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Abstract

The Shuijianshan Tunnel consists of two types of tunnel sections: deep buried single hole separation
type and shallow buried small clearance type. The surrounding rock grades cover level II, III, and
IV, and are respectively equipped with separated level II lining, separated level III lining, and small
clearance level IV reinforced lining. To verify the structural safety of each lining type under the most
unfavorable working conditions, according to the specifications, the load structure method is used
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to carry out the ultimate bearing calculation of the secondary lining during the operation stage.
Combined with the geological structure method, the initial support, secondary lining construction,
and long-term operation stress are synchronously calculated, taking into account the impact of in-
sufficient lining thickness and diseases. The research results indicate that the safety factors of the
three types of lining meet the regulatory requirements under their respective controlled burial
depths; There is sufficient safety reserve for deep buried Grade II and III lining, while for shallow
buried Grade IV reinforced lining with small clearance, there are locally weak areas with large ec-
centricity and low safety margin; The load structure method is conservative and suitable for disease
verification, while the geological structure method conforms to the true state of the coordinated
force between the surrounding rock and support. The study has clarified the applicable conditions
and stress control parts of various lining types, which can provide reference for tunnel lining design,
construction quality control, and disease control.
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Figure 1. Calculation results of secondary lining for separated grade II lining
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Figure 2. Calculation results of secondary lining for separated grade III lining
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Figure 3. Calculation results of secondary lining for strengthened grade IV lining of closely-spaced tunnels
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Figure 4. Internal force of tunnel primary support structure
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Figure S. Calculation results of secondary lining for strengthened grade III lining
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Figure 6. Internal forces of tunnel primary support structure
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Figure 7. Calculation results of secondary lining for strengthened grade IV lining
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