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EXPERIMENTAL STUDY ON THE SEISMIC BEHAVIOR OF REINFORCED
CONCRETE SHEAR WALLS WITH OPENINGS

I I
by Hiroyuki Aoyama and Youji Hosokawa
ABSTRACT

This study is to investigate the effect on the seismic behavior of
openings installed in the reinforced concrete shear walls with heavy wall
reinforcement, such as those of nuclear reactor buildings. It is inferred
that the overall effect of openings in the walls would be more pronounced
in case of box-like wall buildings than of ordinary frame-wall buildings.
Hence the seismic behavior of such walls becomes serious concern in the
earthquake resistant design.

So far the authors conducted a series of experimental study into
fundamental mechanical characteristics of box—type shear walls without
openings, that is, cracking strength, stiffness reduction, ultimate strength,
mode of failure and so on. The study reported herein consists of testing
three types of specimens, I,IL,and 10, all with openings, and of comparing
their behavior with those of previously tested specimens without openings.

Four type I specimens had height and span h/%= 80cm x 80cm, peripheral
ratio of opening p= 0.28 or 0.34, and shape of openings were varied. Four
type IL specimens were larger, namely h/2= 120cm x 158cm, p= 0.28 or 0.34,
and shape of openings were varied. 1In particular the fourth specimen IL-4
had five openings, different in size and shape, and spread out over the
wall. These walls were loaded cyclically as vertical cantilever. Eight
type IO specimens had h/2= 80cm x 80cm, p= 0.25 or 0.375, and varied the
shape of openings and method of reinforcing the openings. This type
specimens were loaded so that location of openings would corresponding
to the point of contraflexure.

The process from the first cracking to the final failure of all
specimens with openings showed similar trend. Initial diagonal cracking
appeared at the corner of opening, and the load corresponding to this
cracking was not affected by the reinforcement.

Specimens ruptured finally by the shear failure of the portion of
wall at both sides of opening. It was shown that walls with openings did
not fail at the corner of opening if the periphery of opening was reinforced
as recommended by the Architectural Institute of Japan Standard. It was
estimated that additional reinforcement at both sides of opening would
improve the behavior. Further, rounding off the corner of opening contributed
to the increased deformation at ultimate strength, and decrease of strength
reduction after ultimate.

The reduction of ultimate strength could generally be predicted by
the factor (l-p) where p is the peripheral ratio of opening, but the
specimens which were subjected to greater bending at the location of
opening showed strength lower than this estimate.

I Professor, Department of Architecture, University of Tokyo
s Research Assistant, Department of Architecture, University of Tokyo



