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Abstract

The damage initiation mechanism of fiber-reinforced composites under transverse loading is
highly dependent on local stress-strain concentrations in the fiber-matrix interfacial region.
However, the precise mechanism linking microscopic damage events to macroscopic
constitutive responses remains insufficiently quantified. This paper employs two-dimensional in
situ scanning electron microscopy (SEM) combined with digital image correlation (DIC) to
observe and quantify the damage evolution of T300/epoxy 90° laminates under transverse
tension and compression. The experimental setup provides real-time, high-fidelity data on micro-
scale crack initiation, propagation, and interactions. Based on the proposed[1] Residual-
Pixelshuffle Conditional Generative Adversarial Network (RP-cGAN), an end-to-end mapping
from microstructure to field distribution is established by deeply integrating residual connections
and sub-pixel up-sampling techniques. The experimentally obtained sequence of material
microstructure images and corresponding strain field processes are converted into a two-
dimensional dataset, and the weight matrix containing the complete damage evolution
mechanism of the material is derived via RP-cGAN. Through singular value decomposition
(SVD), principal component analysis (PCA), and spectral analysis of the weight matrix,
combined with prior knowledge of composite damage mechanics, the complete damage
initiation mechanism of fiber-reinforced composites under transverse loading is obtained.
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