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Currently, the amount of waste generated from the seafood industry is
increasing, with mollusk shells being one of the primary residues. Due to the high
calcium carbonate content in shells, they possess beneficial properties such as high
hardness and chemical resistance. Many researchers have explored the use of mollusk
shells as filler materials in composite systems. Epoxy resin is one of the most
commonly used matrices for composite fabrication. However, when epoxy-shell
composites are to be applied in engineering applications, it is essential to consider
their fracture toughness properties. Fracture toughness can be categorized into three
modes based on the direction of the load applied relative to the crack surface. In most
practical situations, the load tends to act in a mixed-mode fashion. Therefore, this
research focuses on evaluating the fracture toughness under mixed-mode | and Il
loading conditions. Traditionally, fracture toughness is determined through destructive
mechanical testing, where the load applied to the specimen is used to calculate the
fracture toughness parameters. However, such experimental testing is resource-
intensive, time-consuming, and costly. As an alternative, various fracture criteria have
been developed to predict fracture toughness based on theoretical calculations,
offering a more economical and faster approach. Despite their efficiency, these
predictive methods may still introduce discrepancies when compared to actual
experimental results. To address such limitations and reduce resource consumption,
many researchers have applied artificial intelligence (Al) techniques to predict fracture
behavior and identify influencing parameters. Recent advances have demonstrated
that Al can be used to improve fracture toughness predictions even when available
data is limited. One such approach is the use of multi-fidelity modeling, which
integrates data from sources of varying accuracy levels. High-fidelity data typically

refers to experimentally obtained data, whereas low-fidelity data often derives from



theoretical. This integration is known as multi-fidelity modeling. The objective of this
research is to develop a predictive model for the fracture toughness of epoxy resin
reinforced with mussel shell particles under mixed-mode | and il loading conditions.
The model is constructed using deep neural networks (DNN) and incorporates multi-
fidelity data comprising experimental results and theoretical predictions based on
fracture criteria. The model employs three input variables: calcination temperature of
the shell (°C), shell mixing ratio (%wt.), and the mode mixity parameter. The output
consists of fracture toughness under mode | (K) and mode Il (Ky). The results of this
study reveal that the multi-fidelity model outperforms the single-fidelity model in

prediction accuracy, especially in scenarios where the training data is limited.
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