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Seismic response analysis of a subway station in liquefiable soil
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Abstract: Soil-structure dynamic response analysis in liquefiable soil is a difficult problem due to the difficulty of modeling the

post-liquefaction behavior and the instability of numerical calculation. A cyclic elasto-plasticity model developed by the authors,

which can describe the large strain behavior during an entire liquefaction process, has been implemented in a fully coupled
finite element program. The seismic response of Daikai subway station subjected to the 1995 Hyogoken-Nambu Earthquake is
investigated to illustrate the philosophy of soil-structure dynamic response analysis with emphasis on soil liquefaction and also
to validate its effectiveness. The calculated stress-strain curves and effective stress paths of typical soil elements are given to
reveal the relationship of the large lateral deformation of the station and surrounding soil with the liquefaction extent of sandy
stratum. It is found that liquefaction-induced large deformation may be the main reason causing serious damage to the Daikali
station during the earthquake.
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Fig. 1 Damage profile of Daikai station
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Table 1 Characteristics of soil stratum at Daikai station

EE %E TN % G P

Y5 /(ms?t) /100 kPa /(g €m®)
—  H+t 22 8 188 633 1.8
- FH+E 1 8 199 633 16
= wt 58 8 183 633 1.8
o o#H+ 11 9 197 696 1.8
fi B 24 18 240 1212 2.1
N Bt 475 13 228 934 1.8
+  BkA >10 90 453 4391 2.1
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Fig. 2 Simplified soil strata and FE mesh of Daikai station
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Table2 Parameters of simplified model for clay and gravel

+ = G/100 kPa

K/100 kPa h M,

— i+ 633 1055 1.0 1.3
= &+ 633 1055 1.0 1.3
mE+ 696 1160 1.0 1.3
I A 1212 2020 1.0 2.0
N Fit 934 1555 1.0 1.4
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Table 3 Model parameters of sand

25 YRS S S5 2 S5 3
LS M 1.72 1.72 1.72
G, 200 200 200
. K 0.002 0.002 0.002
i
n 0.5 0.5 0.5
h 12 12 12
N Mg 0.5 0.5 0.5
Elpugis
o Ore, 1 0.4 0.4 0.4
BYfiK
dre 2 1000 1000 1000

AT di 0 0.07 0.15
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Fig. 3 Input earthquake waves
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Fig. 4 Calculated acceleration series
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Fig. 5 Calculated excess pore pressure series
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Fig. 6 Distribution of excess pore pressure (parameter 3 at 8 s)
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Fig.7 Stress-strain curves of typical sand element
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Fig. 8 Displacement series of structure and free field soil
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