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Abstract: Recently, the double-layer lining of shield tunnels has begun to be applied as a new form. However, due to the lack
of the related researches, the key parameters of the double-layer lining structure system of shield tunnels are still unclear. The
construction time of the second lining is one of them. Based on the Shiziyang Tunnel Project, a similar model test is used to
study the reasonable construction time of the secondary lining. The results show that the secondary lining is only used as the
auxiliary bearing structure in the double-layer lining of the shield tunnel. When the construction time is 57%~83%, the radial
convergence and ellipticity of the structure change most slowly with the loading step, and the cumulative AE number of the
structure increases progressively. If it is constructed too early or too late, the secondary lining can not effectively inhibit the
deformation of the segment lining, and the cumulative AE number of the structure increases stepwisely. With the delay of the
construction time of the secondary lining, the ratio of the maximum internal strength of the secondary lining to that of the
segment lining and the load level of the macroscopic damage at the beginning of the structure both increase first and then
decrease. Therefore, considering the deformation history and damage characteristics of the double-layer lining structure during
the loading process, the reasonable construction time of the secondary lining is 57%~83%.
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Fig. 1 Geological map of cross section of Shiziyang Tunnel
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Fig. 2 Structure of segment lining of Shiziyang Tunnel
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Table 1 Similar relationship of model tests
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Table 2 Physical and mechanical parameters of soil materials

B4 y/(kN'm?  EMPa  c/kPa  ¢/(°)
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Table 3 Physical and mechanical parameters of double-layer lining

structure
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Fig. 3 Joint treatment of segment lining similar model
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Table 4 Bending stiffnesses and slot depths of segment joints
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Fig. 4 Diagram of installation process of longitudinal segment
joints
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Fig. 5 Composite double-layer lining structure for model tests
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Table 5 Loading schemes of model tests
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Fig. 7 Variation of radial convergence of structure with load
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Fig. 8 Variation of ellipticity of structure with load
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Fig. 11 Distribution of axial force and bending moment of lining

ring at 8th loading step
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Table 7 Values of maximum internal force of double-layer lining at 8th loading step
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1 37 8359.4 418.0 252.6 13165.9 1406.1 1456.4 0.64 0.29 0.18
2 57 8498.9 907.3 1132.5 6385.1 1236.1 990.3 1.33 0.92 0.92
3 83 8096.0 585.3 303.0 10398.9 1347.1 1286.9 0.78 0.45 0.22
4 100 3770.3 332.4 249.7 13540.4 1951.7 1463.8 0.28 0.23 0.13
5 130 4112.4 546.2 591.7 12910.3 2538.0 2001.6 0.32 0.27 0.23
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Table 8 Levels of internal and macroscopic damage loads of double-layer lining structure
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Fig. 12 Distribution of internal forces of the secondary lining ring
at 8th loading step
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Fig. 13 Variation of number of acoustic emission events with loading step
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