STRESS MAGNIFICATIONS IN WALLS WITH OPENINGS

Bislilay UtkuI

This paper is a part of a larger effort (1) to establish the relation-
ships between the parameters of a wall opening (such as aspect ratio, posi-
tion, and area), and the rigidity and strength of one-storey walls with sin-
gle openings under earthquake loads. The walls are analyzed as plane stress
problems assuming linearly elastic isotropic material and small deformations.
For the analysis ELAS75 (2) computer program is used. In this paper, walls
having the aspect ratio of 1/2 with openings of aspect ratios 1/1 and 1/2
are studied with different sizes and positions, under uniformly distributed
unit horizontal static loading. Stress magnification factors for 16 cases
(out of 148 in the original work) are presented, and the effects of opening
'size increments on the maximum stress magnification factors are graphically
showm.

In seismic regions, in addition to the gravity loads, buildings are sub-
jected to earthquake accelerations causing large inertial forces, many times
during their lifetime. The resultant of the gravity loads and the instanta-—
neous seismic loads caused by the earthquake accelerations may be considered
as an inclined gravitational force. The degree of its inclination from the
vertical is a function of the horizontal component of the seismic accelera-
tion. It is the horizontal component of the seismic accelerations which is
of great concern in the design of load bearing walls. In this work only this
horizontal component is considered. ’

The following assumptions are made:

1. The wall is a single storey load bearing outer wall which has a single
opening.

2. The opening is rectangular in shape.

3. The cross walls are on the same side and at the ends only.

4. The wall is clamped at the bottom, and carries a reinforced concrete slab
at the top.

5. The wall material is linearly elastic homogeneous and isotropic.

6. The wall is subjected to a uniformly distributed unit horizontal static

load in its plane at its upper edge.

The wall is shown in Fig. 1. Along the top and vertical edges thick-
nesses are varied to represent the stiffness of the cross walls and the slab.
The responses of the idealized walls under unit loads are obtained by plane
stress analysis, using the ELAS75 program. The program computes the respons-
es by the displacement method of analysis and the finite element method.

The key sketch of the wall with the finite element mesh producing less than
2% discretization error in the stresses is shown in Fig. 2. The program
computes the displacements and the stresses at the mesh points. The standard
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program is modified for this work to produce not only stresses Ouy, 0, O

A . ¥y .xy
but also the principal stresses 0y, O, and the angle that 0y (smallefr’prin-
cipal stress) makes with the horizontal direction.

The values of the wall parameters for the 16 cases studied in this work
are given in Table I. The computer printouts for the stress magnification
factors of these cases are presented in Figs. 3-6. The stress magnification
factor at a wall point is defined as the ratio of the maximum shear stress
at that point of the wall with opening to that of the corresponding wall
without opening. Considering the largest magnification factor in the wall
as the maximum magnification factor, the variation of this factor with the
opening percentage (i.e., the ratio of the opening area to the wall area) is
shown in Figs. 7-10.

From the results of this work, the following may be concluded:

i . The maximum stress magnification factor increases with an increasing
rate as the opening percentage increases.

ii . The maximum stress magnification factor increases as the opening moves
upward.

iii. The maximum stress magnification factor increases as the aspect ratio
of the opening changes from 1/1 to 2/1.
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