PEHAVIOUR OF ONE STOREY REINFORCED CONCRETE FRAME INFILLED WITH
BRICKWORK UNDER LATERAL LOADS

HeKoe BaruaI and SoK, MallicklI
SYNOPSIS

A predominantly experimental approach has been aaopted for
summarising the results of twenty one tests on reinforced concrete
feames infilied with brickwork under lateral loads. rhe test data
furnish some new information regarding the influence of the quality
of brickwork on the modes of failure,stiffness, strength and share
of load between tne frame and the infiili.Simple expressions for
lateral stiffness ana strength as well as for share of load between

the frame and the infill have been proposed in non-~cimensional
forms on the basis of the test results.

NOTATIONS

li,hi,t width,height ana thickness of infill

1.,hk, widtn and height of frame on centre .ines

(¢} slope of the diagonal of infill

T panel proportion (1i/hi)

EgsEpy modusus of etasticity of concrete ana bricawork
respectively

Ige equivalent moment of inertia of coiumn section

5, lateral deflection at the point of appiication of
lateral load H

ftows ftosf4p tensile strength of brickwork,brick and mortar
respectively

fcbw sLem crushing strength of brickwork and mortar respectively

fbs 1 X4 bond-shear and bond-tensile strengths of brickwork
respectively

Se,§p,ss, lateral stiftness of inrilled frame obtained from
test, proposed expression,formulations of 8mith and

SnrSsm Carter,mainstone ana sSmolira respectively

H“e,HuP,Hu, ultimate strength obtained from test, proposed
expression, tformusations of Smith and Carter ana

Hym Mainstone respectively (superscripts t and s relave

: to values in mode 1 and mode 2)
Iﬁe’HLp lateral load on infill obuained from test and

proposed expression respectively

(1) Lecturer,sorhat gngineering vollege,Assam,lindia.
(i1) Professor,Inaian Insvitute of Technuiogy,sharagpur,india.
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strength at first crack obtained in the tests
INTRODUCTION

The lateral stiffness against forces due to wind, earthquake
or blasts is a primary consideration in the design of tall
buildings(10). In recent years, the possibility of utilising the
composite stiffness and strength of the structural framework and
the infill walls as a means of providing lateral stability in tall
buildings, has been receiving considerable attention.

Hce

The earlier investigations were carried out by Polyakov(6),
Benjamin and William(1), Wood(10) and Sachanski(7). Holmes(3)
proposed a simplified analysis based on the concept of equivalent
diagonal strut originally postulated by Polyakov. omith and Carter(8)
adopted this concept of replacing the infill by a pin-comnected
diagonal strut in their formulations developed on the basis of the
results of tests on steel frames infilied with mortar. The approach
proposed by Mainstone(4) was also based on the same concept.
Malhotra(5) carried out an experimental investigation and reported
appreciable variations of the results from those obtained through
the formulations of Smith and carter. smolira(9) proposed a simplifid
approach for thec prediction of the lateral stiffness only.

The available literature on this field summarised above reveals
that only Benjamin and William, Malhotra, Sachanski and Smolira
have reported the results of a limited number of tests on reinforced
concrete frames infilled with brickwork. Other investigators
carried out tests on steel or steel-encased frames infilled with
brickwork.The present investigation has been carried out to study.
the behaviour of this type of composite,struc@ggg_full¥ or different
qualities of brickwork intill and to examine the resuits .n the
th the ald of the formulations

Tight of the predictions obtained wi

DETAIL3S CF SPECIMENS AND TaST PROCEDUREﬂ

The details of tests are given in Table 1. The dimensions
were chosen to_represent a scale ratio of 1:3. The variables in
the tests are as under : v

(a) Panel proportion 1;/h; ( Column 2 of Table 1)

(b) Quality of prickwork,i.e. 1:3, 1:4 and 1:6 cement mortar.
The specimens were prepared and tested in the back-to-bpack
arrangement.The load was applied on theg central post and the
reaction at each support constituted the lateral load on each of
the two panels.

GENERAL BEHAVICUR

The infill had invariably failed in all the tests.The observed
modes of failure can be distinguished as :
(i) Mode-1 :;Tensile cracking through the bricks and morter
joints.
(1ii) Mode-2 :Shear cracking along the mortar joints,i.e.
along the interfaces between brick and mortar.

The modes of failure were found to depend on the composition
of cement mortar used in the brickwork.all the specimens with
brickwork in 1:3 ana 1:4 mortar failed in mode-1 ana those in 1:6
mortar failed in mode-2.The separation between the frame and the

3215



infill. did not occur at any stage or ioading, inaicating thereby
that the tension aeveloped at the interfaces was less than the
tensile strength due to bond between the brickwork and concrete.

The slip,i.e. the relative movement between the frame and the infill
was also not observed.

The load-deflection curves obtained from the tests exhibited
two distinct zones.The first zone is a.most linear for all the
specimens.lhe second region starts with the¥ inciaence of first
crack.The iload falls with increase of deflection to a certain point
beyond which the rate of failuwe deflection increases tili failure.

ANALYSIS AND DISCUSSION OF RESULTS

The influence of the properties of brickwork and the panel
proportion on the benaviour of the specimens has been incorporated
in the dimensionless parameter A.lc given by the expression

Mle = e/ 5t Sin26/($5 70 Pc) O )
This parameter has been used in the expressions devisea for

predicting the stifiness,strength ana the share of load between
the frame ana the infildl.

\a) Stresses in the infili

+he distribution of stresses computed from vhe strains
measured at nine sections on the infill has suggested the following
pettern :

The normal and shear stresses are symmetrically distributed ;
the compressive and tensile stresses are maximum at the loaded and
unloaded corners respectively, the shear stress being maximum at
the centre of the infill.The maximum principal tensile stress
occurs at the centre of the infill,which is reflected in the
locations of the fiest cracks.The magnitudes of the maximum princi-
pal compressive stress occuring at the loaded corners have been
found to be smaller than those of the crushing strengths of brick-
work.Consequently, the crushing of brickwork did not occur.

(b) Lateral stiffness
The lateral stiffness )
H e o o * o0 (2)

has been computed for the specimensb%rom the linear zone of their
respective load-deflection curves.It has been found to increase
with the panel proportion and the modulus of elasticity of brickwork.

rhe comparison of the test results with the predictions
obtained through other formulations is brought out in Table 2
(Columns 4,5,6 and 7).The order of discrepancies has been apprecia-
ble. The expression s _ —0.15
_ % mota () s eee A3)
has been derived from tﬁ?’plots of the results off the tests.The

values obtained through this expression are in close agreement
with the test results%Column 8).

(¢) Ultimate strength

The modes of failure and the ultimate strengths have been
found to depend primarily on the relative values of f, and %p , »
Mode-2 invariably occurred in the specimens with 1:6 mortar for
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which f& was minimum(Column 8 of Table 1).For the specimens in
1:3 and 1:4 mortar, the values of f; (Column 8) were relatively
higher and consequently f, ,was critical and failure in mode-1 took
place.he ultimate strengths have been found to increase with the
panel proportion and modulus of elasticity of brickwork.

the results obtained with thef aid of the rermulations of
Smith ana Carter ana mainstone have shown considerabie variations
in respect oI test data..ne exXproessions  -p.s52

Hio /(b 'el) = 07018 (2tc) rooe (4)
HL{P/(‘be Lc t)=l. ,730 (2cl'c') o s e (5)

t
(nave been obtained from the plots of the values ﬁm/7¥bufc*) and
'Hie/(%s ct) +Lhe values obtained through these expressions have
peen found to be in close agreement with the observed results
(columns 11 and 12 of Table 2).Expressions (4) and (5) may also be

used for the prediction of the modes of failure.

(d) Share of load between the frame and the infill
The total load H may be expressed as
H=H +H‘: LI (6)
in which Hi and H; are the loads shared by the frame and the infill
y

respectively.The total shear force at the pase of the infill(Egg
has been obtained from the stress diagrams.in the domain of
elastic behaviour, tlke expression 0.36

Hyp/H =0-3266 (/’lctc) )

closely predicts the value of H; for the determination of Ef
through expression (6).

COMCLUSIONS

The extension of the formulations of smith and Carter and
Mainstone to reinforced concrete frames infilled with brickwork is
not a close approximation.Smolira's approach also significantly
overestimates the stiffness.The possible reasons of variations
have been explained in reference no. 2.

The panel proportion and the qualities of mortar used in the
brickwork have got a significant influence on the modes of failure,
stiffness and strength.

The proposed expressions have been found to predict the lateral
stiffness, lateral strength and the share or load between the frame
and the infill with a reasonabie degree of accuracy.
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