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Abstract: The optimal index of earthquake intensity measures required in the probabilistic seismic demand model for seismic
design of the underground frame structure of shallow-buried subway station is studied. Based on the ABAQUS/Standard
platform, the two-dimension model for an underground frame structure is established. The seismic responses of three subway
station cross-sections are obtained by using the nonlinear dynamic time-history analysis in term of 22 far-field earthquake
records. The peaks of inter-story drift ratios are obtained and selected as the structural damage measure, and 15 candidate
intensity measures (IMs) are examined based on the characteristics of efficiency, practicality, proficiency and sufficiency. The
results show that PGA is an optimal IM for the probabilistic seismic demand model for the underground frame structure of
shallow-buried subway station, whereas the PGV or the velocity response spectrum is an alternative IM. However, the PGD,
root-square of displacement, root-mean-square of velocity and root-mean-square of displacement are failed in the tests on the
sufficiency, in which they are not appropriate to the probabilistic seismic demand analysis for the underground frame structure
of shallow-buried subway station. The findings may provide a helpful guide to the performance-based seismic design of

underground structure and to the developing and improving of the determination method of optimal IMs of the existing
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Fig. 1 Example of relative efficiency of intensity measures
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Table 1 Equations for various ground motion intensity measures
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Fig. 2 Cross-sections and sizes of typical subway station
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Fig. 3 G/Gmax-y and A-y curves of typical soils
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Fig. 4 Diagram of finite element analysis model
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Table 2 Physical and mechanical parameters of soils
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Fig. 5 Implementation process of IDA method
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Table 3 Analysis results based on efficiency, practicality and proficiency

™ Wrifl 4 Wrifi B Wi C
PRz R b R FrifE % R b ¢ PRz R b R
PGA 0.351 1.063 0.330 0.339 1.027 0.330 0.352 1.089 0.323
PGV 0.405 1.007 0.402 0.416 0.953 0.437 0.428 1.038 0.412
PGD 0.721 0.637 1.132 0.714 0.598 1.194 0.764 0.695 1.099
s 0.507 0.899 0.564 0.473 0.875 0.541 0.533 0.945 0.564
a, 0.391 0.513 0.762 0.370 0.494 0.749 0.396 0.530 0.747
I, 0.426 0.494 0.862 0.379 0.486 0.780 0.433 0.510 0.849
1, 0.559 0.560 0.998 0.503 0.559 0.900 0.574 0.588 0.976
V. 0.616 0.768 0.802 0.610 0.723 0.844 0.661 0.812 0.814
vy, 0.543 0.436 1.245 0.544 0.410 1.327 0.567 0.458 1.238
I, 0.449 0.960 0.468 0.430 0.928 0.463 0.477 0.978 0.488
d.,. 0.856 0.400 2.140 0.835 0.379 2.203 0.924 0.444 2.081
d, 0.780 0.271 2.878 0.764 0.256 2.984 0.826 0.299 2.763
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Table 4 P-values obtained from regression analysis based on residual-magnitude and residual-distance
™ P-value (;BZK) P-value (B HR)
W Im 4 Wi B Wi C W Im 4 Wi B Wi C

PGA 0.874 0.813 0.578 0.618 0.740 0.541
PGV 0.084 0.181 0.182 0.137 0.180 0.179
PGD 0.098 0.155 0.128 0.021 0.032 0.021
s 0.310 0.291 0.161 0.124 0.165 0.079
ag, 0.591 0.561 0.353 0.428 0.533 0.344
I, 0.616 0.588 0.387 0.749 0.832 0.661
I 0.566 0.525 0.326 0.332 0.389 0.239
Vins 0.250 0.334 0.344 0.227 0.240 0.249
Vi 0.260 0.350 0.368 0.184 0.201 0.205
I 0.083 0.161 0.181 0.128 0.163 0.168
d . 0.127 0.179 0.154 0.024 0.033 0.023
d, 0.134 0.188 0.166 0.028 0.037 0.027
S, (T) 0.696 0.664 0.503 0.419 0.485 0.339
S.(T) 0.147 0.255 0.274 0.442 0.452 0.515
Sy(T,) 0.096 0.153 0.126 0.021 0.033 0.022
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