduced to 3% £t and
the height of the ground floor windows to 5 £t thereby reducing the percentage
openings to 45 and 50 respectively for the ground 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

After the first three tests it was apparent that only the underwindow
panels or spandrel walls on the first floor were likely to be seriously
affected since the flames were transitory at higher levels and it was
therefore decided to confine attention to the performance of various
constructions on the ground and the first floors. On the ground floor
resistance ageinst an internal fire was demonstrated and on the first floor
the behaviour of the wall when exposed to an external fire was shown.

All the under window panels, with the emcept:.on of the ground floor in
the first two tests and the last test when 45 in. brick wall was used, were
made with 2 in. square timber framing having an extermal cladding end an
inner lining. Five different constructions were tested, & in. plasterboard
forming the inner lining in three of the constructions and untreated & in.
fibre insulating board in the other two., Three types of non-combustible
oladding were tested end two types of combustible cladding. In one test
with timber cladding, the boarding was extended as a contimuous finish over
one half of the fagade from ground level to the top of the first floor window
to see if it would assist the fire to spread.

When no panels were used, i.e. the glazing extended from celling to
floor there was a 12 in. separation formed by the floor structure between the
top of the window opening in the ground floor and the bottom of the opening
of the first floor. In two such tests a balcony of reinforced concrete
2 ft wide complying with the existing byelaws was mounted between the two
openings.

Further details of the various window panels tested are shown in Figures
L and 5, and their estimated fire resistance, as defined in B.S. 476(12), is
given in Table 2.
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TABLE 1
SCHEDULE OF TE3?8
-
Window sises Window sizen Under window panels Undor window pansls be&pmtio:nd .
Pire Load ground floor first floor ground £l first flocr tween gro
Test No. | Fif° 108 or and firet floor|  femarks
‘ indow.
RBach Window | % Opening Bach Window % Opening Cladding Inner lining Cladding Inner Lining hd 8
1 5 LIt x 6L 61 L ft L in. x 61t 61 4% in, brick wall asbentos/ocoment | # in. plasterboard | 3 ft vertical Other floors
- sheating same as [irst
floor
2 8 -do- -do- —do= ~do— -do- . —do- -do- =~do- =-do=
3 10 Bft x5 Pt L5 e x 6t 50 1 in, oedsrboard | § in. plasterboard | 1 in, cedarboard § in. plasterboard -do- 2rd floor sams
as first floor
4 10 et x B £t 71 3rt x 8Pt 6 in. 71 None o 1 £t vertical “do-
5 10 Repeat of test No 3 )
[ 10 Ropeat of test "No, 3 2nd and 3rd floor
as in test No.l
7 10 Repeat of test No 4 2nd floor same
) as first floor
8 10 BRepeat of teast No. 4 2 't wide 2pd and 3rd
. horiszontal floors as in
balaony tost No.1
9 12% Repeat of test No 8
10 12k Fftx5rt L5 6Lt 50 L.H. L.H.
h 1 in. cedarboard | # in. plasterboard | 1 in. sedarboard | # in. plasterboard | 3 ft vertical Continuous c¢lad-
BH REH. ding of cedar-
- == board on one
sluninium sheet |# in. plasterboard | sluminium sheet | § in. plastertoard half of build-
(expanded plestic in cavity) (expanded plastic in cavity) ing extending
1 7 -do- ~do- —do~ ~do- 44 in. brick wall L.H . ;L::p of first
% in. wired ¥ in. fibre -do~
. s insulating board
R.H.
1716 in, glese |% in. fibre
fibre rein- insulating board

foroed plastic




TABLE 2

Estimated Fire Resistance of Wall Panels

Under window panel comnstruction Botimated fire resistance
Cladding Lining Internal fire External fire
4% in. brick wall 2 hours 2 hours

Asbestos/cement [ in. plasterboard |Less than & hour |Less than % hour
sheeting '

hour % hour

nj=

1 in. cedar 2 in. plasterboard
boarding '

\
Alunminium sheeting |§ in. plasterboard |Less than % hour |Less than % hour

(Expanded plastics

in cavity)
% in. wired glass | % in. fibre Less than & hour |Less than % hour
insulating board
1/16 in. glass/ % in. fibre Less than & hour {Less than & hour
fibre plastic insulating board
laminate

7. Test results

(1) Genersl

The temperatures obtained in the various tests are plotted in Figures 6 to 15.
Photographs of the outside of the building were taken at intervals during the tests
and a selection is shown in Plates 1 to 11. The results are summarized in Table 3,
and further details of the individual tests are given in the Appendix.

B. Discussion of results

The purpose of the investigation was to examine the requirements for 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
conf'ine the experiments to one size of room of 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 comparatively few tests, only the more important variables
could be dealt with. Since the tests were made in the open, weather conditions were
& factor which it was difficult to teke into account, and it was only with
experience that its effect was fully appreciated. It is hoped that the other

variables can be studied in work in progress enfiresinrooms carried out on a model
scale,

(1) Effect of conditions in fire chamber

Model experiments(lo) show that the height of flames issuing from the windows
of & room involved in fire increases with the rate of burning of the fuel, where the
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windows are large, and the rate of burning depends 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 govermed by -
the air flow factor A H, where A is the window area and H its helght 11). The
_ tower experiments showed the effect 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 e varisble which could not be taken into account.

The fire load ranged in the tests from 5 to 121 1b/f+2 (40000 - 100000
BTU/ft< epproximately). 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 loed from 10 to 12% 1b/£12 resulted in higher temperatures
on the furniture of the upper room. On the other hand in Tests Nos.2 and 10
where the fire loads were 8 and 12§ 1b/ft2 respectively higher temperatures were
recorded on the furniture in Test No.2.

(2) Effect of windows

It will be seen that, except in Test No.l, the windows of the first floor
room were shattered, permitting 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 materials the fire in this room did not
continmue to burn. Therefore, if flames attain the height of the windows and
are susteined, if only for a short period, they are likely to break the windows
and ignite any readily flammsble material close to them. Where flaming was most
vigorous, glass was broken in the windows of the second floor.

(3) Effect of separation between windows

Current Byelaws in this country require the 3 ft separation between
windows in edJacent storeys to have a fire resistance eppropriate to the type
of building, with a value of between + hour and 4 hours. For domestic
buildings the fire resistance requirement may be up to one hour for a non-
loadbearing panel supported in a structural frame. The tests were made with -
under-window panels having a fire resistance ranging from about fifteen to
thirty minutes, and in no instance was a panel used having a fire resistance of
one hour appropriate to the fire load of 10 - 12% 1b/£t2. 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 it will have to withstand
internally. In no test did actual penetration of a panel by flames occur
althovgh with the wholly combustible construction used under one window in
Test No.ll, penetration would probsbly have occurred if the flame attack had
been prolonged a little longer.

Timber cladding, having a thickness of not less than + in. behaved well
in repeated experiments, and withstood external fire exposure without being
penetrated by flames. The impinging of flames on the underwindow panels was
never sufficiently sustained to give contimued burning of the timber, anmd a :
charred layer was bullt up on the surface of the c¢ladding which was resistant
to re-ignition.

Certain non-combustible materials suffered 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 eluminium melted. The presence in these
panels of an internal lining prevented the penetration of flames to the room
through the panels.

The effect of a further reduction in the fire resistance of the separation
is shown by the tests (Nos.4 and 7) in which glazing extended from floor to
ceiling. In neither of these tests was the furniture in the first floor room
ignited, although in one of the tests (No.7) the highest temperatures for the
furniture of the whole series were recorded. -
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SUMMARY

TABLE

3.

OF RESULTS ©OF TESTS

Separation bstween storeys Wind Maxigum After flaming began from
tanparature windows of ground floor rcom
P neasured
Tost load ’ on contants to b
No. 2 Times to break Duration of
(1b/r62) Nature and Mead of 1:2 mi:loor windows in attack on
. Type Fire resiat Direction Speed (%) firat floor first floor Renarks
(m.p.h.) roos window
(min} (min)
1 5 3 £ wall Non~sonbustible, 3.W. 4.5 20 ¥Windows did 12f No effect on
Less than % hour not fall panels

2 8 =do=- —do-~ w 1.2 140 1 6 Cladding

shattered

3 10 ~do- Conbuatible cladding N.W. 8.0 30 2% W No penetr.aticn

% hour of pancla
N 10 None Glasxing to floor 8. to 8.W. 6.8 ' 100 2 16 No ignition of
in upper room contenta of

L] upper room

5 10 3 £t wall As Teat No.3 3. to 5.V, 9,2 . 100 2 13 No penetration

of panela

6 10 ~do— ~do— N 3.4 100 1 15 -do-

7 1o None As Test No.h N 4.3 300 1 ik Charring of
contents of
upper room

8 10 2 ft horizontal Non-cazmbustible N, to W, 4.3 20 2 9 No ignition of

projection slab . ocontents of
upper room

9 12% ~do- -do- B 1.3 160 3% 1A Charring of
contents of

- upper room
1o 12% 3 ft wall 1) Combuatible ecladding 8.E. to S.W. 6.3 : 40 lof 16% No penetration
2) Non-combustible cladding of panela
Both less than'} hour p
11 7 ~do— 1) Non-combuntible ocladding | 5.4 w0 1 1 —do=-
and combustible lining.
2} Cogbustible cladding and
Both less than 3 hour

Nots: The side of the experimental building used for these
tests faced S.5.E,

'
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The provision of a horizontal projection between the windows of the two
storeys of the minimum dimensions required in the Byelaws was less effective in
protecting the contents of the upper room than a 3 ft wall panel, as shown by the
resilts of comparable tests, Nos. 9 and 410, although the wind may have contributed
to the differences in the two tests,

The relative merits of the underwindow~panel, floor to ceiling glagzing and
the horizontal projeotion are shown by the three tests, Nos, 6, 7 and 8, made
under similar conditions of wind direction end speed, and the same fire load. 1In
the experiment with floor to ceiling glasing the hagzard to the contents was
appreciably greater than in the other two experiments, but the hazard was not great

enough to lead to spread of fire to the upper room,

g. Conclusiona

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 consideration 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
registance, Fire, and the products of combustion, smoke and toxic gases, spread
more readily internally than externslly, and within a building are a far greater
hasard to life and property.

(2) The investigation showed that ignition of the combustible 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 underwindow 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,
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 £t above floor level is specified for the
spandrel wall and this height is deemed to be sufficient to give protection to the
contents against radiation from the flames or actual flame impingement (Fig. 16 a,
b),. In the investigation described the items of furniture were substantially
shielded by the wall, but combustible 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 conditions, ignition of
combustible material in the upper part of the room, og example a ceiling lining
would be possible (Pig.16c). It has been suggested 8) that a vertical projection
below the ceiling of & room is likely to be of greater use in protecting the
windows of the storey above than a spandrel wall, on account of the different flow
of the products of combustion which would result, (Fig.16d). Model experiments 9)
show, 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 ft from the face of the
wall, (Fig.16f and g). '

(5) Within the conditions of the experiments it appears that a vertical separation
of 3 ft or a horizontal separation of 2 ft between windows. in adjacent storeys is
inadequate to prevent the entry of flames from a fire in the lower storey unless
fire resisting glazing is used, The extent of the increase in these separations
necessary to give reasonable protection against flame penetration through the
windows has not been determined. The indications are that the fire resistance
required of the spandrel wall could be substantially reduced even below
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z hour, without any significant reduction in fire safety to a building or its
occupants, and that no undue hazerd is introduced by use of a combustible
cladding of solid timber. The use of other combustible materials needs
separate consideration, since they could introduce undesirable hazards.
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APPENDIX

Test No,1l. Wind direction S.W. Average speed 4.5 m.p.Lh_.

 "Although the glazing in the ground floor windows began to crack at 1% min.
the panes 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, A%t 16 min. some cracks in the first floor glazing
occurred. The fire started to diminish et 22 min, end flaming from ground floor
windows ceased. No significant damage to the first floor windows was observed.

It was decided after this test to increase the surface ares of combustible
material in the fire chamber by lining the walls and the floor with fibre
insulating board.

Test No.2. Wind direction W. Average speed 1l.2 m.p.h.

The fire load was increased to 8 1b/ft2 of which the well and the floor
lining constituted a quarter.

*  The Pire developed very rapidly in this test aend by 4} min. most of the
glazing had been broken in the ground floor room and the flames from the windows
cracked some panes in the first floor. The wind was rather strong and, blowing
across the face of the building, tended to sweep the flames to one side. Just
af'ter 5 min. one of the window panes on the first floor fell down and an
asbestos/cement facing of an underwindow panel was shattered. Glazing on the
first floor continued to breek up and after 7 min. the second asbestos/cement
facing exploded and the exposed face of plasterboard began to char. The intensity
of flaming decreased after 10} min. and the fire wes almost out at 15 min, The
first floor window frames were charred, most of the glaging broken and cladding
of the wall panels had disintegrated. The fire did not enter the first floor and
no damage to the contents of the room was observed. With the exceptlion of a
broken window pane. on the second floor, no damage occurred to the higher storeys.

Test No.3. Wind direction N.W. Average speed 8 m.p.h.

The fire load was increased to 10 1b/Pt2, the window sizes were reduced and
e combustible cladding consisting of cedarboarding was used on the underwindow
panels on the ground, first and second floors.

There was a rapid development of fire end by 3} 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 cladding and window frames were ignited. The
flames issulng from the fire chamber were high enough to reach the panels on the
second floor. After the initial flaming the cladding contimed to burn only as
long as the flames were in contact with it. By 14 min. the lower edge of the
cladding had charred right through, the rest of the boarding was still intact.

By 18 min. the fire penetrated through the ground floor panels and the flame
intensity began to diminish. The fire was out by 28 min,

The fire did not penetrate the first floor window panels and no fire damage
inside the room was observed. The second floor panels were only slightly charred.

Tast No.,h._. Wind direction 8. to S.W. Average speed 6.75 m.p.h.

Keeping the fire load the same as the previcus 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 of the
floor above was 12 in. Four lightweight cotton curtains were hung at the first
floor windows and hardboard pelmets provided. .



There was a rapid build up of f‘ire and all the glazing on the ground
floor was broken by 2 min. ¥Flames commenced to issue from the window openings
and the lower part of the first floor window frames started to char at 4 min.
and within the next 2 min. the glazing on this floor began to break up. The
wind tended to blow the flames awa y from the face of the building to one side.
One curtain was first ignited at 77 min. and subsequently two of the remaining
three curtains were ignited. By 12 min. the intensity of flames began  to
decrense and after another 6 min. there were no flames issuing from the
windows. The test was terminated at 20 min. The flames did not ignite the
flooring or the furniture on the first floor, neither did the burning curtains
spread the fire. There was no damege to glazing on the second and third floors.

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

Tost 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 floor room and some loose newspaper placed on the table. The
wind was strong and unfavourable for sustained flame attack on the first flecor
windows in Test No.5 but the conditions were favourable in the second test.

The fire developed rapidly in both tests, but sustained and persistent
flaming occurred only with the second in which 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 under=-
window panels on the first floor was charred more extensively and temperatures
in the room were on the average approximately 50°C higher than in Test No.3.

Test No.7. Wind direotion N, Average speed L4.25 m.p.h.

This was a repeat of Test No.4 with wind conditions more favourable to
external spread of fire. Early in the test the flames issued vigorously from
the ground floor windows and at times reached the third floor. By 4 min.
most of the glazing on the first floor had disintegreted, the curtains were
consumed and the hardboard pelmets ignited. After 15 min. the flaming
diminished and the fire was burning wholly inside the ground floor room.

The sides of the furniture facing the window on the first floor and the
floor boards near the windows were charred. There was slight charring of
newspapers on the top of the table where for short duration temperatures of
the order of 300°C were recorded. There was no spread of fire inside the
room.

Test No.8. Wind conditions N. to W. Average speed L.25 m.p.h.

With the window sizes and the fire load as in the previous test a
2 £t wide concrete balcony was mounted between the ground and the first
floor window openings.

Flames issued from the windows of the fire chamber at 6 min. The flames
were observed to be deflected outwards by the balcony and once clear of it
to curve inwards towards the first floor windows. By 7% min. some of the
glaging on this floor had broken and the windew frames and the curtains were
ignited. Three of the curtains were burnt out by 1l min. and nearly three
quarters of the glazing fallen dovm. By 15 min. the flaming diminished and
the fire was burning inside the fire chamber only. The fire was almost out
by 20 min.

No charring of furniture on the newspepers on the first floor was
observed.

- ii -



Test No.9. Wind direction E. Average speed 1.25 m.p.h.

This was a repeat of test No.8 with the fire load increased to 12} Ib/ft?
and with only a slight wind.

~ Flames issued from the ground floor windows after 8 min. There was vigorous
flaming in front of the first floor window with the flames curling back over the
balcony breaking the glazing and igniting the curtains. By 14 min. almost all
the glazing on this floor had fallen down and 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 charring on the sides facing
the windows and some charring of the floor boarding near the windows also
occurred. Transient temperatures as high as 3009C 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 speed 6.25 m.p.h.

In this test underwindow panels of two different constructions, both on the
ground aend the first floors, were used. On one side of the vertical centre line
the panels consisted of 20G. sheet aluminium cladding with expanded plastic in
the cavity and plessterboard lining. On the other slde s cladding of cedarboarding
was used, in addition, the whole 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. and ignited the combustible cladding. One of the curtains was ignited at
15% min. and by 18 min. some of ‘the boarding adjacent to the window was also
floming. At 19 min. the aluminium panel on the first floor softened and exposed
the plastic insulation which started to burn. There was no contimued burning of
the cedarboard cladding, flaming occurring only when the flames were in contact
with it. At 24 min. the plasterboard behind the aluminium facing became visible
and its surface began to char. By 29% min. the fire on the ground floor
penetrated through the aluminium~faced panel and through the cedarboarding within
a further half a minute. At this stage there was very little flaming 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 and the pelmets were
intact at the end of" the test.

Test No.1l. Wind direction W. Average speed 5.k m. p. k.

The fire losd was decreased to 7 lb/:f‘t2 and two different constructions for
underwindow panels employed on the first floor. A 4% in. brick was used under the
windows on the ground floor. A fibre insulating board internal lining was used
for underwindow panels on the first floor with an exterior cladding of % in. wired
glass for one penel and a corrugated sheet of fibreglass/polyester resin laminate
for the other.

The fire developed fairly rapidly 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 remeined in
position and by 6 min. the plastic sheeting had finished burning. The flaming
began to diminish at 10 min. Between 15 and 16 min, the internal lining of

fibreboard ignited in the two panels. The fire in the ground floor was nearly out
at 20 min, .

The fire did not penetrate the first floor room by the end of the test although
the panel linings gave temperature readings of 600 to 700°C on the inside after
15 min. end would have ignited if the flaming had been of slightly longer duration.
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TEST N°. 1. A/C SHEETING AND PLASTERBOARD PANELS

PLATE 1,



a. Start of fire b. Wind fanning flame across

face of building (7 min.)
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c¢. Near the end ;)f fire d.
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Close up of ground and first
floor after the fire

TEST N°©. 2. REPEAT OF TEST N©, 1.
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TEST N©. 4. ROOM HEIGHT GLAZED WINDOWS

PLATE 4



b. Effect of cross-windan

a. Start of test
the flames (5 min.)

c. Ignition of cedar boarding
with flames impinging on
its surface (10 min.)

. TEST N°. 5. REPEAT QOF TEST N©°, 3.

PLATE 5
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a. Start of fire b. Flames covering first
floor facade (5 min.)
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TEST NC, 11. WIRED GLASS AND PLASTIC FACED PANELS
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