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Abstract: The increase dynamic analysis (IDA) curves of seismic responses of the underground large-scale frame structure
(ULSFS) are investigated during the single horizontal earthquakes and horizontal-vertical earthquakes, respectively. The
influence mechanism of vertical earthquakes on the seismic responses of different vulnerable positions is revealed. Aiming at
the interlayer drift deformation and flexural deformation in the ULSFS, the interlayer drift ratio (IDR) and interlayer rotation
angle (IRA) are employed as the seismic performance evaluation indexes. Therefore, the influence mechanism of vertical
earthquakes on structural seismic performance is further revealed. The seismic fragility curves of the ULSFS are achieved
during horizontal earthquakes and horizontal-vertical earthquakes, respectively. The results show that the vertical earthquakes
have small seismic influences on the seismic fragility of the ULSFS based on the IDR. However, the vertical earthquakes
enlarge the local flexural deformation of the ULSFS and decrease the seismic performance of the ULSFS based on the IRA.
The seismic fragility considerably increases after considering the vertical seismic effects. The IDR aiming at the horizontal drift
deformation and the IRA aiming at the interlayer flexural deformation are advised to be employed to assess the seismic fragility

of large underground structures during both horizontal and vertical earthquakes comprehensively.
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Table 1 Material constitutive models of ULSFS
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Fig. 1 Structural diagram of ULSFS and reinforcements of framework columns
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Table 2 Parameters of soil layers in actual site
T2 e &Syt % /m ¥ /(kgm?) HRALE BRI ) R DI/KPa BIY) W E(m-s )
1 [A3H A 0~4 1870 0.33 20 20 181
2 B+ 4~12 1900 0.28 18 40 193
3 i T 12~20 1900 0.28 20 25 405
4 il 20~34 1850 0.30 20 10 247
5 B+ 34~42 1850 0.28 20 20 271
6 1 42~54 1900 0.25 30 30 303
7 A 54~74 1950 0.20 20 1 427
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Fig. 2 Finite element models for soil and structure
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Table 3 Data of selected ground motions
a0/ . a0/
G5 HFE B R R My K? Rrup/km | 45 HFE SRR R My K? Rrup/km
(m. S l) (m S l)
GM-1 Imperial 6.95 21344 6.09 | GM-11 "San Fernando" 6.6 38569  112.52
Valley-02
"Northwest "Managua
GM-2 Calif-02" 6.6 219.31 91.22 GM-12 Nicaragua-01" 6.24 288.77 4.06
GM-3 "Kern County" 7.36 316.46 117.75 GM-13 "Loma Prieta" 6.93 304.08 67.52
GM-4 "Kern County" 7.36 385.43 38.89 GM-14 "Loma Prieta" 6.93 331.21 50.99
GM-5 '"Northern Calif-03" 6.5 219.31 27.02 GM-15 "Loma Prieta" 6.93 333.85 22.68
GM-6 "Parkfield" 6.19 289.56 9.58 GM-16 "Northridge-01" 6.69 269.29 68.62
GM-7 "Borrego Mtn" 6.63 316.46 222.42 GM-17 "Northridge-01" 6.69 301.23 41.17
GM-8 "San Fernando" 6.61 280.56 55.20 GM-18 "Kobe Japan" 6.90 312.14 0.96
GM-9 "San Fernando" 6.61 316.46 22.77 GM-19  "Chi-Chi_ Taiwan-05" 6.20 330.55 54.76
GM-10 "San Fernando" 6.61 303.79 193.91 GM-20  "Chi-Chi_ Taiwan-06" 6.30 297.86 61.03
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Fig. 3 Acceleration response spectra of ground motions
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Fig. 4 Recorded and simulated ground motions
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Table 4 Seismic performance evaluation indexes and thresholds of ULSFS
i H PHERETEIR FEARSEUF LY 22N BRI AR BEEL
IDR-A 3 0<0.10% 0.10% <0<0.15% 0.15%<0<040% 040%<60<075% 0.75% <0
e IDR-&EM  6<0.12% 0.12% <0 <0.25% 0.25% < 0 < 0.40% 0.40%<6<06% 0.60%<0
f@:‘* IDR-ZEPF 0<0.08% 0.08% <6 <0.29% 0.29% <0<0.60% 0.60%<60<095% 095% <0
&
IDR-EIT  §<0.12% 0.12% <0<0.32% 032%<0<0.73% 0.73%<0<1.29% 129%<0
IRA-A L 0<0.05% 0.05%<0<0.125% 0.125%<60<0.40% 0.40%<0<0.75% 0.75% <0
A — IDR-A 3 0<0.08%  0.08%<60<0.12% 0.12%<0<033% 033%<60<065% 0.65%<0
;j] DR-L &P 0<0.05% 0.05%<6<021% 021%<60<046% 046%<60<0.72% 0.72%<6
=24
IRA-A L 0 <0.04% 0.04% <6<0.1% 0.1% < 0<0.33% 0.33%<0<0.63% 0.63% <6
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