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Abstract

Design optimization of offshore wind turbine structures is generally fatigue driven, yet the
fatigue damage sensitivities with respect to design variables are commonly approximated using
finite difference methods, leading to inefficiency and unreliable information [1,2]. Analytical
formulae for these sensitivities, on the other hand, cannot be evaluated readily. Various fatigue
assessment technics (e.g. in the time-domain and by spectral methods) are available and the
process to calculate the stress range histogram or stress range probability density function
requires one to go through cycle counting or the Fourier transform, respectively.

This paper presents analytical methods to calculate the gradient of fatigue damage and
equivalent fatigue load in both time and frequency domains, focusing on rainflow counting and
Dirlik’s method, respectively. Comparison studies were carried out against finite difference
schemes for simulated stress data experienced by the OC4 jacket substructure, with respect to
variation of step size, time step, joint configuration and stress concentration effect.

Results show that the damage gradients are very sensitive to the response sensitivities.
Recommendations, which could help improve the overall quality of the numerical sensitivities,
include using sufficiently small step sizes; implementing more robust time-domain methods; or
adopting the semi-finite difference method. The errors associated with sensitivities for joints
which the design variables are not directly connected to can be very high for the finite
difference approximation. The derivatives of stress concentration factors were also found to
exert a significant influence in determining the sensitivities. Therefore, this should always be
considered when the hot spot stress methodology is used for the fatigue assessment.
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