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Abstract: The stability control of surrounding rock is crucial when the submarine tunnel passes through poor
geological conditions like fault fracture zone. In this paper, a numerical analysis method of surrounding rock stability
is proposed, which requires the stability of the surrounding rock in the whole area of the tunnel to be calculated
first, and then the refined hazard process of high-risk area is analyzed. Numerical simulation with FLAC3D and

DEM methods are carried out respectively based on the F9 fault and weathering trough section of the Shantou Bay
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Submarine Tunnel Project. The high-risk sections of the tunnel were evaluated. The control effect of different

grouting reinforcement area thicknesses on the deformation of the tunnel surrounding rock was compared by

simulation. Based on the comparison results, a scheme of joint grouting on the sea surface and inside the tunnel was

proposed. The reliability of the proposed scheme was verified through numerical simulations and measurements of

Shantou Bay Tunnel. The implementation of the grouting scheme ensured the safety of tunnel construction. The

relevant conclusions offer valuable insights for controlling the stability of surrounding rock and optimizing grouting

schemes during the construction of submarine tunnels under similar conditions.

Key words: tunnel engineering; submarine tunnel; numerical simulation; fluid-solid coupling; rock deformation;

stability control
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Fig.1 Plane location of Shantou bay submarine tunnel
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Fig.2 Geological profile of the F9 fault and weathered trough
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Fig.3 Numerical simulation model of the F9 fault and weathered trough area
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Table 1 Physico-mechanical parameters of each stratum obtained by geological prospecting

S SRR g MR BRE siea ) o
e 1 600 1.93 0.45 1.37 - 8.31 4.17 2.31x1077
/S 1750 0.59 0.40 3.94 - 13.21 11.78 231x1077
Ho RS 1950 - 0.30 - - - 30 2.55x10 4
LRI RS 1940 0.25 0.25 40 24 30.33 22.57 5.79x10°6
HRAAE R 2100 0.20 0.20 50 42 500 33 3.47x10°6
R 2160 0.25 0.25 8370 81.7 1330 42.9 9.26x10 6
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Table 3 Micro-parameters of DEM particles
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Table 4 Micro-parameters of the blasting fracture zone

R AR SR AL - H
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Fig.12 Displacement distribution of high-risk sections
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Table 5 Maximum vertical/transverse displacement of

surrounding rock of the high-risk sections
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