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Abstract

It is necessary to use optimization methods to find the most dangerous sliding surface for the
safety factor of slope stability calculated by the limit equilibrium method. Gradient method is an
accurate optimization method, however there may fail to find accurately the most dangerous slid-
ing surface. An improved gradient optimization method with a descent difference scheme for the
calculation of the direction vector is proposed. The descent difference scheme is superior to the
central difference scheme both in accuracy and consuming time. The problem of wrong search di-
rection occurring in the central difference scheme is dissolved in this scheme. The problem of
convergence criterion used in the classical optimization method based on the gradient of the ob-
jective function is pointed out. A new convergence criterion for single variable optimization or for
multivariable optimization along the gradient direction is proposed. The stability of three test
examples is analyzed with a two-stage search method for circular slip surface. The gradient me-
thod combined with the descent difference scheme is an accurate and efficient method with an
ability of avoiding to fall to a local minimum in a search process. The errors of search results in the
test examples are less than the given convergence error. The proposed convergence criterion is ap-
propriate.
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Figure 1. Sketch of steepest descent search (a) traditional methods; (b) improved methods
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Figure 2. Sketch of the descent difference scheme (a) descent forward; (b) descent backward; (c) descent neither forward
nor backward
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Table 1. Geotechnical parameters for TE1

3% 1. TE1 T 2RISR

7/kN-m” c/kPa (p/() E/kPa v
20.0 3.0 19.6 1.0 x 10* 0.25
Table 2. Geotechnical parameters for TE2
3 2. TE2 L REIM S HR
+E%S y/kN-m’* ¢/kPa 9/() E/kPa v
Layer 1 19.5 0.0 38.0 1.0 x 10* 0.25
Layer 2 19.5 53 23.0 1.0 x 10* 0.25
Layer 3 19.5 7.2 20.0 1.0 x 10* 0.25
Table 3. Geotechnical parameters for TE3
7= 3. TE3 T RHIMRISHE
7/kN-m™ ¢/kPa /(") E/kPa v K, =K, (m/s)
20.0 11.0 28.0 1.5 x 10 0.25 50x 107
Table 4. Comparison of the factors of safety by this study and the reference answers
T4 HERREANSSEERMNELR
S TE1 TE2 TE3
AL 0.987 1.365 1.539
Z#% % (Chen, 2003) 1.00 1.39 1.59
Table 5. Comparison of the search results with the two difference schemes in TE1
7% 5. TEl 12 MESRRXERERMELIL
NREZE A% b2
BR5 Il S Sh T Il - Bl
(5, 5, hm) KRAM (s.. s, him) 4 ZH
No. 1 (0.554,0.310, 2.674) 0.9880 (0.551,0.372,2.314) 1.0096
No. 2 (0.552,0.311, 2.762) 0.9877 (0.552, 0.653, 1.335) 1.1811
No. 3 (0.552,0.311, 2.799) 0.9877 (0.551,0.311, 2.766) 0.9876
No. 4 (0.552,0.310, 2.803) 0.9872 (0.552,0.311, 2.802) 0.9875
Table 6. Comparison of the search results with the two difference schemes in TE2
7% 6. TE2 1 2 MES R RERMELIL
TREE X L ZE
HRS Il 5 Bl N Il 5 Bl ,
(Sl s Sy, h/m) ké}%ﬁl (s1 , Sy, h/m) ﬁé%ﬁ
No. 1 (0.550, 0.279, 4.822) 1.3650 (0.551,0.277,4.914) 1.3656
No. 2 (0.551, 0.280, 4.820) 1.3650 (0.501, 0.477, 1.000) 1.5711
No. 3 (0.553,0.278, 4.822) 1.3651 (0.552,0.279, 4.820) 1.3649
No. 4 (0.550, 0.280, 4.820) 1.3650 (0.555, 0.280, 4.817) 1.3659
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Table 7. Comparison of the search results with the two difference schemes in TE3

3% 7. TE3 51 2 MES KA REGERILLER

FHEA IR R
%5 ryer e

e LAFH e HEFH
No. 1 (0.551,0.277,4.310) 1.5395 (0.550,0.272, 4.323) 1.5398
No. 2 (0.552,0.278, 4.309) 1.5395 (0.550,0.277,4.312) 1.5395
No. 3 (0.551,0.277,4.311) 1.5395 (0.551,0.274, 4.318) 1.5397
No. 4 (0.552,0.277,4.311) 1.5395 (0.551,0.272, 4.322) 1.5398

Table 8. Comparison of the minimum factors of safety under several convergence standards in TE1

7= 8. TE1 /LSRN E TR R E R B H/MEELIR

MRS BNEERBORE)

£=0.1 £=0.01 £=0.001 £=0.0001
No. 1 0.9875 (0.00) 0.9875 (0.000) 0.9880 (0.0008) 0.98717
No. 2 0.9877 (0.00) 0.9877 (0.001) 0.9877 (0.0005) 0.98718
No. 3 0.9875 (0.00) 0.9875 (0.000) 0.9877 (0.0005) 0.98716
No. 4 0.9873 (0.00) 0.9873 (0.000) 0.9872 (0.0000) 0.98717

Table 9. Comparison of the minimum factors of safety under several convergence standards in TE2

72 9. TE2 LM E T R & R ¥ S MEEEER

o /N T A RB(RE)

e=0.1 £=0.01 £=0.001 £=10.0001
No. 1 1.3709 (0.01) 1.3655 (0.001) 1.3650 (0.0006) 1.36442
No. 2 1.3715 (0.01) 1.3657 (0.001) 1.3650 (0.0006) 1.36442
No. 3 1.3708 (0.01) 1.3656 (0.001) 1.3651 (0.0006) 1.36442
No. 4 1.3709 (0.01) 1.3656 (0.001) 1.3650 (0.0006) 1.36443
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Table 10. Comparison of the minimum factors of safety under several convergence standards in TE3
3% 10. TE3 /LN E TH R & R SR /MELLER
BNZAERE (RE)
MRS
£=0.1 £=0.01 £=0.001 £=0.0001
No. 1 1.5396 (0.00) 1.5395 (0.000) 1.5395 (0.0000) 1.53945
No. 2 1.5396 (0.00) 1.5395 (0.000) 1.5395 (0.0001) 1.53944
No. 3 1.5394 (0.00) 1.5395 (0.000) 1.5395 (0.0000) 1.53945
No. 4 1.5395 (0.00) 1.5395 (0.000) 1.5395 (0.0000) 1.53945
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Figure 11. The search information in the dashed box in Figure 10 (a) and (b)
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