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Stochastic Probability Model for Preventive Management of Armor
Units of Rubble-Mound Breakwaters

ABSTRACT

A stochastic probability model based on the non-homogeneous Poisson process is represented that can correctly analyze the
time-dependent linear and nonlinear behaviors of total damage over the occurrence process of loads. Introducing several types of
damage intensity functions, the probability of failure and the total damage with respect to mean time to failure has been investigated
in detail. Taking particularly the limit state to be the random variables followed with a distribution function, the uncertainty of that
would be taken into consideration in this paper. In addition, the stochastic probability model has been straightforwardly applied to the
rubble-mound breakwaters with the definition of damage level about the erosion of armor units. The probability of failure and the
nonlinear total damage with respect to mean time to failure has been analyzed with the damage intensity functions for armor units
estimated by fitting the expected total damage to the experimental datum. Based on the present results from the stochastic probability
model, the preventive management for the armor units of the rubble-mound breakwaters would be suggested to make a decision on the
repairing time and the minimum amounts repaired quantitatively.

Key words : Stochastic probability model, Total damage, Armor units of rubble-mound breakwaters, Probability of failure, Preventive
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Table 1. Several types of damage intensity function, ¢(z) = axz®

Case a b Type of damage intensity function
1 0.5 0.0 Uniform
2 0.5 0.5 Hyperbola
3 0.5 1.0 Linear
4 0.5 1.5 Parabola
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Table 2. Comparison of mean time to failure for the serviceability
limit state, Z,, and the ultimate limit state, Z,

(Unit : year)
Case Zy Zp
HPP NHPP HPP NHPP
1 1.000 1.000 2.000 2.000
2 0.983 0.983 3.002 3.003
3 1.032 1.032 5.275 5.274
4 1.135 1.135 10.364 10.343
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Table 3. Repairing times and minimum amounts repaired for the preventive management of armor units of rubble-mound breakwaters

Series C' Series E'
Ttems Repairing time Minimum amount Repairing time Minimum amount
(year) repaired (m?) (year) repaired (m?)
Mean time to system failure on SLS*) 3.7 2.1D? 14.1 0.4D?
50% 32 1.0D? 13.6 0.2D?
Target probability of failure on SLS
60% 39 2.5D? 15.0 0.8D?

*) SLS : Serviceability Limit State
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