B A g, BTy
Vol. 5, 1995, pp. 95~103

XM wetRARE 0
S8 TIZ24H s Ao 2tst 37
2HZ" - 015

TUNNEL & UNDERGROUND Vol. 5, 1995, pp. 95-103
J. of Korean Society for Rock Mech.

An Analysis for the Stress Redistribution around Tunnel Face Using Three-

Dimensional Finite Element Method

Sun-Kyung Moon and Hi-Keun Lee

ABSTRACT In this paper the stress redistribution around tunnel face was analyzed by using a
three-dimensional finite element model. The effects of in-situ stress levels, excavation sequences,
stiffness difference between the hard ground and the weak zone on the stress redistributions
were considered. Displacement and stress changes at tunnel crown, side wall, and invert were
investigated throughout the sequential excavation. To show ground response, percentage of the
displacement and stress variations are used as a function of normalized distance that is between
the face and monitoring section. Preceding displacements and stress variations were presented
to be adopted in the two-dimensional tunnel analysis.
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Fig. 1. Longitudinal and transverse arch components
before the excavation.
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Fig. 2. Curves of the longitudinal and transverse arch
effects.
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Fig. 3. A model of full face excavation.
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Fig. 5. Radial stress curves for K=1.0 in the case of
full face excavation.

Table 1. Preceding displacement ratios(%) for full
face excavation (homogeneous model)

K
Point
0.5 1.0 2.0
Crown 31.7 (11.5)* 28.9 (18.3) 24.4 (34.0)
Side wall 234 (35.7) 27.7 (14.9) 29.1 (7.2)
Invert 28.5 (8.1) 27.2 (10.4) 24.6 (20.4)

* preceding stress ratio (%)
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Fig. 6. Displacement curves for K=1.0 in the case of
bench excavation.
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Analysis section

& FFace advance
Fig. 8. Step definition in the bench excavation.

3 sdwsEe HESUHIE FEow ey
o, Wi ERel A ARkERdol wael Aalus)
Bt Z9pA4e] gto] 05014 2077 #gtel wheb
26.6%0l| 4] 42.1%7}7] Hsl3 Qe whEbA Aol A=
2kl ARoll whel AsbAlolAle] M elu|7h AR
5, shEHRe) mhao] sjARk T} Qlx|eke BebAlel 4
o e Aol AAAYel o) Lo ZatAldot
Axoll vz} AxtAlo]Aje] zko] o}k, m1o) ula) uh

S0 gk A AAeleh,

4N

Table 2. Displacement ratios(%) at step A, B for bench excavation (homogeneous model)

K, Point
Step 0.5 1.0 2.0
Crown Invert Crown Invert Crown Invert
A 26 (95.3)* 18.5 (90.6) 31.0 (88.8) 22.6 (88.8) 42.1 (68.0) 24.7 (88.4)
B 93.8 (0.0) 79.2 (23.7) 99.8 (-2.0) 75.5 (33.1) 114.3 (-4.6) 70.7 (37.4)

* gtress ratio (%)
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Table 3. Mechanical properties of soil and rock lay-
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Table 4. Preceding displacement ratios(%) for full

ers.
- face excavation (different peoperties model).
one
Property - K
Soil 1 Soil 2 Weak rock Hard rock Point 05 7o 70
Elastic Modulus 9.8 68.6 784.0 1080.0 - - .
(MPa) Crown 312 (8.9* 29.0 (174) 255 (35.1)
Poisson's ratio 0.35 0.3 0.27 0.25 Side wall 234 (38.2) 27.7 (14.3) 29.2 (9.6)
Unit weight 1.7 2.1 2.3 286 Invert 28.2 (8.6) 27.0 (104) 24.1 (22.4)
3
(kg/m’) * preceding stress ratio (%)
Table 5. Displacement ratios (%) at step A, B for bench excavation (different properties model)
K, Point
Step 0.5 1.0 2.0
Crown Invert Crown Invert Crown Invert
A 26.5 (95.5)* 17.8 (90.6) 299 (91.4) 20.7 (89.4) 42.3 (68.2) 24.9 (87.5)
B 93.8 (0.0) 78.4 (23.2) 99.1 (-1.9) 74.0 (33.4) 110.5 (-4.9) 71.6 (37.0)

* stress ratio (%)
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Fig. 10. A model of the region of weak zone.

Table 6. Mechanical properties of the model.

Elastic  Poisson's Unit weight
modulus ratio (kg/m®)
(MPa)
Weak zone 68.6 0.3 2.1
The other zone  784.0 0.25 2.4
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Fig. 11. Displacement curves for K=1.0 in the case of
full face excavation.
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Table 7. Preceding displacement ratios (%) for full
face excavation.
(weak zone model, at section A)

. K
Point
0.5 1.0 2.0
Crown 429 (9.1)* 455 (18.8) 51.5 (-)
Side wall 40.5 (-) 423 (12.8) 435 (7.2
Invert 455 (8.3) 484 (13.7) 52.8 (30.4)

* preceding stress ratio (%)
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Table 8. Preceding displacement ratios (%) for full
face excavation
(weak zone model, at section B)

K
Point
0.5 1.0 2.0
Crown 29.1 (20.4)* 30.3 (17.0) 33.4 (13.2)
Side wall 28.1 (10.9) 29.1 (14.3) 30.6 (18.3)
Invert 28.6 (16.6) 30.0 (14.2) 31.2 (11.5)
*preceding stress ratio (%)
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Fig. 13. Displacement curves for K=1.0 in the case
of full face excavation.
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Table 9. Displacement ratios (%) at step A, B for bench excavation (weak zone model, at section A)

K, Point
Step 0.5 1.0 2.0 Crown Invert Crown
Invert Crown Ivert A 46.7 (90.3) 32.0 (91.6) 52.8 (77.4)
B 98.8 (-5.2) 90.3 (37.5) 994 (-8.9)
35.8 (87.4)
Table 10. Displacement ratios (%) at step A, B for bench excavation (weak zone model, at section B)
K, Point
Step 0.5 1.0 2.0
Crown Invert Crown invert Crown Invert
A 28.7 (64.8) 25.2 (68.1) 30.0 (66.5) 24.8 (69.5) 34.4 (67.5) 23.0 (72.2)
B 98.8 (-5.2) 79.5 (5.6) 99.9 (-0.6) 78.1 (11.3) 106.3 (0.2) 76.9 (20.1)
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