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Abstract : A probabilistic model that can predict the residual useful lifetime of structure is formulated by using
the gamma process which is one of the stochastic processes. The formulated stochastic model can take into
account both the sampling uncertainty associated with damages measured up to now and the temporal uncertainty
of cumulative damage over time. A method estimating several parameters of stochastic model is additionally pro-
posed by introducing of the least square method and the method of moments, so that the age of a structure, the
operational environment, and the evolution of damage with time can be considered. Some features related to the
residual useful lifetime are firstly investigated into through the sensitivity analysis on parameters under a simple
setting of single damage data measured at the current age. The stochastic model are then applied to the rubble-
mound breakwater straightforwardly. The parameters of gamma process can be estimated for several experimental
data on the damage processes of armor rocks of rubble-mound breakwater. The expected damage levels over time,
which are numerically simulated with the estimated parameters, are in very good agreement with those from the
flume testing. It has been found from various numerical calculations that the probabilities exceeding the failure
limit are converged to the constraint that the model must be satisfied after lasting for a long time from now. Mean-
while, the expected residual useful lifetimes evaluated from the failure probabilities are seen to be different with
respect to the behavior of damage history. As the coefficient of variation of cumulative damage is becoming large,
in particular, it has been shown that the expected residual useful lifetimes have significant discrepancies from
those of the deterministic regression model. This is mainly due to the effect of sampling and temporal uncertain-
ties associated with damage, by which the first time to failure tends to be widely distributed. Therefore, the sto-
chastic model presented in this paper for predicting the residual useful lifetime of structure can properly
implement the probabilistic assessment on current damage state of structure as well as take account of the tempo-
ral uncertainty of future cumulative damage.

Keywords : residual useful lifetime, gamma process, parameter estimation method cumulative damage, armor unit
of rubble-mound breakwater
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Fig. 1. Definition of residual useful lifetime for (a) serviceability
threshold, 75 and (b) failure threshold, 7.
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Table 1. Values of parameters estimated by Eq. (15)
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Fig. 2. Probability of residual useful lifetime for (a) V4, = 0.2 and

(b) Va0 =0.4.
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Parameter
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p 1.0 2.0 0.5
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Table 2. Expected residual useful lifetime, £[7], calculated by dif-
ferent models with variations of uncertainty of damage at
the current state

Model E[T] (year)
Va0y=0.0 30
Linear model Vyany = 0.2 31
Viyooy=0.4 32
Va0y=0.0 25
Convex model Vaooy=0.2 25
Vyaoy = 0.4 25
V)= 0.0 45
Concave model Vaooy=0.2 49
Vo= 0.4 58
st FAEE ol dBge] DS WAz
ESRE 2 & % olek Teht ai AP B ©
Eat.
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Table 3. Estimated values of parameter of gamma process for
armor rock of rubble-mound breakwater testing experi-
mentally by Melby (1999)

Series o B u
A 3.920 0.542 2.261
B 13.113 0.654 6.629
C 7.6977 0.768 3.69%4
D 1.000 0.559 0.663
E 4.111 0.408 5.450
F 13.314 0.393 8.767
G 12.401 0.668 12.339
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Fig. 4. Probability density function of damage level of armor rock
at the current state after 13.5 hrs.
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Table 4. Expected residual useful lifetime calculated by gamma process

Seri Current state Safety E[T/ (hr)
eries ;
Age, t; (hr) E[Z(1)] Vawy margin Deterministic method Gamma process
A 13.5 7.107 0.250 6.893 12.8 12.7
B 7.5 7.394 0.143 6.606 6.3 53
C 5.5 7.718 0.187 6.282 42 32
D 8.5 4.988 0.550 9.012 24.5 313
G 8.5 4.195 0.139 9.805 30.3 30.6
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