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Abstract; In the construction of a tunnel in a jointed rock mass, the stability of the surrounding rocks is
closely related to the joint combination conditions. To deeply understand the relationship between the
stability of surrounding rocks and joint characteristics during tunnel excavation, based on the Wugongshan
and Longnanxi Tunnel Projects under construction in Ganzhou City, Jiangxi Province, the calculation
models of different joint inclination angles are established by means of discrete element simulation
analysis. Taking the shear stress distributions of collapse area, collapse site, and surrounding rock as the
research objects, the possible instability risk and instability mechanism of surrounding rocks under
different joint inclination angles were studied, the instability modes and collapse areas were summarized,
and the corresponding risk control measures were proposed. The following conclusions are obtained
through the research that under the combined conditions of two groups of joints, the instability of
surrounding rocks can be divided into four modes, namely, bending failure mode, bedding slip mode,
vault collapse mode, and vertical collapse mode. The occurrence, location, and range of collapse risk are
controlled by joint inclination angle. The 0°/90° inclination angle combination has the greatest influence
on the stability of surrounding rocks, followed by the symmetrical joint combination. Nonlinear fitting can
better predict the collapse area. The bolts should be arranged for the possible instability parts, and the

layout angle should intersect with the large angle of the joint group as much as possible, focusing on the
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scope of the collapse and the joint opening area. The results indicate that the instability of surrounding

rocks with joint inclination can be summarized into four fixed modes, which are controlled by the

characteristics of joint inclination.

Keywords ; tunnels ; surrounding rock ;instability mode ; simulation ; bolt ; reinforcement ; risk
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Fig.1 Numerical calculation model
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Table 1 Value of mechanical parameters

of surrounding rock
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Table 2 Value of parameters of rock joints
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Table 3 Calculating mode setting
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Fig.2 Unstable area of tunnel excavation without
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Fig.3 Shear force distribution of surrounding rock

around the tunnel( unit:N)
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Fig. 4 Instability mode of surrounding rock
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Table 4 Calculation results of collapse area
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2 45 135 0.8 0.8 52.2 18 1.0 3.0 13.789
3 45 135 0.8 0.8 17.4 6 0.2 0.6 15. 070
4 60 120 1.0 1.0 87.0 30 1.0 3.0 38.899
5 30 120 0.6 0.6 87.0 30 1.0 3.0 17. 430
6 45 135 0.8 0.8 34.8 12 0.4 1.2 14. 960
7 30 120 0.8 0.8 180.0 40 1.0 3.0 15. 861
8 0 60 0.6 0.6 87.0 30 1.0 3.0 27. 447
9 40 120 0.8 0.8 180.0 40 1.0 3.0 15. 692
10 40 0 0.8 0.8 180.0 40 1.0 3.0 0.165
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Fig.5 Prediction effect of landslide area
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Table 5 Risk and control measures of tunnel surrounding rock instability under joint combination conditions
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