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Application of new method of arbitrary sliding surface search to stability
analysis of complex three-dimensional slopes

LI Liang, DENG Dong-ping, ZHAO Lian-heng
(College of Civil and Architectural Engineering, Central South University, Changsha 410075, China)

Abstract: Based on the proposed arbitrary three-dimensiona diding surface search, for the diding body of asymmetry
(including the case of asymmetry of standard line and asymmetry of length), mother line being not in the largest cross-section
of the diding body along the sliding direction and slopes with weak interlayer, some solution measures are used. Then they are
applied to four examples in the engineering: common excavation and filling compound slope, filling embankment at form of
hierarchical leve, vertical section of road with flat and oblique dope and the dope with weak interlayer. Analysis shows that:
firgtly, this method can be employed to analyze stability of some dopes under complex conditions and to find the optimization
of the most dangerous sliding surface (including the general and partial stability); secondly, when the fill and excavation
meaterials are inconsistent in excavation and filling compound slope, the diding instability occurs more easily at poor stability of
materials, but in the case of filling and excavation materias with the same severe y, whether or not ¢ / ¢ of the two materiasis
equd impacts symmetry and size of the sliding body on a certain extent; thirdly, for the slope of vertical section of road with
flat dope, the most dangerous diding surface is more inclined to flat dope section of the dope, and oblique slope section of the
slope has some positive impact on the slope stability; fourthly, in the slope with weak interlayer, when the length of diding
body reaches infinite length, its three-dimensional stability tends to two-dimensional stability, and the results from this method
are very close when compared with the previous results of other methods, so it shows that this method is feasible.

Key words: three-dimensional slope; stability analysis, mother line; standard line; asymmetry of standard line; asymmetry of
length; weak interlayer
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Table 1 Minimum factors of safety under different situations

AR kI

. I/m
2
32 25 5 10 15 20
1 1.893 1.615 2.136 2.227 2.368
2 4,013 3,553 3.007 2.836 2.771
3 6.459 5,654 4.156 3.617 3.402
YRR
o I/m
PR 25 5 10 15 20
BB 1 1.893 1615 1.468 1.3%4 1.367
(- 4Efajfk Bishop 7753 H 1 224 R4k 1.350)
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Fig. 16 Comparison of minimum factors of safety under different

situations
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Table 2 Minimum factors of safety at different lengths between
left and right sides of dliding body

| %/m | x/m
5 10 15 20 25
5 3.553 3.765 3.924 4.020 4.116
10 2.719 3.007 3.253 3.444 3.593
15 2.282 2.577 2.836 3.036 3.206
20 2.068 2.332 2571 2,771 2.945
25 1.918 2.1%4 2.372 2.564 2.732
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Fig. 17 Comparison of minimum factors of safety at different
lengths between left and right sides of sliding body
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Table 3 Material parameters of excavation section

A yI(KN-m3) c/kPa ol(°)
1 18 30 24
2 18 25 20
3 18 20 16
4 18 15 12
5 18 10 8
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Table 4 Minimum factors of safety under different situations
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Fig. 20 Standard line and mother line in case of different materia
parameters of excavation section
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Table 5 Material parameters on upper soil

A yI(KN-m3) c/kPa ol(°)
1 18.5 20 15
2 18.5 15 10
3 18.5 10 5
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Table 6 Minimum factors of safety under different situations
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Fig. 21 Three-dimensional map of sliding surface in case of part
stability
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Fig. 22 Vertical section of road with flat and oblique dope
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Table 7 Minimum factors of safety under different situations

. I/m
2
e 25 5 10 15 20
1 1.698 1.421 1.338 1.301 1.293
2 1.604 1.357 1.267 1.231 1.224

3 15% 1341 1.237 1.197 1.193
VE: 4L Bishop i3 M) % 4 R 4k 1.180.
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Fig. 23 Comparison of minimum factors of safety under different
situations
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Table 8 Minimum factors of safety at different angles of flat and
oblique dopes
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Table 9 Minimum factors of safety at different lengths between
left and right sides of dliding body

| /m | «/m
5 10 15 20 25
5 1.357 1.284 1.235 1204 1.189

10 1.318 1.267 1.226 1.206 1.189
15 1.322 1.269 1.231 1211 1.194
20 1.337 1.285 1.247 1.224 1.202
25 1.352 1.300 1.261 1.239 1.221
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Fig. 24 Comparison of minimum factors of safety at different
lengths between left and right sides of dliding body
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Fig. 25 Three-dimensional map of sliding surface
(mother line2, 1 =10 m, | =20 m)
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Fig. 26 Three-dimensional map of sliding surface with weak
interlayer
F 10 BHAREREKENHRERLY
Table 10 Minimum factors of safety at different lengths of sliding
body
I/m 5 10 15 30 50
2.267 1.962 1.805 1.687 1.649
(44 Bishop VATGH 124 R ¥ 1.524)
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Fig. 27 Comparison of minimum factors of safety at different
lengths of sliding body
M 28t f3H, 4R (GXIIRI A 5K
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0 B TR, = 4 S AR ) AT R AR R o

~FA1HT ) R
20
— — — ik BishopdAARL BT — M R 2T
IR
L= S W R
o SR TR SRS,
ponn LIS B TR
Eool T TR AR,
1= BERE
57 ¥_12.8 KNim?
\— 0 kPa
w20° TR
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E/m
28 RUMBPREL W =SB S YIS NEAT L
Fig. 28 Comparison between three-dimensiona mother lines and
two-dimensiond sliding surfaces of slope with weak interlayer
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Table 11 Comparison of minimum factors of safety

A3 Zhang Xing Hungr Lam & Fredlund
Iy (1988)9 (1989)! (1993)2
1.632 1.553 1.620 1.603
] 2 _an7] | P f259)
Hung & Tsai (2000) STAB-3D (Chen et dl, 2001, a b)
1.658 1.640 1.717
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