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Finite element calculation on circular slip of earth slope under seepage action
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Abstract: In this paper the slices method for sliding stability calculation of earth slope is analyzed and its existing problems are indicated. At the
same time the finite element method for circular slip swface is proposed, for which the pore water pressure acting around each vertical slice is re-
placed by seepaze force of trianzular element. So the seepage direction with its effect of moment has been considered correctly . Not only the accur
racy but also the convenience in calculation is increased due to that the stability calculation is sequentially carried out after seepage calculation in
one computer program.
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Fig. 1 Sketch for circular slip of slices method and forces on slice

* ks B HA: 2001- 05- 28



%6 1]

EHERSE . B U T R B9 3 A BR oo it 3T 747

TR, H2 4 RECHPUE /1 58
N . X TREANEEE, BRAZM N S U BH T
A, W1 AE,, AE., AW 1935, 7EHUS N HH AR+ 2%
I EARIGH, A TR D Mo = 0 FT78

n= YN+ 1)) Yesina (1)
2 e B 8 B 325 24 46 41 397 ( Fellenius, 1936) B2, %
2R P 5 55 b 2 DR HE B B IR T AT, TGl A
[ ) A R . R N = Geosa— ul AR
A1) WL ERHT
N= D(Ncusa— ul Jtan € + c(l)j/ ZGsina (2)

b 1 ¥ ( Bishop, 1955) fa1 A4 J7 ¥4 1 2% P Y
JIRAK-J7 Iy ng 25 1 Eoor &, HAERAE L% B )
M2 ABOE BT, 2OF. = 0, REER I N
FIZRIA AN (), FHFHRLFZEE b= lcosa, N
94 F R AL B 1 3 A G

[(Geosa— ul)tan ¢ 4+ ("i'.j'
cosQ+ (sinatan $)/ 1N

= Z(;sina )

FER AR E, 9R5r n ALK A+
W B4 S L S PR, Herp s 5 AN R, 1B 4
AN BIY) g, 2 B ) R HAE ) A, AR
HBE A ) ) BA Je 2 4 R T n A L 54T (4n -
2) AMREB AT ERRE DR = 0. 0F. =
0.2 M= 0=5, BIH3In MFTER, DT (n-2) 4
A%, ] el 8 2 i E (1 ( Huang, 1984) . 22 484 )
R 1F 52 B SR AR, R X 2 1) 22 SR i R e
B A AR Bk D s T FE A 2 . X — e
AN I S A S 5 . BSR4 2% A
JIREAAT ), B FUA AT 1, 80O FAT T3 3l i A9 A
FIEHE R R E S R, R, AR
Wk 5 FoA B A ) 7 ik bU A, 424 REUW ZE AR/, B
KIET% , — /T 2% (Whitman and Bailey, 1967) .
2.2 5 EITESRIEIE

KEXN TR 7 L) @, (HREL A5
WSS A A A DL v Bl ) R A, DL A E
PR — Sl g . A 1 U B AEAE 1 i) 8, A B
MEBREMER J1ikie . & 2 Fros AT TR E
WAEOL, KT —ANE B K2 & 14 T PR AR
Ui, AR URN HE 0 20 5 3L 02 45 A 2 A R A )
LN, b AE,, AE. sk i pr sz 1 ) 25 50
H AR B 2 5, T HARIR/DS, B L& E A K
T, IR, 258 2 A G SR SR A . it
Hﬂ‘ﬂﬁﬁ?{tﬂ‘]ﬁi}lﬂ%ﬁﬂﬂ%ﬁ%ﬁ?ﬁ%é%
(G - Gl)+ (Wi- W)+ U+ N+ T= 0 (4)

ML E=-FE+KE

Pal:E 31N 7
(a)

B2 HEBBKEHSEENHXA

Fig. 2 Relation of boundary pressures on slice and seepage force
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Fig. 3 Two methods to express acting seepage forces
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Fig. 4 Misuse of seepage forces in stability analysis of dam slope
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Fig. 5 Rectification of pore water pressure when buoyant weight

of soil below water level of reservoir is taken
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Fig. 8 Practical calculation example of earth dam sliding during falling of water level in Yuecheng reservoir

AN SR K PE L 3000 e v S R B, iR A D ¥
I, 75 50 m, EEA RS - 55 R KRS, 1958 4 2
BIKJGT 1968 4EH1 1974 45 i T FE KA B4 (4Pl 8
KL T B RELR) | 8 7 b BRI R B R A 259 m
1210 m KA IH e, V545 RPU <4 R BN
0. 92 7 A5, 1 H.55 507837 53 AT i B A7 B AR
JE JK AL B Ao B AH 24 &, W S TR IE R 1

4 BRELTMOSHSILANEE AT

BiguE

N7 A sk i S U A PR o v S )
() 220, VAR — AN 30 WL 9) BEAT UH B4 B, B
E (AR 2R = ORI ES AT B 9 P B ) 25 T 28 43 A, %1
far 15 m, _E3EKALMN 12,0 m BEFE 3 4 m, )01 LWL 2
BHERECE = 0.432 m/ d, 457K B = 0. 1038, C[E 45 A
A[JE4E Ss = 0; LRI A H WAAEE FAEEDHN
17. 35, 18. 424, 8. 624 KN/ m®, HLBT58E ¢ = 14. 945 kN/
m?, ¢ =212, AFHL—[E E B, xo= 3, 20
= 15, R= 11 m; Rl 5 N H&iHSE S .

PR EE SR M A R A BB N= 1,345, #545
S M S FUBR K E A7t n= 1,29, (HiZ R4
BRIGHER(14) THELAE D= 1,049, % 5EHH 22 1) 7 R 2 4%
IMEEA IE W R W K K F3 43 A Je A 5 Ar
B, LE s AR R LR R i 2 i e A, B
o ZEBE I SR B AP . SR B &A%
s FLES A A7, & 9 BT 7R o] F1 B A1 I ALE [A] — 7K
LR b, TR MR EE M SR AT R, R T Lk M
KRN AW = W= Wa, THRAE HEKIE
JITE R R By T IR AR, R B SO2 4 AW
¥ B 2)W a0 ES P U o PRt R e IR

Xp=3m
zp=15m

Wi=0.00 W=9.41 W=941 W=23.03 W=23.03 W=27.54
h=0.00 m=0.70 h=0.15 h=1.30 m=040 =180
4 5

W

W=27.54 W=1127 W=1127 H=0.00
m=030 h=230 =150  7=0.00

E9 BB EREKGIIRIERR I 24T

Fig. 9  Sliding analysis of a model earth dam during
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Table 1 Calculation of lateral pressure on slices and its moment
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Table 2 Calculation results of F. E. M. for sliding stability
analysis of several actual earth dams
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Fig. 10 Five different directions of seepage flow in dam slope
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Fig. 11 Relation of safety factor of sliding stability

vs seepage direction and dam height
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Fig. 12 Comparison of seepage fields in cases of increasing slope stability due to well pumping
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