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A Case Study on the Application of Safety Analysis for the Tunnel
Adjacent to the Pier

Sun-Bok Lee and Ji-Sun Yoon

Abstract. The finite element method and statistics of the convergence measurement are useful method of the stability
analysis of the tunnel adjacent to the pier. It is the purpose of the this case study to certificate of validity of the
application of those methods. The safety of the pilot tunnel method and LW pre-grouting has been evaluated from
the FEM analysis. The three-dimensional finite element method is carried out for the decision of the level of stress
redistribution at the two-dimensional numerical analysis. An analysis of the convergence is carried out by the
estimation of preceding convergence at tunnel excavation. F-examination is applied for this estimation. As results
of that analysis, The F-value is from 10.81 to 158.74 and the coefficient of determination is from 0.82 to 0.99.
An analysis of convergence is carried out by using regression analysis. Consequently, it is shown that -the
convergence can be modeled as following function C(#) = a[1— exp(— bH)].

KeyWords: pier, FEM analysis, pilot tunnel, regression analysis
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Table 1. Estimation standard for the approximation range
of tunnel.
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Fig. 1. Geologic cross-section.



Bl z|3g2t 79

JiER=g
(We&7ix)

[
-l o ol .-
L [

o 1
LY RPRpRpRp——.

ducecmacwa
fepmr e, ————

[RPP

]
e
i

o

'
I 3 redem e

L4

Fig. 2. Estimation standard for the approximation range of
tunnel adjacent to the pile.
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Fig. 3. Approximation range estimation.

Table 2. Rock physical properties applied to the analysis.

Rock Unit weight Deformation Poisson’ s ratio Cohesion Friction angle
(t/m®) modulus(tonf/m?) (tonf/m?) (deg.)
Filled layer 1.90 2,500 0.35 3.0 23
- Sedentary deposit 2.00 5,000 0.35 3.0 23
Weathered rock 2.20 20,000 0.33 10.0 25
Hard rock 2.50 150,000 0.25 20.0 35
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Table 3. Support physical properties applied to the analysis.

Properties Rock bolt(truss factor) Soft shotcrete(beam factor) Hard shotcrete(beam factor)
Elastic modulus(tonf/m®) 21,000,000 500,000 1.500,000
Pilot tunnel 0.1 0.15
Cross-section area(m®) 0.00049
Main tunnel 0.15 0.25

Table 4. Rock physical properties applied to the analysis afier grouting.
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Unit weight(tonf/m’) modulus(tonf/m?) Poisson’s ratio Cohesion(tonf/m") Friction angle(deg.)
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Table 5. Displacements analysis result on the closest part to tunnel of the pile foundation above tunnel.

After pilot
Items Vertical displacement (mm) horizontal displacement (mm) Displacement angle
1 1.11 0.83
2 0.91 0.80
Pier No. 5 0.00016
3 0.73 0.73
4 0.56 0.66
1 0.45 0.64
Abutment 0.00017
No. 2 2 0.77 0.78
After half upper section excavation
1 15.77 7.48
2 13.73 7.75
Pier No. 5 0.00185
3 11.66 7.63
4 9.66 7.22
1 6.30 7.10
Abutment 0.00208
No. 2 2 10.05 8.20
After the whole section excavation
1 16.95 7.89
2 14.90 8.26
Pier No. 5 0.00187
3 12.82 8.24
4 10.78 7.94
Abutment 1 7.08 7.76
vmen 0.00218
No. 2 2 11.01 8.81
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Table 6. Analysis results on tunnel displacements.

Excavation step After pilot After half upper section After the whole section
(mm) excavation (mm) excavation (mm)
Items Step 1 Step 2 Step 3
Roof 7.82 28.22 29.21
Left SL 0.75 1.98 3.80
Right SL 0.73 2.42 3.14
Bottom 1.99 293 5.82

Table 7. Stress analysis results on the supports in each excavation step.

Excavation step After pilot After h:if( cl:,l;teiro I; section | After th:x.::l,(;i?o;l section Allowable
Items Step 1 Step 2 Step 3 stress
Shotcrete axial force(tonf) 53.5 169.8 155.8
Shotcrete bending moment(tonf - m) 0.10 1.69 1.60
Shotcrete shear force(tonf) 0.66 6.94 9.42
Shotcrete compressive stress(kgf/cm®) 38.30 8.41 77.70 96
Shotcrete shear stress(kgf/cm’) 0.44 2.78 3.77 3.87
Rock bolt stress(kgf/cm?) 715 1530 1750
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(a) Before excavation

(¢) After half upper section excavation

Fig. 6. Normal stress history contour in each excavation step.
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Table 8. Modelling function of the convergence in tunnel.
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(b) Convergence on the half upper section
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Fig. 8. Measuring results of the settlement and the convergence
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Table 9. Regression analysis result on measuring data.

{a) Roof settlement (half upper section excavation)

85

Station No. a b R squared Final settlement(mm) Calculated final settlement(mm)
23k 010 5.818 -0.165 0.97 6 5.82
23k 030 3.014 -0.213 0.93 3 3.01
23k 050 4910 -0.205 0.94 5 4.87
(b) Convergence on the half upper section
i Station No. a b R squared Final settlement{mm) Calculated final settlement(mm})
23k 010 5.275 -0.133 0.98 5.40 527
23k 030 3.032 -0.050 0.72 2.70 2.48
23k 050 4227 -0.194 0.97 4.40 4.19
(¢) Convergence on pilot tunnel
Station No. a b R squared Final settlement(mm) Calculated final settlement(mm)
23k 010 4.016 -0.058 0.96 3.80 3.84
23k 030 7.778 -0.107 0.93 7.70 7.74
23k 050 10.323 -0.151 0.98 10.20 10.24
23k 070 5.146 -0.235 0.93 5.50 5.15

‘Table 10. Predicted displacement

(a) Roof settlement (upper half section excavation)

results at the unmeasured section by initial displacement tendency.

Station No. Regressive formula F Value R squared [Displacement at unmeasured section{mm)
23k 010 -0.390x0.407 10.81 0.82 0.407
23k 030 -0.179x+0.586 17.18 0.90 0.586
23k 050 -0.183x+0.416 21.05 0.91 0.416
(b) Convergence on the upper half section
Station No. Regressive formula F Value R squared |Displacement at unmeasured section(mm)
23k 010 -0.349x+0.434 20.95 0.82 0.434
23k 030 -0.106x+0.310 16.02 0.90 0.310
23k 050 -0.179x+0.509 158.74 0.99 0.509
(c) Convergence on pilot tunnel
Station No. Regressive formula F Value R squared Displacement at unmeasured section(mm)
23k 010 -0.058x+0.319 19.81 0.91 0.319
23k 030 -0.066x+0.189 73.23 0.97 0.189
23k 050 -0.238x+3.458 34.67 0.95 3.458
23k 070 -0.322x+0.878 74.67 0.97 0.878
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