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Abstract. While woven composite face sheets are preferred for high-performance sandwich
structures due to their exceptional durability, their traditional chemistry makes repair and recycling
difficult. This research addresses these limitations by transitioning to vitrimer-based [1] woven
composites, which utilize reversible chemical bonding. This study presents a multiscale numerical
framework implemented in Abaqus to characterize the mechanical behavior of these sustainable face
sheets. The modeling strategy starts with micro-scale: the analysis begins with the homogenization of
the glass fiber and vitrimer resin constituents to determine effective properties.

Then meso-scale: to ensure geometric fidelity, Micro-Computed Tomography (HCT) analysis was
conducted to precisely characterize the elliptical yarn geometries and woven architecture. This allows
for an accurate FE representation of the yarn-resin interaction and internal stress distributions.

The material and damage models are validated through Interlaminar Shear Strength (ILSS) and
flexural (three-point bending) simulations. By comparing numerical results with experimental
benchmarks, the mechanical behavior of the vitrimer composites is refined.
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Figure 1: pCT image of the woven layer (above) along with the meso scale model (below).

The final stage involves the integration of these validated models into a comprehensive sandwich
structure simulation. By establishing a high-fidelity numerical model, this work aims to minimize the
reliance on extensive physical testing campaigns. Ultimately, this approach significantly reduces the
experimental costs and development timelines required to bring recyclable and sustainable vitrimer-
based sandwich structures to industrial applications.
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