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• Introduction to structural reliability
• Uncertainties within the FLS
• Reliability analysis of an OWT MP structure
• Results and Discussion

Overview
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Introduction to structural reliability
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• Limit state violation
• Reliability
• Failure probability

• Determination of
– First-Order-Reliability Methods (FORM)
– Monte Carlo Simulation (MCS) 

Reliability Analysis

© R. Melchers, 2018, Structural Reliability Analysis and Prediction (John Wiley & Sons)
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• Principle of MCS
– estimation by sampling 

• Reliability index 

Reliability Analysis

© R. Melchers, 2018, Structural Reliability Analysis and Prediction (John Wiley & Sons)



6

Uncertainties within the FLS
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• Palmgren-Miner damage hypothesis 

Fatigue evaluation

© DNVGL. Recommended practice DNVGL-RP-C203 - Fatigue 
design of offshore steel structures. Tech. rep. DNVGL AS, 2016-04.

© D. Radaj, C. M. Sonsino, and W. Fricke, Fatigue assessment of welded 
joints by local approaches. Cambridge, England: Woodhead, 2006.

𝑛𝑛𝑖𝑖
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• Limit state function for fatigue

Uncertainties within the FLS

JCSS recommends 2 r.v.
- S/N curve
- Palmgren-Miner

© M. Sander, “Sicherheit und Betriebsfestigkeit von Maschinen und 
Anlagen Konzepte und Methoden zur Lebensdauervorhersage,” 2018.

constant-amplitude 
loading 

variable-amplitude 
loading 
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Reliability analysis of an OWT MP 
structure



Objective
• Comparison of 

– Two r.v. approach
• S/N curve
• Palmgren-Miner

– Single r.v. approach
• Palmgren-Miner



Methodology

values obtained by 
structural analysis

• Surrogate Model
– Gaussian Process Regression (GPR)
– Latin Hypercube Sampling (LHS) 

𝑓𝑓(𝐾𝐾,𝐺𝐺)

MCS: 1,064,000

1
0.8 = 1.25



MCS implementation

• S-N curve is constant 
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Results and Discussion



Results and Discussion
LSF 1: 𝑮𝑮𝟏𝟏 LSF 2: 𝑮𝑮𝟐𝟐 LSF 3: 𝑮𝑮𝟑𝟑 LSF 4: 𝑮𝑮𝟒𝟒

Random variables

𝑵𝑵𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 MC trials total 1, 064,000 1, 064,000 1, 064,000 1, 064,000
𝒏𝒏𝒇𝒇𝒕𝒕𝒇𝒇𝒕𝒕𝒇𝒇𝒇𝒇 MC trials failed 221 1,696 792 96

𝒑𝒑𝒇𝒇 Failure probability 2.077 � 10−4 15.940 � 10−4 7.444 � 10−4 0.649 � 10−4

𝛽𝛽 Reliability index 3.53 2.95 3.18 3.83

S/N PM S/N PM S/N PM S/N PM



Thank you for your attention
Contact: sebastian.drexler@ntnu.no
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