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A Study on the Tunnel Stability using Grouting Technique

J. W. Rhee, J. S. Lee and M. K. Kim

ABSTRACT Grouting technique is frequently used where a tunnel structure is passing through the
shallow overburden area or where the thickness of hard rock above the tunnel is rather thin. However,
engineering background on design process of the grout reinforcement does not seem to be fully
understood until now. Mechanics of composite material is, therefore, introduced in this study to
investigate the orthotropic material properties of the composites containing soil (or rock) and grouting
material. These orthotropic material properties can be used to represent the reinforcement effects
quantitatively. The model developed in this study is next applied to a typical tunnel structure and the
grouting effect is analyzed numerically. The idea used in this study can be expanded to a situation
where a pipe roofing or a forepoling technique is adopted and a simplified design procedure, similar to
the model introduced in this study, can be developed.
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Fig. 2. Changes of Orthotropic Material Properties
according to Volume Ration, E,=4,200 kg/cm?,
v,=0.30, E;=8,000 kg/cm?, v,=0.18.
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Fig. 3. Changes of Orthotropic Material Properties ac-
cording to Volume Ratio, E,=4,200 kgfcm®, v,=
0.30, E,=8,000 kg/cm?, v,=0.18.
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Fig. 5. Details of Grout Reinforced

Fig. 4. Section View of Tunnel Area. (unit: mm).
Table 1. Rock Properties used in FLAC Analysis
Rock Depth Density Young's Poisson's C (o) C; 0
modulus ratio
m kg/m’ kg/em® - kg/em® °~  kglem’ °
Weathered rock ~-5.0 2.7 540 0.35 0.04 20 - -
Soft rock ~-13.2 2.8 4,200 0.30 0.1 25 0.02 30
Hard rock ~-80.0 3.0 7,400 0.27 0.4 35 0.1 45
Soft rock -10.0~-13.2 2.9 E,=4,697 V,,=0.26 - - - -
(Orthotropic) E,=4,960 v,,=0.30 - - - -
Hard rock -13.2~-23.7 3.2 E,=7,527 V=0.25 - - - -
(Orthotropic) E,=7,520 Ve =0.26 - - - -
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Table 2. Shotcrete Properties used in FLAC Analysis

Table 3. Displacement around the Tunnel (Unit: cm)

Material Young's Thickness Moment Location Without Grout reinforced
modulus of inertia reinforcement rock
kg/em® m m* Crown 3.12 1.15
Soft shotcrete 50,000 0.05 0.00001 S.L. (Horizontal) 2.38 0.86
Hard shotcrete 150,000 0.15 0.00028 Between Crown & 461 2.61
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Fig. 6. Analysis of Grout Reinforced Tunnel
(a) excavation sequence
(b) FLAC grid used in the analysis.
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