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Uncertainties in the manufacturing process of structures may arise at any moment of the fabrication 
chain. In the case of composite structures, such uncertainties may appear in the material elastic 
properties as a result of the microscale features of such material or even from manufacturing flaws, 

such as misalignments, fibre waviness, etc. [1] when assembling the final product. As a result of these 
defects, the structural response of the final structure might be compromised. Therefore, a reliability 

analysis is needed. In this work, a reliability-based design optimization (RBDO) [2] regarding the 
linearized buckling behavior of a straight-fibre composite laminate is carried out concerning 
homogeneous material elastic properties variation. In order to perform such analyses, Carrera 

Unified Formulation (CUF) [3] is used, according to which structural theories with low-order 
accuracy to layerwise models can be implemented in a hierarchical and unified manner. These 
analyses are then used to build a surrogate model based on Polynomial Chaos Kriging (PCK) [4], 

which substitutes the finite element model and thus accelerates the optimization process. The final 
scope of the work is to show that layerwise models can help to broaden the design space that other 

structural approaches may have shrunk, while subjected to the manufacturing constraints that the 
industry has imposed through the years [5]. 

References 

[1] A. Pagani, A.R. Sanchez-Majano. Influence of fibre misalingments on buckling performance of 

variable stiffness composites using layerwise models and random fields. Mechanics of Advanced 
Materials and Structures  2020. DOI: https://doi.org/10.1080/15376494.2020.1771485 

[2] M. Moustapha, B. Sudret. Surrogate-assisted reliability-based design optimization: a survey and a 
unified modular framework. Structural and Multidisciplinary Optimization 60, 2157–2176 (2019). 
DOI: 10.1007/s00158-019-02290-y 

[3] E. Carrera, M. Cinefra, M. Petrolo, E. Zappino. Finite Element Analysis of Structures through 
Unified Formulation. Wiley & Sons. 2014. ISBN: 978-1-119-94121-7. 

[4] R. Schobi, S. Marelli, B. Sudret, UQLab user manual – Polynomial chaos Kriging, Report # UQLab-
V1.3-109, Chair of Risk, Safety and Uncertainty Quantification, ETH Zurich, Switzerland, 2019 
 
[5] G.H.C. Silva, A.P. do Prado, P.H. Cabral, R. De Breuker, J.K.S. Dillinger. Tailoring of a Composite 
Regional Jet Wing Using the Slice and Swap Method. Journal of Aircraft, 1–15. (2019) 
DOI:10.2514/1.c035094  

mailto:alberto.racionero@polito.it
mailto:alberto.racionero@polito.it
https://doi.org/10.1080/15376494.2020.1771485

