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Risk-based Maintenance Optimization
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Failure Criteria
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Failure Assessment Diagram Options
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Simplified Failure Assessment 

Diagram criterion (JCSS 2011)

Limit state:

𝒈 𝒕 = 𝑹𝒇 − 𝑲𝒓
𝟐 𝒕 + 𝑳𝒓

𝟐 𝒕
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Risk-based Inspection Framework
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Pre-posterior Decision Analysis
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Pre-posterior Decision Analysis

• Decision Rule: Heuristic rules

• Equidistant inspections

• Constant failure probability threshold

• Decision Rule: Repair if the inspection outcome is “Detection”

• Example: Inspection at every 5 years, Repair if the inspection outcome is 
“Detection”
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Year (10)Year (5) Year (15) Year (20)

Lifetime = 20 years

To identify optimal interval and 

optimal failure probability threshold. 



Pre-posterior Decision Analysis
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Application – Deterioration Modelling

• Design (Fatigue model – SN curves)

• Miner’s Rule:

𝑫 = 𝑛𝑇𝑑
𝒒𝑚1

𝒂𝟏
Γ 1 +

𝑚1

ℎ
;
𝑆1
𝒒

ℎ

+
𝒒𝑚2

𝒂𝟐
Υ 1 +

𝑚2

ℎ
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𝒒

ℎ

• Inspection (Fracture mechanics model – crack growth)

• Paris Law:

𝑑𝒂

𝑑𝑛
= 𝑪𝒂(𝜟𝝈 𝒀𝒂 𝜋𝒂)𝑚 ;

𝑑𝒄

𝑑𝑛
= 𝑪𝒄(𝜟𝝈 𝒀𝒄 𝜋𝒂)𝑚

• Calibrated SN – FM
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Application – Deterioration Modelling
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Application – Inspection and Cost Modelling
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Application – Risk-based Inspection Analyses

• Option 1

• One-dimensional crack growth + Through-thickness failure criteria

• Option 2

• Two-dimensional crack growth + Through-thickness failure criteria

• Option 3

• Two-dimensional crack growth + Simplified FAD criteria
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Application – Results
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Crack Growth Reliability Updating



Application – Results 
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Constant failure probability thresholdEquidistant inspections

In both cases, option 3 less number of inspections and lower expected cost. 



Conclusion – Discussion and Future Work

• Both failure criteria and fracture mechanics model can affect the optimal 
inspection decision.

• Significant reduction of failure cost (>50%) by using the failure assessment 
diagram criterion.

• Limitation: only for reductant structures with high fracture toughness.

• Future research interest:

• Inspection method which gives discrete crack size

• POMDP/DRL which can provide dynamic policies
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