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Abstract

The construction of shield tunnels with uneven hardness and shallow soil layers faces challenges
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from complex geological conditions and high water pressure environments. The stress characteris-
tics of the lining structure directly affect the safety and stability of tunnel construction and opera-
tion. This article takes the construction of a drainage tunnel in a nuclear power plant as the back-
ground, and based on on-site measured data and numerical simulation methods, systematically
studies the mechanical behavior and evolution laws of lining structures under complex geological
conditions. The study analyzed the influence of geological disturbance on the internal force distri-
bution and deformation characteristics of lining structures during tunnel construction, and ex-
plored the mechanism of groundwater seepage and construction parameters (such as grouting
pressure and shield tunneling speed) on the mechanical properties of lining structures. The results
indicate that: 1) geological disturbance and seepage effects significantly affect the internal force
distribution and deformation characteristics of the lining structure, especially under weak soil lay-
ers and shallow overburden conditions, where the additional load borne by the lining structure in-
creases significantly; 2) Properly controlling construction parameters can effectively reduce the
peak internal force and deformation amplitude of the lining structure; 3) Numerical simulation re-
veals the stress evolution law of lining structure during construction, providing an important basis
for optimizing design. The research results of this article not only provide technical references for
the design and construction of tunnel engineering under similar complex geological conditions, but
also lay a theoretical foundation for the optimization design and long-term service performance
evaluation of shield tunnel lining structures.
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Figure 1. Establishment of complex shield tunneling geometry model
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Table 1. Table of physical and mechanical properties of materials
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Figure 2. Variation of total lining stress with shield tunneling (kPa)
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Figure 3. Variation of lining principal stress with shield tunneling (kPa)
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Figure 4. Variation of lining small principal stress with shield tunneling (kPa)
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Figure 5. Changes in total displacement of lining with shield tunneling (m)
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Figure 6. Variation of horizontal displacement of lining with shield tunneling (m)
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Figure 7. Vertical displacement of lining changes with shield tunneling (m)
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