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Deformation mechanism and optimum supporting structures
in fault-bearing biased tunnels

LIU Xiaolong', SUN Chuang', WANG Hui’, ZHANG Weiming’, ZHENG Xingxuan®, WANG Yiting’
(1. College of Civil Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China; 2. Installation Engineering
Co. Ltd. of CSCEC.7th Division, Zhengzhou, Henan 450000, China; 3. China Railway 16th Bureau Group First Engineering
Co. Ltd., Beijing 101300, China)

Abstract: To explore the deformation mechanisms of tunnel surrounding rock under complex geological conditions and
develop appropriate technologies for controlling surrounding rock deformation, this study analyzes the deformation of
surrounding rock at the mouth section of a biased tunnel, using the Qingquan Tunnel as a case study. Based on FLAC®®,
stability of surrounding rock under different support conditions with and without faults is studied to clarify the deformation
mechanism of the surrounding rock and propose effective control measures. The study shows that: (1) Excavation disturbances
during backward hole excavation under biased conditions cause tensional interaction between the overlying surrounding rock
and fault zones, leading to the interlayer rock body bending, rupturing, and stress redistribution, exacerbating the fragmentation

of fault zones and resulting in significant surrounding rock deformation. (2) Weak surrounding rock exhibits limited self-
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stabilization capacity; secondary stress induces sustainable plastic deformation in small clear span tunnel roofs and sidewalls,

gradually causing squeezing deformation in support structures over time. Existing support schemes fail to provide sufficient

strength and stiffness to resist surrounding rock deformation. (3) Proposed composite control measures of slope surface anchors

and deep-buried lateral anti-sliping piles effectively control surrounding rock deformation, mitigate the adverse impact of

fractured fault zones on rock stability, and numerical calculation results align closely with on-site monitoring results. The

findings provide valuable insights for deformation control of tunnel surrounding rock under similar complex geological

conditions.

Keywords: offset tunnel; faulted fracture zone; deformation mechanism of surrounding rock; numerical calculation;

stability control
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Fig.2 Slope damage at the tunnel cave section
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Fig. 4 Test specimens and experimental setup
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Table 1 Mechanical parameters of the computational model
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Fig. 5 Displacement contour map of simulation results
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Table 2 Various control schemes and numerical calculation models
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Fig. 8 Displacement contour map of simulation results
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Fig. 9 Settlement amount at the arch crown under different surrounding rock deformation control schemes
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Table 4 Comparison of vault settlement at the arch crown
with different control parameters
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2R MEK/m M) KE/m o WJIAN TR /mm
1 10 15 6 50 68.3
2 15 20 9 100 65.7
3 20 25 12 150 59.4
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Fig. 10 Schematic diagram of the design for control schemes
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Fig. 11  Effect of the surrounding rock deformation control after implementing the optimal control scheme
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Fig. 12 On-site construction effect
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Fig. 13  Settlement monitoring curve at the on-site tunnel cave section
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