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Figure 1 Discretization of a failure mass.
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Figure 2 Forces acting on soil column (a) and the projection of the share force 7; in xy plane (b).
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Figure 3 Three assumptions of sliding direction.
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Figure 4 (a) Two coordinate systems; (b) projection of columns in xy plane.
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Figure S Slope geometry and soil parameters for Example 1.
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Table 1 Comparisons of safety factors for Example 1
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Figure 6 Slope geometry and soil parameters for Example 2.
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Figure 7 Slope geometry and soil parameters for Example 3.
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Table 2 Comparisons of results for Example 3

ZhRHF W7 o (°)
O Wan2 A\ 24 KN & IR ZE (%) WanZi A2 AXER R
(F2) (F1) (F\—F1)/F, (@) (a1) (0—a)
0 1.346 1.346 0.00 0.0 0.0 0
5 1.473 1.472 -0.07 1.2 1.4 0.2
10 1.748 1.748 0.00 6.9 7.4 0.5
15 2.130 2.131 0.05 21.1 21.7 0.6
20 2.349 2.350 0.04 429 43.2 0.3
a) FRA SR Wan5 A PO J7 gl RE R o 5 1 24
(X0, 20)=(=0.7, 1.9)
1.0
c/yh=0.116
¢=15°
602
) x
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Figure 8 Slope geometry and soil parameters for Example 4.
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Table 3 Comparisons of results for Example 4 (Bishop’s simplified method)
EUNERAE Y GAEFHEF BN TT e (°)
. . Chen#1Yip"" AL R AHXHR 22 (%) ChenflYip?"! IR GER W
" i (F) (F1) (F\=F)/F, (o) (o) ()
0.0 0.3 1.099 1.118 1.73 26.57 30.33 3.76
0.0 0.5 0.993 1.014 2.11 39.16 42.98 3.82
0.3 0.3 0.813 0.827 1.72 21.16 23.30 2.14
0.5 0.5 0.645 0.656 1.71 28.96 31.22 2.26
F 4 FIARH LR L L Janbulk)
Table 4 Comparisons of results for Example 4 (Janbu’s simplified method)
B 1 R HL GERHF BT Fe (°)
‘ N ChenAlYip?"! by FHFHREZE (%) ChenfilYip?"!  ASr4isg W
) ! (F) (F) (F1=F)/F, (o) (o) (0—a)
0.0 0.3 1.103 1.123 1.81 29.97 30.27 0.30
0.0 0.5 0.975 0.992 1.74 42.93 43.23 0.30
0.3 0.3 0.794 0.809 1.89 23.61 23.57 -0.04
0.5 0.5 0.615 0.628 2.11 31.63 31.50 -0.13
F5  HHIBMEIERT TR (ag=75)
Table 5 The iteration process for Example 3 ((=75°)
— p=0° p=5° p=10° p=15° £=20°
a(®) F o () F a(®) F a(®) F a(®) F
0 75.0 5.1994 75.0 5.1884 75.0 4.5028 75.0 3.5004 75.0 2.7416
1 -3.6 1.3495 -1.9 1.4756 4.1 1.7504 18.1 2.1338 40.4 2.3512
2 0.9 1.3466 22 1.4729 8.1 1.7493 222 2.1312 43.5 2.3496
3 -0.2 1.3467 1.1 1.4722 7.2 - 21.5 - 43.1 -
4 0.1 - 1.4 - - - - - - -
F 6 HEpl4fI1LBishopiik ARid R (ag=75°)
Table 6 The iteration process of Bishop’s simplified method for Example 4 (a,=75°)
o £=0.0, £,=0.3 k=0.0, £,=0.5 k=0.3, k,=0.3 k=0.5, k,=0.5
AL
a (%) F a (%) F o (%) F o (%) F
0 75.0 2.0669 75.0 1.5138 75.0 1.8033 75.0 1.2816
1 15.2 1.1175 26.3 1.0044 10.8 0.8246 16.3 0.6519
2 332 1.1301 48.5 1.0478 25.2 0.8289 339 0.6645
3 29.1 1.1170 39.5 1.0051 23.1 0.8248 30.3 0.6554
4 30.4 1.1206 44.2 1.0226 235 - 31.4 0.6576
5 30.0 - 41.9 1.0129 - - 31.1 -
6 - - 43.1 1.0177 - - - -
7 - - 42.5 - - - - -
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Table 7 The iteration process of Janbu’s simplified method for Example 4 (2y=75°)

o k=0.0, k,=0.3 k=0.0, k,=0.5 k=0.3, k,=0.3 k=0.5, k,=0.5
BRI
a () F a () F a () F o (?) F
0 75.0 1.9818 75.0 1.4313 75.0 1.7175 75.0 1.2048
1 15.0 1.1367 26.1 1.0012 10.6 0.8138 16.1 0.6268
2 329 1.1306 48.6 1.0176 254 0.8113 34.6 0.6335
3 29.2 1.1223 39.9 0.9859 233 0.8080 30.7 0.6243
4 30.3 1.1242 44.5 0.9981 23.8 - 31.9 0.6269
5 30.0 - 422 0.9910 - - 31.6 -
6 - - 434 0.9944 - - - -
7 - - 42.8 - - - - -
F 8 HEBEEAT FEL R (o (1)K 1)
Table 8 The iteration process for Example 3 (¢, is obtained by using eq. (11))
T p=0° p=5° p=10° p=15° £=20°
a (°) F a (°) F a (°) F a (°) F a (°) F
0 0.0 1.3465 1.3 1.4719 7.0 1.7483 21.1 2.1311 42.7 2.3501
1 0.0 - 1.4 - 7.4 - 21.7 - 432 -

W) 2 4 R BONIE BT 1. BG4S AT S RE
ROMIOFT7R. AR FIHLRR ST BRI (k,~0.0, k,=0.5),
ZYEARA AL B SEER. HAARAES, 1G4
BIArA B SEDR. SRR, AT R (DS
2l 7 1A D9 40 46 A TT AR g ek #R A 7 TR O 5

4 TR
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9 HBAWLBishopik IEA T BT FE (o FH (1R F)

Table 9 The iteration process of Bishop’s simplified method for Example 4 (o, is obtained by using eq. (11))

o £=0.0, £,=0.3 £=0.0, £,=0.5 k=0.3, k,=0.3 k=0.5, k,=0.5
EAREL
a (%) F a (%) a (%) F a (%) F
0 323 1.1269 46.5 1.0353 242 0.8269 322 0.6599
29.4 1.1179 40.6 1.0085 233 - 30.8 0.6564
2 30.3 - 43.7 1.0204 - - 31.2 -
3 - - 422 1.0138 - - - -
4 - - 43.0 - - - -
F 10 SlafafeJanbuik FEE AT ST R (oo R (11)RD)
Table 10 The iteration process of Janbu’s simplified method for Example 4 (¢, is obtained by using eq. (11))
o £=0.0, k£,=0.3 k=0.0, £,=0.5 k=0.3, k,=0.3 k=0.5, k,=0.5
IERIREL
a () F a () a () F a () F
0 323 1.1288 46.5 1.0071 242 0.8093 322 0.6275
1 29.4 1.1227 41.0 0.9882 23.6 - 31.5 -
2 30.3 - 439 0.9964 - - - -
3 - - 42.5 0.9920 - - - -
4 - - 432 - - - -

HKettleman Hills3H}E7 T 19884 & A4 R Fa i R
Pk, CE&AF 2 %E T 5% YEtT TR
FePO b T bR AT BB SR SR
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PORLRE T F i DU BT SR B S 4. EER R R A R
BISR S Ne=0, ¢'=8.5°. JKEFEE/NTF17.7 mEfsy
HIPLBY 58S S H 0 Ne'=0, ¢'=8.0°, 1M /EE KT 17.7 m
S HIPLBT SR E S8 =43.1 kPa. Iliz W15 3| HH 1
VA IS S S £ R AR 9173 KN/

¥ H i Spencerik 5 8l 7 I THE A (1) AH4S
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GA RBORIE BN T5 43 AN 1.065F113°. 224 R B
Seeds NP B[ B4 B F=1.088 AHE. At
S B 5 R RS B 5 WA AT (D 10).
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2, Sib20E Rl 2] TS E K. RAfE S X
BERABIEAT 8T, 24 3007 TSRS R 0.5°, THE
X []90.0°~20.0°, Zit4 1R TS B 22 4 RECFITE
74> AN 1.065F112°(11). S48 % 4
REFNE 7 ML GRS AR, RSO ER
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|
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o X

Bl 10 Kettleman Hills3H35 37 11 503 30 77 A F S2IE X
Figure 10 Comparison between the actual observed direction and the
calculated direction of Kettleman Hills Landfill Slope.
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Table 11 The iteration process of Spencer’s method

NS a(°) F
1 13.1 1.0649
2 12.9 1.0649
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Figure 11 Relationship between F and a of one-direction method.
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Three-dimensional limit equilibrium method for asymmetrical slope
stability analysis

GAO YuFeng'”, WAN YuKuai'” & ZHANG Fei'”’

: Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210024, China;
? Geotechnical Research Institute of Hohai University, Nanjing 210024, China;
? School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China

A formula is proposed to calculate the DOS of 3D slopes based on the limit equilibrium theory. By combining the one-direction
method with the proposed computational formula of DOS, a three-dimensional method for asymmetrical slope stability analysis based
on one-direction force or/and moment equilibrium is proposed. The proposed method can compute both the factor of safety and the
DOS of asymmetrical problems. As a result, the one-direction method’s potentially overestimated safety factors due to assumed DOS
can be eliminated. Examples under static and pseudo-static forces are used to validate the proposed method’s logic and the algorithm’s
astringency. The practical engineering examples further demonstrate the proposed method’s engineering applicability. The proposed
method, with its simple principle and reliable results, can be widely used in slope design and landside treatment.

asymmetrical slope, three-dimensional analysis, landslides, limit equilibrium, direction of sliding
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