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Abstract. This work presents a Multi-Fidelity Reliability-Based Design Optimization (MF-RBDO) 

framework for composite structures manufactured by Automated Fiber Placement (AFP). Tow steering 

and layerwise tailoring offer major stiffness-to-weight benefits, but they also introduce defects, 

geometric deviations, and material variability that can compromise structural robustness [1]. The 

proposed approach combines manufacturing-aware design, uncertainty propagation, and reliability 

assessment within a single workflow. The optimization problem is formulated as a mixed-integer 

problem: the number of plies is treated as a discrete variable, while continuous variables describe the 

fibre path of each layer, enabling layerwise tailoring strategies for variable-stiffness laminates [2]. 

Deterministic AFP defects, such as gaps and overlaps, are modeled at ply level, and explicit 

manufacturing constraints are enforced to assess infeasible designs before expensive analyses. 

Structural responses are computed through the Carrera Unified Formulation (CUF) [3], which enables 

the seamless integration of low-fidelity Equivalent Single Layer models and high-fidelity layerwise 

kinematics within the same Finite Element (FE) framework. 

 

To make reliability estimation computationally viable inside the optimization loop, an adaptive multi-

fidelity Gaussian Process Regression (GPR) surrogate is introduced. The surrogate is trained from low- 

and high-fidelity CUF simulations and progressively enriched through an adaptive learning strategy 

driven by epistemic uncertainty [4]. Preliminary verification of a composite plate under transverse 

pressure, with combined material and load uncertainty, shows that the proposed approach accurately 

predicts through-thickness normal out-of-plane and transverse shear stresses, as well as a delamination, 

in agreement with Monte Carlo statistics from the high-fidelity CUF model and a 3D Abaqus 

benchmark. The overall architecture of the proposed MF-RBDO strategy is illustrated in Fig. 1, which 

summarizes the integration of AFP manufacturing constraints, low- and high-fidelity models, and 

adaptive multi-fidelity GPR for reliability assessment within the optimization loop.  
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Figure 1. Architecture of the proposed MF-RBDO framework integrating AFP manufacturing constraints, CUF 

structural models, and adaptive multi-fidelity GPR reliability assessment. 


