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3D Finite Element Analysis of Rock Behavior with Bench Length and Other Design
Parameters of Tunnel

Jun-Ho Kang, Jeak-Han Chung and Chung-In Lee

Abstract. Focusing on the bench length, this paper presents the results of 3-dimensional elasto-plastic FE

Analysis on tunnels of full face, mini-bench and short bench excavated in weathered rock. Influences of
unsupported span, horizontal to vertical stress ratio, thickness of shotcrete on the behavior of rock and support
were also studied. Results showed that displacements of mini-bench tunnels responded more sensitively to bench
lengths than those of short bench. The effects of bench excavation on upper half displacement increased with
longer unsupported span. Horizontal to vertical stress ratio showed a greater influence on displacement and
preceding displacement ratio of sidewall rather than those of crown and invert.
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Fig. 1. 3-D finite element mesh for tunnel. Fig. 2. Profile of finite element.
Table 1. Mechanical properties of ground and shotcrete.
T
Property e Residual soil Weathered rock Weakrock Hardrock Shotcrete
Young's modulus (MPa) 20 300 2,000 5.000 10,000
Poisson's ratio 0.33 0.30 0.28 0.25 0.20
Unit weight (/m’) 20 22 25 2.7 2.5
Cohesion (MPa) 0.03 0.1 0.3 I -
Friction angle (") 20 30 35 42 45
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C : Crown settlement

UH : Upper half convergence
b LH : Lower half convergence
I : Invert heaving

Fig. 3. Position of calculated displacements.
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Fig. 4. Variation of displacements with bench length.
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Table 2. Preceding displacement & ratio for each model.

Distance from face Fullface L=2m L=4m L=6m L=10m L=20m L=30m
0 (unit : mm) 4.93 435 443 4.67 4.70 4.78 4.78
0 (unit : %) 27.2 238 23.6 24.7 22.0 22.6 226
2D (unit : mm) 18.06 18.15 18.63 18.85 21.17 21.26 21.26

Displacement (mm)

T T T T T T
25-20-15-1.0-050.0 0.5 1.0 1.5 2.0 25 3.0 3.5 40 4.5 50 55
Normalized distance
(a) crown settlement

Displacement (mm)

T T

25201510450005 10152025303540455055
Normalized distance
(b) lower convergence

Fig. 5. Displacement and normalized distance with bench
length.
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Table 3. Relative converged displacement with unsupported

span. (Unit : %)
Bench Unsupport Upper  Lower
Length ed span O™ half  har Ve
Im 51.4 34.7 48.0 82.5
Fullface
2m 58.5 39.3 52.1 83.3
Ifm 52.2 34.8 50.6 83.2
2m
2m 59.1 40.5 54.5 84.3
I'm 53.3 347 51.9 84.8
4m
2m 59.3 41.3 56.7 86.0
6 I m 54.3 343 534 85.9
m
2m 60.0 40.0 58.2 87.5
2m 61.7 394 60.1 87.5
10m
2.5m 66.3 44.5 65.2 89.1
2m 61.1 39.0 61.1 87.5
20m
25m 65.4 438 66.1 89.0
2m 61.0 39.0 61.0 87.7
30m
25m 65.4 43.8 66.1 89.1
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Fig. 6. Converged displacement with excavation method and
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