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ABSTRACT

Even though a lot of advanced researches on analysis, design, and performance evaluation of reinforced concrete
(RC) under seismic action have been carried out, there has been only a few study on seismic analysis of
underground RC structures surrounding soil medium. Since the underground RC structures interact with surrounding
soil medium, a path-dependent soil model which can predict the soil response is necessary for analyzing behavior of
the structure inside soil medium. The behavior of interfacial zone between the RC structure and the surrounding
medium should be also considered for more accurate seismic analysis of the RC structure.

In this paper, an averaged constitutive model of concrete and reinforcing bars for RC structure and path-dependent
Ohsaki’s model for soil are applied, and an elasto—plastic interface model having thickness is proposed for seismic
analysis of underground RC structures. A finite element analysis technique is developed by applying aforementioned
constitutive equations and is verified by predicting both static and dynamic behaviors of RC structures. Then, failure
mechanisms of underground RC structure under seismic action are numerically derived through seismic analysis of
underground RC station structure under different seismic forces. Finally, the changes of failure mode and the damage
level of the structures are also analytically derived for different design cases of underground RC structures.

Keywords : finite element method, seismic analysis, underground RC structure, soil-structure interaction, elasto-plastic interface model
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Interface element
(thickness, t)

X

Fig. 2 Elasto-plastic interface model with thickness
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Table 1 Characteristic values of surrounding soils

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6
Layer thickness (m) 30 2.0 3.25 3.0 2.0 7.0

SPT-N 10 18 20 15 30 42

Vs (m/s) 205.0 246.0 256.6 2287 301.0 3453
Gso (kegf/cm) 7571 1212 1318 1047 1823 2386
E (kg/crt) 2196 3514 3822 3037 5288 6921

Weight density (t/m’) 18 2.0 20 2.0 2.0 20
Soil type clay sand clay sand clay clay
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Kobe wave (horizontal motion)
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Fig. 6 Horizontal acceleration of earthquake wave
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