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Two-Dimensional Simulation Analysis of Rock Slope Failure by DEM
Using Bonding Force between Particles

Satoshi Ontsuxt *, Harushige Kusumi** and Toshifumi Marsvoxa ™
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As is known, there are many fractures in rock slope, and these fractures are often the cause of failure. Especially, the
mechanism of toppling failure depends on fractures in rock slope. In this paper, two-dimensional simulation analysis and
visualization for toppling failure of rock slope by distinct element method are carried out. In related with this simulation, the
tensile stress of rock mass can be tried to be expressed by bonding theory. The rock slope model with this analysis can be
freely setting the slope shape and the location of joints. Using this analytical model, it is tried to be simulated an actual top-
pling failure of rock slope. As the results of this analysis, it is recognized that this simulation can be expressed on this top-
pling failure phenomena. Moreover, the process of toppling failure can be visualized.
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Fig.1 Relationship between the particles.
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Fig. 2 Region where the bonding force acts.
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Fig. 3 Force between the particles.
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Fig. 4 Side-view of the slope.
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Table 1 Analytical condition and resuit.

case {;%5 - 1} %100 {% - } x100  friction coefficient cohesion intemnal friction angle
(%) %) (MPa) (deg)
1 0.10 3.196 1.398
2 5.0 7.5 0.25 4.032 13.342
3 0.50 6.414 27.587
4 0.10 5.831 1.398
5 10.0 15.0 0.25 8.683 4,615
6 0.50 11.166 24.586
7 0.10 9.535 2.729
8 15.0 22.5 0.25 11.804 8.035
9 0.50 22.091 5.216

axial stress

confining
stress

confining
stress

axial stress

Fig.5 Biaxial compression test.
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Table 2 Analytical condition.

time interval 1.0x107(s)
damping coefficient 100.0(N -s/m)
density 2500(kg / m*)
spring stiffiness (normal) 2.5x107(N /m)
spring stiffness (shear) 2.3x10"(N/m)
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Fig. 6 Relationship between cohesion and bonding radius.
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(2) Before the bonding force is removed.

(b) After the bonding force is removed.

Fig. 7 Pre-existing fractures.
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Fig. 8 Rupture number of the bonding force.
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Fig. 9 Behavior of toppling failure (Af = 1.0 x 107%).
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(a) initial state (b) 4500000step

Fig. 10 Progress of fractures (At=1.0 x 10-%s).
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(b) Simulation (A7 =1.0x107S)
Fig. 11 Displacement of blocks.
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