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Method for lateral forces in stability analysis of concave slopes in plan view
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Abstract: Although it is well known that the stability of concave slopes in plan view is better than that of straight slopes, it is
difficult to accurately calculate the factor of safety of concave slopes because the lateral forces perpendicular to the sliding
direction have an effect on the stability, but there is no suitable method to calculate them. For the sake of simplification, the
existing studies calculate the lateral forces by treating that they are active earth pressures. In order to verify the rationality of
that treatment, the lateral forces are regarded as the values of active, static and passive earth pressures respectively. Based on
the Spencer method, the method for calculating the stability of a concave slope is deduced considering the lateral forces. And
then the calculation program is compiled by using the Matlab software to analyze the difference of factor of safety of the
concave slope under three different soil pressures. The results show that by considering the lateral pressure as the earth pressure
or the static earth pressure, the stability of the concave slope is even lower than that of the straight slope. When the lateral
pressure is considered as the passive earth pressure, the factor of safety is significantly larger than that calculated by the finite
difference software Flac®. Therefore, it is unreasonable to simply regard the lateral pressure of the concave slope as the earth
pressure as the active, static and passive earth pressures. How to calculate the lateral forces of the concave slope is still a
problem to be further studied.
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Fig. 1 Schematic plot of a concave slope in plan view
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Fig. 2 Schematic plot of a fan-shaped block
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Fig. 3 Forces on a scallop column
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Fig. 4 Forces on a slice of Spencer method
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Fig. 5 Forces including lateral forces on a slice of Spencer method
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Fig. 6 Geometrical models of slopes
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Table 1 Material parameters
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Fig. 7 Calculated results by Spencer method
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Table 2 Calculated results of factors of safety considering different

types of lateral pressures

Bz Gl #esh

Y Flac®®
ik ac LS HES LES

ghE 5 1.83 1.05 1.06 2.25

M 2 WAL, AZ R A R
HREERT Flac® IHHER, HERERTHEH
FITHE SR MRS R T BRI T ik
A IEMITE 71, W 2 Fos, ERAEBT R IALE
ERABUR, fEWMENAE, BEEBUN, FIETr
EAWEEHE R, MREI RS Fib LRI
ERAN, OB %4 RBURIMR T E L. Xt
B % Bl s A Lk O BUE R A
424 A LS T BUE, i 4 RECLH Flac™ 715
2R DN E VIR 22 R T e 7Y ER R S e
PBRARAS,  RIEH B 1 IS T2+ AN 224 11

KRR, IR AR e B Ve 0 0 i
T HATHUE R A G EN .

6 & it

AR SCAEIH I SR F- 15 M7 Spencer 1554 I,
PEIA TIOR3 i i 7 4% -+ s 77 BB
I JTERAT 9T, (EHES T % IEMIT /I Spencer



HEF 2 B, A MASRIBRRE VR b K T ) BUE T A R 141

FJE, YL, K3 RS TINS5
FENE T, BEIMERIT:

(1) 5ELLIALE, dF 0I5 6 BER)
fr BHPUABUR, FEBUHZ I ARV, Bt SR
A REMITE A RVE, NI IR 12 LU EEE 2R
WK, ZaRHELELIUN.

(2) BB, IR T 7y dn % 325+
JE A #k R OEE, TR % A R BRI T
BH&W, wWHE RS IR0, ik R T BUEAR A
AR

(3) I ILSBHT AR T 1, 3 A0 T A T
Fe, BISMEAER IR Tk £ 7 B RIE IR
BRRZS, ZAEM IO 577, Byl +
JE A RIS, TS BRSO 103 2 42 R 80m 15k
Bt ol, #RIR4Es RWA % 4.

CLERTE R, S el i g B e — R
AR, i E A S ) B AT BB R AN A B,
FLZHEAT RN BB FOR 74T

SE -

[1]JENIKE A W, YEN B C. Slope stability in axial symmetry[C]//
Proc 5th Symposium on Rock Mechanics. Minesota, 1963:
689 - 711.

[2] PITEAU D R, JENNINGS J E. The effects of plan geometry
on the stability of natural slopes in rock in the Kimberley area
of South Africa[C]// Proc 2nd Congress of the International
Society of Rock Mechanics. Belgrade, 1970.

[3] HOEK E, BRAY J W. Rock slope engineering[M]. 3rd ed.

London: The Institute of Mining and Metallurgy, 1981.

[4] LAM L, FREDLUND D G A general limit equilibrium model
for three-dimensional slope stability analysis[J]. Can Geotech
J, 1993, 30: 905 - 919.

[5] TOTONCHI A, ASKARI F. 3D Stability analysis of concave
slopes in plan view using linear finite element and lower
bound method[J]. IJST, Transactions of Civil Engineering,
2012, 36(C2): 191 - 194.

[6] LORIG L. Lessons learned from slope stability studies[C]//
Proceedings of the International FLAC Symposium on
Numerical Modeling in Geomechanics. Minneapolis, 1999:
17 - 21.

[7] ZHANG X. Three-dimensional stability analysis of concave
slopes in plan view[J]. J Geotech Engrg, 1988, 114(6): 658 -
671.

[8] ZHANG T W, CAI Q X. 3D stability analysis method of
concave slope based on the Bishop method[J]. International
Journal of Mining Science and Technology, 2017, 27: 365 -
370.

[9] SPENCER E. A method of analysis of embankments assuming
parallel inter-slice forces[J]. Géotechnique, 1967, 17(1): 11 -
26.

[10] ZETTLER A H, POISEL R, ROTH W, et al. Slope stability
analysis based on the shear reduction technique in 3D[C]/
Proceedings of the International FLAC Symposium on
Numerical Modeling in Geomechanics. Minneapolis, 1999:

11 - 16.

(RICSi4m W21



