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Optimum Design of a Simple Slope considering Multi Failure Mode
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Abstract

Conventional slope stability analysis is focused on calculating minimum factor of safety or maximum probability of failure. To
minimize inherent uncertainty of soil properties and analytical model and to reflect various analytical models and its failure shape
in slope stability analysis, slope stability analysis method considering simultaneous failure probability for multi failure mode was
proposed. Linear programming recently introduced in system reliability analysis was used for calculation of simultaneous failure
probability. System reliability analysis for various analytical models could be executed by this method. Optimum design to deter-
mine angle of a simple slope is executed for multi failure mode using linear programming. Because of complex consideration for
various failure shapes and modes, it is possible to secure advanced safety by using simultaneous failure probability.
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Fig. 1. Cross section and failure surface of Clarence Cannon dam
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Table 1. Limit state functions of failure mode

Failure Limit state function
mode
< +(ysm—yw)zwcosz atang’
£) Y aiZySinacosa
Surface
failure where ¢" Effective cohesion,
%ar- Saturated unit weight, y,: Unit weight of water,
zy,: Vertical depth of sliding surface, & Angle of a slope,
¢" Effective friction angle
g(x)=£= 2c sina
¢, yH sin(a—0)(sinf—-cosf-tang,)

Fa{laiﬁiié where ¢: Cohesion, ¢,,: Mobilized cohesion,

7. unit weight of soils, H: Height of a slope,

. Angle of a slope, @: Angle of failure surface,
&m: Mobilized friction angle
Z[C’Alcosoﬁ(quAlcosa)tanyi'}
cosa+(sinatang')/F
Circular gl = z Wsino
failure
where ¢ Effective cohesion, oz Angle of failure surface,
Al Length of a slice, ¢" Effective friction angle,
F: Safety factor

adopted from Abramson et. al.(2001)
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Table 2. Coefficients of the object function for 3-component systems(Song et al.(2003))

Basic MECE Events
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Fig. 7. Cross section of a slope

Table 3. Soil properties

Parameter Value Coefficien of Standard
Variance(COV) | Deviation(S.D)
Cohesion 17.162 kPa 0.2 3.43
Unit weight | 17.653 kN/m’ 0.2 3.53
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Fig. 8. Optimum design of slope angle(27.5°) in the previous

study
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Fig. 9. Optimum design of slope angle(22.5°) in this study
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Table 4. Probability of failure for each failure mode

Angle |Surface failure Ps| Planar failure Py, |Circular failure Pg
15 0.148% 0.002% 0.010%
17.5 0.352% 0.002% 0.010%
20 0.856% 0.005% 0.100%
225 1.740% 0.010% 0.700%
25 2.903% 0.017% 1.600%
275 4.931% 0.032% 2.000%
30 7.052% 0.055% 3.900%
325 9.217% 0.079% 6.500%
35 12.254% 0.152% 7.800%
375 14.015% 0.231% 10.400%
40 16.189% 0.402% 12.300%

Table 5. Comparison of failure probability for variation of slope

angle
Angle Previous study | Lower bound | Upper bound
15 0.010% 0.148% 0.159%
17.5 0.010% 0.352% 0.365%
20 0.100% 0.856% 0.961%
225 0.700% 1.740% 2.438%
25 1.600% 2.903% 4.472%
27.5 2.000% 4.931% 6.862%
30 3.900% 7.052% 10.730%
325 6.500% 9.217% 15.190%
35 7.800% 12.254% 19.220%
375 10.400% 14.015% 23.140%
40 12.300% 16.189% 26.790%
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Table 6 Comparison of the results

Angle(”) R o et AI(1992) In this study
Pr(%) C. Prx Cr C, PA%) C. Px Cr (@
15 0.01% 12,129 3.64 12,133 0.16% 12,129 57.99 12,187
175 0.01% 11,219 3.37 11,222 0.36% 11,219 122.75 11,342
20 0.10% 10,530 31.59 10,562 0.96% 10,530 303.42 10,833
22.5 0.70% 9,984 209.76 10,194 2.44% 9,984 730.55 10,715
25 1.60% 9,555 458.43 10,013 4.47% 9,555 1,281.32 10,836
27.5 2% 9.191 551.20 9,742 6.86% 9,191 1.891.17 11,082
30 3.90% 8,879 1,038.84 9,918 10.73% 8,879 2,858.15 11,737
325 6.50% 8,619 1,679.86 10,299 15.19% 8,619 3.925.70 12,545
35 7.80% 8,385 1,962.09 10,347 19.22% 8,385 4,834.79 13,220
375 10.40% 8,177 2,552.58 10,730 23.14% 8,177 5,679.48 13,856
40 12.30% 7,995 2,951.75 10,947 26.79% 7,995 6,429.06 14,424
Py : Probability of failure, C. (thousand won/m) : Construction cost
Cy (thousand won/m) : Loss cost by failure, C; (thousand won/m) : Total Cost
Table 7 Total cost
Previous study Lower bound Upper bound
pf(%) Ct pf(%) Ct pf(%) Ct
0.01% 12,133 0.15% 12,183 0.16% 12,187
0.01% 11,222 0.35% 11,338 0.36% 11,342
0.10% 10,562 0.86% 10,800 0.96% 10,833
0.70% 10,194 1.74% 10,506 2.44% 10,715
1.60% 10,013 2.90% 10,387 4.47% 10,836
2.00% 9.742 4.93% 10,550 6.86% 11,082
3.90% 9,918 7.05% 10,757 10.73% 11,737
6.50% 10,299 9.22% 11,001 15.19% 12,545
7.80% 10,347 12.25% 11,467 19.22% 13,220
10.40% 10,730 14.02% 11,617 23.14% 13,856
12.30% 10,947 16.19% 11,880 26.79% 14,424
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