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‘THE THERMAL BOWING OF BRICK WALLS EXPOSED TO FIRE ON ONE SIDE
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SUMMARY

This paper provides new expenmantal and anafviscal date on the wnrestrained thermal bowing of non
loadied camtilevered clay briok wills exposed o fire oh ong nde  Two specimen wallg, 950 mm wide
and 3000 mm high, were wsted  They were 205 mm (% in) asd 323 mm (13 m) thck and sere
simultancousty exposed 10 the heaung conditions of BS 476 - Pare 20150 #24)) for a penod of' 1 hours.
Experitisenial dia showy that the honzontal detlection a the wp of the specimens were sisinnnally 110 mm
amd 120 o for the 215 mm md 323 mm thick walls respectively alter the |15 bour exposure. A simple
equation busied on geometry cat be used o predict deflectems [oewalls which are higher than, but otherwise
identical (i, the tested waill, and & worked exanmple is given,  Analvses usmg the SOSMEF program show
that such deflections can be predicted with reasonable sconey but that there 15 a need for more data on the
‘elevited wmperanee propertivs of brck. Thidita are of practical importante n the desigy of tull brick fire
walls, where thermal bowing can lemd 1o structural instabifity

INTRODUCTION

In & fire, sepirating clemests such as walls and loors wie exposed Lo hedld 6o one side This gives rise
10 temporature difforences across the thickness of the element winieh, i wirestramed, wndnces thermal
Bowing due, n the ease of Bk und conerete for exumple, 1o expabsion of the ht fies malenal

Knowledige of these phentmena s not sew. What s new. however, s the discovery that there nre sparse
dats on'the magnitude of thermil Bowing of building constriictions gubjiicted 10 the elevated temperatires,
on 1. 200°C. likely to be reached in fires in buldmgs  This seems sirunge on lirst sight beoause very many
standard fire resistance tests luve boen camed out on walls.

I wall furmsee test the nommally 5 m lugh londed spearmien s wmally honzontally postiion foced af the
‘Lop and bottam, snd horeontal theral browang deflectionk are very rarély meastired beeause thete 15 oo
requirement 1 do so I some designs btk walls are not posstion £ fixed at the top 5o they are free 1o bow
2% o canplever and periaps wpple over  {n smgle storey stornge buildings fire sepurating walls can be very
high, in some cases mare than 25 m lugh, dnd thersndl bowing can then bisonie an imipotian stability
critenon' even when position fixed at the top

EXPERIMENTS

The Fire Research Station (FRS) has camic oul s ramber of lests it Slovated temperatires to nascss
thermal bowing defloctions of members made of stecl snd nemforeed conesste™ To obtan the thermal
bowing ditn reported hére two specime brck walle wisre bull into the standord five remutanee furnace wall
test frimec at the Warrington Fire Research Centre The wally, which were solid and constructed using cluy
breks, acted oy verenl cantlevers o they were free 1o move verucalty ond horizontally when exposed to
heat indne side. One wall was 225 mm (9 in) (Hick lind the other wits 337 inm (13:m) thick. Both were
normimally 956 mm wade by 3000 ) eh and were oxposed side by fmde in a standard wall furnace using
the BS476, Pant 20 (180 B34) temperature-time curve for o penisd of 3 hours
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Temperature profiles sithm cach wall were obtamed using 3 mm inconel sheathed muneranl msulated
thermocouples placad in blind holes drilled from the unexposed fite. Thie thermocouples were placed at
rud betght and at | m above and below, Horzantal deflections were measured at mud height and at the top
and bottoim of the walls using finear displucement iransducers mounted on water-sooled hollow sieci stands
Hence both the honzantal deflection at the 1op and curvature could be oblained.

Figure | shows the varistion with fime of the horizontul deflection at the top of both walls. The deflections
ure surprisingly farge: 70 mm for the thmner wall and 55 mm for the other after 30 minutes exposure
Fijures 2a and 2b shonys the measured svernpe temporature profiles at different imes of exposure for the
two walls ' '
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Figure 1. Thermal bowing of solid masonry walls
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Figure 2. Temperature distribution in the test specimens at different times:
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THEORY
Simple theory

A sumple theary of thermal bowing can be used to extrapalate from lest data to obtain the bowing
difloctions of walls which are higher thin, bul otherwise identical w, those for which thermal bowing test
dats are mvailable. For o non-loaded and unrestrained vertical cantilever member heated uniformly over its
fife ¢xposed fabe whith 15 assumed Uy bow min i circular arg it can be shown® that the horizontal defiection:
A a1 the top nomal to the wall is given by

A=alT/d L)

Where & = coelictent of linear thermal expunmon, H = beaght of wall, T = difference of temperature
betwoen the expased and unexposed fices, and d = thickness of thi: wall

To obtain i absolute meaire oF A regquires that @ und T are known. However this 15 unnecessary if test
data arc available  Assume that at s given time of fire exposure the messured horizontal deflection at the
top of a cantilever of beight H_ts &, A predicted deflection 4,15 needed for o height of H, From Equation
(2}

A, =(e,T /124 HS

&, =6, T/ 24) H?
Smecw thiscasew, =, T, =T, and d_ = &, il follows that

A=A, — 2)

It can b seen that the defléction varies as the sguiare of this heyght
Worked example
What is the honizontal deflection at the top of an unrestrained 10 m high cantilevered solid Glay binick

wall 323 min thick when exposed Lo the heating conditions of 150 834 for 30 min? From Figure |
A, =55mm From Egn{2).

10
4, =55 (—;,-} = £10 mm

In making predictions of this kind two points should be kept inmind. First the height-to-thickness ratio
of 2 wall may b lanited by roen temperature design codes so that very high and thin walls (the weirst
combination for giving Inrps thirmal bowing dellections) may not be-permutted. Secandly the predictions
take no nccount of cut-of-plumb dead Joads which can merease it deflections aceording to the PA effeot
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Numerical simulation

The compiter progrmm SOSMEF, deseloped at City Utiiversity, wits used 1o nusmencully sumulais the
structural response of both the walls SOSMEF is capablis of talculating the structoral response of beams
tind columns subjected to nonlicas vasmben of wmperature m all three dircohions amd my combmation of
axcin) and laternl Topds The mothod of anulysis used is Tinite difference based, which ensiires equilibrium
ot 3 nmber of pomis along the length of the member. Mare detailed descnption of the numerical method
is given eleowhere® I the présent phger, the walls were modelled as columns ‘The method hus been
wvahdated by expenments on stecl solumng and other colunns™

The self weight of the specimens was gpproximately modelled a8 an axul force. As there are hitle dota
svailable n the literatere on the matenal properties of bricks at elevated temperaiures, 15 assumed thal
the milerial propertics are mdependent of the temperature. Th following values were used for different
parameters of the material mode!

Maximum compressive strenglh 140 W
Muaxrmum tenstle soength tlexural) 2.0 Nimmy?
Young's modulus 10 KNimm?
CoefTictent of thermal expansion 6.0%10°/C

Strun at the peak compressive stress. 0.0028

The compressive part of the stress-strain relasionship i3 assumed 1 be a purabola with the peak value is
the muximum cotpressive strength. The tensile part 15 assumcd to e hinear up (o the maximim lensile
stress and then linearly decreasing o zero, at five times the peak strain

A comparison ‘ol comiputed and cxpermiental harzantal defections at the top for both the specimens arc
given in the following Table

Maximum deflection (mm)
Time
{minutes) 215 yom Wall 323 mm Wall
Test Computer Test Computed
30 TG 6757 35 46 2261
G0 RAD 9733 7972 449 89
90 103.20 0718 9% 52 59,70
120 105.00 11206 165,10 4,76
150 10620 11559 114.10 6837
180 10750 11834 120030 7153

Computed deflections for tie 215 mm witl asic very cloie (o the test values, For the 323 mm wall, computed
deflections mre somewhat lower than the test values. This may be aitribuled 1o the assumplion that miterril
propertics arc independent of the temperanre. Maximm strength and the Young's modulus of the brick can
be expected 1o be Tower at elevated temperatures. These tesulte algo show the ieed (o obluim mare data on
Lhe muterial propertics of the brick at elevated temperaturcs. '
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CONCLUSIONS

Tests have shown that clevated wmperature thermal boswing of bnek fire walls is large. A simple
theory has been developad which facidinates the prediction of thermal bowmg deflections of walls taller
thitn those Lested bt otherwise identical  The compter program SOSMEF, which has praved capnbile
of satisfactonly prodicimg thermal bowing deflections of glec) and compesite steel/conerete members,
cannot vet be fully utilived Tor brick walls becauso of lsek of elevated remperature materml propertics
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