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A numerical study on the safety of tunnel face using face bolting method

Jee-Hyun Ra, Ji-Sun Yoon

Abstract As tunnel excavation generats stress release, a stability security of tunnel face is mainly important in
case of tunnel excavation in the weak grounds. using the steel bar or glass fiber pipe which had regular hardness,
a face bolt method to reinforce previously is applied to an excavation object tunnel face aspect among measures
methods regarding this. Therefore, used FLAC™ Ver. 2.1 on 5 Case of 0.5D (2EA), 1.0D, 1.5D, 2.0D with the
length and 6 Case of 0, 20, 40, 60, 80, 100EA with the number of the bolt that a face bolt method was installed
at these papers in the necessary weak grounds in order to review applicability of the tunnel face reinforcement
method that used these face bolts, and executed three dimension continuous analysis.

Keywords: Rock bolt, non-destructive test, guided wave, dispersion, defect ratio, AE (acoustic emission)
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Table.1. Physical properties used in the numerical analysis
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Fig. 1. Three dimensional mesh for numerical analysis
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Class Elastic modulus Poisson's ratio Friction angle Cohesion Density
Unit MPa - ° KN/m’ KN/m’
Weathering soil 39.22 0.33 30 29.42 22.55
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Table 2. Reinforcement properties used in the numerical analysis

Class Elastic modulus | Poisson's ratio Cohesion Density Area Thickness

Unit MPa - KN/m’ KN/m’ m’ m
Rock bolt 1.96x10° - - - 5.07x10* -
Face bolt 2.0x10° - - - 1.71x10° -
Shotcrete 4.9x10° 0.27 294 22.56 - 0.25

Table 3. Cases for numerical analysis by the number of face bolts
Length of The overlaping length of
Case The number of face bolts (EA) face bolts (m) face bolt (m)

Casel(0) 0 12 (1.0D) 6

Case2(20) 20 12 (1.0D) 6

Case3(40) 40 12 (1.0D) 6

Cased(60) 60 12 (1.0D) 6

CaseS(80) 80 12 (1.0D) 6

Case6(100) 100 12 (1.0D) 6

Table 4. Cases for numerical analysis by the length of face bolt
Length of The overlaping length of
Case The number of face bolts (EA) face bolt (m) face bolt (m)

Case7(0.5D) 60 6 (0.5D) 4
Case8(0.5D) 60 6 (0.5D) 2
Case9(1.0D) 60 12 (1.0D) 6
Casel0(1.5D) 60 18 (1.5D) 6
Casel1(2.0D) 60 24 (2.0D) 6

Table 5. The sectional view by the number of face bolts
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Table 6. The sectional view by the length of face bolt
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Table 7. Max. displacement by the number of face bolts
Case Casel Case2 Case3 Case4 Case5 Case6
(mm) (0 EA) (20 EA) (40 EA) (60 EA) (80 EA) (100 EA)
Face max. displacement 251.67 200.43 175.54 169.10 156.55 145.47
- ISP (100%) (79.64%) (69.75%) (67.19%) (62.20%) (57.80%)
Crown max. 99.45 87.67 81.53 77.44 73.48 70.15
settlementt (100%) (88.16%) (81.99%) (77.87%) (73.89%) (70.54%)
Left wall max. 80.21 73.90 70.51 68.42 66.35 64.55
displacement (100%) (92.13%) (87.91%) (85.30%) (82.73%) (80.48%)
Right wall max 80.00 73.82 70.26 68.15 66.05 64.18
displacement (100%) (92.27%) (87.82%) (85.19%) (82.56%) (80.22%)
Vertical max. -27.73 -24.09 -23.05 -22.47 -21.85 -21.22
settlement (100%) (93.61%) (89.56%) (87.30%) (84.92%) (82.46%)
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Fig. 2. Max. displacement by the number of face bolts

Table.8. Max. displacement by the number of face bolts

Excavation stagelstep)

Fig. 3. Face displacement by the number of face bolts

Case Casel Case7 Case8 Case9 Casel0 Casell
(mm) (OEA) (0.5D) (0.5D) (1.0D) (1.5D) (2.0D)
Face max. displacement 251.67 156.94 187.93 169.10 201.27 229.11
- ISP (100%) (62.36%) (74.67%) (67.19%) (79.97%) (91.04%)
Crown max. 99.45 73.33 76.21 77.44 88.88 90.13
settlementt (100%) (73.74%) (76.63%) (77.87%) (89.37%) (90.63%)
Left wall max. 80.21 65.98 67.62 68.42 75.19 76.92
displacement (100%) (82.26%) (84.30%) (85.30%) (93.75%) (95.90%)
Right wall max 80.00 65.74 67.39 68.15 75.04 76.71
displacement (100%) (82.17%) (84.24%) (85.19%) (93.79%) (95.89%)
Vertical max. -25.73 -22.22 -22.54 -22.47 -23.83 -24.28
settlement (100%) (86.36%) (87.60%) (87.30%) (92.60%) (94.35%)
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Fig. 4. Max. displacement by face bolt length
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Fig. 5. Face displacement by the face bolt number
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