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Abstract

The longitudinal seismic performance of shield tunnels passing through non-uniform sites with up-
per soft and lower hard soil layers directly bears on the overall safety of the engineering project. To

NESIH: R, R, ECH, FFEE RN ME R E R e SRR D). @5 07 3L, 2026, 15(9):
22-28. DOI: 10.12677/m0s.2026.159130


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2026.159130
https://doi.org/10.12677/mos.2026.159130
https://www.hanspub.org/

B

reveal the longitudinal seismic response characteristics and disaster-causing mechanisms of shield
tunnels in such sites, a three-dimensional refined finite element numerical model considering non-
linear soil-structure interaction was established based on the Sutong GIL utility tunnel project, me-
ticulously incorporating ring joints, longitudinal joints, and connecting bolt configurations. Under
longitudinal seismic wave inputs, the longitudinal deformation non-uniformity at the tunnel crown,
time-history evolution characteristics of ring joint opening and offset displacements, as well as com-
pressive damage and stress distribution patterns of the segment lining concrete were emphatically
investigated. The results indicate that: under the constraint of non-uniform strata with upper soft
and lower hard layers, the stiffness contrast between top and bottom soils leads to pronounced non-
uniform bending and shear deformations of the tunnel, with the opening and offset displacements
of ring joints at the crown exhibiting obvious fluctuations along the longitudinal direction; post-earth-
quake, due to significant residual deformations retained in the upper soft soil layer, the ring joint
openings at the tunnel crown remain at a relatively high level after loading ceases, thereby elevating
the long-term risk of waterproofing failure; damage in segment concrete is primarily concentrated
near segment joints and the tunnel crown. The research findings can provide theoretical references
for seismic design and differential deformation control of shield tunnels in sites with upper soft and
lower hard soil layers.
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Figure 1. Longitudinal site profile along the tunnel
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Figure 2. 3D refined model of shield tunnel in sites with upper soft and lower hard soil layers
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Table 1. Parameters of the constitutive model for soils
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Table 2. Model parameters of the concrete material
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Figure 3. Time-history curves of seismic wave
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Figure 4. Longitudinal ring joint opening and offset of tunnel
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Figure 5. Time-history curves of ring joint opening and offset
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Figure 6. Tensile damage cloud map
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Figure 7. Circumferential stress of tunnel segment
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