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Applicability of Practical Reliability Analysis
to Develop Fragility Curves for Levee

z A L Cho, Sung-Eun

Abstract

Developing a fragility curve for the levee requires calculating the probability of failure according to the water level
for each failure mode. Since probabilistic analysis requires iterative analysis to account for variability in geotechnical
parameters, the fragility curve development inevitably requires many iterative calculations. Therefore, approximate
probabilistic analysis techniques are usually applied to reduce the amount of calculation in developing the levee fragility
curve. However, their accuracy has not been determined clearly. This study calculated the failure probability of slope
and piping failure mode for an actual levee through probabilistic methods, such as FOSM, PEM, and MCS. Then, the
fragility curve of the levee according to the water level was developed. The results of the approximate methods: FOSM
and PEM, were compared with those of MCS to evaluate the applicability to the fragility curve for slope and piping
failure mode.
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2.5 Monte Carlo Simulation
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Fig. 1. Levee cross—section and geological configuration

Table 1. Input soil parameters used for analysis

Unit weight, Internal friction angle, Cohesion, Hydraulic conductivity,
v (kN/m%) ¢ () ¢ (kPa) k (m/sec)

Fill material 17 25 5 8.0x107
Sedimentary layer (SM) 17 25 5 20x107
Sedimentary layer (ML) 18 - 50 2.0x107
Sedimentary layer (CL) 18 - 50 2.0x107
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Run c(Fill)(kPa) d(Fill)(*) c(SM)(kPa) HSM(®) Fs Variance Percent of total variance
1(mean) 5.0 25.0 5.0 25.0 1.685
2 30 250 5.0 250 1.353 0105625 91.74%
3 7.0 25.0 5.0 25.0 2.003
4 5.0 22.5 5.0 25.0 1.59
5 5.0 27.5 5.0 25.0 1.785 0009508 8.26%
6 5.0 250 30 250 1.685 0 0.00%
7 5.0 250 7.0 250 1.685
8 5.0 25.0 5.0 22.5 1.685 0 0.00%
9 5.0 25.0 5.0 27.5 1.685
Total 0.115131 100.00%
StDev= 0.33931
FS follows a lognormal distribution
EFS)= 1,685 FSei= 1.000
Var[FS]= 0.11513125 IN[FSeri]= 0
olFS]= 0.33930996
VIFS)= 20.14% Ps= 5.9122.E-03
E[InFS]= 0.50189074
o[inFS]=  0.19937314
B= 2.51734383
Fig. 4. Spreadsheet for slope stability by FOSM method (H=25.4m)
Run c(Fill) (kPa) S(Fill)(®) c(SM)(kPa) HSM)(?) FS P P*(FS) P’*(FS)2
1 7 27.5 7 27.5 2.114 0.0625 1.32E-01 2.79E-01
2 7 27.5 7 22.5 2.114 0.0625 1.32E-01 2.79E-01
3 7 27.5 3 27.5 2.096 0.0625 1.31E-01 2.75E-01
4 7 27.5 3 22.5 1.959 0.0625 1.22E-01 240E-01
5 7 22.5 7 27.5 1.893 0.0625 1.18E-01 2.24E-01
6 7 22.5 7 22.5 1.893 0.0625 1.18E-01 2.24E-01
7 7 22.5 3 27.5 1.893 0.0625 1.18E-01 2.24E-01
8 7 225 3 22.5 1.825 0.0625 1.14E-01 2.08E-01
g 3 275 7 27.5 1.451 0.0625 9.07E-02 1.32E-01
10 3 27.5 7 22.5 1.451 0.0625 9.07E-02 1.32E-01
11 3 271.5 3 27.5 1.451 0.0625 9.07E-02 1.32E-01
12 3 275 3 22.5 1.451 0.0625 9.07E-02 1.32E-01
13 3 22.5 7 21.5 1.257 0.0625 7.86E-02 9.88E-02
14 3 22.5 7 22.5 1.257 0.0625 7.86E-02 9.88E-02
15 3 22.5 3 27.5 1.257 0.0625 7.86E-02 9.88E-02
16 3 22.5 3 22.5 1.257 0.0625 7.86E-02 9.88E-02
E[FS] EFFS]
Sum= 1.6636875 2.874478813
FS follows a lognormal distribution
E[FS]= 1.6636875 FSeit= 1.000
VarFS]=  0.1066227
olFS]= 03265313
VIFS)= 0.196 Pr= 5.8503.E-03
E[InFS]= 04901374
ofInFS]= 0.1944179
B= 2.5210504
Fig. 5. Spreadsheet for slope stability by PEM (H=25.4m)
A MCS(Global minimum)o] o T7]8HE ojAbe] o m ) Mo] 22w AJZke] o)A B A}
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Fig. 6. Comparison of fragility curves for slope failure mode MCS (Global minimum) 1.684 0.346
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Table 3. Summary of comparison for seepage (H=25.4m)

Mean, p; Standard deviation, o;
FOSM 0.203 0.061
PEM 0.248 0.085
MCS 0.214 0.031
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