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Analysis of Slope Stability by the Distinct Element Method
(Application to the Toppling Mechanisms)

Kong Chang Han

ABSTRACT

This paper deals with the analysis of rock slope stability using the distinct element method. This
method consists in analysis of the interaction of discrete block assemblage delimited by elementary
joints, which permits to consider the heterogeneous, anisotropic and discontinuous features of the
rock mass. In particular, we were able to show that this method, and especially the BRIG3D software,
is an outstanding tool which gives informations of greatest interest in order to analyze the toppling
mechanisms. We have confirmed the fundamental role of the rock mass structure with different simula-
tions. In the case of toppling phenomena, the essential parameter is the dip of major discontinuities.
It has an influence on the intensity and volume of deformations. The anisotropic and heterogeneous
features of the rock mass play also an important role. It is proved by insertion of thick rock bars
in the structure or varying rock block sizes in the mass. These models modified considerably the
stress distribution and the deformation distribution. Finally, we have analyzed the influence of mecha-
nical parameters such as friction angle and tangential stiffness.
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Fig. 1. Normal deformation of joint.
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Fig. 2. Tangential deformation of joint.
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Fig. 3. Displacement of block in space.
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Fig. 5. Determination of the contact surface of joint
by interpenetration of two blocks.

5.1 Heje ¥&xd
Halo) H2me 2o)s)&wHM(maximum possible
closure) ol A 3 B-Fo| oL Si°i s FH A

olRolA L ol AL FAMHe] S5 FE A
oo Aelgch T EES 43 UEE AW
o) Hele] FRAHEANA B o F2 Y F
el 7 o) WS Alela o] F AL FHUX),
Vol $A% 0g SRS olFx e 159
q5e AU of r:v-wouxa A @l o) )
M Adtete] Walol o4 HE AL o
Wek o) g A7) HtM Hrde) BE A
Mo MRS AFRHFig 5)

5.2 Malo| HZ WY
Wele) AFsle Ha) Lol Aol ek qow

3k}
f dU,(M) ds
{dU = —— (25)
ds
Sij
¢ dUt=(@Ux/" — 8Ux,)+ (@dWz—8Wz)

z

—8Wy,") -

S
{dU,} =4 dUt,= Uy, —6Uy/)+ (6Wz — Wz, $

. % +(@Wx;,— §Wx,") -

dUn=(8Uz —8Uz") + (8Wx,— 8Wx,")

/
S (26)

—8Wy,) -

Yk Aoz FAAA R
FERAZ ol Hek

El'dzt =&z 101

Read Input Data

Increment of Forces

|

Calculation for each joint:
- local reference
- [Ty). Sy . Ka. K¢
- UKyl [ t5]

|

—

Assemblage of

Calculation of
Sy . Kn. Kt

- Elementary matrix
- Elementary forces

Resolution of system :

(6U°] = [K"1-[F'}

Test of fall:ng
of bloc]

Test of
Convergence

Fig. 6. Flowchart of BRIG3D.

o 7] A Sx:JSHX’ ds, S,,ZJ’S_jy' ds,'Sz:J’Sljz' dso]c}.
i j i

5.3 AH4tnbd

Fig. 6-2 BRIG3DS] Tz £A%Qld 25 whs
A o2 o} ek AWM ALF ohF A
(k+1gbADe BE F7HAZIR 7F o] TRl o
st} Xeld dURAE AR e A4H HIEE
Al FHs gAe] wHEALRE AR 7
HFEAAL HSoll AAkGADA A AR FA3E
o] &3lo] A|2wle) & Folal o]zfA] dojRl WHIE
7HA 3 NEE G AAbsled T4 dlv A7t
4ot = W7hA] o] HAE Wb r:}. 2l A He vt
=) Ao &)

ox

(o3



Length " 0.373E+01 m, Force —— 0.203E+04 KN

Fig. 7. Calculation of the first stage.
a) initial and final geometry, b) distribution
of forces on the elementary joints
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Fig. 9. Iso-displacement curves for different dimen-
sion of domain.
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Fig. 15. Iso-displacement curves for different friction angle.
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Fig. 16. Iso-displacement curves for different tangential stiffness.
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