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Simplified analysis of seismic performance of rectangular single-span
underground structures based on the restraint effect of nonlinear spring
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Abstract: This paper proposes a nonlinear spring restraint structure to overcome the limitations of the static thrust
test method in evaluating underground structure systems. Considering the difficulties of soil-structure interaction,
high costs, and limited observability of test phenomena, the proposed approach integrates basic principle of the
reaction displacement method for underground structures. It recognizes that the traditional elastic spring fails to
capture soil state changes during loading, thus prompting the introduction of a more dynamic spring-structure
system. It suggests using nonlinear springs instead of soils for analyzing seismic performance. Through Pushover
analysis on a single-span underground structure model, the influence of factors such as the axial compression ratio
and spring-structure interaction on mechanical performance is investigated. Comparing bending moment capacity
curves of key sections shows that the static thrust overlay model for spring-underground structures is suitable for
seismic analysis of underground structures. Up to an inter-story displacement angle of 1/200, both the linear and
nonlinear spring models are highly accurate, but beyond this threshold, the nonlinear spring model is significantly

superior. The simplified analysis method for seismic performance of nonlinear spring-underground structure systems

W BH:2024-04-22; {&[E HHH:2024-05-29

BT, FHEK ARRF AT (52478488) s N5 HIAIX A AR 5417 H (20230N05012)

YEE R XU (1986—) , 53, BB 1A, 2 NGB lid =Ch R 45 M P AR P BEAF5Y . E-mail : liuht0312@163.com
BIEEE T;I‘HA—J“'JT'( 1977—) , %, ##%, 1+ s FENF S T HE TS, E-mail. xuchengshun@bhjut.edu.cn



552 XLV 45 B TARLE TR LR R HE L B 3t T 25 R e Ve BE ) AL 0 A B9 15

provides insights into the complex force behaviors of underground structures.
Key words: underground structure ; Pushover analysis method ; spring-underground structure system; soil-structure

interaction ; seismic performance
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Fig.6  Comparison of key cross-section capability curves
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Fig. 10 Comparison of capability curves under different axial compression ratios
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