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BEHAVIOUR OF LOAD BEARING BRICK SHEAR WALLS WITH OPENINGS

Brijesh Chandra*, Member and Murari Lal**, Member

INTRODUCTION

Shear wall in brick buildings forms the most important structural element in resisting
lateral forces. It has, therefore, been the endeavour to study the behaviour of such walls
through theoretical and experimental models. The problem becomes quite complicated if
the wall has openings. . Also, for functional requirements openings must be present in walls.
Theoretical and experimental studies? indicate that strength of a shear wall is latgely influen- .
ced by the size and position of openings.- It is found that sections along jambs of openings
are the critical sections in a wall panel. It would therefore be necessary to reinforce these
sections in order to strengthen it against lateral forces. It was with this objective that
studiest®? were carried out to investigate the behaviour of brick walls with and without
reinforcement. In these studies lateral load tests were performed on models of walls. The
results of these provide useful data in studying qualitatively the effectiveness of different
strengthening methods. However, in order to have a quantitive idea, it is necessary to
develop theoretical solution of the problem so that answer could be given for any case with-
out going in for a model test every time. But before attempting such a soluntion, it will be
Fs_sential to know as to how the walls with openings behave ‘under vertical and lateral

orces. '
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An approximate solution is suggested by f’:.*::' ' ‘ L T
Portland Cement Association®. The method | COMMON 'RIGID ELEMENT :
treats the wall as series of piers and the por- ' pien
tion of wall above openings is considered as a 15 o225 —oform—— 45 e 225 o 15 o]
rigid element (Fig. 1). Under the action of 7 :
lateral load, all(thg pieZs are assumed to under- A/ ' {O//C;B/ o 7 %
go the same horizontal deflection(/\). Since 4 s /7/, g /
piers have considerable depth compared to its 7, I N 7478
height, A includes shear deformations also N rens s0 W
in addition to bending deformations. The ‘ o /
lateral forces are resisted by the piers in pro- RIGID AREA : /
portion to their rigidities (1/A values). This I R /7.

shear in the pier causes bending stresses. In AICID BASE
“order to work out the stresses in piers due to : ,
overturning moment of lateral force, it in : :
assumed that the wall bends as a vertical cant- (@) Details of Shear wall Mode

ilever having a neutral axis at the centre of (All dimension in cm)
gravity of pier areas. Overturning stress 18 .
Ca]cu]ated in proportion to distance Of piers a COMMON RIGID ELEMENT
from this centre of gravity. This assumption astizers T e iy
is not consistent with the wall behaviour as- powr o A % o

. . . . 'y f INTRAFLEYURE Ry Ry i
sumed for calculating shear in pier analysis. .\i ,,i %
Also, the analysis does not give any impor- L . . e
tance to stresses. at points other than at sec- T

b_.DEFLECTION OF PIER

tions through openings. Some cantilever
action is definitely present in wall of the type
shown in Fig. 1 and must be taken into acco-

b_SHEAR AND. RE AC TION ON PIERS

Fig. 1. Behaviour of Shear wall as assumed in
P C.A. Method.
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unt. It is with this idea that' a  détailed numerical analysis is carried out for the wall
‘shown in Fig. 1. The analysis is explained here.

THE METHOD OF ANALYSIS

The shear wall is analysed by treating it as a two-dimensional elastic plate, using grid
analogy. - The wall is divided into a number of rectangular elements and these elements are
réplaced by grid member.  Properties of these grid members are worked out using Grinter
formula®, Accordingly, the width (b) and depth (d) of the members are given by following
relationship. |

b=t 4+ 14+# and d:\/_ﬁ—_—ﬁ

where L is the uniform spacing of grid in the direction of members, t is the thickness of the
plate and £ is the poison ratio of plate material. Three unknown deformations at each joint -
are the horizontal displacement (A) the vertical deflection (§) and rotation (6). Forces _a)n_\d‘ ’
moments in grid members are expressed in terms .of these deformations and equilibritm -
equations are formulated at each joint. These equations are solved to obtain A, &and @
at various joints and hence the forces.

THE MODEL

In model chosen for analysis® is a wall with a door and a window. This has been -
shown in Fig. 2 with the corresponding equivalent grid, The properties of grid: members are
calculated by assuming x to be zero for brick masonry. The grid spacing is L horlzont'ally 1
and 2L vertically. The area of cross-section and moment of inertia of vertical members is A
and AL®/12 respectively, where A = L?, These values for horizontal members are 2A and
8AL%/12 respectively,
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Fig. 2 (a)—Dimensions of Shear Wall Model - Fig. 2 (b)—The Equivalent Grid =

Used in Numerical Analysis.
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SIGN CONVENTIONS

Fig. 3 shows .the sign convention Rotation
adopted for describing various quantities.
Clockwise rotations and moments are :
designated as positive. Horizontal displace- Horizontal Displacement to Right is |- VE
ments are considered positive towards right Vertical Downward Displacement is + VE
hand side of original configuration while
vertical  displacements are positive if
measured downwards. - :

Moment L +

FORCES IN MEMBERS

Fig. 4 shows the equivalent grid of . ‘ +
the model with the joints numbered. Fig. 5 Direct Thurst - -
shows a typical node 0 where four mem-
bers meet. These members are designated L J
01, 02, 03 and 04. Forces in members are Y ’
expressed in terms of member properties and ; ‘
joint deformation., Appropriate subscripts

@

are used ‘to identify various quantities. Shear
(a) - Thrust +
" . EAy A PR
T01 = L, (A — Do) - SR
| E AO : Fig. 3. Sign Convention Used.
Tos = — -2 (5,—00) etc. (2)
. B L02 o . e
(b) Shear due to deflections - a
‘ 12 EI . g
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Fig. 4. Equivalent Grid and Numb_cring Fig. 5. Properties of Grid Members

of Grid Joints.
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- (¢) Shear due to rotation

) 6 Elyy ..~ ..
S’ = z"_m (8o +9:)
Lig
"o 6EIy : ‘
8" = ’_30‘“‘ (8,0, : 4
Lgq
(d) Moments :
« __ 2Elaf( ,, 350 , 35
Ma = “TE( 200+ 6 = 7 + ml)
2E10?( 3A 3A '
— 8 VEETAY .
‘Moe 2 +9z LO, L, ) ete. ’ )
» :
In the above, E is the ?
modulus of elasticity of mate-
rial, L is length of member,
A is area of cross-section of g /
member and [ is the moment ~02 Sp1| s
. v e e Y/ 03
of inertia of member. T —t—5
_ . 01 02 | } l
1 @e— , 5 T_,‘g 10- ‘ I lO‘ l
EQUATIONS OF EQUILI- So4 -— O o
BRIUM - T S04 03
Horizontal forces are , 1
shown in Fig. 6 (a). If P, is : 04
external joint load acting ° R ud
rightwards at 0, then for q ’ ) b) sV — 0
equilibrium in  horizontal (@sH=0 ‘ ( ) =
direction. Fig. 6. Equilibrium of Horizontal and Vertical Forces

in the Grid.

TH= Tol - To3 + S'oo h S'o2 - S'oa + S'o4 + Po"— 0 (6)

Similarly, referring to Fig. 6 (b) and considering a vertical joint load V, at 0,
“V—T02—T04_SOI+SOI +Soa—803+V0=0 - (7)
and M"— Mm + MO" + M03 + M o = 0 (8)

For the shear wall with a concentrated horizontal load as shown in Fig. 2, equatmns 6-8 are
formulated. Using equations 2-5 and. callmg AJL asa aad §/L as B, equations 6-8 for
joint 1 (say) look as follows :

—17a, + a, + 160, + 0, + 6, = — 8P/EA |

— 80 — 86, — 178, + By + 168, = — 2W/EA )

—3o, + 3a, + 686, + 26, + 326, + 968, — 968, = 0 ‘
where W is the vertical load inténsity on top of wall, if any.
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Similar equations are written for all the joints. This results ina set of 234 simul-
taneous equations which must be solved in order to understand wall behaviour. A digital
computer IBM 1620 was used to solve these equations.

~ RESULTS AND DISCUSSIONS

Figs. 7 & 8 show the deflected shape of wall under vertical loads and horizontal loads
acting in its own plane. It may be clearly seen from Fig. 8 that there is cantilever action
present alongwith the shear type of behaviour. It is observed that for sections near the top
and bottom of opening, the shear stresses are very high. Also, it is found that the maximum
~value of this shear stress does not occur at the centre of the width as would be expected is

ordinary cases. The peak shifts towards the corners of openings. Stress concentration in
observed at sections near the base of shear wall also. '
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Fig. 7. Deflected shape of the Grid Lines Fig. 8. Deflected Shape of Grid Lines
Under Uniformly Distributed Under Horizontal Load.

Superimposed Load.

Critical sections for normal stress exist near base of the wall. Near the corner of
openings, both types of stresses have high values making them vulnerable sections.

EXPERIMENTAL INVESTIGATIONS

Brick wall having the same dimensions as
used in theoretical analysis were constructed
in 1 : 6 cement mortar. These were tested under
vertical and horizontal forcest?. Fig. 9 shows
cracks in the wall model (one typical case) result-
ing from the application of vertical and horizontal
loads. These cracks appear exactly at the places
indicated by the above analysis. This verifies the
theoretical approach presented in tkis paper.

CONCLUSIONS

Analysis presented in this paper compares ,_ -
well with the observation during experiments and  Fig. 9. Shawing a typical failure of wall
is therefore recommended for estimating strength  model under vertical and lateral forces.
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and stiffness of wall penels subjected to lateral loads. Results indicate that the wall behaves
as combination of bending and shear structure Pier analysis. which assumes absence of
cantilever action of wall is, therefore, subject to errors resulting frem such an action.
Stiffness of wall obtained from pier analysis is thersfore on higher side.  Necessary correc-
tions in computation of strength and stiffness of wall should be made based on the numerical
analysis,
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