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Slope stability using discontinuity topology optimization technique
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Abstract: Many efforts have been focused on the stability problems of geotechnical structures with the limit analysis methods.
A key advance of the proposed method is that the problem is described only in terms of nodes and discontinuities connecting
those nodes rather than elements or bodies. The alternative approximation procedure might involve discretization of a given
body under consideration using a suitably large number of nodes laid out on a grid, with the failure mechanism comprising the
most critical subset of potential discontinuities interconnecting these nodes. The discontinuity topology optimization (DTO)
technique using the Mohr-Coulomb failure criterion to formulate the objective function is developed and the collapse load
multiplier is determined from optimization. Incorporating the pore-water pressure and factor of safety is consistent with the
formulation of nodal grid and inter-node connections, and the ability of the DTO procedure extended to handle the slope
problems involving ground water pressures is demonstrated. The use of DTO can be an effective tool for establishing a critical
failure mechanism and its corresponding safety factor without the constraints or assumptions regarding entrance/exit limits or
points of the slip surface. The uses of various methods and DTO for several examples that focus on complex geotechnical
scenarios are compared to illustrate the agreement and difference between the analyses. The developed techniques are shown to
provide a viable alternative to analyze the stability of slopes with demanding material behavior, complex geometry and loading
conditions.
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Fig. 1 Compatibility conditions at a node
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Fig. 2 Problem domains defined by regularly spaced nodal grids

and with discontinuity sets
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Fig. 3 Effects of water forces on kinematic work equation
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Fig. 5 Geometry and nodal density for an undrained clay slope

with a thin weak layer
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Table 2 Statistic results for upper bound computations

DAEER e owm X FOTORER
9727344$§é£ 6 6888 3568 4.031 1.397
3932T Eé% 9 14567 7234 16219 1388
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DTO {EFIA BR TG TSI 3 22 4 RO AR 3
o A cwleg EIFHL TR ERETTE K24 515
FHE A5 Morgenstern-Price £ 3E 4 H21 AL
R RAMERI, 4 cp/cw>0.6 I, FRFGH)Z
()5 FEE AN R M 20305 (1) 22 4 R A, AL A AR e %
HNETE . 2 cpolen EEEN 0.4 2 0.2 1, 38
WA AERY, g5 R 5w 2 0 LT A A
—#.

®3 FHERSRLBITEREREXILLE
Table 3 Comparison of safety factors by different methods

w74 RZH (FOS)

CuafCun Morgenstern-Price ¥ ARtk AR5
1.0 1.448 1.451 1.519
0.8 1.446 1.424 1.475
0.6 1.400 1.366 1.388
0.4 0.902 0.954 0.982
0.2 0.451 0.505 0.560
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6 FAERBEETHIKFI TR DTO #1 FEM #HEHIFEN
Fig. 6 Failure mechanism for an undrained clay slope with a thin

weak layer using DTO and FEM
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Table 4 Material properties
. BRI EEfme | BEy
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TE1 28.5 20.0 18.84
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Table 5 Statistic results for upper bound computations
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Table 6 Comparison of safety factors by various methods
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Spencer 7% (Monte Carlo i) 0.76
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Janbu Corrected 0.734
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Fig. 7 Slope geometry and failure mechanism
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Fig. 8 Geometry on inhomogeneous slope with three layers of soil
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Table 7 Material properties
FEIc JEVESH o HEy
+ /kPa () /(kN"m™)
BN 2N 29.4 12 18.8
R Ak 9.8 5 18.8
AR 29.4 40 18.8
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Table 8 Statistic results for upper bound computations
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Table 9 Comparison of factor of safety by various methods

oA ok HEAH
AL T5 15y 0.446
Liu & Fah 0.547
Greco Spencer 7% (Monte Carlo i) 0.39
Greco Spencer 2 (pattern search 039
method )
Kim % Bishop 7% 0.43
Kim % FEM-based T FRi% 0.40
Kim %5 FEM-based - FR7Z% 0.45
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Fig. 9 Critical layout of discontinuity and failure mechanism of
inhomogeneous slope
3.4 HREE (overhang cliff)
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Table 10 Material properties

By FEIc JREAE A (] HE Y
- /kPa 1C°) J(kKN-m>)
HZ 1 350 35.5 24
HZ 2 120 28 21
HEE 3 1000 45 25
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Fig. 10 Geometry and numerical modelling of overhang cliff
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Fig. 11 Layout of nodes with target number of 1000
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Table 11 Statistical results of overhang cliff
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Fig. 12 Node discretization and critical layout of discontinuities
(node number of 482)
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