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Effective Method for Analyzing the Damage and Failure of
Metro Station Structures Under Strong Earthquakes
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Abstract: Under the action of earthquakes, some key components of underground structures may
be damaged, and the stability of the whole structure may deteriorate. Based on the traditional re-
sponse displacement method, a new response analysis method of displacement time-history is
proposed, and the characteristics and solution procedure of the method are introduced. Seismic re-
sponse analysis of the Daikai subway station in Kobe, Japan, was conducted using the proposed
method, which takes several aspects, e.g., the soil-structure interaction, material nonlinearity,
geometry nonlinearity, coupling effect of horizontal shock and vertical shock, and the time-space

effect of ground motion propagation, into consideration simultaneously. As the deformation and
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damage failure of the metro station obtained by the proposed method agreed well with actual re-

sults, the method is suitable for seismic analysis of underground structures.

Keywords: seismic load; metro station structure; dynamic analysis; damage and failure; effective

analysis method
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Fig.1 Seismic response analysis method for

underground structures
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Fig.2 Computation model for displacement

time-history analysis method
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Table 1 Physical properties of soil layers
£ T e
AT H+ 0~1.0 1900 140 0.33
R+ 1.0~5.1 1900 140 0.32
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Fig.3 Finite element model of soil
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Fig.4  Acceleration time history curves
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Fig.5 Displacement time history curves in the soil opening
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Fig.6 Finite element model of the underground structure
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Fig.7 Relative displacement time history curves at the

10

middle column of metro station
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Fig.8 Section internal force time history curves of the middle column of metro station
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Table 2 Internal force response amplitudes of different parts of metro station under earthquake
g/ (kN m™ 91/ (kN » m™1) I/ (kN « m/m)

BWEWIWO ToE awin m R EWE Gl B EWE G BT
A0 585 445 TO 3 142.8 —514.3 8 989 143.9 —571.4 700.7 142.8 —142.8 423.4
A8 AR DR i 571.4 —285.7 11152 1286.0 —1143.0 810.8 571.4 —142.9 564.1
A T S 780.0  —1 500.0 8 600 600.0  —1 200.0 415.0 400.0 —400.0 806.4
i R 500.0  —1 100.0 8 600 750.0  —1 000.0 415.0 150.0 —200.0 806.4
rpRE IS 2 000.0  —3 000.0 8 600 1500.0 —2500.0 415.0 750.0 —750.0 806.4
A 35 A T iy 57.2 —285.7 8 989 57.2 —342.9 700.7 71.4 —114.3 423.4
i 355 1 T s 228.6 —285.7 11152 714.3 —742.9 810.8 142.9 —142.9 564.1
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