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Evaluation of Ultimate Shear Capacity for Multi-Story RC Structural Walls with Eccentric Openings
by FEM Analysis

Masato DOI*, Masanobu SAKASHITA*, Susumu KONO#* and Hitoshi TANAKA
* Graduate School of Engineering, Kyoto University

Synopsis

Multi-story structural walls, which are one of the most important lateral load carrying components in
building structures, often have openings for architectural reasons. However, it’s difficult to evaluate the
shear capacity and stiffness of structural walls with openings since the shear resisting mechanism has not
been clarified. Some structural engineers model them with a strut and tie model but the modeling procedure
is not necessarily straightforward and necessitates skills. The Japanese building design standard and
guidelines employ strength and stiffness reduction factors computed from the size of openings. The reduction
factors are very easy to use but do not reflect the location of openings. It is necessary to propose the model
based on the shear resisting mechanisms. In this study, a two dimensional finite element model was
developed and the behavior of the structural walls with staggered openings was studied. The model was first
calibrated using the experimental data on walls with one-sided eccentric openings and used to predict the
behaviour of reinforced concrete structural walls with staggered openings. Shear capacities decrease as the
openings stay closer to the midspan because the formation of compression strut becomes more difficult. If
openings are staggered, damage around the openings inhibits the sound formation of the compression strut
resulting in the degradation of the lateral load carrying capacity.

Keywords: multi-story structural walls, staggered openings, eccentric openings, equivalent opening ratio,
shear capacity reduction factor, shear capacity, two dimensional FEM analysis.
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