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Fatigue Crack Optimum Management Using Multi-Step Optimization
Integrating Inspection Information
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Abstract - This paper proposes a multi-step probabilistic optimum inspection scheduling based on Bayesian model updating. The first-step
optimization based on maximizing the probability of detection a crack before failure is performed to obtain the first inspection time. The
information from the first optimum inspection is used to update the initial information for the crack propagation parameters. The updating
process is based on Bayesian theorem with Markov chain Monte Carlo simulation. The updated posterior distribution is used to determine the
next optimum inspection time through the second-step optimization. The proposed approach is illustrated on a steel ship side shell detail
subjected to fatigue.
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Probabilistic crack
propagation prediction

.

First Optimization

Objectives

e Maximize the probability of detection
a crack before failure P,

Design Variables: inspection time

Given Conditions

o Inspection schedule: inspection type,
number of inspections (n = 1)

- CER LR

Maintenance

Bayesian Updating based on q;
to find the posterior crack propagation
parameters using Markov chain Monte

Carlo simulation

insp,1

A 4

Second Optimization
Objectives

o Minimize | 4., = Ly,

Design Variables: 1nspect10n time

Given Conditions

e Inspection schedule: inspection type,
number of inspections (i = 1), time to
reach maintenance crack size (7,,,)

*

Fig. 1. Flowchart of multi-step optimization for inspection
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Input

» Observed crack size a,;, based on first-step optimization
» Sample size of Markov chain n

» Standard deviation of global error ¢, =0.1
Formulations

o Prior distribution Py (x)

» Likelihood function L(a;,.,/x)

e Proposal function g (x7 x;)

e Prior acceptance probability ap(x;, x*)

o Likelihood acceptance probability ot (x;, x*)

2

| Initialize the chain i =0, x, |

v

4.| Generate random sample x” using proposal function |

:

| Evaluate the prior acceptance probability ap |

v

| Compute #; ~ Uniform [0, 1] |

No

up = ctp(x;, X7)

| Evaluate the likelihood acceptance probability a; |

v

| Compute z; ~ Uniform [0, 1] |

No

up < oty (x;, x*)

| Accept the sample and setx, ; =x" |

| Output Posterior parameter distribution

Fig. 2. Flowchart of Markov chain Monte Carlo simulation
using Cascaded Metropolis Algorithm
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Fig. 3. Mid-ship cross-section and fatigue critical location
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Table 1. Random variables for fatigue crack prediction

Random variables Mean Coefﬁci@nt e
of variation type
Initial crack size
a; (mm) 0.5 0.1 Normal
Annual number of
cycles 1.0x10° 0.1 Lognormal
N(l’!l
Material Cs:onstant 23%1012 03 Lognormal
Material nsxponent 30 0.05 Normal
Stress range .
S, (MPa) 22.5 0.1 Weibull
0.1
Initial service life t,
w = time to reach critical crack size a.; = 50 mm
3 0.08+
m
Q
> E(t) = 15.26 years
% 0.06 o(t;) = 9.05 years
-}
<
}._
z 0.04
LL;
(@)
G 002}
a
0 L I L Y
0 10 20 30 40 50

INITIAL SERVICE LIFE t,, (YEARS)

Fig. 4. Probability density function (PDF) of initial service life
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Table 2. Values of design variable and objective

Inspection ~ Parameters for Inspe?tion e P,
method Py el e
(years)
a =-0.968
EC 4.87 0.93
B =-0.571
a=0.122
UT 7.81 0.71
3=-0.305
a=0.829
LT 9.79 0.50
B3 =-0.423
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Table 3. Optimum second EC inspection time

g Observed crack size ~ Second inspection time
Cnrzl?lll(t::‘lzac;]zgr Qingp,1 at the first tingp2 Since the first
(e (M) inspection time fiug, inspection time fi, ;
(mm) (years)
0.6 19.97
2.5
18 0.67
0.6 25.61
5.0
18 177
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