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Study of stability discriminant of slope and position determination of potential
sliding surface based on upper bound theorem
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Abstract: The stability discriminant of slopes and the position determination of potential sliding surfaces are always the research hot
spots in geotechnical engineering. According to the upper bound method, and assuming the slope material obeys Mohr-Coulomn
criterion, the internal and external works are calculated respectively by dividing slope body into blocks with regarding the potential
sliding surface as a group of several sectional planes. Then the multivariate function to calculation critical height of slope is
established and optimized by mathematical method, which is determined to the critical height and sliding surface shape. Through the
example analysis and comparison with the previous research, the results show that the method in this paper is reasonable and effective,
and can be used to determine the potential sliding surface and discriminate slope stability.
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Fig.2 Gravity calculation model for multiple blocks
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Fig.3 Speed of calculation model for multiple blocks

24 HREFERK

N BERER F A SR AR BE TRl e 2, By A
J7 T R P E SRR ORI S B 4% 70 W) I - (1
RERAE AL
2.4.1 BRI EI RERFERL

TR PR 1 -

d

cosa,

I, = 7

X I FRIRBR T L PR RE R AERST 2RA

D, =cd.V,cosp (8
i=1

cosa,

e D, Jov T BRI FERL.
2.4.2 T4 MR F10 ARG B
A 44 e s T 00 4 25

zizdi]tanaj (9)
EEER Il TR e S -l W =
Dimz:cnifizicosq) (10)
5
X Dy, AIEENIWTH 1R AL
BHP DY F L N REFERUH SRS, 19

Hsz(oz],oz2 ..... a,) an

(n—m)cosptan B(f, + fs+ fs — fr— f)

1 (12>
Efl +f,— fytan B

f=

fi = fy BRARSRIE A0

i

/e " tana, sir%(a,. -9) (13)
=i | cos(a, — @) +sin(a, —¢)tang

i-1
sin(a; —@) Y tana,
=

=3 (14)
/> ; cos(a;, —¢@)+sin(a, —¢)tang
n 1 1
= (15>
S5 ,Z_;Los(ai —¢)+sin(a, —@)tang cosa,:l
| Gem=Dysinta, —g)
fi=3 2 (16)

izme1| cos(a, — @) +sin(a, —@)tang

sin (e, — (p)zi:tanaj
=

-3 an
/s ,z:; cos(a; — ) +sin(a, —¢p)tanp
] sin(e, —(p)[zi:tanaj - (i—m)tanﬁj
— N J=l
fo= i=§+1 cos(a, —¢)+sin(a, —p)tanp
(18)
. sin (o, —go)zi:tanaj
= /=1 (19>
Sy ; cos(a,,, —¢)+sin(a,,, —¢)tang
] sin (e, —(p)[zi:tanaj —(i—m)tanﬁj
— S J=l
Ji= ,-:mz;] cos(a,, —@)+sin(a,,, —¢)tang
(20D

HHEARI AT LB BT, 75— MR L2

S 300 9 4% P AR 5 7 46 P A8 T

AN AR T RENT ) DA S AR AR N

TR, X (1D ST IR .
(A E B, 24 (s, ) AL BA T 261
0

5%:0

s _y
oa, QD

a
oo

n

=0




51 7 S A%

He T E R BRI AE AR T E TR SRR ME RIS 165

B f (o, 0y, ) 1R (21D BOLINAT — Ao/
o

B, 7R, JFHEITARN (o), a,,...a, ) FRAN
2 D J5, RSB MIE R S H A — A
N ERRf#E. LN, =min f, 15

(22)

Rops TEMSHN, WihkaE REL.
3 HOf

KA TTVE, MHUE H=10m, HJE
y =20 kN/m*, Fi¥Jjc=12kPa , HHs g 435
A 90°H1 60°, AR EEEERSH ¢ 43902k 0°4 10°, 20°,
30K MR T AR, ILrh i 4 £k
15, FESRHAE, W EE, WS QD
DASRAS B LA, (RSERR TS EIR N M. FEASC
KHECAA T, A Mathematics 46 T HLA
AT B

EHIE 4 v 50, 0 T30E 10 mo R B,
PN BRI AT @ = 0O, X I 110 0 35 9 A 284 1T R T
LRI, BN EEEE @ MR, FLUBE R AN b
)3 A MAS By, LA R T 3 A Ay 2 7

Kl 5 45 T I3 A 60° 13538 1203 5 4
THE R . BT LA . 3 e il 24 etk
2 B R, HLRE N EEEE AR o HIBEOR, AT
AN 1) 3 SRS B o

Bl 6 g T I AT . XA e 2k 7Y
120 34 e TR 5 A ST (143 3 9 A AR T 1) L2 o
M AT A e A SCRES 7 VR IR0 1 30 35 v AE A
ZAAT B 2 20 R T 5 0] HIOME e R 284 i 2 [
Wi A SCHE R 5 2 AT AT

N T B F AR SO R A RS T R A
PR, S EARTHR RSOR 5 SCER[ 15T T S R AT
T, EERIE 1.

SR SCHR[1S)BCRARH B, W RPN 46 70 44
TGO HER RO S . I mT AL, AR
LW AE BRI E 5 RUE R B TR e AT
.

B4 BB IAEAN R P RS A Ao I R FE AR R T TR
Fig.4 Different internal friction angles corresponding to
potential sliding surface with vertical slope
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Fig.5 Different internal friction angles corresponding to
potential sliding surfaces with §=60°
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Table 1 Prediction of slope stability factors by two kinds of different theories

Comparison of three different sliding surfaces

@ AN N B ARSI SRR E R B AN B I CHEN T & R 3L
°) 90° 75° 60° 45° 30° 90° 75° 60° 45° 30°
0 4.00 435 4.63 491 5.22 3.83 4.57 5.25 5.85 6.51
5 4.36 5.00 5.68 6.48 8.03 4.19 5.14 6.17 7.33 9.17
10 4.75 5.62 6.70 8.43 12.82 4.59 5.80 7.26 9.32 13.53
15 5.18 6.41 8.05 11.08 20.17 5.02 6.57 8.64 12.05 21.71
20 5.67 7.26 9.76 15.03 38.92 5.51 7.48 10.39 16.18 41.27
25 6.22 8.35 12.00 21.48 116.7 6.06 8.59 12.75 2292 120.00
30 6.85 9.63 15.44 33.59 6.69 9.96 16.11 35.63
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