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Multiple solutions in upper bound limit analysis of soil slopes

LI Liang, CHU Xue-song, LU Shi-bao, HONG Yong
(School of Civil Engineering, Qingdao Technological University,Qingdao 266033, China )

YU Guang-ming,

Abstract: The assumption of existence of total plastic zone is made in the upper bound limit analysis, i.e. there exists a sliding body
satisfying yielding equation in slopes. However, the mobilized extent of inter-slice strength is taken as optimized variables in this
paper; and multiple solutions can be obtained by using virtual work-energy equation. The solution which is the biggest among those

multiple ones is used to assess the stability for given sliding body. Two soil slopes are analyzed using the proposed method; and the

results are compared to those by general upper bound method. The effect of this assumption on the stability results is given.
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Fig.3 Sliding body 1 to be focused on
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Fig.7 Summary of three analysis methods(sliding body 2)

o5kl
o i
85153

HEE) P

B8 FKFEREAIERE QE3lE 2
Fig.8 Summary of mobilized inter-slice strength
coefficients(sliding body 2)

30
------- R

£ — k3
R Bl 2 VIR
e
®
o0

0

0 10 20 30 40 50 60 70
L4958/

B9 3mSR kLR

Fig.9 Comparison among three results

R1 TS ILHBREEHEER
Table 1 Results provided by reference 9

Fiitig: BISHOP JANBU SPENCER M-P  J7ik 1 S35 J7: 3

1.226  1.266 1.217 1.265 1.265 1.138 1.303 1342

4.2 HfF 2
EHL Zolfagharil' VpHrid it 3k, 1S %
ik 2 frow, HmankE 12 Bras. Zolfaghari K H st

RN R

0 1000 2000 3000 4000 5000
IEAREL

B 10 305 PR ZEREEEIRAREIL ML

Fig.10 Curves of minimum factor of safety with iteration
steps
o edEl
fiid e ik 1
oH
E 0.8
& 0.6
=
= 02
&
0
1 2 3 4
B Xk

B AR AR (R TR 3k
Fig.11 Summary of mobilized inter-slice strength
coefficients for critical sliding bodies

FEEEAN M-P SR IR /N e RECH 1.24. K]
AL 3 TN, SEBIAT T 9087, BNz R/
BEIEAC B AR A 2 WL 13 f BT, 5k 1
s /N4 280 1.067, J5ik 3 FTHIE RN
1.208, W HARBR /M iE 45 oA 1,170, Frfd 3
I A B4 5 Zolfaghari [l S 2 T 1) b4 L&
14 BRI, ASCH 2R 2 3 R A 5 2 15
ST RS JE N, Zolfaghari JT15 45 AT HE AR
WA, BAMRINBDN 2R IGFEIEN
SR AR FE I LL IR LI 15

£ 2 Zolfaghari T3HESEH

Table 2 Geotechnical parameters of Zolfaghari slope

+2 7 / (kN/m’) ¢ /kPa é1°)
1 19.0 15.0 20.0
2 19.0 17.0 21.0
3 19.0 5.0 10.0
4 19.0 35.0 28.0
. 50 1 1
P 2
Z 4571
=
g 4
40
0 10 20 30
L3 56 im

Bl 12 Zolfaghari T3¢ %I
Fig.12 Cross section of Zolfaghari slope



B A seAE FBRGEMIR T B RGER I R AT 101

357
30F 0 e Jridi
fg — 3
o 25t 155/ \WIRVR
X 20t
B s L
IO EEREEE ekl buiiodieleibeivaigiodde bl
0 1000 2000 3000 4000 5000
IEARIREL

B 13 BDRERHPERARBEZAN ML

Fig.13 Curves of minimum factor of safety with iteration

steps

£ 50 __ . Zolfaghari
e Tiik
birg L ____Z:,T,‘ZZ:"
= 45 R
‘_]

40

0 10 20 30
458 /m
Bl 14 Zolfaghari T3 I% A Bk L
Fig.14 Comparison among three results

1.0 o5k 1
i a5k 3
Zos
Lo
&
5,06
Ho4
¥o2

0

1 2 3 4
WBhIX I

B 15 Zolfaghari T34k [A15RE K ¥ERE B (IR S8 344)
Fig.15 Summary of mobilized inter-slice strength
coefficients for critical sliding bodies

5 4 B

NSRS B AN 25 BRlA] oit B2 A AR LA Ak
kg, AR T 2 2 AL e
JIREROMR, X5 R AT B RRIE AR SRR
W SRR AEREE — BUBUE AN AR X AN (E
JoUBE, TEREPIASHEBI TR, D5k 1 4y e TR

SEEE R, FREERLIR 10 % /i, ik 3 iR
B2 W BRI BT i it 3 % feA

(1]

(2]

[3]

(]

[10]

2 % X W
BISHOP A W. The use of the slip circle in the stability
analysis of slopes[J]. Geotechnique, 1955, (5): 7—17.
MORGENSTERN N R, PRICE V E. The analysis of the
stability of general slip surfaces[J]. Geotechnique, 1965,
15(1): 79—93.
ZIENKIEWICE O C, HUMPHESON C, LEWIS R W.
Associated and non-associated visco-plasticity and
plasticity in soil mechanics[J]. Geotechnique, 1975,
25(4): 671 —689.
BRAUR. BB AT 5 AR M), Jbat: A RAZHE
fit, 1995.
DONALD I, CHEN Z Y. Slope stability analysis by the
upper bound approach: fundamentals and methods[J].
Canadian Geotechnical Journal, 1997, 34 (11): 853 —
862.
Brt, ERKE. RS R BUSL 30 B i KRR S
0. &L LA, 2008, 22(3): 113—118.
GEEM Z W, KIM J H, LOGANATHAN G V. Harmony
search[J]. Simulation, 2001, 76(2): 60—68.
RALAE . T o AT 1 I AG E 43 Mt 75 vk [t
TR D). K% RIEBET K%, 2003.
WA B MHTERGE IS HTIM]. JEat: K
R HRRAL, 1980 25—28.
ZOLFAGHARI A R, HEATH A C, MCCOMBIE P F.
Simple genetic algorithm search for critical non-circular
failure surface in slope stability analysis [J]. Computers

and Geotechnics, 2005, 32: 139—152.



