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APPLICATION OF DISTINCT ELEMENT METHOD TO TOPPLING FAILURE OF SLOPES
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By Tsuyoshi ISHIDA, Satoshi HIBINO, Yoshihiro KITAHARA and Yoshiyuki ASAI

Recently, the stability of slopes during earthquakes has become to be an important

engineering problem, especially in case of the earthquake-proof design of nuclear power

plants. But, for fissured rock slopes, some problems are remained unresolved, because

they can not be treated as continua. The authors have been investigating toppling failure
of slopes, from a point of view which regards a fissured rock mass as an assemblage of
rigid blocks. DEM (Distinct Element Method) proposed by Cundall (1974) seems to be
very helpful to such a investigation. So, in this paper, the applicability of DEM to
toppling failure of slopes is examined through the comparison between DEM results and

theoretical or experimental resuits using 3 simple models.
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Fig.3 Shear interaction model.
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Fig.6 Result of DEM analysis for toppling failure of a
pillar composed of 10 blocks. (inclined angle a=30°,
density of block p=2.5 g/cm3, k=9.8X10" N/m?
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Fig.7 Model of experiment and analysis for 4 blocks

on a inclined plane,
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Table1 Change of movement of block @ at failure, with
change of contact condition on AB plane,
Condition | Condition of A;‘g'tei of | Movement of block @
of contact on friction at failure (times)

: + AB plane on - -
SRR AB plane | Rotation | Non-Rotation
A Block-block 35°+3° 12 8

contact
Cellophane e
B -cellophane | 28°+3 15 5
contact
c Teflon-teflon | 4g5:, 3 2 8
contact
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Photo2 Block ® and @ topple as one pillar, after block @
and (@ topple as one pillar. (Block @ rotates. )

Photo3 Only block (3 slides off, and block @ keeps stable.
(Block @ does not rotate, )
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Fig.8 Results of DEM analysis in which friction angle gpz=
35°, 30°, 25°, 20°, 15°, 10° for AB plane, and ¢=35°
for the other planes in all case. From this figure, it is
clear that the block @ rotates at the angle more than 25°,
but does not less than 20°. This DEM result coinsides
with the tendency of the experiments. (density of block
0=2.5 g/em®, k=9.8X10"7 N/m? p=1.98%X10*N -
s/m?, At=2.0X10"%s, CPU=8 min [FACOM M200] )
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Fig.9 Model for DEM analysis of toppling failure

on a stepped base.
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Fig. 11 State of convergence for the cable force required to
make the slope stable, using DEM(a) (fixed block
method). (inclined angle a=20°, friction angle ¢=35°,
density of block p=2.5g/cm® k=9.8X10"N/m?, 5
=1.852X10°N + s/m?, At=2.0X10"*s, CPU=150s
[FACOM M200])

Fig.10 Result of DEM analysis for toppling failure on a
stepped base without reinforcement. (inclined angle o«
=20°, friction angle ¢=235°, density of block p=
2.5g/cm?, k=9.8X10" N/m?, p=1,852X10° N - s/m?,

At=2,0X10"%s, CPU=150s [FACOM M200]).
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Fig.12 Comparison among the results of 3 methods for the
cable force required to make the slope stable. (friction
angle ¢=35°)
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