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GENERALIZED 3D LIMIT-EQUILIBRIUM METHOD FOR SLOPE
STABILITY ANALYSIS AND ITSAPPLICATION

ZHANG Jun-feng DING Hua
(Institute of Mechanics The Chinese Academy of Sciences Beijing 100080 China)

Abstract A new three-dimensional slope stability analysis method is developed based on 2D Janbu's generalized
procedure of slices in which all forces acting on the discretized columns are considered and static equilibrium in
three directions is satisfied. In this method the potential sliding mass is divided into rigid columns. Each column is
separately analyzed by using two types of relations geometric relations and force and moment equilibrium
formulations. By introducing force boundary conditions the stability problem is determined statically. This method
may be applied to various types of potential sliding surfaces with complicated geological boundaries and
stratifications water pressure and earthquake loading. Also the method extends traditional limit-equilibrium
method that only gives one value of the safety factor for an integrated slope and the safety factor and sliding
direction for each column are analyzed according to the characteristics of its sliding surface. With this method the
potential sliding direction of each column can be obtained. As an extension of 2D Janbu’s method this method also
has the advantages and disadvantages of 2D Janbu’s method. Moreover The results calculated by the method for a
slope in Yunyang Chongging China are given in detail such as the safety factors and sliding directions of
columns. The results obtained by 2D Janbu’s method for a longitudinal section of the slope are presented also for
comparison.
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Table 1 Summary of knowns and unknowns for solving
3D safety factors by the proposed method
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Fig.1 Schematic diagram of the forces on a column
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Fig.2 Sliding surface of a single column
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Fig.3 Geometric characteristics of sliding surface of a single
column
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Fig.4 Geological section of Boyangwan landslide
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Table 2 The safety factors of different columns
1 2 3 4 5 6 7 8 9 10
1 — 1006 1.084 1.099 1.089 — — — — —
2 0961 0941 1.126 1.145 1.130 1.077 — — — —
3 0991 1.057 1.065 1.089 1.120 1.102 1.083 — — —
4 — 1093 1.160 1.056 1.067 1.113 1.111 1.064 — —
5 — — 1132 1.233 1.082 1.057 1.059 1.086 1.126 —
6 — — — 1053 1143 1.072 1.054 1.068 1.098 1.142
7 — — — — 1036 1.101 1.075 1.066 1.067 1.119
8 — — — — 1068 1.054 1.092 1.074 1.070 1.085
5 9 — — — — — 1068 1.058 1.086 1.084 1.066
Fig.5 Geological sketch of Boyangwan landslide in Yunyang 0 — — — — — — 1068 1066 1.079 —
county
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Table 3 Angles between projection of the sliding direction

of columns on x-y plane(<

1 2 3 4 5 6 7 8 9 10

1 — 1244 1294 1283 1254 — — — — @—
2 1197 1248 1314 1304 1283 1246 — — — —
3 1120 121.2 121.7 123.7 127.7 127.1 1248 — — —
4 — 1323 129.2 120.8 124.7 129.7 130.2 1277 — —
5 — — 126.0 1285 121.7 1225 1258 1279 1296 —
6 — — — 1185 1228 120.2 121.1 123.1 126.7 127.5
7 — — — — 1201 1209 120.6 121.3 122.2 122.7
8 — — — — 1236 120.8 120.8 121.6 121.6 1203
9 - — —  — — 1232 1209 1228 1225 1208
9 - - - - —  — 1221 1217 1222 —
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Fig.7 Sliding direction of the columns on x-y plane view
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