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1. Introduction

RC shear wall of nuclear power plants is an important
structure system to resist earthquakes. In most studies,
performance of RC shear wall is estimated by
considering in-plane behavior. Recently, various failure
modes of RC shear wall by bi-directional loading of
earthquake were reported in Chile (2010) and New
Zealand (2011) [1]. To estimate accurate shear behavior
of RC shear wall, the effect of bi-directional loading
conditions should be estimated by experimental study
and numerical simulation. Nowadays, experimental
studies on RC shear wall under bi-directional loading
condition were conducted by only few researchers [2,3].

The finite element analysis is adopted by many
researchers to predict and compare with experimental
results. Also, it can be used to investigate the 3D
behavior of RC shear wall. However, finite element
analysis of RC shear wall subjected cyclic loading was
performed in a limit manner because of difficulties in
developing a concrete material under reversed cyclic
loading. Some researchers have conducted on finite
element analysis for the thin RC shear wall under bi-
directional load, also, DIANA software was used to
simulate the thin RC shear wall, and the curved shell
elements were adopted [4,5].

The shear wall of nuclear power plants is the low-rise
wall. Therefore, the studies on low-rise shear wall
should be conducted to estimate the seismic
performance of nuclear power plant. In this study, finite
element analysis was conducted to simulate the RC
shear wall subjected cyclic loading using the ABAQUS
software [6]. Also, shear strength degradation by bi-
directional loading was estimated numerically and
compared with experimental result.

2. Finite element model

Fig. 3 shows the finite element model of RC shear
wall. The concrete material was depicted by 8 nodes
sloid elements, and reinforcement material was depicted
by 2 nodes truss elements. Fig. 4. Shows the stress-
strain relationship of concrete [7]. In the CDP model in
ABAQUS, degradation of Young’s modulus is
represented by compression damage parameter (dc) and
tension damage parameter (d;). The test results of Sinha
et al. were used to determine the dc and d; [9, 10]. The
reinforcement were modeled using perfect plasticity

model, Poisson’s ratio and Young’s modulus were 0.3
and 205GPa respectively [8].
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Fig. 4. Stress—strain relationship of concrete

3. Verification of finite element model

To validate the loading direction effects, the results of
finite element analysis were compared with the
experimental results. Fig. 2 shows the cyclic loading
conditions of uni-directional and bi-directional loading
tests. The applied drift level of cyclic loading condition
was increased to 4 % drift ratio.

(b) Uni-direction path
Fig. 2. Cyclic loading condition

(c) Bi-direction path

The load-displacement curves and backbone corves
of numerical results and experimental results are shown
in Fig. 5 and Fig. 6. According to test results, not much
difference is observed in ductility. The bi-directional
loading test showed a 12 % decrease in shear strength.
In case of finite element analysis showed 13 % decrease
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in shear strength. Therefore, the proposed finite element
model was found to simulate the test results well.
However, it was difficult to reflect the hysteresis
behavior after concrete shear cracking.
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(a) Uni-directional loading condition
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(b) Bi-directional loading condition
Fig. 5. Load-displacement curves of RC shear wall specimen
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4, Conclusions

This study presents the development of numerical
model of RC shear wall under bi-directional loading
condition. The model was developed using the
ABAQUS software. Simulated hysteresis behaviors of
RC shear wall were compared with experimental results,
and finite element model capable is proposed. The
proposed model can be used for parametric study on RC
shear wall. Also, further study considering the confined
effects of concrete is necessary to predict more detail
hysteresis behavior. Especially, to improve the pinching
behavior of the proposed model, the various approaches
are currently in progress.
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