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ABSTRACT

Load and resistance factor design of mound breakwater against circular failure was developed in this study. To achieve the

goal, uncertainties of parameters of soils, mound, and concrete cap were determined. Eight design cases of domestic mound

breakwaters were collected and analyzed. Monte Carlo Simulation was implemented to determine the most critical slip surfaces
of the design cases. Using the results of Monte Carlo Simulation, First—Order Reliability Method (FORM) was used to perform
reliability analyses. Optimal load and resistance factors were calculated using the reliability analysis results and final load

and resistance factors were proposed based on the calculated optimal factors.
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A¥(Load and Resistance Factor Design, LRFD) E+
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Table 1. Acceptable probability of failure for slopes (modified after Santamarina et al., 1992)

Conditions Acceptable probability of failure
Temporary structures: no potential life loss, low repair cost 0.1
Minimal consequence of failure: high cost to reduce the
- ) L 0.1~0.2
probability of failure (bench slope or open pit mine)
Minimal consequence of failure: repairs can be done when time permits 001
(repair cost is less than cost of reducing probability of failure) )
Existing large cut on interstate highway 0.01~0.02
Large cut on interstate highway to be constructed <0,01
Lives may be lost when slopes fail 0.001
Acceptable for all slopes 1.0E—4
Unnecessarily low <1.0E-5
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(e) Case 5 (f) Case 6

Fig. 1. Geometries and the most critical slip surfaces of mound breakwaters for stability analyses against circular failure for
Cases 1~8

Table 2. Uncertainties of soil parameters, traffic load, and horizontal seismic coefficient of pseudostatic approach from Technical
Standards and Commentaries for Port and Harbour Facilities in Japan (The overseas coastal area development institute
of Japan, 2018) for mound breakwater reliability analysis

Properties Bias factor Coefficient of variation
Cohesion 1.00 0.04
Tangent of friction angle 1.00 0.04
Breakwater material 1.00 0.03
Subsea frictional soil 1.00 0.03
Unit weight Subsea clayey soil 1.00 0.02
Rock 1.00 0.02
Caisson 1.00 0.02
Traffic load 1.00 0.20
Horizontal seismic coefficient 1.00 0.05

Table 3. Uncertainties of soil parameters, traffic load, and horizontal seismic coefficient of pseudostatic approach assumed in
this study for mound breakwater reliability analysis

Properties Bias factor Coefficient of variation
Cohesion 1.00 0.10
Tangent of friction angle 1.00 0,10
Breakwater material 1.00 0.03
Subsea frictional soil 1.00 0.03
Unit weight Subsea clayey soil 1.00 0.02
Rock 1.00 0.02
Caisson 1.00 0.02
Traffic load 1.00 0.20
Horizontal seismic coefficient 1.00 0.10
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Fig. 2. Geometry of the example and implementation of
uncertainties of materials of mound breakwater
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Fig. 3. Generation of potential slip surfaces of mound breakwater

Fig. 4. Determination of the most critical slip surface of mound
breakwater
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Fig. 5. Collection of the produced data of factor of safety,
resisting moment, and driving moments from many
analyses results of random mound breakwater
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Cases FSait Mg MopoL MprL

0911 356 351.70 39.08

0951 423 400.23 44.47

0975 522 481.75 53.53

0986 321 293.12 32.57

0991 487 442 .24 49.14

0.999 505 454.77 50.53

7 1.001 487 437.86 48.65

8 1.005 610 546.27 60.70

500,000 2356 654 249.83 27.76
Fig. 6.

FS,;: < Failure of mound breakwater

Probability of failure of mound breakwater
= Failure number/ Total simulation number
=6/500,000 = 0.000012

Calculation of probability of failure of mound breakwater
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Fig. 7. Geometry and the most critical slip surface of analysis
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example case of mound breakwater in Jeju island
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Fig. 8. Histograms of (a) equivalent factor of safety, (b) total driving moment, (c) driving moment from potential sliding mass,
(d) driving moment from external load (traffic load), (e) total resisting moment of analysis example case of mound
breakwater in Jeju island
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Table 4. Optimal load and resistance factors of mound breakwater against circular failure for different target reliability indices
for eight design cases under ordinary condition (non—seismic condition) using uncertainties in Table 2 and correlation
between driving and resisting moments

Target reliability index Target reliability index Target reliability index Target reliability index
Br=20 Br=25 Br =30 Br=235
Case Optimal Optimal Optimal Optimal Optimal Optimal Optimal Optimal
load resistance load resistance load resistance load resistance
factor v, factor 7v*, factor v, factor v*, factor v, factor 7v*, factor v, factor v*,
Case 1 1.03 0.99 1.04 0,98 1.06 0.98 1.07 0,97
Case 2 1.00 0.95 1.01 0,94 1.01 0.92 1.01 0.91
Case 3 1.00 0.94 1.00 0.92 1.00 0.91 1.00 0.89
Case 4 1.07 0.99 1.07 0.99 1.08 0.97 1.08 0,96
Case 5 1.10 1.01 1.10 1.01 1.08 0.97 1.06 0.94
Case 6 1.05 0.98 1.06 0,97 1.06 0.95 1.06 0,93
Case 7 1.00 0.91 1.00 0.90 1.00 0.89 1.00 0.87
Case 8 1.00 0,92 1.00 0.89 1.00 0.86 1.00 0.82
Avg. 1.03 0.96 1.04 0.95 1.04 0.93 1.04 0.91
Min, 1.00 0.91 1.00 0.89 1.00 0.86 1.00 0.82
Max 1.10 1.01 1.10 1.01 1.08 0.98 1.08 0.97
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Table 5, Optimal load and resistance factors of mound breakwater against circular failure for different target reliability indices
for eight design cases under ordinary condition (non—seismic condition) using uncertainties in Table 3 assuming no
correlation between driving and resisting moments

Target reliability index Target reliability index Target reliability index Target reliability index
Br=20 Br=25 Br =30 Br=35
Case Optimal Optimal Optimal Optimal Optimal Optimal Optimal Optimal
load resistance load resistance load resistance load resistance
factor v, factor +v*, factor YKQ factor +*, factor v, factor 7v*, factor YKQ factor v*,
Case 1 1.00 0.89 1.01 0.87 1.02 0.84 1.02 0.81
Case 2 1.01 0.84 1.01 0.80 1.02 0.76 1.02 0.73
Case 3 117 0.67 1.18 0.65 1.19 0.57 1.20 0.48
Case 4 1.15 0.87 1.18 0.83 1.20 0.80 1.22 0.75
Case 5 1.15 0.70 1.16 0.61 117 0,52 117 0.42
Case 6 1.10 0.78 1.1 073 112 0.67 113 0.60
Case 7 1.18 0.59 1.18 0.48 117 0.36 1.15 0.25
Case 8 1.18 0.48 1.18 0.78 1.16 0.33 1.12 0.18
Avg, 1.12 0.73 113 0.72 113 0.61 113 0.53
Min, 1.00 0.48 1.01 0.48 1.02 0.33 1.02 0.18
Max, 1.18 0.89 1.18 0.87 1.20 0.84 1.22 0.81

Table 6. Finally determined optimal load and resistance factors of mound breakwater against circular failure for different target
reliability indices under ordinary condition from analyses of eight design cases

Target reliability index Br Optimal resistance factor v* Optimal load factor Af*Q
2.0 0.96 1.03
25 0.95 1.04
3.0 093 1.04
35 0.91 1.04
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Table 7. Optimal load and resistance factors of mound breakwater against circular failure for different target reliability indices
for eight design cases under seismic condition using uncertainties in Table 2 and correlation between driving and

resisting moments

Target reliability index Target reliability index Target reliability index Target reliability index
Br=20 Br=25 Br =30 Br=35
Case Optimal Optimal Optimal Optimal Optimal Optimal Optimal Optimal
load resistance load resistance load resistance load resistance
factor v, factor +v*, factor YKQ factor +*, factor v, factor 7v*, factor YKQ factor v*,
Case 1 1.00 0.93 1.00 0.91 1.00 0.88 1.00 0.84
Case 2 1.00 0.94 1.00 0.93 1.00 0.91 1.00 0.90
Case 3 1.04 0.95 1.04 0,93 1.04 0.91 1.05 0.89
Case 4 1.00 0,92 1.00 0.90 1.00 0.88 1.00 0.86
Case 5 1.02 0.94 1.02 0.92 1.02 0.90 1.01 0.88
Case 6 1.04 0.97 1.05 0,95 1.05 0.93 1.05 0.92
Case 7 1.01 0.95 1.01 0.92 1.01 0.90 1.01 0.88
Case 8 1.00 0.93 1.00 0.91 1.00 0.89 1.00 0.86
Avg, 1.01 0.94 1.01 0.92 1.01 0.90 1.02 0.88
Min, 1.00 0.92 1.00 0.90 1.00 0.88 1.00 0.86
Max, 1.04 0.97 1.05 0,95 1.05 0.93 1.05 0.92

Table 8. Finally determined optimal load and resistance factors of mound breakwater against circular failure for different target
reliability indices under seismic condition from analyses of eight design cases

Target reliability index Br

Optimal resistance factor v*

Optimal load factor v*,

2.0 0,94 1.01
2.5 0.92 1.01
3.0 0.90 1.01
35 0.88 1.02

Table 9. Final proposed load and resistance factors of mound breakwater against circular failure for different target reliability
indices under both ordinary and seismic conditions from analyses of eight design cases

Target reliability index Br

Optimal resistance factor

Optimal load factor 7,

20, 25 0.95 1.05

30, 35 0.90 1.05
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