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Estimation de la probabilité de défaillance d'une turbine d'éolienne 

Contexte du projet 

Offshore wind farms are gaining considerable interest because the generally superior wind speed 
makes them more efficient than their onshore equivalents. For water depths greater than 50 m, 
floating foundations are considered. These floating supports are submitted to wave and wind loads 
resulting in extreme mechanical responses that can lead to structural failure. Assessment of the failure 
probability is then necessary to evaluate the robustness for a given life cycle. 

The non-linear and time dependant response of the wind turbine is usually derived from a finite 
element computer code that takes as inputs the wind and wave loads which are usually modelled as 
Gaussian processes. A discrete representation of the two stochastic inputs is traditionally obtained 
through a spectral model. An outcrossing rate analysis based on the FORM algorithm can then be 
performed as in [Jensen, 2009], [Perdrizet and Averbuch, 2011], yielding the failure probability. 
However, the computational complexity of the FORM procedure is closely related to the number of 
harmonics in the spectral model which can be quite high. It is therefore desirable to use a random 
process discretization with the lowest possible dimension. 

In this talk, the Karhunen-Loève (KL) expansion method is compared with the spectral model via the 
evaluation of the outcrossing rate in stationary conditions. For the spectral model, an approximation 
using only one design point computation is available [Koo et al., 2005]. For the KL expansion however, 
it is necessary to use either a functional formulation of Phi-2 method which implies two design point 
computations. In the case of KL expansion, we give an outcrossing rate estimator similar to Koo’s 
formula by deriving a first order approximation of the design point at time t + �t given the a design 
point at time t. We then discuss and examine the return periods using both stochastic expansions. 

We also investigate the efficient implementation of an importance sampler since approximations solely 
based on design points computations do not come with confidence intervals. The idea is to find a 
subspace of lower dimension such that the response dependence on the inputs can be accurately 
described by the projection of the inputs on this subspace. The motivation is the ability to design a 
surrogate model for the mechanical simulator based on significantly fewer random inputs. Once this 
metamodel is obtained, it is used to build an proposal distribution close to the optimal importance 
distribution as in [Dubourg and Sudret, 2011]. A discussion on how to infer a basis of the dimension 
reduction subspace is obtained through different methods such as sliced inverse regression [Li, 1991], 
mean average variance estimation [Xia et al., 2002] and Kernel Dimension Reduction [Fukumizu et al., 
2009]. 

 



www.acsysteme.com/fr/lmcs 
 

Organisé par : En partenariat avec : 
  
 

REFERENCES 

Dubourg, V., D. F. and Sudret, B. (2011). Metamodel-based importance sampling for structural 
reliability analysis. Probabilistic Engineering Mechanics, 33:47–57. 

Fukumizu, K., Bach, F. R., and Jordan, M. I. (2009). Kernel dimension reduction in regression. The 
Annals of Statistics, 37:1871–1905. 

Jensen, J. (2009). Extreme load predictions for floating offshore wind turbines. In 28th International 
Conference on Ocean, Offshore and Arctic Engineering. 

Koo, H., Der Kiureghian, A., and Fujimura, K. (2005). Design-point excitation for non-linear random 
vibrations. Probabilistic Engineering Mechanics, 20:136–147. 

Li, K.-C. (1991). Sliced inverse regression for dimension reduction. Journal of the American Statistical 
Association, 86:316–342. 

Perdrizet, T. and Averbuch, D. (2011). Short and long term extreme reliability analysis applied to 
floating wind turbine design. In ASME 2011 30th International Conference on Ocean, Offshore and 
Arctic Engineering. 

Xia, Y., Tong, H., K., L.W., and Zhu, L.-X. (2002). An adaptive estimation of the dimension reduction 
space. Journal of the Royal Statistical Society, Series B, 64:363–410. 

------------------- 

Achille MURANGIRA, Post-doctoral researcher, Département Mécanique appliquée, IFP Energies 
Nouvelles, Rueil-Malmaison, France 

Miguel MUNOZ ZUNIGA, Research Engineer, Département Mathématiques appliquées, IFP Energies 
Nouvelles, Rueil-Malmaison, France 

Timothée PERDRIZET, Research Engineer, Département Mécanique appliquée, IFP Energies 
Nouvelles, Solaize, France 


