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To reinforce and improve the soft ground under a breakwater while using materials efficiently, the replacement ratio and leav-
ing periods of surcharge load are optimized probabilistically. The results of Bayesian updating of the random variables using prior
information decrease uncertainty by up to 39.8%, and using prior information with more samples results in a sharp decrease in
uncertainty. Replacement ratios of 15%-40% are analyzed using First Order Reliability Method and Monte Carlo simulation to
optimize the replacement ratio. The results show that replacement ratios of 20% and 25% are acceptable at the column jet grout-
ing area and the granular compaction pile area, respectively. Life cycle costs are also compared to optimize the replacement ratios
within allowable ranges. The results show that a range of 20%-30% is the most economical during the total life cycle. This means
that initial construction cost, maintenance cost and failure loss cost are minimized during total life cycle. Probabilistic analysis for
leaving periods of shows that three months acceptable. Design optimization with respect to life cycle cost is important to mini-
mize maintenance costs and retain the performance of the structures for the required period. Therefore, more case studies that con-
sider the maintenance costs of soil structures are necessary to establish relevant design codes.
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Table 1. Basic statistics for random variables
. SRC area GCP area
Random variable
0 c COV n n c COV n
X Likelihood 15.91 0.36 0.02 6 15.22 0.27 0.02 21
y (KN/m?) :
Prior 14.82 0.16 0.01 16 14.82 0.16 0.01 16
c Likelihood 1.00 0.13 0.13 6 1.09 0.16 0.15 21
¢ Prior 1.71 0.37 021 16 1.71 0.37 021 16
Likelihood 1.89 0.16 0.08 6 2.26 021 0.09 21
o Prior 2.48 0.11 0.04 16 2.48 0.11 0.04 16
Cy, (cm¥/sec) - - - - 0.00135 | 0.0001 0.074 21
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Table 2. Typical ranges of soil variability (Han et al., 2012)

- g

- g

5:22&21 cov References
% 0.03~0.10 | Hammitt (1966), Harr (1984), Kulhawy (1992), Lacasse et al. (1996), Phoon et al. (1996), Lumb (1974)
C, 0.10~0.52 | Lumb (1966; 1974), Corotis et al. (1975), Harr (1984), Kulhawy (1992), Duncan (2000)
e, 0.07~0.32 | Lacasse et al. (1996), Corotis et al. (1975), Lumb (1966; 1974), Lee et al. (1983)
Cp 0.25~1.00 | Duncan (1999), Lee et al. (1983), Lumb (1974)
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Fig. 1. PDF for prior, likelihood, and Bayesian functions (SRC area).
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Fig. 4. Two-dimensional joint PDF for load and resistance.
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Table 3. Probability of failure for different replacement ratios (Unit : %)

Area SRC area | GCP area
Target probability of failure Priargeny = 2-0%
Replacement ratio (%) 15 20 25 30 25 30 35 40
FORM 10.80 2.10 0.30 0.10 2.10 0.90 0.50 0.10
MCS 11.30 1.80 0.20 0.10 1.80 0.70 0.40 0.10
4 4
-3 -3
= [
3 3
= e
z2 221
2 3
3 x|
—=—FORM
- &= MCS
0 " , : 0 . v . ’
10% 15% 20% 25% 30% 35%  20% 25% 30% 35% 40% 45%
Replacement ratio (a,, %) Replacement ratio (a,, %)
(a) SRC area (b) GCP area
Fig. 7. Reliability index with respect to replacement ratio.
Table 4. Probability of failure for different leaving periods (Unit : %)
GCP area
Area - - B
Mid section End section
Target probability of failure Pritargeny = 0-5%
Leaving Period (month) 2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 4.0
FORM 17.30 1.40 0.40 0.10 0.10 2.10 1.90 0.10 0.10 0.10
MCS 16.80 1.00 0.20 0.10 0.10 1.80 1.70 0.10 0.10 0.10
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Fig. 8. Reliability index with respect to leaving period.
Table 5. Failure loss costs for different replacement ratios
. SRC area GCP area
Replacement ratio (%)
15 20 25 30 25 30 35 40
C; (x10*won/m) 4,500 5,500 7,350 8,650 4,930 5,280 5,710 6,410
P 0.113 0.018 0.002 0.001 0.018 0.007 0.004 0.001
Cy (x10*won/m) 559.35 108.90 16.17 9.52 97.61 40.66 25.12 7.05
Cr (x10%*won/m) 10,403.91 | 2,025.54 300.76 176.98 1,815.62 756.20 467.31 131.15
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Fig. 9. Estimation of the optimum replacement ratio with LCC.
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