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A Study on the Stability Evaluation and Numerical Simulation of
Toppling Failure on a Cut-Slope
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Toppling failure of a slope is defined as failure behavior accompanying the rotation of rock block which is different
from other failure such as sliding along with discontinuities and so on. It generally occurs in the region that dis-
continuities were developed with inverse dip direction to a slope and it could play a critical role in judging stability
of slope. In this study, the stability evaluation was performed about toppling failure on a jointed road cut-slope. To
check the deformation behavior, numerical analysis is widely used. However common analysis programs are based
on continuum model. Recently, many methods that discontinuity properties can be considered in continuum analysis
are suggested. In this study, numerical analysis based on FEM(Finite Element Method) was performed using interface
element applied in heterogeneous boundary to simulate effects of discontinuities.
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Fig. 1. Face map of the surveyed slope.

Fig. 2. Massive granite.
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Fig. 5. Shallow failure at upper part of 4th berm.
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Fig. 7. Exposure at STA.O0 +400~0 + 420.
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Fig. 9. Tension crack by toppling failure.
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Fig. 10. Stability analysis of wedge failure using Dips.
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Fig. 11. Stability analysis of toppling and sliding failure
using Dips.
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Table 1. Values of RMR of the slope.

- Classification Status  Value

Uniaxial Compressive

Strength(MPa) 146.7 1.5
RQD (%) 64.8 13.0
Spacing(m) 0.2 8.2
persistence(m) 21.0 0.0
aperture(mm) 2.0 1.0
RMR Characteristics of roughness slightly 3.0
. I rough
Discontinuities
fill material soil 4.0
degree of high 10
weathering ~ weathered ~
Hydraulic Condition completely 15.0
dry
Sum (Fair) 56.7

Table 2. Material properties of slope.

Material Properties

Name Elastic Modulus Cohesion Internal Friction
(tonfm?)  (tonf/m?) Angle(®)
Jointed Rock
(Granite) 1340000 28.9 33
c=5xRMR (Kpa) ?2)
@=0.5RMR +5 (°) 3)
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Fig. 12. Relative displacement and traction of surface interface element (MIDAS IT, 2008).
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Fig. 13. 3D Modeling and boundary condition(left), Interface elements distribution(right).

Table 3. Material parameters in numerical analysis.

Classification  Elastic Modulus(tonf/m?) ~ Poisson’s Ratio  Unit Weight(tonf/m®) ~ Cohesion(tonf/m?) Internal Friction Angle(°)
Rock 1.34¢+06 0.3 2.0 289 33
Discontinuity - - 0 20
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Fig. 14. Deformation contour of slope(DX, DZ, DXYZ, Vector Plot).

Fig. 15. Sliding behavior along discontinuity direction (Node separation in interface elements).
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Fig. 16. Toppling behavior(cf. Fig. 9. Tension crack in situ.).
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