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Comparative Study of Reliability Design Methods by Application
to Donghae Harbor Breakwaters. 2. Sliding of Caissons
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Abstract : This is the second of a two-part paper which describes comparison of reliability design methods by
application to Donghae Harbor Breakwaters. In this paper, Part 2, we deal with sliding of caissons. The failure
modes of a vertical breakwater, which consists of a caisson mounted on a rubble mound, include the sliding and
overturning of the caisson and the failure of the rubble mound or subsoil, among which most frequently occurs
the sliding of the caisson. The traditional deterministic design method for sliding failure of a caisson uses the
concept of a safety factor that the resistance should be greater than the load by a certain factor (e.g. 1.2).
However, the safety of a structure cannot be quantitatively evaluated by the concept of a safety factor. On the
other hand, the reliability design method, for which active research is being performed recently, enables one to
quantitatively evaluate the safety of a structure by calculating the probability of failure of the structure. The
reliability design method is classified into three categories depending on the level of probabilistic concepts being
employed, i.e., Level 1, 2, and 3. In this study, we apply the reliability design methods to the sliding of the caisson
of the breakwaters of Donghae Harbor, which was constructed by traditional deterministic design methods to be
damaged in 1987. Analyses are made for the breakwaters before the damage and after reinforcement. The
probability of failure before the damage is much higher than the allowable value, indicating that the breakwater
was under-designed. The probability of failure after reinforcement, however, is close to the allowable value,
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indicating that the breakwater is no longer in danger. On the other hand, the results of the different reliability

design methods are in fairly good agreement, confirming that there is not much difference among different

methods.

Keywords : breakwaters, sliding of caisson, reliablity design methods, probability of failure
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Fig. 2. Cross-section of Section 11 after reinforcement (unit: m).

Table 1. Partail safety factors for sliding of caissons

0, =0.05 645, =02
PAD Ve 7z Ve, Yz
0.01(2.33) 1.2 1.6 1.3 1.6
0.05(1.65) 1.1 1.5 1.2 1.5
0.10(1.28) 1.1 1.3 1.2 1.3
0.20(0.84) 1.1 1.2 1.1 1.2
0.4(0.25) 1.0 1.1 1.0 1.1
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Table 2. Statistical characteristics of random variables
Variable X, Hy! Xp oyl Xp [¢0)Y Distribution
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Fig. 3. Width of caisson versus probability of failure calculated
by Level 1 method.
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Table 3. Iterative calculation of reliability index (Section 11 before reinforcement)

Iteration No. Variables Assumed failure point (floX,), ay, (a;)?
w’ 431.26 13.58 0.29 0.084
U 70.55 -8.00 -0.17 0.028
1 P 154.63 -27.83 -0.60 0.360
H 0.63 34.09 0.73 0.533

L =158
w 421.33 11.23 0.25 0.063
U 74.00 -6.61 -0.15 0.023
2 P 180.89 -27.83 -0.62 0.384
U 0.52 32.82 0.73 0.533

L =158
w' 422.73 11.23 0.25 0.063
U 73.51 -6.61 -0.15 0.023
3 P 181.89 -27.83 -0.62 0.384
U 0.52 33.00 0.73 0.533

£=158
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Fig. 4. Width of caisson versus probability of failure calculated
by Level 2 method.
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Fig. 5. Typical cross-section of vertical breakwater and forces
acting on caisson during sliding.
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Fig. 6. Width of caisson versus probability of failure calculated
by Level 3 method.
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Table 5. Probability of failure calculated by different reliability

design methods

Probability of failure(%)

Section 11 Section 11
(Before reinforcement) (After reinforcement)
Level 1 45 20
Level 2 95 20
Level 3 80 16
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Fig. 9. Comparison of different reliability design methods for
Section 11 before reinforcement.
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Fig. 10. Comparison of different reliability design methods for
Section 11 after reinforcement.
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