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Abstract: The effects of duration of the endurance time analysis on the seismic response of the underground structures are
investigated. The typical two-story three-span subway station embedded in the sites of classes II and III is used as the prototype.
The response spectra at the engineering bedrock is used as the target ones to develop six endurance time acceleration functions
as the input motions for the nonlinear soil-structure interaction system. Using the results from the incremental dynamic analysis
as the reference, the effects of time duration of the endurance time analysis on the seismic analysis of underground structures
are significant. A formula to compute the optimal time duration based on the variations of earthquake ground motion energy
measure, Arias intensity, with the target time is proposed and validated. It can be seen from the numerical results that endurance
time acceleration functions with durations of 30 and 45 s are more favorable for the underground structures embedded in the
sites of classes II and III, respectively. Moreover, the proposed formula for the optimal duration estimation is feasible for the
seismic performance evaluation of underground structures in the above two site classes. The results from the endurance time
analysis are more accurate when the total energy in the artificial endurance time acceleration function is close to the actual
earthquake records.
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Fig. 1 Cross-sectional details of subway station
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Table 1 Physical parameters of site class II soil
n g PR ®E,  BWRER REAe B IO (),
/m /(t-m) /(m-s 1) /kPa °)
1 ANTIEL 4.0 1.90 180 20.0 12.0
2 VA 4.0 1.90 230 30.0 20.0
3 4l 17.0 2.00 300 1.0 35.0
4 Y1 15.0 2.00 320 1.0 35.0
5 b 20.0 2.23 380 1.0 35.0
k2 I+ EMESHR
Table 2 Physical parameters of site class III soil
e Sl B @Ep  WOME  @Rjc B ECEENICERNN
/m /(tm’3) Vo/(m's ") /kPa 1)
1 et 5.5 1.90 120 13.5 12.0
e _o0t
2 " 16.5 1.90 160 15.0 12.0
UL 3 0
3 A 4 17.0 1.90 205 1.0 35.0 ]
—40}
4 #+ 21.0 2.02 263 20.0 20.0 -50¢
-60L
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Fig. 2 2D finite element model for soil-underground structure
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Fig. 4 Different durations of ETAFs based on response spectra of
bedrock
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Table 3 Parameters of different durations of ETAFs

2R 15s 30s 45s 60s 75s 90s
A= 72 PGA 1.16 124 126 124 125 1.21
O~frrget [A] PGA 041 0.37 042 039 040 0.39
ERFEILE 207 332 479 590 6.61 7.32
O~trarget 8] Ia {6 0.11  0.16 021 025 029 0.32
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Table 4 Summary of fitting parameters of ETA results at different
durations and IDA results
S M 155 30s  45s  60s  75s 90
FE I 0942 1.0290 0.9730 1.040 1.182 1.234
b I 1.085 1.1800 0.9730 1.456 1.166 1.436
75 1 0.109 0.0740 0.0940 0.082 0.170 0.163
e M 0350 0.3730 0.1990 0.947 0.963 0.983
A I 0.006 0.0021 0.0030 0.003 0.031 0.038
& Il 0.030 0.0670 0.0054 0.431 0.160 0.428
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