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;’ EKPERIMEILTTAL FIRES- It 'BACK-TO-BaGE' HOUSES IN BIRMINGEAM
" | by

D. Hird, M. D. Perry|and P, ¥ash

Introduction

| .

‘” In the latter hali’ of the ninsteenth century lerge numbers of
terrace houses of the 'beaclk-to-back' type were built in many of the
industrial towns in the United Xingdom,! Although some of the houses
have been demo.ished and more are due I ‘or demolition there are
pons1derable numbers of them that are 11Pﬂly 10 be occupied for many
.years, The incidence ol fires in this’uype of dwelling is no higher ‘
then in other types of house of traditional comstruction but since there
is no separate staircase (Figure 2) escmn must be made through the
downstalrs living-room and- there is a great risk of the occupants being
trapped should fire occur,

‘ There are 26,000-27,000 back-to-back houses in Birmingham and of
these about 17, OOO are of the three- storey type, There have been Tive
serlous fires in these dwellings in Lhe(}%st twenty yeears and as a
result thirty-six lives have been 1ost1 "[he Housing Committee of
the City Council of Birmingham have been 100L1ng for means of improving
the chances of escape in the 11,000 backnto-back houses in municipal
ownership and they considered that an escap= hatch should be fitted in
the party wall of the top floor and the a simple fire alarm should be
fitted in the living-room, To test uhe efficiency of these proposals
the Housing Manegement Committee declded to carry out full-scale tesis
on three~gstorey houses due for demolitlon. The Joint Fire Research
Organlzation was invited to assist in this work,

! In the event of fire in the 11v1ng-room of these houses it was
considered that the times available Lor escape are lilkely to depend very
much on whether the door to the stalrcase is left open or closed, In

v1ew of this two tests were planned, one to be carried out with the door
open end the other with the door closed “he conditions known to afifect
escape during a fire are the eir temperatures the state ol the atmosphere
and the visibility, It was decided there*ore to start the experimental
fires in the liv1ng-room and to take méasurements of these three conditions
at key points in the houses, .

%he houses

| For the two experimental fires & block of four houses (Figure 1)
we.s utilised, The detoiled plan of each floor of one of the test houses
(Figure 2) shows the positions at whlch gas samples and temperature
measurements were taken, Only the ground floor was furnished, old
stuffed ;urnlture, tables and chairs belng used, The m01sture content
of the furniture in the tests varied ;ron 14 per cent - 18 per cent as
compared with the usual figure of 10 per cent - 12 per cent for living-
rooms in occupation,

The fire elarms

; The alarms fitted in the test houses were of a simple mechanical
design (Flate 1), They were similar t0 the type of door bell in

whlch the clockwork mechanism is wound|up by rotating the dome, which
1n this case was kept in the ;ully—wound pvosition by means of a fusible
. Link having a temperature rating of sbout 130°%,

Tests were carried out by the 3irminghem Housing Management
Department to determine. the audibility|of the alarms when fitted in
verious positions in the living-room. |The results, showm in the Appendix,
1ndlcate that the audibility was best if the alarm was fitted on the back
o; the door to the StﬂeraSG, and worst if it was fitted to the ceiling
of the living-room, Even with the alerm on the ceiling, however,. it was
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considered that it would 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 trsy mounted 3 feet above the floor in the centre of the room
and containing 3 pints of methylated spicilis, These are shown in Table 1,

Pable 1

Reaponse times of alarms

» RESEGISE TTHE
Position of alarm : : P

Steirs door open

. i
Stalirs door closed

JE— |

min, sec, i min, = sec,:
1. Back of door to | Alerm did not operate ; 2 00
stairs . ; 1 16

- -
i 2. ¥%all above door . |
to stairs .
(approximately 3 45
6 in, from _ : :
ceiling) fusible
link UPF,

3, Wall above door
to stairs af'ter 5 min, when
{approximately : _ alarm had not
6 in, from NO TEST operated,
ceiling)
fusible link |
DOWN, i

Tested stopped

el B

i 4, Celling between
~ centre of room HO TESY 0 C 30
; and door to '
: stairs,

In deciding the most suitable position for the alarms the two
criteria, audibility and sensitivity must be cnnsidered The stairs
door was ruled out because of the insensitivity if the door were left
open. It was agreed that two-alarms, one on the ceiling and the otner
on-the wall above the stairs door, snould be fitted in each of the

"experimental houses, to see if there was an appre01able difference
in their response times under fire conditionms, -

Esca}ge hatch

in escape hatch was fitted in each house .in the party wall in
‘the p051tlon shovm in Figure 2, The majority of the party walls were
plastered 4% inch brlckwork The hatch, about 3 feet square
consisted of two sheets of # inch oJasterboard 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 a6301n1ﬂg 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 carried out by the Birmingham

' Housing Mansgement Department a six year 0ld child kloked out the panels »

1 easily, . _ ' R

' Pegts and results

-

: Test No. 1 (door to stairs closed)

;‘ The fire was started in the ammchair near the cupboard by the cide
| of the fireplace, The cupboard conuained some magazines and waste paoer.
A piece of glass about 1 foot square wau remeved from the lower pane of
the living-room window, the windows 1n the first {loor bedroom were
.|clOSed and those in the attic were left open about 6 in. The door at

| the bottom of the stairs was closed and both first floor bedroom and
”attlc doors were lef't fully open, ﬁfter the Tire was started observers

' stayed in the living-room until both alarms had operated, The progress
‘oL the fire as noted by observers is shown below.

J Time : Progress of fire
i‘ ‘ . .
{ min, sec.
: 0] 00 Ignition,
} 5 00. Living~room filled w1th smoke - fire confined to
! ! armchair and cupboard and starved of air,
| 6 15 Alarm on ceiling Operated
10 10 Alarm on wall operated.
14 00 + . Living-room windows |cracking, v

i} After 22 minutes it was evident that the fire was'not g01ng to
)| involve the whole room, and to see how the conditions in the T
bedrooms would deteriorate with th°=whole room involved an attempt :
was made to build up the fire by adding more combustible material,

L 23 30 Fire burning up but confined to corner assembly,
33 30 _ Plaster off ceiling above cupboard and Lfire through
to first ”loor
1 35 00 Fire still confined to corner assembly,
ﬁ. Water on, ,
‘ L]

Test No,.2 (door to stairs open)

The fire was started similarly 1n the second test and apart from
Jthe door to the stairs being open condltlons elsewhere were similar
to those in the first test, The progress ol the fire is shown below

Time Progress of fire
min, sec, - ‘ ) )
0 00 Ignition, ' *
7 30 Fire still small in armchair, )
1% 00 Alarm on ceiling operated, ' : '
16 0 Alarm on wall operated, ' '
16 30 Cupboard well alight! : '
16 45 i/indows cracking.
;8 88 g;retspré?dln% over celllng.
int on firs “loor door Jombp. blisteri
22 00 Table alight, Jomo. ng
23 30 Host of Ffurniture alight, '
2h 15 Glass falling out of |windows,
24 30 Paper peeling of T attic celllng
25 20 Flash over - °lames visible on stalrcase at first !
floor level, ‘
27 45 Water on.
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Temperature records-

- Throughout the fires air temperatures, as measured b& 26 5.4, G,
chromel-alumel thermocouples, iere recorded and summaries of- these are
showm in Figures 3 and k4. . , ' g

Visibility measurements

An instrument for assusslng visivility waes mounted st eye 1ﬂv91
on the staircase between the {irst flocv bedrcom and the attic, This
consisted of a photo-electric cell mounted 18 in, from a 100 watt lamp
supplied by the wains, the voltags being kept constant, 'The lamp was
enclosed in a box with a 3 in. diametsr hole Tacing the cell which was
fixed to'a steel strip secu%ed to ihe box, ‘he visibility was assessed
by the decrease in response of the photo-electric cell due to the
sttenuation of light by passage through the smoice (Figure 5). The
response of the cell is affected by temperature, a temperature of 100°C
causing the output to increase by about 10 per cent, Since the’
temperature on the staircase did not reach 100°C in test Wo. 1 and
only reached 100°C after some twenty minutes in the second test this
change has bsen neglected .

"The decrease in visibility in the atulc was recorded by photographlaw
illuminated cards printed with a black letter C of + in, and 33 in,
external end internal diemeter re spectlvely on a white.background, these
were mounted at eye level at distances of 15, 12 and 9 feet from a camera
sighted through an observation ‘port in the party wall between the houses.
Photographs were taken 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 obssrver recorded his 1mpre331ons 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, These were subsequently analysed and the
oxygen, carbon monoxide and carbon dioxide contents determined, .The
results are shown in Figures 6, 7 and 8, ' '

LY

Discussion of results

_ Althougn the arrangements for ignition were similar in both tests,
the initial fire developed more rapidly in test Mo, 1, causing the
earlier operation of the alarms, The fact that the moisturs cortent
of the furniture in both tests was high tended to impede the spread of
fire., This is not likely to invalidate any conclusions on the time
given for escape after the alarms had operated, as the effect of
increased moisture content was likely to lengthen the initial stages
of the fire rather than the time between operatlon of the alarm and
envelopment of the room,

There sre three possiﬁle ways in which escape could be.jeopardised{

1, By breathing hot air

A temperat?ri of 200°C has been taken as the danger level in an
earlier report and this arbitrary figure will be used, It can be
seen from Figure 3 that the temperatures in the first floor bedroom
and at breathlng level at the attic door did not rise abcve 50°C unts.l
about 36 minutes after ignition (30 minutes afteér first alerm) in-
Test Mo, 1, In the second test (ﬁlgura L} air temperatures of 200°¢
were not recorded until the flashovar ‘a% about 25 minutes, that is,

11 mlnutes after the ;1rst elsrm had opelsted

PR
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2. By asphyxiation or breathing toxic gases o : .

The hazards from the combustion!products will be duc to the
presence of carbon dioxide and curoon monoxide ?nd the consequent
deficiency of oxygen, iienderson and tagpaxrd ( state that raold loss
of function occurs at less than i0 per cent and that oxygen concentra-
tions of less than 6 per cent axe extremely dangerous to lifle, They
also assess the hazard from carbon mcnoxide in terms of the product of
the concentration {parts per milliorn) and exposure time (hourz)., They
consider values of this product of less than 300 as safe, and of 1,500
or over as dangerous, )

» Jacobs (%) states that 12 to 15 per cent of carbon dioxide rapidly
produces unconsciousness,

In test No, 1 in which the door at the bottom ol the stairs was
closed, the atmosphere did not deterlorate appreciably in either the
attic or the first {loor bedroom, and if the occupants had been
evacuated within 36 minutes of 1gn1t10n (30 minutes after first alarm)
no serious hazards from toxic gases would have occurred,

In the second test with the stalrs door open conditions in both
bedrooms deteriorated rapidly at the flashover, and it appears that
dangerous conditions were reached at this time, about 25 minutes after
ignition (11 minutes after first alarm),

3, By.dense smoke : : .

The decrease in visibility in the attic in the two tests can be
seen from Plates 2 and 3, In test ilo, 1 the visibility did not become
bad until after 24 minutes, that is {18 minutes after the first alarm
operated, In test lio, 2 w1th the stalrs door open the v151b111ty due
to the collecting smoke was serlously reduced in 4 or 5 minutes, some
10 minutes before the first elarm. [Visibility in the first floor
- ‘bedroom deteriorated rapidly afier 25 minutes (10 minutes ofter first

alarmg in the first itest and after about 6 minutes (8 minutes before
alarm) in test Mo, 2. '

In both tests the visibility on the staircase was considerably
better than in either of the bedrooms This was notcd by the observers
at the ports at first and attic loor levels and is borne out by the
response from the photo-electric ceDl (#igure 5). It can be seen that
the visibllity was never greatly reduced on the stairs in test lo, 1
and it was about 19 minuteg after 1§n1t10n (5 minutes after first alarm)
in the second test before there was any serious drop in visibility,

The times after which escape would have been severely hampered in
the two tests by these three causes are given below in Table 2, There
would probably be a cumulative effect from the three causes which would
tend to decrease the time available for escape

Table 2

| Times after 1gn1t10n at which escape would have been severely hampered
i by various hazards o

.

.. Test_No,.. 1.
Door to stairs closed1

| T | .
‘ | Breathing Atmosphere Donae -Alarms operated
Room hot air unsafe snule ;
' 1 93 cailing |On wall
First floor | Longer than |- Longar than |24 minctes
bedroom 35 minutes 36 minates ‘
Attic Longer than 36 minutes 24 minutes 6.15 1010
] minutes '
Staircase Longer than | ot measured |Longer than
P S 35 minutes ; . 35 minutes
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Table 2 (contd.) = -~ . . |

2,

Test HNo,
Door to stairs open.

! ; : I j -
V . ’ | . er
Room Breathing [Atmosphere ; ' Dense | Adarm op rated
. hot air | unsafe : smokel ion ceiling|On wall
‘ ' ' T
Pirst floor| 27 minutes!25 minutas | 6 minutes | :
bedroom o : . ‘
Attic 25 minutes |25 minutes | 5 minutes 14..00 16.C0
Staircase |25 minutes Not 19 minutes [
‘measured . ‘ ’
|

B b

7fith the door at the bottom of the stairs closed there was-ample
time for escape af'ter the alarm had operated and with the restricted
alr 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. alarm
operated, ' ’

) i

In both tests conditions in the living-rooms when the alerms
operated, although not dangerous (observers stayed in the rodm until
this tlme), would undoubtedly have appeared so to en inexperienced
person and it is considered unlikely that the occupants would have
attempted escape by this route, _

A

Conclusions
Tt is concluded from the tests that -

1, The fire alarm can serve a uselul ourpose but 1ts value is
doubtful if the stairs door is. 1e't open,

2, An escape hatch would greatLy fincrease the chences of occupantur
escaping in the event of fire,
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Audibility tests carried out by Birmi

APPEIDIL

|

-

ngham Housing Menagement Depertment

i AUDIBILITY| as percentage of maximum audibility
U Fosition .
Position |0 stairs !
of bell door - Team A Term B
CATITC ERORO0
4
Shut Door shut 78 Door shut 78
On stairs Shut i Ppen 85 " open 75
door Open " shut 70 " shut 65
Open " bpen 83 " open 75
l
On wall Shut Door shut 55 Door shut 50
above Shut " open 65 " open 65
steirs door] Open " Shut 65 " ghut 53
in living- Open " open 83 "  open 70
room : |
On ceiling Shut " Door shut 38 Docr shut 38
above Shut H Bpen 63 " open 55°
breast in Open " shut 55 " shut 43
living-roan{ Open t Bpen 80 " open 65
= e
‘ TEAM B YEAM A
ATTIC BEDROGH
On stairs |
dcor -
Shut Door Ishut 83 Door shut 73
Open . .u H] 88 {] i3 73
On wall }
above Shut Door lgshut 73 Door shut 38
stairs door| Open " v 80 " 60
in living-
room
: ]

There were two members per team and the figures above are the average
of their markings. '
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PLATE I.

THE FIRE ALARM,
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PLATE 2. VISIBILITY IN ATTIC IN TEST NQ.I.
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