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Influence of Fault Thickness and Dip Angle on Stability of Large
Section Tunnel in Weak Surrounding Rock Section

WANG Wanfeng', ZHAO Kai’, CAI Yuancheng®, ZHANG Wenjie’, LAI Jinxing®"
(1. China Railway Construction Yunnan Investment Co. , Ltd. , Kunming, Yunnan 650000, China;
2. School of Highway, Chang’ an University, Xi’ an, Shanxi 710000, China)

Abstract; Relying on Xishanying tunnel of Sanqing expressway, the influence of fault morphology on
the deformation of surrounding rock and the stability of supporting structure of the tunnel are explored by
using the methods of numerical simulation and field monitoring, and the best reinforcement scheme is
put forward. The results show that the maximum value of vault settlement increases in a ““logarithmic”
curve with the increase of fault thickness. With the increase of fault dip angle, it is distributed in a
“parabola” curve, and reaches the maximum when the fault dip angle reaches 90°; and the most unfa-
vorable fault shape is dip angle + thickness (83° +70 m) ; Then, the numerical model of optimization
reinforcement comparison is established, and it is obtained that the pipe shed grouting reinforcement can
effectively control the deformation of surrounding rock and inhibit the development of plastic zone. Com-
bined with the measured data, it is found that the difference between the simulated value and the meas-
ured value is small, which verifies the correctness of the numerical simulation results. Keywords: Tun-
nel engineering; Fault fracture zone; Regression analysis; Numerical calculation; Surrounding rock de-
formation.
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Tab. 1 Distribution of fault fracture zone along tunnel
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Tab. 2 Lining structure design of xishanying tunnel
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Tab.3 Advanced support design of Xishanying tunnel

KR S A/ mm

KJE/m SN/ (°)

BHERKE/m FRra][E]#E/ em I\ Im) [E]#E/m

TR/ RSN 42 4.5

3~5 <1 40 3




68 wodE TR R ¥ ¥ W (H KRR ¥R 2023 4F
x4 HETESHR
Tab.4 Model calculation parameters
E4 BRI E/GPA YA u I y/(kN - m™) iR C/MPa PRSI ¢/ (°)
vV FRAE 1.3 0.35 17 0.2 27
W2 0.95 0.4 15 0.18 20
AT 30 0.2 24 — —
WIS 30 0.25 24 — —
WA 210 0.3 78.5 — —
AN FT 205 0.3 78 — —
EBHT N 210 0.3 78.5 — —
TEH N X 2.5 0.26 21 400 33
x5 A0 B TAYIEE
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Fig. 1 Overview of calculation model
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Tab. 6 Maximum displacement caused by tunnel crossing

faults with different dip angles

W2 f /() KA A%/ mm
30 37.446 2
45 38.600 8
60 38.993 8
75 39.427 6
90 39.548 0
105 39.432 0
120 38.956 0
135 38.595 8
150 37.330 6
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Fig. 6 Fitting curve of fault dip angle
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Tab. 8 Residual calculation table

RRUIE/mm  WIRERE/m WiEWMA/(°) 5%
29.448 4 0 90 -0.608 5
33.528 8 15 90 0.240 2
36. 606 4 30 90 0.659 0
38.419 4 45 90 0.386 2
39.473 4 60 90 -0.072 7
40.007 O 75 90 -0.478 9
40.252 0 90 90 -0.600 9
40.397 2 105 90 -0.249 6
40.472 8 120 90 0.605 0
37.446 2 60 30 -0.082 0
38.600 8 60 45 0.1829
38.993 8 60 60 -0.057 0
39.427 6 60 75 0.000 8
39.548 0 60 90 0.001 9
39.432 0 60 105 0.023 5
38.956 0 60 120 -0.058 2
38.595 8 60 135 0.2328
37.330 6 60 150 -0.124 5
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Tab. 9 Risk factors of different faults

Wiz WA () BREE/m RO/ mm
F1 80 60 39.207 3
F2 83 70 39.8752
F3 96 69 39.752'5
F4 102 59 38.971 3
F5 73 50 38.220 2
F7 75 60 39.161 8
F8 75 63 39.3856
129 84 50 38.307 1
F10 87 59 39.140 8
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Fig.7 Cloud diagram of vault settlement
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Fig. 8 Vertical displacement curves
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Fig. 9 Variation of plastic zone under two working conditions
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