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Numerical Analysis of Deformation Behaviour of Underground Opening
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In situ rock mass is generally heterogeneous and discontinuous, with varying degrees of strength along the planes
of weakness. The planes of weakness such as joints, faults, cracks and bedding planes, control the strength and de-
formation characteristics of the rock mass. Subsequently, the stability of underground opening depends upon the
spatial distribution of discontinuities and their mechanical properties in relation with geometrical shape of opening,
as well as the mechanical properties of intact rock materials. Understanding the behaviour of a discontinuous rock
mass remains a key issue for improving excavation design in highly stressed environments. Although recent ad-
vances in rock mechanics have provided guidelines for the design of underground opening in isotropic rock mass,
prediction and control of deformation in discontinuous rock masses are still unclear. In this study, parametric study
was performed to investigate the plastic zone size, stress distribution and deformation behavior around under-
ground opening in a discontinuous rock mass using a continuum joint model. The solutions were obtained by an
elasto-plastic finite difference analysis, employing the Mohr-Coulomb failure criteria. Non-associated flow rule and
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perfectly plastic material behavior are also assumed.

Key words : discontinuous rock mass, deformation behaviour, continuum joint model, finite difference analysis
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Table 1. Mechanical properties of rock and shotcrete adapted in this study.

: . . Shotcrete
Item Unit Rock Discontinuity soft hard
Young's Modulus t/m’ 1.0E6 - 5.0F4 1.5E5
Cohesion t/m’ 300 15.0 - -
Friction Angle degree 35 35 - -
Poisson’s Ratio - 0.25 - - -
Tensile Strength t/m’ 15.0 8.0 - -
Unit Weight t/m’ 25 - - -
Area m’ - - 012 0.12
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Table 2. Variation of mechanical properties of discontinuity adapted in this study.

Cohesion Friction Angle Tensile Strength
[t/m’] [degree] [t/n]
Casel 15.0 35 8.0
Case 2 10.0 32 6.0
Case 3 6.0 30 4.0
Case4 20 28 1.0
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Fig, 14. Roof lowering versus the radius of curvature
for different opening shapes (case 3, K=1.0).
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Fig. 15. Horizontal displacement versus the radius of
curvature for different opening shapes (case 3,
K=10).

Table 3. Radius of curvature of roof and wall with opening shape.

Radius of Curvature, p [m]
Opening Shape
Roof Wall
Model 1 Circle 5.0 5.0
Model II Horse-shoe 3.76 ©0
Model I Horizontal Ellipticity 14.14 177
Model IV Vertical Ellipticity 1.77 14.14
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