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Stochastic analysis of fault dislocation induced by tunnel excavation
considering distribution characteristics of joints in fracture zones
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Abstract: Tunnel excavation often causes the dislocation of adjacent faults, and further induces rockbursts, earthquakes and
other disasters. Due to the complex physical and mechanical characteristics of rock mass, the fault exhibits discontinuity,
nonlinear and anisotropy and has the random distribution of joints, which makes the mechanism of adjacent fault dislocation
induced by tunnel excavation still unclear. A multi-scale model is established based on the continuous-discrete coupling method.
The synthetic rock mass model based on the discrete element method is used to simulate the fault damage zone, and the finite
difference method is used to describe the macroscopic dynamic characteristics of the upper and lower walls. The influence laws
of the random distribution characteristics of joints on the excavation simulation of a near-fault tunnel are explored. The results
show that the randomness of joints in the fracture zone has a significant effect on fault dislocation. The fault dislocation
increases with the mean dip angle of joints closer to that of fault. In the case of orthogonal tests, the variance of dip angle has
small effects on the mean value of final dislocation. The increase of the mean and variance of joint length causes the fault prone

to dislocation. The greater the joint density, the more broken the media in the fracture zone, the lower the overall strength and
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stiffness, and the weaker the resistance to dislocation. —

Through a comparative analysis, the influence degree of
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value of fault dislocation is: density > mean value of dip angle > mean value of length > standard deviation of length > standard

deviation of dip angle. When the significance level is 0.05, the influences of joint density on the momentum of fault dislocation

reach a significant level (p <0.05).

Key words: fault dislocation; multi-scale coupling; randomness; tunnel excavation
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Table 2 Parameters of parallel bonded model
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Table 3 Parameters of smooth-joint model and corresponding

macroscopic parameters
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Table 4 Orthogonal design table
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S1 40 20 4 1 1
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S9 60 50 5 5
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S15 80 60 7 1
S16 100 20 8 9 2
S17 100 30 12 5 1
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S20 100 60 4 3 3
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S22 120 30 10 1 3
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S25 120 60 12 9 5
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Fig. 8 Stress nephograms during excavation process for Case S13
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Fig. 9 Fault dislocations during excavation process for Case S13
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Fig. 10 Dislocations at different monitoring points
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R5 W= 3 EHENESEARFESTTER

Table 5 Results of multivariate analysis of variance of dislocation

at monitoring point No. 3
wZF B
b "
AME R pE
B 138.255

B FRBME pfE

1 138225 741.732 0.000%*
WHMALME 1688 4 0.422 2264 0224
WM AAAMEE 0082 4 0.021 0.11 0.972
FHESME 0791 4 0.198 1.061  0.478
WEKEEFREZ 0705 4 0.176 0946  0.521
4
4

T 15.848 3.962 21.26  0.006%*
5% 0.745 0.186
R>=0.962

* p<0.05 ** p<0.01

Ro6 W= 4 ENENESEARFESTTER
Table 6 Results of multivariate analysis of variance of dislocation

at monitoring point No. 4
1 7= 5 . F
i PR HE g TR g
A 132951 1 132951 621.294 0.000%*
WHWiABME 1337 4 0.334 1.562  0.338
WHMANREZ 0123 4 0.03] 0.144  0.956
WHRKEEME 0685 4 0.171 0.801  0.583
4
4
4

THKEFREZE  0.569 0.142 0.665  0.649

T 8.978 2245  10.489 0.021*
% 0.856 0.214
R*=10.932

* p<0.05 ** p<0.01

R7 W= 5 EHEHNESEARFESTER
Table 7 Results of multivariate analysis of variance of dislocation

at monitoring point No. 5

R e e F I
¥y SR amrey BHO pm
R 74.61 1 74.61 2209.555 0.000%*
SRR M 0.511 4 0128 3.783  0.113
W GiAAREZ 0.035 4 0.009 0261  0.889
FH MY 0.241 4 006 1783  0.295
THAKEbREZE  0.207 4 0052 1532 0345
THLE 2.864 4 0716 21.206 0.006%*
2= 0.135 4 0.034
R?=0.966

* p<0.05 ** p<0.01
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