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SUMMARY

As part of a study of the growth of fire in buildings, single items of
furniture have been burned in a well-ventilated compartment and the distances
found at which these could Jjust ignite nearby wood specimens representing

unignited furniture.

Ignition distances found ranged from more than 1.2 m for a tall wardrobe

to less than 150mm for an easy chair.
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INTRODUCTION

A peace-time fire in a compartmént usually starts at one point and then

" spreads to other combustible items: The initial igniting source may be small,

as with an electrical fault or large as with an overturned oil heater. In

.most fires, however, there is e chdinof ignitions as the fire spreads to

previously unignited items. The likelihood of this chain of ignitions 1eading
eventually to flashover and a fully developed fire depends on the arrangement
of combustible items. Some fires are known to burn out before all combustibles
are involved; and one can readily envisege this happening in a sparsely-

furnished room.

. If the fire is initiafed by a nuclear flash sevéral pieces of fufnﬁfﬁée;
floor and wall coverings may be ignited but the duration of the flash is short -
and only a shallow depth of the material is heatéd. After the flash, the cold
interior of the furniture and the surrounding air will coocl the burning surface
and the fire will subside and may even go out. If any part of an item remains
alight .the subsequent development of the fire will be similar to that of a
peace-time fire except thet more than one article may be burning, the windows
may have been broken by blast and there will have been a large amount of thermal

energy dissipated into the surrounding air.

The experiments reported in this note were carried out following a.request
from the Home Office for information concerning minimum separation distances
between items of furniture at which fire would not spread from one piece to

another, following ignition of one or more items of furniture by an atomic



Single items of furniture were burned in a compartment preheated to
simulate the energy entering the room from the flash. The distances at
which wood specimens ignited and the size and durestion of the fire were

then measured.

The results may not apply directly to a;ﬁace-fime fire because initially
the glass of the windows is usually intact for these. Unless there is a
+ spbstantial leakage of air into the compartment or unless some glass breaks
and falls out, 2 fire in a compartment as small as a room of a house may go
out. If it does spread, any restriction in the flow of air intc and confine-
ment of the combustion gases in the compartment, caused by the presence of the .
glass, may lead to higher gas temperatures and the resﬁlting heating of the.

fuel might enable ignition to ocecur at larger distances than those quofed here. Ny

2. Experimental method

Tq& tests were performed in a compartment measuring 7.7 m wide, 3.7 m deep
and 3.0 m high, and heving a ventilation area of 6 m2. As it is unlikely that
window glass would remain intact after the blast, the window openings were

left unglaged.

Al]l the items of furniture were placed in one corner of the compartment
except for a few tests performed.with chairs in the middle of the floor. Thé
probability of fire spread is greatest when the whole of a piece of furniture
is burning at once, and some initial tests were carried out to find a method
of ignition that would achieve this. The method finally adopted employed
pieces of 80mm wide fibre insulation board, 15 mm thick, placed ﬂnder the
edges of the furniture. In addition, 15 'mm . x 45 mm strips of fibre
insulation board were fixed horizontally at 0.23m spacing to the face of the
wardrobe. 600 g of alcohol was then poured over the furniture and fibre
insulation board. The compartment was preheated by burning 2 kg of wood wool
spread along the back and end walls. This is roughly equivalent to a gross
dose of 150 cal/qm2 over the entire window opening. Strict similarity is not
possible owing to the difference in time scales; the peak surface temperature
depends.on the dose and the ﬁime scale. The wood wool was ignited at the same
time as the fgrniture but burned out rapidly, usually in less than 60 s. .
Standardised wooden blocks1 weré mounted on stands at heights of Q.45 and:

0.90 m above the floor and at various distances from the furniture. These



served mainly to test whether wood could ignite at a particular distance,
but also provided some information on the rate of reception of heat from
the furniture by their changes in reflectivity or their depth of char,
Specimens of 3 ply wood 4 mm thick and cotton cloth2 were mounted alongside
each of .the blocks. The cloth was more readily ignitable than the wood’
blocks and so provided a more sensitive measure of the heat dose. Through-
out each test? visual estimates were made of flame height until the item
burned out or collapsed: from these observations an effective duration of

burning was taken to be the period during which the item was flaming briskly.

3. Results

341+ Burning characteristics of furniture
Jzﬁhq,tegt results are given in Table 1.
It was not possible to obtain & self-sustaining fire with a kitchen
chair, probably due to the lack of supporting radiation between adjacent-
.:Eﬁffacég; only about 1 of the chair was burned away, and this fraction
éf the weight'waé ﬁsed in calculating the burning rate. ‘ -
All the armchairs and easy chairs tested burned up faiply slow}y?
and usuelly produced flames up to 0.6 m high as long as the ignitid%
strips continued burning; these generally burned out in qbouf 5 min. .
Fire then spread over various parts; usuaily the arms or'back, producing
large quantities of smoke and flames up to about 0.2 m high'until the
covering material fell away exposing the timber frame and stﬁffing,
Flaming then increased slightly, but none of the chairs tested seemed
to have padding that was seriously flammable perhaps because the
stuffing was packed fairly densely and became further compressed-in use.
None of the chairs was upholstered with foam rubber or plastic padding.
Almost all the armchairs burned for about 30 min and collapse occurred
generally soon after. The easy chairs usually burned out. more gquickly.
Because the chairs burned slowly, and the flames produced were not
more than about 0.€0 m high, there was little tendency for the flames to
rise up the wall, and hence there was no detectable difference in the
resulfs between chairs piaced either in-one cbrner or in the middle of

the compartment.



3.1. (cont'd)
- The bookcase ignited readily, and flames reached the ceiling in
about 3 min. The shelves contained about 24 kg of books, 'journals
and newspapers, and these were also burning well after 3 min. Because
_of its re-entrant openings, the bookcase burned briskly and efficiently;
very little smoke was produced throughout the test. Collapse occurred

after about 15 min.

The wardrobe ignited quickly and produced flames to the céiliﬁé.-
at about 3 min, after ignition. Fire spréad rapidly over the whole iéém;
and flames reached about 4 m along under the ceiling. This.state of i
burning was only sustained for between 3 to 5 min, the wardrobe cbliapsing ‘
'soon afterwards. Very little combustible material remained at the end -
of the test.

Apart from the bookcase and wardrobe, the furniture showed little
tendency to produce large flames or significant heating at diStancas

greater than 450 mm.

'3,2. Behaviour of indicatdr specimens
5+2.1. Wood blocks ‘ L
- With the farious kinds of chairs, wood blocks were usually
charred but not ignited even at 150 mm and at these small spacings
igﬁitiOn would depend strongly on the geometry of the situation
and the movement of the flames over the surfaces. ,
The bookcase ignited the blocks 0,30 m away but only charred
those 0.60 m away. The wardrobe ignited the furthest specimen, at

a disfance of 1.20 m.

3e2.,2. Plywood specimens
These behaved. broadly similarly to the wood blocks but ignition -

occurred at 150 mm with one armchair and one easy chair.

3.2.3. Cotton cloth specimens

A substantial proportion of these were ignited at 150 mm by
the armchair and easy chairs. For the bookcase and wardrobe i
maximum distances for ignition of specimens were 0.45 m and %.20 i

respectively.



Discussion

Thére are clearly large differences in the maximum distance at which
various items of furniture can cause ignition, some items being unable to
ignite wood even as close as 150 mm and these differences are related to

the way in which the items burn.

Fig. 1 shows the maximum distance at which various effects were produced
in the specimens of wood and cloth, as a function of peak total flame height,
i.es the height of the tip of the flames above the floor, Apﬁroximafe values
for the corresponding average intensity of radiation are given, based on

previous wurk1’ 2.

The geometry of the flames from the wardrobe is different from that of
the other fires since the flames spread some distance undér the ceiling and
the total flame height was effectively very much greater than the héight which
the flames would have attalined in the absence of a ceilingB; because of this,
the wardrobe result has been omitted from Fig. 1. When flames reach the.. .’
ceiling, the fire enters a critical stage, for any subsequent increase in-

burning results in a considerable extension in flame length beneath.the . "

‘ceiling, and objects remote from the fire of origin may be ignited. This

stage in the development of a fire represents the period when one mechanism’
of fire spread changes from "short range” radiation to "long range" radiation;
"short range" radiation being that emitted from the vertical flames, "long
range" radiation emanating from the horizontal flames beneath a ceiling.

For a given burning rate, a given level of intensity for "long range"
radiation can be at about five times the distance for "short range" radiation.
Furthqr‘exglﬁration is particularly desirable in this region, which may be

crucial in the development of a fire in a compartment.

These tests show that fire spread in a compartment is not a function of
the lining materiasl alone. Tall items of furniture are present in maeny com—
partments, and some of these can produce flames that could quite pdésibly o
cover the entire ceiling area of smaller rooms. Armchairs made from comn=
ventioﬁal materials are apparently a minor factor in fire spread, when only

one is burning in isclation from other items.

The parameters of flame height and rate of burning are plotted in the

form previocusly used by Thv.m:a.sr.’+ in Fig. 2. The line has a slope of % and




resulted from the earlier work: the furniture results lie very close to
this line indicating that the behaviour of the burning furniture could be

related by the expression

2 S
, 3 '
%—45{. o ; (1)
TR
Aﬁpére ‘L‘_= fléme height above furniture
. D - e .
A = floor area covered by furniture
: *
_ . . weight of item T
R = rate of burning, &5 } 55 gration of burning . -
f{) = ambient density of air = 1.3 x 107> gn/em” ' ' e
g = acceleration due to gravity = 9.84 m/sz

To enable this cbrrelation to be used for unburnt furniture, a rate of
burning is required. The duration of burning is shown plotted against weight
of furniture in Fig. 3. The resulting line indicates a reasonable trend '
between burning time and total weight for the limited range of furniture used.
The solid line should be used for chairs and items of furniture of the order
of one metre in height, but a different and lower value of time and hence,

a higher rate of burning, may be more realistic for taller pieces of furniture
such as ‘wardrobes; a tentative relation is indicated by the dashed line in
Fig. 3, Also shown plotted in Fig. 3 are values of weight divided by surface
area against time. This ratio was chosen as it represents a typical thickness
of the material in the furniture, and burning time was expected to vary with
thickness. However, the resulting graph shows no correlation between these
parameters, and it seems that burning time is principally governed by the
weight and geometry of the furniture. It would therefore, be advisable for
fufthér experiments to be carried out including other types of furniture in - - s

order to confirm this.

* An approximate rate of burning based on the assumption that 50 per cent

of the total welght is burnt during the period of brisk flaming.



Conclusions

1. Specimens of cloth but not wood were ignited at 0.15 m away froi
conventional armchairs and easy chairs. No ignition of cloth or wood wid
recorded at a distance of 0,30 m. Flames were produced which extenhded
about 1.8 m above the floor: h '

2. The bookcase produced flames which reéached the ceiling but did not
stead béneath it. Cloth was ignited up to a-distance of 0. 45 o and

wood SPeclmens at a dlstance of 0.30 ‘M.

3. The wardiobe burned strongly and flames extended for about 4 m beneath
the ceiling. Speclmens were ignited at least as far away as e 20 m; but
1gn1t10n Would probably have bccurred at greater distances. It is quite
p0331b1e that in & smaller room, the flames produced would héve coveréd the

entire celllng area.

e Once flames have reachied the ceiling and are travelling urder it the
distdnce at which matsrial can be affected by heat; or ignited, ihcreases:

sherpiy.'

53 Tentatlve relations have been obtained relating ignition dlstance v1a :

H
1

flame helght to parameters of the burnhing furnitures
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TABLE 1a

Test Results

. Max. Effective | Rate of
L . : Floor | Surface | Flame duration | burning
Type of Height | Weight | Area Area Height of R = W
. e T— tat ty 1 ~ above burning 27
furplture L' W A Ag furniture -y
-m kg m? m m min gn/s
Kiﬁéhen | o
N Chair . ' . 0-81-}- -5. > 0.4 Oll|-2 0.5 7 1 - 67
Basy
chairs 0.76 [ 13.6 |0.57 | 2.3 0'6. 17.5 | 6.5
Chairs 0.8&. 28 0082 3.8 009 21 11 .2
Book ) . ;o o
oase 0.9 36 0.2 745 2.1 19 1578
d- .
Wf_zbe 1.75 4.5 |0.48 5.6 1.2 12 24
: 4 beneath - :
ceiling




TABLE 1b

Test Results (cont'd)

Type

Maximum distance (m) at which

of Cotton cloth Plywood Wood blocks
furniture 1 S I c s T c S ﬁ
Kitchen _ _ _ _ _
ohair £ 0.15 | € 0.15 | £ Q.15
< 0.15 .20 | €0.15 0.15 0.30 | € 0.15 |- € 0.15 0.30
0.15 | 0.601{< 0.15 0.15 | > 0.15 0.15 0.15 0.60
Bas < 0.15 0:15 | £0.15 | €. 0.15 [ € 0.15 | £0.15 |- € 0,15 0.30
,ch-';’irs 0,15 | 0.30 | €0.15 [ € 0.15| 0.30 | €0.15| < 0.45| 0.30
£ 0,15 | 0.15| €0.15 | £0.15]  0.15 | € 0:15| . 0.15 0.15
0.15 |> 0.15 | €0.15 | £0.15 0.15 | €0.15 0.15 0.30
0415 {> 0.15 015 | >0a15 | > 0415 | L0415 Q.15 0.30
0.15 [>0.15 [ €0.15 |~ 0.15 | D0.15 ' £0.15| 0.15 [ 0.30
Mean £ 0.45 | D 0,24 | €0.15 | £0.15 | >0.49 | £.0.15 ] L 0.15 | 0.32
<0.15 | 0.30[<€0.15] 0.15]-0.30 | €0.15 | 0.15| 0.30
€015 | € 0.15 | £ 0.45 1 € 0.15 | € 0.15 | €0.15 | £0.15 (£ 0.15
Arm 0.15 | 0.60 0.15 | > 0.15 | > 0.15 | £0.15 0.15 0.60
chairs £ 0.15 0.20 | €0.15 | €045} "0.320 | €0.15 | €0.15 0.€0
£0.15 0.60 | €0.15 | € 0415 | £ 0,15 | £0.15 | € 0.15 0.€0
0.15 | 0,30 | €0.15 0.30 | 20.30 | <0.15| 0.30 | > 0.30
Mean < 0.15 |€0.38 | £0.15 [[€0.18 | * 0.23 "40.15 £0.18 | 0.443
Bg:‘:e 0.5 | 0.60| 0.45| 0.60 > 0,60 "20.30 " 0.60 | >0.€0
Wardrobe | 1.207[$1.20% >1.20% >1.20" $1.20" 5 1.20" »1.20" .1.20"
= ignited
= charred _;

g - Difficult to estimate .-
+ Furthest specimens 1.20 m from wardrobe

scorched-.
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DISTANCE AT WHICH SPECIMENS AFFECTED-m

PEAK TOTAL FLAME HEIGHT—m

Specimens scorched 0-8-12 W/cm?
————— Blocks and ply charred 1.6 wjcm?
————.— Cloth and ply ignited 35 W/cm’
Blocks ignited 4.2 W/cm’

The intensities of radiation indicate the minimum intensity to
produce the effect

FIG. 1. PEAK TOTAL FLAME HEIGHT AND DISTANCE
AT WHICH SPECIMENS AFFECTED
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