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Slope stability analysis of limit equilibrium finite element method based
on the Dijkstra algorithm
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of China Hydropower Consulting Group, Kunming 650051, China)

Abstract: Based on the calculated results of finite element method, the problem of slope stability could be converted into
searching for the shortest path in graph theory. A new method of slope stability, limit equilibrium finite element method based
on Dijkstra algorithm, was established by applying the improved Dijkstra algorithm which was an algorithm to seek the shortest
path in graph theory to search for the minimum safety factor of slopes and the position of most dangerous sliding plane. A
classical slope case was specialized to validate this method. The safety factor of slopes and the position of most dangerous
sliding plane according to this method were basically consistent with the propositional answer so its feasibility was proved. This
method was applied in the stability analysis for the slope of the outlet of the flood discharge tunnel in the right bank of
Nuozhadu Hydropower Station. It was shown that the safety factor of slopes from this method was between that of the limit
equilibrium method and that of the strength reduction method, and the position of dangerous sliding plane was basically
consistent with that of these two methods. This method could be applied in the stability analysis of complicated rock slopes.
Finally, with regard to the sliding surface developing opposite to the slope direction, it was illustrated how to compute the stress
of the sliding surface through an example in the stability analysis of the right bank slope in Luogu Hydropower Station.
Comparson between the computed results of 3DEC and those of this method shows that the present method is suitable for the
stability analysis of the sliding surface developing opposite to the slope direction.
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Fig. 9 Selection of the correlated nodes
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Fig. 10 The schematic diagram of slide force
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Fig. 11 Definition of the slide force when the angle between the

edge and the axis x was a sharp angle

B 12 i85 kA AEARAMBHNNEX
Fig. 12 Definition of the slide force when the angle between the

edge and the axis x was an obtuse angle

¥
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Fig. 13 Definition of the slide force of the edge when the slide
surface developed toward the inside of the slope
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Fig. 14 Plane stress state solved with the stress circle method
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Fig. 15 The error produced by the classical calculation method of
anti-slide force
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21T %) 2Tk

% q=q(r,), ¥5r=r(r,) &rq MR

(33)

3
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Fig. 16 The control interface of the program

8 8 b oB8aBa B
.

Path. 1305150, The Fos1. 153
Path: 130560, The Feet 1515
Path: 130561 Tha Fael 2006 o

8
-]
&
o
]
8

17 BFRLERE
Fig. 17 The post interface of the program

5 IFFEELS

DL ik — > 288 i 2 [R50 IE A SC AR 3R e
BT VR A R

WA LU B2 T 1987 4224 BDonald 1
PGiam %11 ACADS 113 & 5 1k 4 B R e 18 %5 4 0
P EA A I, AT AR LI
18, MESEWE 1. 28 FPATHME TR, BRilE
Y Fredlund, Baker —ift 255 T U5 TAE, 25 #2024
HEFEE R R BN 1.00, B fEks i shififr &
B AR EE 18 f T S0 A A W RURLAC, 19 3010
PTG AT SR, Bk, O T EGF S TAT BR OGS
S5 E Dijkstra ST (104 BT 7 BTS00 1E
ik, 3% HURER b3 25 R S i 3 A D — A 1 e 5T
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F 1 EEEG (BRLE HFESH

Tablel Mechanical parameters for the examined case

(homogeneous soil slope)
¢ /kPa e/(°) y/AkN-m?®)  E/MPa v
3.0 19.6 20.0 10 0.25

1
e

B 18 EREGNRMK KRB BEHEMAE

Fig. 18 The shape and position of dangerous slide surface in the

examined slope

[ 19 FHLAKeMAEE 5
Fig. 19 The divided grid of examined slope

(a) BEEYTRE
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(b)) AT Dijkstra b5 08 U P-4 BT o
B 20 HAlibiEReAMREKREHEALE

Fig. 20 The safety factor and position of dangerous slide surface
for examined slope
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¢'=clF, (36)
@' = arctan(tanp/ F,) (37)
20 AR D) FE B RO T AW A, R E —
AN T A 10 B SRR AR A A HU LA HATAR
PR R B R (AR O Ry, 2 RO PR~ 1 1)
RS I E S S F N IE VA WA =Tl R d B e o
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M, TR TSR LAY SR Ak K
2979126 m, RKIABGEMZIN25°E, ff) SE, Bt
JHAZIS1 O 48

M 21 SRR it E N EGER
Fig. 21 The position of computing section in slope of outlet of the
flood discharge
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6, BT 4y SIS iR (22 16 m ZeA7),
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Yo Fige Faov Fog Wz KA AL 340 0 AL AE

b o VIR, o AR B B4 55 Ak b B AE B
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S T HERAG THIEEGRE  CA s AR e v, EECT
3 AN AR SN i T HEAT RS e e A AT
FTETAT B W 21 Frame v 1-1 0] v R ik
2-2 FIHHT e AT e MR I s 3-3 T S © 41y
FEAY, g al eSS AT B 1

PRT R R, 33K L SR 3 Al b A AR U 3-3
VT AT IR YA M X T 3-3 i, 1 SERH
A8 PP 0 0 5 T oA T T M R s M o T 5 AR T
HFET Dijkstra $732 (148 BT 45 R 76 J5 i a2y i it
AT Aa e A BT 2 3-3 T R A R o3 2 B 22 B

A7 BROCTHERER 0 5 4R  22 S 80n 3 2 k.

VLI, AR RO S SR BT T S, YL
W7 )2 K 396 BER BRI 2T Dijkstra S04
BT A7 PR G S, =5 R DB 22 R P 45 46 T S AR

%2 REh¥SHME

Table 2 The values of mechanical parameters of rock mass

ity M2 yAKN'm?) ¢/MPa ¢/(°) E/GPa Vv
| W 20.0 0.05 15 0.5 0.36
2 KAk 220 0.15 20 1.4 0.32
3 SRk 24.0 0.30 38 5.4 0.29
4 HyHAE 255 1.00 48 16.0 0.26
5 gtk 26.1 1.70 52 38.0 0.24
6 ot 263 2.00 56 50.0 0.22
7 WHRH 20.0 0.10 20 1.0 0.34

B 22 33 HHAHENEESE

Fig. 22 The delamination of rock mass in computing section 3-3
6.2 IRPRFELITHEER
BBVl ide ok ST 45 R a3 3 s
3 MIRTFHITHLER

Fig. 3 Computed results by the limit equilibrium method

Tk Bishop i Janbui%  Spencer iz = M-P ik
EESUR 1.503 1.566 1.570 1.570
ek 1.500 1.515 1.627 1.670
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Fig. 23 The potentical dangerous slide surface computed by the

limit equilibrium method
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VHEEEE R, R AL ER A f u&LJ WA AG B 1 By
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SR T 0L P AR S R R B O R 2k P*’-IFI1
WA, BRI AR SR IRE] 1.8 I a
(8 [ LRSI b 2R AR RS TT 0 2 B A2 Ak d\
W (R0 A R BN 1.8 JUBOITZERG , #EE
ZHATRE] 2.0 I ¢ KA RAIER d R
FEUR R A SRR, A B a2 4 RO 2.0.

afic

b

B 24 a, b, cFdFEDEEWHGEE
Fig. 24 The position of a, b, ¢, d in the slope
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—e— a Vi
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B 25 BARBIRALHE v, #0 x, SITR AR X R

Fig. 25 The relationship between displacements y, and x; and

reduction ratio of natural slopes

o 7 ¥
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B 26 FIZFEMENE v M x, SITBRRX R
Fig. 26 The relationship between displacement y, and x; and
reduction ratio after completion of excavation
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SRJG ARV AT B &b 50T RS - AR
LA EPSIIY R S TR RSP UMY SR St SRRy €5t
EVEST T, TSR 27, 28 FiR.

Fy=1.5952

B 27 BABREEERKIBMEINE SR
Fig. 27 The potential dangerous slide surface and safety factor of

a natural slope

Bl 28 FERMRBERKRBHENRERY
Fig. 28 The potential dangerous slide surface and safety factor
after completion of excavation
6.5 HHERLESH

R #T 3-3 ol THIAR PRSP ks o S A ii ki A
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e 4 .
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WIRE T L RECh 1.800, JFZEHRIG e R ECh
2.000; HET Dijkstra S92 160 BT R oC g ik 57
1R L RECER &2 W, W ARRE T %4
RECN 1,595, FHZE5E G %4 7 EN 1.683.

Fz 4 M HTHBRMNER SR

Table 4 The safety factors of slopes computed by three methods

T WEPRPH ok Dilkstra 773 i 4T
SRR 1.552 1.595 1.800
W2 s 1.578 1.683 2.000
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Table 5 Mechanical parameters of rock

T SRPERE Ry WEE AR RURD)

it/GPa b dkgm?®) /() /MPa
Tl 4 15 023 2800 55 2.7
g Ak, 7 027 2650 48 1.9
ZHEfEE 03 035 2000 32 0.18
F107 W) 08 035 2000 36 0.21

R S Bk, g BRS04 BT
BRY, WLPE 29, BEAY LA A2 B 2 Sl A ST T
BLPLI S5 4410 D F107 W2 (fifh 75° ), ik sk
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[ 29 &7k Bakinutih i A R TEE

Fig. 29 FEM model of dam slope in Luogu Hydropower Station
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Fig. 30 The maximum principal stress of faultage F107
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Fig. 31 Control condition of the slide stress of the converse sliding

surface
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Fig. 32 Computed results of slide block made of faultages J2 and

F107
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Fig. 33 Computd results of slide block made of faultages J4 and
F107
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