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EXPERIMEilTAL FlRES· m I EACK-TO-B.;lGi~ 1 HOUSES m Ellil!iDTGHAH

by

D. Hird, M. D. Perry and P. Eash

Introduction

-II In the latter half of the nineteenth century Lar-ge number-s of
~errace houses of the I bc.d:··to-back I .type wer-e builtin many of the
industrial tmms in the United ;Ci.ngdom.l .P.lthough some of the houses
have been demoi.ished and mor-e ore due f}or demolition there are
considerable nwnbers of them that are likely to be occupied for l"any

.yeara, The incidence of fires in this Itype of dwell.il1g is no higher
than in other types of house at tradi'~ional construction but since there
~s no separate staircase (Figure 2) escape must be made through the
downat adr-s living-room and thel'e is a great risk of the occupants being
trapped should fire occur. . 'I
. There are 26,000-27,000 back-to-back houses in Birmingham and of
these about 17,000 are of tl1e three-stbrey type. ''chere have been five
.serious fires in these dwellings in th~(t,st twenty years and as a
result thirty-six lives have been lost I • ·'.rlll~ Housing Committee of
the City Council of Birmingham have been looking for means of improving
the chances of escape in the 11,000 ba61{··to-back houses in municipal
ownership and they considered that an ~scape hatch should be fitted in
the party wall of the top floor and t~.t a. simple fire alarm should be
fitted in the living-room. To test the efficiency of these proposals
~he Housing l~agement Committee decid~d to carry out full-scale tests
9n three-storey houses due for demolit;on. The Joint Fire Research
Organization was invited to assist in this 1V0rk.
r I
I In the event of· fire in the living-roOm at these houses it was
considered that the times available for escape are likely '~o depend very
much on I,hether the door to the staircase is left open or closed. In
view of this two tests were planned, one to be carried out vrith the door
'bpen, and the other with the door closed. 'l'he conditions knovn to ai'fect
'~scape during a fire SJ.'e the air tempeJ:.atures, the stat'e of the atmosphere
and the visibility. I'~ IiD-S decided thhefore to start the experimental
fires in the living-room and to take meas~ements at these three conditions
at key points in'the houses.

The houses

III POl' the two experimental fires a' bl.ock of four houses (1'igure 1)
was utilised. The detailed plan of eabh floor of one of the test houses
(:"'igure 2) shows the positions at which gas samples and temperatUre
. I
measurements were taken. Only the ground floor was furnished, old
stuffed furniture, tables and chairs being used. The moisture content
of the furniture in the tests varied fJ:.om 14 per cent - 18 per cent as
'compared with the usual figure of 10 ph cent - 12 per cent for living-
'rooms in occupation. '
I:

The fire alarms

. The alarms fitted in the test houses wer-e of a simple mechanical
~esign (Plate 1). They were similar tb the type of door bell in
rlhich the clockwork mechanism is Vloundl up by rotating the dome, which
'in this case was kept in the fully-wound position by means of a fusible

. link having a temperature rating of abbut 130<>:b" .. .

: Tests were carried ou~ by the. 3~in[ham Housing ~~nagement
Department to determine,the audibility Iof the alarms when fitted in
vard.oue positions in the living-room. The results, shown in the Appendix,
indicate that the audibility was best if the alarm was fitted on the back
:~f the door to the staircase, and worst if it was fitted to the ceiling
.of the living-room. Even with the alahn on the ceiling, hCl\7ever,. it was
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considered that it rzouLd awaken the occupants of the first floor
bedroom.

,

•

Comparisons were made of the response times of the alarms, fitted'
in three different positions, to a heat source comprising a 17 in.
metal tray mounted 3 feet above the floor in the centre of the room
and containing 3 pints of methylatecl 81':I.:d"8. ~hese are shown in Table 1.

'rable 1

Response times of alarms

I
_ .. i

30 .

352

o

min.
2
1

, ~

i
I

i
I \,

RESKiJiSE TD:iE

45

NO TEST

NO TES1'

3

Stairs door open

n4n. sec.
Alarm did not operate

I !
!

Ceiling betneen
centre of r-oom
and door to
stairs.

Fbsition of alarm

4.

I '

,I
I i '. I Stairs door closed ·1
----------------.------------. se=-~:--1

I 1• Back of door to " 00 ;
stairs 16 I

~ -~
I 2. Wall above door II :

! to stairsI (approximately I'

I
6 in. from
ceiling) fusible!

I link UP. i\ 1--------·---.....1---·
3. Vall above door I i Tested stopped

to stairs. !' after 5 min. when
(approximately 'I' ! alarm had not
6 in. from I operated.
ceiling) I I
fusible linle ,I I
roW. 'I 1

I I

"

•
•

In deciding the most suitable position for' the alarms the two
criteria, audibility and sensitivity must be considered, The stairs
dbor was ruled out because of the insensitivity if the door were ~ft

open•. It was agreed that two·alarms, one on the ceiling and the other
on·the·wall above the stairs door, should be fitted in each of the

. experimental houses, to see if there was an appreciable difference
in their response times under fire conditions•

Escape hatch

'f

An escape hatch was fitted in each house.in the party wall in
the position shofm.in ¥igure 2•. The majority of the party walls were'
plastered 4it inch brickwork. 'l'he hatch, about 3 .feet square,
consisted of two sheets of 11 inch plasterboard, the face of one sheet
being flush with the plaster in one house, and the face of the other
sheet flush with the plaster in the adjoini~g house. The paper on
the unexposed side of both sheets of plasterboard is secured vertically
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"
down the middle of the sheet, and in tests carz'Led out by the Birmingham
Housing Management Department a six y~ar old child kicked out the panels
easi~. '

J

•

Tests and results •

Test ~o. 1 (door to stairs closed)
I

The fire was started in the armchaar' near the cupboar-d by the zicie
Ii of the fireplace. The cupboard conta~ned some magazines and waste paper.
; A piece of glass about 1 foot square was removed from the lower pane of

the living-room wi.ndow, the windows ih the first floor bedroom vere
I closed and those in the attic wer-e left open about 6 in. The door at
II the bottom of the .stai.rs vias closed ~d both first floor bedroom and
il attic doors were left fully open. ~\fter the fire was started observers
; st~ed in the living-room until both alarms had operated. The progress

: 1
0f

the fire as noted by observers :~_town bel_o_~.{_, _

Time Progress of fire
I

1,1 .

,

min. sec.
o 00 Ignition.
5 00 Living-room filled with smoke - fire confined to

I 'armchair and cupboard and starved of air.
6 15 Alarm on ceiling opez-ated,

10 10 Alarm on wall operated.
14 00 ~ Living-room windows Icracking•

After 22 minltes it was evident that the fire waS'not go~ng to
involve the whole room, and to see how the conditions in the
bedrooms would deteriorate with the 11\'1001e room involved an attempt
was made to build up the fire by adding mare combustibl~ materia~.

',\:,·1 2.3 . .30' Fire burning up but !colifined to corner assembly•
.3.3 30 Plaster off ceiling above cupboard and fire throug

" to first floor, I· .
35 00 J?ire s till confined to corner assembly.

.'

Water on.II,','i---------ol- ...:..... _
Test No.,2 (door to stairs open) .

The fire was started similarly in the second test and apart from
jlthe door to the stairs being open condlitions elsewhere were sinular
lito those in the first test. The progrees of the fire is shown beLow,' . , I

Time I
Progress of fire
I

• ,. i

..
•

min.
o
7

14
16
16
16
18
20
22
2.3
24
24
'25

27

sec.
00
.30
00
00
30
45
00
00
00
.30
15
30
30

45

Ignition.
E'ire still small in armchair.
Alarm on ceiling operated,
Alarm on wall operated.
Cupboard well alight! .
\{indows cracking. I .
Fire spreading over ceiling.'
Paint on first floorldoo:'~ jD.mb. bliste:dng.
Table alight.· .
Most of furniture aligh-t. . '
Glass falling out oflwindows.
~per peeling off attic ceiling. I
tlash over - flames visible on staircase at first
floor level. IWater on.

·1

I
!
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Temperature records'

"Throughout the fires air temperatures,' as meaaur-ed by 26 S.'d. G.
chromel-alwnel thermocouples, ver-eir-eoor-ded and summar-Las of, t heae are
shown in 1<'~gures 3 and 4.

Visibility measuremen~~

An instrument for assessing "lnsibility \l8.S mount ed at Rye ie~Tel

on the staircase betueen the first floor bedroom ~nd the ~ttic.' This
consisted of a photo-electric cell mounted 18 in. from a 100 watt lamp
supplied by the mains; the voltage being kept constant. '~he larr.p was
enclosed in a box with a 3 in. diameter hole facing the cell whic~ was
fixed to'a steel strip secured to :ehe box. ~he visibility was assessed
by the decrease in response of the photo-electric cell,due to the
attenuation of light by passage through the smoke (Figure 5). The
response of the cell is af'f'ected by temperature, a temperature of 1000C

causing the output to increase by about 10 per c~nt. Since the'
temperature on the staircase did not reach 1000C in test No. 1 and
only reached 1000C after some twenty minutes in the second te~t; this
change has been neglected.

The decrease in visibility in the attic' was recorded by photogr-aphfng
illwninat~ cards printed with a black letter C of 5~ in. and 3& in.
external and internal diameter respectively on a white ,background, these
were mounted at eye level at distances of 15, 12 and 9 feet fro~ a caraera
sighted through an observation 'port in the party wall between the houses.
Photographs were tillcen at 5 second intervals throughout the tests
(Plates 2 and 3). "

Through a second observation port in the party wall opposite the
first bedroom door, an observer recorded his impressions of the:
visibility in the bedroom •

Gas analysis ,,'

•

During the test, samples of the air in the first floor bedroom and
the attic were withdrawn. Tlwse were subsequently analysed and ;the
oxygen, carbon'monoxide and carbon dioxide contents determined•.The
results are shovm in Figures 6, 7 and 8.

Discussion of results

, Although the arrangements for ignition "ere similar in both tests,
the initial fire developed more rapidly in test No.1, causing the
earlier operation of the alarms. The fact'that the moisture content
of the furniture in both tests was high tended to impede the spr~ad of
fire. This is not likely to lllvalidate any conclusions on the time
given for escape after the alarms had operated, as the effect ot
increased moisture content was likely to lengthen the initial stages
of the fire rather than the time between operation of the alarm and
envelopment of .the room.

There are three possible ways in which escape could be jeopardised.·

1. Eoc breathing hot 'air

A temperat\f£~ of 2000C .haa ,bee~ taken as the danger revel in an
earlier report \2) and this arbitrary figure will be 'used. It can be
seen from 1<'igure 3 that the temperatures in the first floor bedroom
and at breathing level e.t the attic door did not rise above 5'PC un'~H
about 36 minutes after ignition (30 mtnutes 'aft,,", first alarm) in'
Test No.1. In the second test (Figure ~.) air fiemperrrtur-es of 2000C

were not record~d until the flashov3r 'at ~bout 25 minutes, that is,
11 minutes after the first aLarm had operated.' .
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2. By asphY!'iation or br~athing toxi.£..~~ .

The hazards from the combuStionl products will be duo' to the
presence of carbon dioxide and c~boh monoxidy jUd the consequent
deficiency of oxygen. Henderson andl Haggard \3 state that rapid loss
of function occurs at less than iO per cent and that oxygen concentra­
tions of less than 6 per cent are e~~remely dangerous to life. ~hey
also assess the hazard from oarbon rricnoxide in te:::ms of the product of
the concentration (parts per millioti) and exposure time (hCUT.'8). IE IIey
consider values of this product of lless than 300 as safe, and of 1, 5rJO
or over as dangerous.

~ Jacobs (4) states that 12 to "15 per cent of carbon dioxide rapidly
produces unconsciousness.

In test No. t in vhi ch t he doo~ £I.t the bottom 02 the stairs was
closed, the' atmosphere did not deteriorate appreciably in either the
attic or the first floor bedroom, an~ if the occupants had been
evacuated \7ithin 36 "minutes of ignitlon (30 minutes after first alarm)
no serious hazards ,from toxic gases iWOUld have occurred. "

In the second test >lith the stairs door open conditions in both
bedrooms deteriorated rapid~ at thel flashover, and it appears that
dangerous conditions were reached at this time, about 25 minutes after
ignition (11 minutes after first al~m).

3. By.dense smoke

The decrease in visibility in t:he attic in the tuo tests can be
seen from Plates 2 and 3. In test :i·~o. 1 the visibility did not become
bad until after 24 minutes, that is 118 minutes after the first alarm
operated. In test Ko. 2 ~ith the stairs door open the visibility due
to the collecting smoke was seriousiy reduced in 4 or 5 minutes, some
10 minutes before the first alarm. ~isibility in the first floor, .

..bedroom deteriorated rapidly after 25 minutes (10 minutes e£ter first
alarm) in the first test and after about 6 minutes (8 minutes "before
alarm) in test No.2. . . I . """ "

In both tests the visibility on the stairca~e was considerably I'

better than in either of the bedroo~s. This was noted by the observers
at the ports at first and attic flabr levels and is borne out "by the
response from the photo-electric celil (lPigure 5). It can be seen that
the visibility was never greatly reduced on the stairs in test ITo. 1
and it was about 19 minutes after iginition (5 minutes after first alE'rm)
in the second test before there ~as any serious drop in visibility.

The times after which escape WOIUld have been severely hampered in
the two tests. by these three causes lare given below in Table 2. There
would probably be a cumulative effedt f~om the three causes which would
tend to decrease the tliae available ~or escape. .

Irab~e 2 "

Times after ignition at which es:pe1w:uld have been severely hampered
by various' hazards

I

•

,

. ;

•
I

I
D~~ne

Room hot aU' unaef'e smoke -~:-'--.....-4

! j " I,I" I 0,1 C0iEEg jon wall

1

, }1'irst floor Longer than I" L~nker t.h~-r2;1- i;1inutes-- r .~.~---
bedroom 35 minutes 3.9 'T(i1utes I

I Attic Longer tha.n I )0 ininutes 24 minutes 6.15 10· 10
35 minuteS! 1 IIStair?ase Longer than Hot measured Longer than I

i 35 minutes j I 35 minutes
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Table 2 (contd.),

6 minutes

5 minutes
19 rainutes

-_._~ , =~I

n:n~e' . i Alarm ':ope~'~
stnol..e !~ On ce iJ.!:L:lg 1On ,"fa t

27 minutes :25 min'-u-t-a-s+- ',I --14'~OO-~-L6,f'VO
251;- minutes 1125 minutes

25 minutes Not I J
I measure~_J I. " " ' ..__..;

I i

iBreathing Atmosphere
. hot air . unsaf'e

I

Room

l'irst floor
bedroom
Attic
Staircase

•s::
<l>
0.
0, • III

~,~
o+>
Z III

~.s
<l>

E-t a
s

•

Jith the door at the bottom of the stairs closed there was .ample
time for escape after the alarm had'operated and with the restricted
air supply, the fire in the, living-room did not involve the whole room•
With the door to the stairs left open escape of the occupants would
have been severely hampered by dense smoke before the fire,all\im
operated,

In both tests' conditions in the living-rooms when tnealarms
operated, although not,dangeroue (observere stayed in the rOom until
this time), would undoubtedly have appeared so to en in~xperienced

person and it is considered unlikely that the occupants would have
attempted escape by this route, I

Conclusions

It is concluded from the tests that -

1, 'l'he fire alarm can serve' a useful, purpose but its value is
doubtful if the stairs door is.l,;,f't open,

2. An escape hatch would greatly fincrease the chances of' occup~nts
escaping in the event of fire,
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lfunagement Department

•
open
alnrt
open

'rEAlIf A
BEJ)}"tOOlvI

. Tec;1! :a

II

I'ocr sh'..lt 38
II open 55'
11 shut 1.)0)
n open 65

Door shut 73
73

Door shut 38
II II 60

Door shut 50
65
53
70

Door Shu't--7-8----'

11 open 75
11 shut 65
II open' 75

--+----_._---------.

:---------t------. -. --_..:-.-

n

II

II

Doo; lhut 78
;j ppen 85
II shut 70
II bpen 83

I
I 'Door shut 55 '
bpen 65
'shut 65
Iopen 83
I

AUDIB]lJITY as percentage of maximum audibility

Shut
Shut
Open
Open

Shut ,

Shut
Open
Open

Shut
Shut
Open
Open

~

. - ,

Shut Door shut 83
Open ,II II 88

-- -----

Shut Door shut 73
Open II II 80

Position
of stairs

door

On stairs
door

On stairs
. door

Position
of bell

On ceiling
above
breast in
living-roan

On wall
above
stairs door
in living­
room

IDoor shut 33
II open 63

Ishut 55
'open 80
) .r--.,.'----+-----......----·l------·-- -------.-:--.-,.--~._--.

TEAlrf B
Arr~IO

I·

On wall
above '
stairs door
in living-

I room
r

IThere were two members per team and the figures above are the average
of their markings.

Ie.
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FIG. 8. VARIATION OF ATMOSPHERE WITH TIME IN ,TEST No.2.
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PLATE I. THE FIRE ALARM.



•
,
I

" .

..

4..
J •

.'

•

•

Bctforct tlre

IS min.

/
)

,/,

24 min. 155 .

10 min. Afttlr ignition

20 min.

24 min 50s

PLATE 2. VISIBILITY IN ATTIC IN TEST No. I.
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PLATE 3.

5 min

VISIBILITY IN ATT"IC IN TEST No.2.
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