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The Prediction of Ground Condition ahead of the Tunnel Face
using 3-Dimensional Numerical Analysis

Yeon-Jun Park, Kwang-Ho You, Han-Chan Song, Ki-Sun Kim and Dae-Hyuck Lee

Abstract Rock mass includes natural discontinuities such as joints and faults during its formation. Discontinuities
are also referred as planes of weakness because of their weak mechanical characteristics. In the design of underground
structures, it is necessary to consider the properties of discontinuities to insure the stability. During the excavation
of a tunnel, these discontinuities have to be identified as early as possible so that proper change in excavation
method or support design can be made accordingly. The excavation of the tunnel in a stable rock mass causes
a 3-dimensional arching effect around the excavation face. It was revealed by previous studies that the existence
of a weak zone or a fault zone ahead of tunnel face induces a typical displacement tendency of convergence. For
better understanding of the meaning of influence/trend lines of various displacement components, three-dimensional
numerical analyses were conducted while varying deformation moduli, thicknesses and orientations of discontinuities.
Numerical results showed that the changes in influence/trend lines of various displacement components were very
similar to those by measurements. The discrepancies from the expected values were dependent on the physical
properties, thicknesses and orientations of discontinuities.

KeyWords Arching Effect, Tunnel, Face, Influence Line, Trend Line, Ground Condition
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Table 1. Strength and deformability parameters by rock mass class(Highway & Transportation Institute, KHC, 2002)

Properties Young's Bulk Shear Friction . . . Tensile
Cohesion Density Poisson's
Rock modulus modulus modulus angle (kPa) (k g/ms) ratio Strength
mass class (GPa) (GPa) (GPa) (deg) (kPa)
I 34.12 22.75 13.65 45 le3 2600 0.25 52
i 28.02 18.68 11.21 42 Se2 2600 0.25 2.5¢2
m 13.01 8.67 5.20 38.5 2.5e2 2600 0.25 1.25¢2
v 6.04 4.03 2.42 35 le2 2600 0.25 Sel
A% 2.80 1.87 1.12 31 Sel 2600 0.25 2.5el
Vi 1.26 0.84 0.50 26.5 2.5¢el 2600 0.25 1.25¢1
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Table 3. Spacings of the weak zones used in the analysis

Young's modulus . .
Ratio Thickness Spacing
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Fig. 5. Comparison of L/C ratio for mohr-coulomb analysis
and elastic analysis

Table 2. Parameter combinations of the weak zone used in the analysis

Dip Thickness Young's modulus Ratio (E¢/Em)
1 m 1/5 1/10 1/20 1/50 1/100
30° 2 m 1/5 1/10 120 1/50 1/100
5m 1/5 1/10 1/20 1/50 1/100
0.5 m 1/5 1/10 1/20 1/50 1/100
3 1 m 1/5 1/10 120 1/50 1/100
s 2m 1/5 1/10 1/20 1/50 1/100
5m /5 1/10 120 1/50 1/100
1 m 1/5 1/10 1/20 1/50 1/100
60° 2m 1/5 1/10 1/20 1/50 1/100
5m /5 1/10 1/20 1/50 1/100
0.5 m 1/5 1/10 1/20 1/50 1/100
90° 1 m 1/5 1/10 1/20 1/50 1/100
2 m 1/5 1/10 1/20 1/50 1/100
5m 1/5 1/10 1/20 1/50 1/100
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Fig. 18. Trend line of C/Co ratio for weak zone with 5 m
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