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Seismic response analysis of shield tunnels in liquefiable soils
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(1. Skate Key Laboratory of Hydroscience & Engineering, Tsinghua University, Beijing 100084, China; 2. Institute of Geotechnical

Engineering, Tsinghua University, Beijing 100084, China)
Abstract: The prefabricated lining segments of shield tunnels are their most significant structural feature. The current
researches on the seismic response of shield tunnels mainly adopt simplified methods, lack of dynamic response analysis, which
can reflect the characteristics of tunnel segments and joints effectively. Further researches are needed to understand the seismic
response of shield tunnels in liquefiable soils. A computational model for prefabricated tunnel linings is proposed in FEM
program. A unified constitutive model for large post-liquefaction deformation of sand is used for liquefiable ground. The
analysis results show that the joint is a key aspect of the seismic design of shield tunneling. The fabricated tunnel segment

structure is more flexible than the monolithic structure under seismic loading. The tunnel is horizontally compressed in

liquefiable soil, and the seismic response is distantly different from that in the non-liquefiable soils.
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Fig. 1 Computational model for segments and joints
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Fig. 2 Relationship between joint moment and rotation
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Fig. 3 Schematic diagram of tunnel structures
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Table 1 Parameters of CycLiqCPSP material model
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Fig. 4 Contours of excess pore water pressure ratio (23.6 s)
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Fig. 5 Distribution of maximum moment of tunnel moment and

envelopes of dynamic moment
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Fig. 6 Maximum openings of joints
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Fig. 7 Openings of joint No.2 and 3
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Fig. 8 Stresses of joint bolt No.2 and 3
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Fig. 9 Distribution of maximum moment and envelopes of
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Fig. 10 Distribution of maximum moment of structures in
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non-liquefiable soils
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Fig. 11 Normal forces of surrounding soils on structures
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