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A ffiELnDNARY :&'CAMmATION Qtt1 THE BYELA"V! REQUmEMENTS }'OR S'l'RUCTUIw.. J:l1IRE
PRJ.iX)AUTIONS IN DYIELLINGS or MORE TH1ll'j T\,70 STOREYS

by

D. L. Simnis, Margaret Law and H. G. H. Wraight

It has oeen suggested that the'Model ~elaws ·for the fire
requirements for tre external walls or multistorey flats are too
restrictive. ·Model Byelaw 40 specifies that the fire resistance
(.'1' these naIls be. O,~f; hour and Model By~lal1 47 specifies that either'
'!-:he vertical separation between 'ilindowsbe three feet or the' horizontal
p:,:,ojection be-tween storeys be two feet~' ... . . . .

It wb~ld be an-economy to use; types of external wallingwm.ch··do
not conform to these conditions in the construction of multistorey'
dv/:=:ll:i.ngs, and the Joint l!'ire Research' Organization undertook to ' :
investigate the effect on the fire. hazards of relaxing these standards
fox' ext.ernal. non-load bearing walls. The two types of hazard considered
were, the spread of fire from floor to floor and the exposure of: one .
bl~:Ll(ling to radi3.tlon from an adjacent burning building. li\lll-scale
ex?cr.:iment::: were 'I\O\; possible· and so work with modeLa V-Co.G· croTi.cd
out ins~ee.d. . The sca'ldng laws which these obey have as yet been ~:>nly
partly.J.nvestJ.gated, but the experiments were" useful in',revealing the
factors likely to af'fect the fire hazard in a full-scale· room,' though
not necessarily their relative importance,

2. The sprend of fire from floor to floor-- ----- - ------_ .. '-------_.-

The present' standards for i-loers 'allow litt-le· heat to be conducted
from storey to storey through the ce LLdng of a' burrdrig room. Heat. may
be tronsferred to ariupper- r'oom' through the windows by radiation and
convection from the flames and hot gases , . '

...... ,".

2.1. ~j.mental_E~ocedureIlnd .r~~lli... '. . . .~~ .•.

...... '

'-

. 'A .1/5t1"/ s6a.le modeI. W~s:~9hst'Iuct~d'Or" O'S.bes.~o;s:·\VoOd,t6':r~IlI'e~erit
two rooms' one' above th~...other~' each 15.x 15 x·.9··~~e~'~(l!~igur,e"1). 'T1?-e .
same' side:of'both' roonawas Lef'b open aiid the des~edw~!1d~'opendngs ' '
and .aeparatLon o~~ained by blanlcing off' 'part of' t~ ··sid¢·-~vi.th asbes'tos "
wood.' " '.' ,.... '. . . ;:,., , .' '

« : :' The· low.er room had a. wooden .f'Loor and was furnis~d with 6 in.
cubicn.i". .b6:i~s· .cpen on one side andmade of 1. in. timb~~r to, give a f'ix:e
load... ()f.,abo~t··9.. Ib/s9:.ft~' -. 'ilhich is ~jmilai" t~· ·tiuit· ~ ~'·.t:0r:n~l. Q.OIJlei3~~f',.
occupancy. drhe, upper' r-oom w.nS f'urnd.ehed as an earl;(er t~~~l:l' ~}) •. .":.' "', ..

, • -, '.. .-"... "-'<' ••.• ••• • • .••••••••

.': Th~: 'c~~te~ts 'ar: the' i6we~ :r~om' were ign~ted.: and 'the t:bre.-~~r;which'
the flames came from the lower' opendng was. nobed, With a 50·pet:·cent·
opening this was about twent~T minutes and with a 90 per, cent opening
about fifteen minutes. The distribution of radiation at::~he upper,
opening was found to be fairly uniform when there WaB' a 90 I!~r 'ce:nt.
opening in the lower room. The amount of- he ut enterdng the:,uppei room
is .fhus approxdrnate Iy proportional. to .the area' .of th~ upperv-openfng•

. " ':,~'~~t;s ~~e·~'''·carrie~ ~u~ 'with ~o·· s~p~ation ~nd'with a 3;5~hs~od~' .
separation ''b'etw.eeri·th~ openings tiond .with. a:::.~/5..ths·.f?o(.proj~ct.~b~>viti,l
no separation. ' In·theSe' t"eststhe"opening in ~J1e 1:9wer...ri"oin·was'a:bo~t,··
90 P~. .oent . Q:('•.,:I;1)e wo.l+~rea of .one s;i..de.. .In the' tests :~t~: ~.q' ~Ftical'

8epar~tioii'".'f~;rn.;i~ure ~ear the.. 19pehi~' in t,M, uPl?~r. .rocm ~iair).ghi~~c5:,.. , . ".
though. th~ ,aot~l, oijgin c?fi;si1i~ibn coul.d not be>?pserved :~hr(j\lgh ~l~~ ... ,
fla,n;,es, iii ':f';I;ori~ "of" tJ~"(Y win4pvi,..an~ ,~he .fire quIckly epr-eadv •~o. invO,~1e ..
the entire' ·1'o001.~: Ei~her'a 3/5thB ·J'oot .. vertical separatdori or' a :' ""'" ,..
2/Sths foot horizont'al projection was sufficient to prevent ignition

of the furniture (Flate 1).
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2. 2. J!!.!:~£Pr!ltat~.2!L of.:.!esu~.t~. ' "

Only a qu&litative interpretation of these results:can be attempted
. "

here. •

Heat is trmsferred into the upper r-oom by convective heat transfer
and by radiation from the flames and hot ~ses. ~he flame ,velocity
increases I'lith thehe,1ght of the room, so that any convective heat,
transfer wculd increase 'I'lith, scale of: the room.

The flumes f'rom the lower 'window cover the whole of the upper; ,
windrnvand this happens'in full-scale'fires. The'configuration factor
of the flames with respect to'the opening \'/ill,therefore be the' same
for the models and full-scllle. 'The thiclmess of: the flames;' however"
is greater. in a full-.s,cale fire. so that the om isaivity and therefore
the intensity of radiation are also gre,ater. This ,intensity .lill be, '
approximately proportional to the flame, t hi.ckneas,

If the thiclmess of flame' is T. tho h~i[;;ht of the flame is ri,
the .ddt!}" ,{ and the velocity of gases in the flame V.

th~n 'the rate of burning of the gases is proportional to T. \/.V.

, ~'irl.s, for equal burnang rates 'per unit' ar-ea of roan' surface ,is
proportional to' L2, where L is the, ,linear' scal.e factor.

Ilow \1"",j, ,1
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Probably, H is proportional to a fractio~al power of ,J;.;·sin~e. the
flames of .a small .f'dz-e are ge~ally,relativelytaller,' .. That .Ls, , T

,ii-lCreasesmorerapidly than 'J]i and the radiation.for,the full-scale
testm'li.y:be'as 'much as 'twice as that for, the modeis."Heut transfer by
radiation is' thus a more important factor 'than convection and 'needs
,~loser investigation; a safe situation:oh'the, sl~ll~scale'~ not bc
safe 'on full-scale.

"

,3.~' Ex:posure luizara

.. "·There'vias,little difference' in intensity or' radiation'~ntering the
'windo\'f in',the upper' room whether a projection was used or not', but
ignition occurred only 'without ,a projection.' rfith no projection there
was probably ~ess chance of coolingyentilating currents getting between
'the flames and the, room and there might' have been a'greater chance of
fiamesentering and causing p~lo,t 'ignitioh. ' ' ':'

:", ,.'

3. -.. Experimental procedUre~ resul~s. ':, '

Exposur-e hazards must be considered for a' .bui.Lddng from two points
of vievl; '. first, :the .ease with ,which: the building can be ignited if a
nearby buildiilg, is' on, :fire, and secondly; the hazard' presented if 'the
buildine:,is'its"li',~. "-. . . . . ~ ..

, '

': zne experiments of section 2'~uggesti that radiation, from a ,fire
1n a compartment of a buil<li,ng 'haying a fire load 'of 61b/sq. f,t. would

, 'last nearly half an hour, andexperiiWn:tS were car.ried out to find the
intensity of,r~ation that would'i~nite a,room within this time

• ~ • '. > '.' "OJ ~ •
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", " ......:
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The' source of radiation used was a.3 foot square, gas fired,
radiation panel, .The model, similar to those used in previous' work
was a 1/10th scale room containing wood ani! fibre insulating board
furniture, a wooden floor and a pilot flame to represent either e. gas
fire, or a flying brand (Figure.2). Two window openings were
investigated, the areas of whi.ch were 33 per cent and 100 per cent of
the larger side of the model room. In preliminary experiments, the
window opening was glazed and curtains were used, It was found that
there was much variation in the time taken for the glass to crack and
fallout of the frame and since glass absorbs about 2/3rds 0; the incident
radiation this variability had a great effect on the results of the
experiments. It was therefore .decided to simulate the worst possible
conditions, . that is, the immediate cracl:ing and falling out of the glass,
by leaV;1.ng the window unglazed. The curtains charred auay without
affecting the rest of the room ana uere dispensed with in the main
experiments. '

T\vo different sets of wall lining board were used, fibre insulating
board to represent the most hazardous lining and plasterboard, which is
probably little different from a traditional type of room with wa'LLpaper-,

The intensities of radiation "hich caused ignition in the rooms
within half-an-hour are given in Table I,

Table I----- ", '. '

. Int'ensi ties of· radiation reCJ.Uired to ignite modeL rooms lined with
fibre insulating board and plasterboard

27
, 25'

'rime .to i'rnite
. 'rninut~s"

.Wall lining.

Plasterboard

,
i

Percentage I Radiation
vandow opening I cal/cm2/sec

f---'--'-'-'----+----1-66· .----1--·- g: ~~--.'-.-.'-+--'-----
Fibre insulating

board
;

I--_~-'--'--".-"......~~-I.-________ I . _

33 IJo.88 22
100 0'21 24[_:, .....__.1..-_________ _.. . ..:

With the smaller window opening ienition usually occurred when
the' pilot flame. ignited combustible gases' produced by the thermal

", ' .. decomposition of the contents of the room, while, with the larger
''C' .,",opening, there was spontaneous ignition of one of the articles of•

. .:, furniture.

J,2. " IntE!rpretation of results

It is probable that at the initial stages of heating, the heat
loss from the system scales linearly except for convection; this'
latter will increase with·.the size of the room,

:b'or..this· reason the 'predictedexposure
cafcu'l~ted frorri·. thel'leexperimentaJ,. results,
. . - ': . . ' . .

hazard for full-scale rooms,
ylill ~obabJ,y be overestimated,

The predictions··given~rebas~d on the assumption that the small­
scale and f'ull-scale~9ms ignite by the same process,

, . :'
.( . . .: ,"

". :-"! ..•. , ..

•)~ 1.- .

. .! :':"JJ'.:,
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A burning building m~ b~". considered as a ':blaclc body radird;or at
a temperatUre of 10000C (2) 0). The' intensity of radiation, I, at
any point on an adjacent bui~ding is giyen by:~

I = .-%-f)(f T~
100,.' ..

I-,.

where

..w =
H. =''t'

'(f -
T =

, ,

percent~~ window opening of burnihg building•
configuration . factor for the· 'whole facade of' the bunring
building at the point.considered.
1 •37~x.. 10-12, cal/~d!/cm~/se~;
1273 ii..

. . ,

Since for any .vaIue of of there is a corresponding value of the
dis~an~ .of: separation the safe distance can be. caLcuLated fran'

.,'

..
"

.', :where Is is the maximum saf'e iriten:sity.

JEhus, the safe distance of'vaepar-atd.on depends on the window opening
of the burning building and on .Is, which vardea with, the wit].dow. ' .."
opening of the expose~ building.' Value~ 'of the :safe distance 'of 'separation
are given in Table'II for a burning building With 'e,' square facade.

Ta.ble .II I •
._------

.' , ''.~","; , ', . .

to. •. • • . ~

r----~--~--- ----.-~---.-_.-_..---~-., , '

:Fercentage, window ~pening o'f ',~
. exp~sed' building ,,'Percentage window,

opening 'of bUrning
.,bui~ding t--~--_._--- 1 .

33 --. .3:.r-~·+;~.2 '-~
. , ,,100 ,:' I 1;0,' j :. '2'.1 "",

. l........o...__• -L___ _ ......1_. _

, '

If two ,adjacent buildings have, 1qo per cent and 33 per' cent ,Windo~

opening, the risk of spread is slight~ greater if tl~ one with' 33 ·per
cent is burning but the difference is small compared ..wi th errors due to
assumptions made in calculating the" safe ,d,istences and..may be .dgnored,
The necessaryseparat~ons for, ,a' 'variety at: condd.t Lona are shown in a
gener-af}p,~ .in Figure 3... " " ~

. . . ..: . ..; .: ... ~ .. '

, The' hori~ontal spread' of fire between' units :in this type "of' ':",",',
build~ng is,always ~ess rapid ~ha~ the vertical spread, t,~~ugh this
would befnce-e rapid in. maisonette's .than in flats.' If two,Vertically
'siac,ked maisonettes are radiating~, the 'appr-oxamatie ratio of: th~'breadth
of the fire area to its .height Vlill be 0· 5. .If only·. one maisonette is
oIl :fire the' .exposur-e thazard will. be ,~ha.:t of a. smal L dwelling. "

Por dwellings of more than f:our storeys it is most unlikely that
the fire will spread fast enough verticall~r for 0.11 floors to be burning
a.t once. The sai'e 'distances given by Figure 3 would therefore err
heavily on one side of caution for a high building.
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The experiments with models described in this paper suggest that
openings in the outer walls of buildings should be separated either by
wall or by projection. At present, the model Bye-Laws require that
these should be a 3 foot vertical separation or a 2 foot horizontal
projection. There is no suggestion from these experdrnerrt a that these
might be relaxed.

With the usual fire load in domestic occupancies, the vertical
separation is not likely to be subjected to fire conditions for more
than half-en-hour, it might therefore be possible to relax the present'
requirements for one hour fire resistance.

The separation of buildinss to minimize the exposure hazard depends
on the area of the openings in their facades. Safe separations have
been calculated for a number of cases; for buildings of more than four
storeys these will be too restrictive. The major difficulty in assessing
the reliability of these predictions of the exposure hazards using models
lies in judging how far scaling affects the means by which ignition occurs.
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PLATE.I. EFFECT OF BALCONY ON FLAMES'. FROM

MODEL ROOM
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