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The certification of aerostructures currently relies on extensive and costly multi-scale experimental testing campaigns. One

of the key approaches to reduce both development time and cost is to partially replace these experimental campaigns

with multiscale physics-based stochastic reliability simulations. This work presents a comprehensive mechanical reliability

workflow spanning multiple scales—from material microstructure to macro-scale component behaviour—designed to

support virtual certification processes in compliance with aeronautical standards.

As part of the Horizon Europe research project pAIramid (grant number 101192736), the proposed methodology

combines probabilistic modelling, multiscale simulation techniques, and reliability-based design principles. The workflow

is specifically applied to composite materials, where either material or process variability is captured through stochastic

representations of microstructural features. These uncertainties are propagated across scales via homogenization,

enabling meso- and macro-mechanical simulations at the component level that account for material and process-induced

variability when assessing global performance. The main contribution of this work is the integration of these multiscale

models within a virtual testing framework, enabling the prediction of mechanical reliability under realistic scenarios. The

workflow includes multiscale reliability analysis to support decision-making during design and certification stages.

The approach is demonstrated on a lab-scale representation of an aeronautical component, showing how virtual testing

can reduce physical testing requirements while maintaining safety and regulatory compliance. The results highlight the

potential of multiscale reliability workflows to enhance the efficiency, transparency, and robustness of certification

processes in the aerospace industry.
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