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Abstract

In engineering practice, shield tunnel construction can induce deformation and cavitation in ex-
isting tunnels, which can pose serious problems that threaten their structural safety. Firstly, the
Loganathan and Polous formulae are employed to calculate the free soil displacement field in-
duced by shield excavation. The existing tunnel is considered as a Timoshenko beam model with
constant cross-section placed on Vlasov two-parameter foundation. Subsequently, the tunnel dis-
placement control equations are established in accordance with the tunnel continuity condition.
The longitudinal deformation of the tunnel is then solved by the finite difference method in order
to establish the judgement condition of dehollowing. This is subsequently brought into the linear
elastic solution in order to solve the analytical solution, taking into account the occurrence of
dehollowing. Finally, the analytical solution presented in this paper is compared and verified with
three groups of engineering measured data, and a satisfactory level of agreement is achieved. Fur-
thermore, sensitivity analyses is conducted, taking into account the rate of formation loss, foun-
dation compression parameters, foundation shear parameters. The results show that the theoret-
ical solution considering the caving effect is more in line with the reality, while the tunnel dis-
placement result obtained without considering caving is smaller. The compression parameters of
the foundation and the shear parameters of the foundation have a significant influence on the
voids behavior of the existing tunnel-soil interface. When the shear parameters of the foundation
are larger, the existing tunnel-soil interface is more likely to voids, resulting in a larger voids
range. The smaller the compression parameters of the foundation are, the greater the settlement
of the existing tunnel will be, and the more likely the interface between the existing tunnel and
the soil will be to voids.
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Figure 1. Interaction model of new tunnel and existing tunnel
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Figure 3. Forces of Timoshenko beam
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Figure 4. Timoshenko beam model on Vlasov foundation
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Figure 5. Finite difference element partition
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Figure 6. Cavitation of existing tunnel induced by shield tunnel excavation
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Figure 8. Theoretical results and measured values of tunnel displacement
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Figure 11. Width of cavitation area and settlement of existing tunnel
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Figure 12. Settlement of existing tunnel with different cavitation calculations
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Figure 13. Width of cavitation area and settlement of existing tunnel
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Figure 14. Settlement of existing tunnel with different cavitation calculations
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Figure 15. Width of cavitation area and settlement of existing tunnel
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Figure 16. Settlement of existing tunnel with different cavitation calculations
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