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In-situ stress characteristics and rock burst prediction of
the Guigala Expressway tunnel
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Abstract: Based on the currently-building Guigala Expressway tunnel engineering the authors use the hydraulic
fracturing method and numerical analysis method to obtain in-situ stress measurement data and the stress
distribution characteristics of the tunnel and the hole body. The direction of the maximum principal stress is figured
out. The uniaxial loading and unloading of the rock stress-strain curve is used to calculate the elastic strain energy
indices of the surrounding rock. Rock mechanics index and the relationship between rock burst occurrence are
analyzed. Data of deep hole drilling rock mechanics test hydrological test are used to comprehensively analyzes
the tunnel rock burst occurrence. The results show that the maximum principal stress is the horizontal stress with
the direction of NE4Q. 9°. The measured maximum principal stress value is 23. 81 MPa and the corresponding value
of numerical calculation is 24. 68 MPa indicating that the numerical calculations are consistent with the measured
in-situ stress distribution law. The elastic strain energy index test of rock shows that the two long granite and
SLATE of black mica have energy storage and energy release conditions for medium-strong rock burst and low—
strength rock burst respectively. The length of the medium-strong rock burst section of the tunnel is 3.0 km and

the length of the low-intensity rock burst section is 3.3 km.
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Fig. 1 Simplified structural map of the study area

Table 1 Test results of borehole stress

1

/m oy /MPa o, /MPa o, /MPa o, /MPa oylo, onlo, (oy+oy) 2o, oy
1 164.5 ~165.3 8.34 5.32 4.28 1.95 1.57 0. 80 1.19
2 227.5~228.3 9. 68 6. 68 5.92 1. 64 1.45 0. 89 1.17
3 272.5~273.3 10. 33 7.17 7.09 1. 46 1. 44 0.99 1.21
4 326.3 ~327. 1 10. 90 8.24 8.48 1.29 1.32 1.03 1.18
44 5 389.5 ~390.3 12.25 10. 25 10. 13 1.21 1.20 0.99 1.09 NE 41°
6 443.3 ~444. 1 14. 41 11.10 11.53 1.25 1.30 1.04 1.17
7 497.5 ~498.3 15.97 12.33 12.94 1.23 1.30 1.05 1.17 NE 43°
8 551.3 ~552.1 18. 06 13. 26 14.33 1.26 1.36 1.08 1.22
9 617.5 ~618.3 19. 85 15. 30 16. 06 1.24 1. 30 1.05 1.17 NE 38°
10 677.3 ~678. 1 22.29 16. 88 17.61 1.27 1.32 1.04 1.18
11 722.5~723.3 23.30 17.48 18.79 1.24 1.33 1.07 1.20 NE 39°
12 740.3 ~741. 1 23.81 18. 06 19.25 1.24 1.32 1.07 1.19 NE 40°
1.35 1.35 1. 01 1.18 NE 40. 2°
1 146.5 ~147.3 10. 43 6. 89 3.88 2. 69 1.51 0. 56 1.04
2 200.3 ~201. 1 11.77 7.75 5.31 2.22 1.52 0. 69 1.10
3 254.5 ~255.3 12. 61 8.76 6.74 1. 87 1. 44 0.77 1. 10
4 308.3 ~309. 1 15. 34 10. 60 8.17 1.88 1.45 0.77 1. 11 NE 43°
54 5 362.5 ~363.3 16.43 11. 88 9.61 1.71 1.38 0. 81 1.10
6 410.3 ~411. 1 18. 39 13. 15 10. 87 1. 69 1. 40 0.83 1. 11 NE 39°
7 461.5 ~462.3 19.33 13.95 12.23 1.58 1.39 0. 88 1.13
8 506.3 ~507. 1 20.77 14. 64 13.42 1.55 1.42 0.92 1.17 NE 42°
9 542.5~543.3 21.55 15.32 14. 38 1.50 1.41 0.94 1.17 NE 40°
10 560.3 ~561. 1 21.78 15. 65 14. 85 1. 47 1.39 0.95 1.17 NE 44°
1. 81 1.43 0. 81 1.12 NE 41. 6°
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Fig.2 Geological profile of the tunnel engineering
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Fig. 3 Change in the lateral pressure coefficient with depth
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Fig. 6 Geostress load function curve
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Fig. 8 Contour map of displacement and stress strain
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Table 3 Comparison between the simulated and ?
measured ground stress Fig. 9 Change in the maximum shear stress with depth
oy /MPa oy, /MPa
/m
164.5 ~165.3 8. 34 7.95 5.32 3.84 A Q Kidybin-shi
227.5 ~228.3 9. 68 8. 86 6. 68 5.52
272.5 ~273.3 10. 33 9.82 7.17 6.26
326.3 ~327. 1 10. 90 10.3 8.24 8.48
389.5 ~390.3 12.25 12.01 10.25 11.36 D o
H 443.3 ~444. 1 14. 41 13.92 11.10 12.52 —
497.5 ~498.3 15.97 16.13 12.33 13. 81 s
551.3 ~552.1 18. 06 18. 39 13.26 14. 67 10
617.5 ~618.3 19. 85 20. 17 15.30 17.34
677.3 ~678. 1 22.29 23.05 16. 88 18. 28 Wel — & ( 1)
722.5 ~723.3 23.30 23. 84 17. 48 19. 94 Pu
740.3 ~741.1  23.81  24.68  18.06  20.36 W, — ;
146.5 ~147.3 10. 43 9.61 6. 89 5.28 0,
200.3 ~201. 1 11.77 10. 84 7.75 6. 96 ABC :
254.5 ~255.3 12. 61 11.92 8.76 8.48 _
308.3 ~309. 1 15.34 14. 95 10. 60 9.93 Pu
362.5 ~363.3 16. 43 16. 04 11.88 11.95 AOB ,
# 410.3 ~411. 1 18.39 18.43 13. 15 13.72 &p
461.5 ~462.3 19.33 19. 89 13.95 14. 86 &, ;
506.3 ~507. 1 20.77 21. 04 14. 64 15. 38 0_0_0‘ 7-0.9
542.5 ~543.3 21.55 22.63 15.32 16.77
560.3 ~561.1 21.78 22.96 15. 65 17.29 0.8 °
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Fig. 10 Diagram showing calculation of the elastic
strain energy of the rock sample
13-16
17 . 11 N -
W, <2.0 Fig. 11 Stress-strain curve of rock under uniaxial

loading and unloading

4

Table 4 Summary of physical and mechanical properties of rock and elastic strain energy index test

/

p/(grem™?) R/MPa R./MPa  C/kPa o/(°) W,
4# 733.4 ~734.0 1 2.65 43.1 35.2 6.97 42.9 0.67 1.93
4# 740.2 ~740. 8 2 2.60 46.6 38.7 4.90 41.7 0. 62 2.45
4# 743.6 ~35.9 3 2.59 38.0 29.7 6.42 43.3 0.58 1.42
4# 749.2 ~749. 8 4 2.56 46.3 38.4 6.13 42.6 0. 66 2.38
3# 151.2 ~151.8 2.58 43.7 35.6 7.17 43.5 0.55 2. 68
3# 176.0 ~176. 6 2 2.46 46.1 38.3 6.46 43.3 0.52 4.41
3# 520.2 ~520.8 3 2.45 45.0 37.3 6.05 42.9 0.46 3.89
S# 543.4 ~544.0 1 2.74 86.4 79.5 11.58 47.5 0.49 7.45
S5# 553.0~553.6 2 2.73 77.3 70.3 10. 97 45.8 0. 62 4.98
S# 561.2 ~561.8 3 2.71 85.7 78. 1 11.35 46.7 0.47 6.38
S# 570.4 ~571.0 4 2.72 83.1 75.4 11. 05 46.1 0.73 5.96
( 500 m)
3 km 500 m - 15.97 ~23.81 MPa
- ; 1.35~1.43
5.2
5
5.1 N
ROD >83%
o >95%
1 200 m 500 m o

6.3 km 48. 8% 4
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