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Abstract; In the seismic design and earthquake response analysis of tunnels crossing faults, the current challenges
include the coupled loading of fault displacement and ground motion, with unclear physical mechanisms and imperfect
calculation theories. A seismic response analysis framework for tunnels crossing faults was proposed based on a physical
source model and a simplified wave input method, enabling to consider the coupled loading of fault displacement and
ground motion in seismic response analysis of tunnels crossing faults. Through two sets of cases, one involving a free-field
model and the other a soil-tunnel structure interaction system, the results of the proposed method were compared with
those of the co-seismic deformation field method, validating the correctness and superiority of the proposed method. The
results indicate that: in seismic response analysis of free-field models, the acceleration response accuracy by the proposed
method is significantly superior to that by the co-seismic deformation field method, with relatively small errors in the
displacement responses for both methods. In seismic response analysis of the soil-tunnel interaction model, the proposed
method shows maximum differences of 19.20% , 3.04% , and 4.48% in the acceleration, displacement, and equivalent
stress calculations of the tunnel lining, respectively, compared to the co-seismic deformation field method. The
displacement in the tunnel lining exhibits significant cross-fault distribution characteristics. This method successfully

simulates the combined effects of fault displacement and ground motion on tunnel structures, demonstrating higher
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calculation accuracy compared to existing methods. It is applicable to the seismic response analysis of engineering

structures crossing faults.

Key words: tunnel engineering; tunnels crossing faults; physics-based source model; simplified elastic wave input

method; fault displacement
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Fig.5 Array position extraction from computational results
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Tab.3 Free field, the method of this study, and co-seismic deformation field method y-direction results
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Tab.4 Error in y-direction results between the method in this paper and same-shake deformation field method
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VB 2 Wl K 4.17 3.35 4.14 0.07 1.72 1.07 1.00 1.40 3.50
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