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Adaptation of multi-layer flexible stacked linings of pressure
water transmission tunnels subjected to fault creep
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Abstract: Crossing active faults is a difficult problem to avoid when building long-distance water transmission tunnels, and the
structural form of pressure tunnels crossing active faults has not been thoroughly studied. In this study, a multi-layer flexible
stacked lining suitable for pressure water transmission tunnels crossing active faults is proposed aiming at addressing the
problems of the common anti-fracture measures for the tunnels crossing active faults as well as their characteristics. Based on
the actual situation of a project, the finite unit method is used to analyze the stress and deformation of the structures under the
condition of using different tunnel lining structures in the project. According to the calculated results, the reasonableness of the
multi-layer flexible stacked lining structures is confirmed. The numerical simulation is used to assess the impact of cushion
thickness and elastic modulus on the internal force response and fracture resistance of the tunnel structures. The findings
demonstrate that the thicker the cushion thickness the larger the total deformation of the expansion joints. It is more favorable
for the tunnel lining to adapt to fault dislocation. However, when the cushion thickness increases further, there is a certain
adverse effect on the force of the lining, so it is recommended to choose the appropriate thickness of the cushion layer
according to the amount of fault dislocation. It is not necessary to use a too-thick cushion layer. The change of elastic modulus
of cushion has a significant effect on the stress of steel pipes. Considering the stress of steel lining, the damage of concrete and
the adaptability to fault dislocation, it is recommended that the elastic modulus of the cushion be selected as 3 to 5 MPa. The

research results can provide some references for the design of pressure water transmission tunnels crossing fault zones.
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Fig. 1 Schematic diagram of extension of main fracture zone
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Table 1 Material parameters of surrounding rock

P Bl o 2551
Q6 Q5
KIREH/(grem?) 2.15~2.19 2.43~2.45
P EESEA/(° ) 22~30 34~41
ER /N 0.34~0.38 0.31~0.34
AR AR /G Pa 0.3~1.1 2~4
i€ J1/MPa 0.14~0.26 0.41~0.82

PE NAR A Q355 HHE, BARSHULEK 2. etk
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Table 2 Material parameters of Q355 steel

W= BEJ5 /mm R SI/MPa R GEE /MPa
Q355 24 210 345

* 3 BEMRERLIMEISER

Table 3 Material parameters of cushion and concrete
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Fig. 2 Schematic diagram of two kinds of tunnel lining structures
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Fig. 3 Overall finite element model
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Fig. 4 Parameters of constitutive model
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Fig. 6 Resultant displacements of pipes under fault condition
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Fig. 7 Curves of stress of steel pipes under different fault
displacement dislocations
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Fig. 10 Resultant displacements of pipes under fault conditions
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Table 4 Content of different lining types
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Fig. 13 Curves of stress of steel pipes with different lining types
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Fig. 18 Damages of concrete with different cushion thicknesses
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