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Abstract
Design codes and standards for wind turbine rotor blades take into consideration the issue of reliability based design. The uncertainty influencing almost every aspect of structural design, especially with composites, is encountered by the introduction of statistical methods and the stochastic modeling of the design parameters. In incorporating the material stochastic properties for a reliability-based prediction of structural failure, numerical methods such as the Monte Carlo (MC) simulation, as well as analytical ones, e.g. first order reliability method (FORM) may be used during the design of rotor blades made of composite laminates. Nevertheless, both of them involve extensive computer time, leading the structural designers to resolve to the classic deterministic methods.
Therefore, the objective of this work is twofold. On the first hand it is to find a method for the structural reliability estimation, which is efficient and relatively fast and numerically cheap for application during the design of wind turbine blades. On the second hand it is the study of the statistical nature of composite material thermo-mechanical properties and their effect on the reliability prediction of a fiber reinforced plastic (FRP) laminated structure, such as used in the construction of the wind turbine blades.
To this end, an analytical approach previously developed for the prediction of failure under general in-plane static loading, including the variability of strength is further expanded to include the variability of elasticity and thermal expansion coefficients. The method consists of a functional expansion technique for the derivation of the cumulative distribution of the failure condition. Monte Carlo simulation data as well as respective ones from the first order reliability method are compared with results derived using the proposed method and are found in good agreement.
Following international design codes and standards, a direct comparison is also presented on the reliability based failure loci against both analytical and the Monte Carlo simulation results. Experimental findings from a campaign on the estimation of the elastic and strength properties variability of a glass/polyester (G1/P) hand lay-up unidirectional (UD) composite are employed for the direct comparisons.
Results of the probabilistic failure predictions reveal that the material stiffness variation has a strong effect on the failure probability of the composite structure. On the contrary, for composites structures operating under environmental conditions similar to those encountered for example by wind turbines the influence of the thermal expansion coefficient is minimal on the structural reliability prediction.
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