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Seismic Performance of Integrated Subway Station and Upper Cover
with High-Rise Building
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Abstract: With the development of urban subways, the development of the upper cover structures of ex-
isting subway stations in operation has gradually increased. The interaction, cooperative force and seis-
mic performance between the new upper cover project and the operating subway station have attracted
more and more attention. Based on the subway operation station project in a certain city in southern Chi-
na, the integrated seismic thinking of subway stations and upper cover high-rise buildings is proposed.
The interaction model between the integrated structure and the foundation soil is established by using
SATWE and finite element analysis programs MIDAS respectively and the elastic analysis under fre-
quent earthquake and the elastic-plastic analysis under rare earthquake are carried out. The results show
that the seismic influence coefficient of seismic wave was statistically consistent with the design re-
sponse spectrum at the main period point of the structure. The time history analysis method was used to
calculate the frequently encountered earthquake conditions, and the results met the requirements of

structural seismic checking calculation. The seismic shear force calculated by each group of seismic
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waves was not less than 65% of the response spectrum method, and the average floor seismic shear

force calculated by time history was less than the response spectrum method. The variation law of dis-

placement angle between floor was basically consistent with the response spectrum method. By analyz-

ing the elastic-plastic time history of rare seismic dynamic, it was found that the ratio of maximum base

shear to multiple seismic base shears was 3.29~5.09, the development trend of the plastic hinge of

structural frame beam column was reasonable. The frame column did not yield in the final state and

about 31.6% of the concrete frame beams and about 19% of the steel beams reached the yield strength.

The relevant schemes achieve the expected seismic performance targets.

Keywords: subway station; high-rise buildings; steel structure; seismic performance; response spec-

trum analysis; time history analysis; numerical simulation
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Table 3 Floor quality distribution of the subway upper

cover structure

structures %E)ﬁi Jig=qi4
BE BEE/E (18 +3% ) /kN
SATWE MIDAS SATWE MIDAS
- I% - 13 3.75/45.40 1919.5 1938.6 1.5 1.5
: : 3 12 3.75/41.65 1274.2 1284.4 1.0 1.0
<1k < 11 3.75/37.90 12742 12844 1.0 1.0
<k E 10 3.75/34.15 1274.2 12844 1.0 1.0
<t = 9 3.75/30.40 1334.7 1344.2 1.0 1.0
8 3.75/26.65 1285.7 1295.9 1.0 1.0
7 3.75/22.90 1285.7 1295.9 1.0 1.0
6  3.75/19.15 1334.7 1344.2 1.0 1.0
5 4.2/15.4 1285.7 1295.9 0.7 0.7
4 5.7/11.2 1853.6 1860.2 0.3 0.3
P4 sk 1ok TR MIDAS TS AR R 3 55/55  6927.3 6861.3 08 0.8
Fig.4 MIDAS calculation model of the subway upper cover 2 3.75/49.15 8406.1 8331.2 1.0 1.0
structures At 29455.6 29420.5 —
F4 B EETEEMET NN EIEH
Table 4 First six vibration periods of the subway upper cover structure
. SATWE MIDAS BUILDING
i P77 17] PRB K5 X+Y+T i Pk 3 7 17] PRI X+Y+T
1 2.56 X 0.95+40.0540.00 2.56 Y 0.82+ 0.02+0.16
2 2.51 Y 0.0440.914-0.05 2.52 X 0.02+ 0.84-+0.14
3 2.14 T 0.00+0.0540.95 2.16 T 0.01+ 0.12-+0.87
4 0.87 X 0.61+0.3540.04 0.87 X 0.44+ 0.32+0.24
5 0.85 Y 0.39+0.57+0.04 0.85 Y 0.39+ 0.60+0.01
6 0.73 T 0.00+0.07+0.92 0.73 T 0.17+ 0.03+0.80
s 5 2 X 99.93% X 100.00%
Y 99.98% Y 100.00%
Tt/T1 0.835 0.845
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