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Introduction 

When performing probabilistic reliability analyses, uncertainties related to strength, load models as 

well as environmental conditions need to be known. 

Before starting probabilistic reliability assessments where e.g. the annual probability of failure of a 

certain structural detail is detected as well as calibration of partial safety factors can be performed, 

uncertainties about the used parameters need to be found and quantified. 

This deliverable includes five papers, where a general framework for probabilistic design and 

reliability analysis are introduced as well as uncertainties used for structural reliability assessments 

are quantified. 

Deliverable D5.3-1 presents a general framework for probabilistic design and reliability analysis of 

wave energy convertors. D5.3-2 estimates, based on a fatigue approach, how model and wave state 

uncertainties as well as safety factors impact the reliability of the structure. D5.3-3 presents a 

stochastic model for long-term and extreme wave as well wind conditions, where uncertainties 

related to the limited available data (statistical uncertainty) as well as inter-annual variations of 

wave and wind conditions (physical uncertainty) can be included. Deliverable D5.3-4 assesses 

uncertainties related to the time-series length of wave elevations, the used wave spectrum as well as 

the discretization of the measured wave states in a scatter diagram. Deliverable D5.3-5 estimates 

model uncertainties related to site assessments using so-called wave models. 

 

D5.3-1 
Probabilistic Design of Wave Energy Devices 

Wave energy has a large potential for contributing significantly to production of renewable energy. 

However, the wave energy sector is still not able to deliver cost competitive and reliable solutions. 

But the sector has already demonstrated several proofs of concepts. The design of wave energy 

devices is a new and expanding technical area where there is no tradition for probabilistic design – 

in fact very little full scale devices has been built to date, so it can be said that no design tradition 

really exists in this area. For this reason it is considered to be of great importance to develop and 

advocate for a probabilistic design approach, as it is assumed (in other areas this has been 

demonstrated) that this leads to more economical designs compared to designs based on 

deterministic methods. In the present paper a general framework for probabilistic design and 

reliability analysis of wave energy devices is presented. 

Presented at ICASP 2011 in Zurich (CH) 
 

D5.3-2 
Reliability Assessment of Wave Energy Devices 

This paper focuses on reliability assessment of Wave Energy Device (WED) substructures with 

respect to fatigue loading. Failure due to fatigue is an important failure mode of most offshore 

structures. The focus of the fatigue reliability assessment is in this paper on welded details in steel 

substructures. The methodology is illustrated using the Wavestar prototype located at Hanstholm 

(DK) as a case study. The stochastic model presented can be used for reliability assessment and for 

calibration of Fatigue Design Factors (FDF) of wave power plant substructures. The fatigue life is 

modeled using the SN approach. Design and the limit state equations (LSE) are established for the 

accumulated fatigue damage where real sea state data is taken into account. 

Presented at ICOE 2012 in Dublin (IRL) 

 
 

http://vbn.aau.dk/en/publications/probabilistic-design-of-wave-energy-devices(c3fb01ca-ba03-489e-8eed-37e93dd3e4f4).html
http://www.sdwed.civil.aau.dk/Publications/


D5.3-3 
Stochastic Modeling of Long-term and Extreme Value Estimation of Wind and Sea 

Conditions 

Submitted to Ocean Engineering (Elsevier) 

 

D5.3-4 
Influence of Wave State Uncertainties on Probabilistic Reliability Assessments of 

Wave Energy Devices 

Probabilistic reliability assessments of wave energy devices (WEDs) need to consider, among 

others, uncertainties related to the wave states, which are often defined by the significant wave 

height HS and the peak period TP or the mean crossing wave period TZ or the energy period Te. 

Based on the JONSWAP spectrum and white noise filtering, wave elevation time series are 

generated and uncertainties related to the wave states are estimated. In this paper, uncertainties 

regarding the time series length used to characterize a certain wave state, uncertainties related to the 

JONSWAP spectrum parameters and the influence on wave state discretization in a scatter diagram 

are assessed. The estimated uncertainties are then implemented in two generic structural reliability 

assessments with focus on fatigue and extreme failure modes. The resulting reliability indices are 

compared with related industries like offshore wind turbines. This paper focus on the Wavestar 

prototype for reliability assessments. This device is located at DanWEC in Hanstholm (DK). 

Presented at EWTEC 2013 in Aalborg (DK) 
 

D5.3-5 
Determination of Wave Model Uncertainties used for Probabilistic Reliability 

Assessment of Wave Energy Devices 

Wave models used for site assessments are subject to model uncertainties, which need to be 

quantified when using wave model results for probabilistic reliability assessments. This paper 

focuses on determination of wave model uncertainties. Considered are four different wave models 

and validation data is collected from published scientific research. The bias, the root-mean-square 

error as well as the scatter index are considered for the significant wave height as well as the mean 

zero-crossing wave period. Based on an illustrative generic example it is shown how the estimated 

uncertainties can be implemented in probabilistic reliability assessments. 

Will be presented at ISOPE 2014 in Busan (South Korea) 
 

http://www.sdwed.civil.aau.dk/Publications/
http://www.sdwed.civil.aau.dk/Publications/

	Introduction
	D5.3-1
	D5.3-2
	D5.3-3
	D5.3-4
	D5.3-5

