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Seismic responses of underground structures based on centrifuge
shaking table test in liquefiable site
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Abstract: In order to study the effects of site liquefaction on the seismic responses of underground structures, the centrifuge
shaking table tests under liquefiable site conditions are carried out. The seismic response laws of underground structures in
liquefiable site are obtained. The attenuation degree of soil stiffness under different liquefaction degrees of the site is obtained
by using the Pushover analysis method. The conclusions are drawn as follows: (1) The peak total strain responses of the
sidewalls and plates of the model structures are within the elastic range under the four loading conditions. The strains of the
center column just exceed the elastic strain limit of concrete under large earthquakes, with a low level of damage. The
underground structures conforming to the existing codes exhibit good seismic performance. (2) The inter-story drifts of the
structures in the liquefiable site are attenuated by 63%~76% compared with those in the site at the structural equivalent height
under the four loading conditions. (3) From the horizontal displacement of the site and the displacement attenuation ratio of the
soil-structure system, although the liquefaction of the saturated sandy soil layer will lead to a larger horizontal displacement of
the site, the reduction of the soil-structure stiffness ratio caused by the liquefaction of the site will still avoid the structures from
experiencing a larger inter-story drift and serious damage. (4) When applying the Pushover analysis method to simplify the
analysis of underground structures in liquefiable sites, the most unfavorable conditions should be considered, and the soil

modulus can be discounted to 3% of the initial modulus for calculation.
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Fig. 1 Schematic diagram of soil-structure model
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Table 1 Scaling laws of centrifuge tests
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Fig. 3 Compressive stress-strain curve of concrete
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Table 2 Basic physical parameters of kaolin

Gs Si02/% ALOy%  WRR/% BEFR/%
2.68 47~53 32~38 65.35 40.04
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Table 3 Physical properties of model sand
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Fig. 4 Diagram of preparation of model site
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Fig. 5 Diagram of model saturation
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Fig.6 Schematic diagram of monitoring program for tests
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Fig. 15 Performance curve of structures
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Fig. 16 Time histories of inter-story drift of structures
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Table 4 Soil parameters for numerical simulation
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Table 5 Material parameters of reinforcement and concrete

ARIRTY S BUE

P £ 335 MPa

Steel02 R E 200 GPa
NARRELL R b 0.00001

R E 13 GPa
ConcreteD PSR fo 16.3 MPa
U AE R e 0.001915
PrhrvE £ 1.43 MPa
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Table 6 Pushover multi-condition analysis of displacement attenuation ratio for soil-structure system
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