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Abstract: To address the limitations of existing prediction models in evaluating the mechanical
properties of millimeter-level B,C particle-reinforced metal matrix nuclear radiation shielding
materials with integrated neutron and gamma radiation shielding performance, a novel mechanical
property prediction model combining finite element simulation software and self-programming is
proposed. First, the LiveLink™ for MATLAB® interface is utilized to integrate the finite
element software COMSOL Multiphysics with self-programming in MATILAB, establishing a

GRM stochastic RVE model. Key simulation parameters including model dimensions and mesh
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sizes are determined through computational analysis. Subsequently, the model’ s validity is
verified through comparison with literature data. Finally, the effects of B,C particle content,
shape, and size on the composite material’s mechanical properties are systematically investigated
via simulation. Results demonstrate that when the B,C particles are ideally bonded with the
matrix at a radius of 0. 20 ecm and a volume fraction of 30%, the composite material’s yield
strength increases by 25. 60% and 21. 00% compared to boron steels containing 1. 80% and 1. 65%
boron, respectively. Within the millimeter-level particle size range, variations in B, C particle shape

and size affect the composite material’ s elastic modulus and yield strength by no more than

3.28%. The proposed prediction model provides valuable guidance for multi-property optimization design

of millimeter-level B, C particle-reinforced nuclear radiation shielding composite materials.

Keywords:

millimeter-level B,C particles; nuclear radiation shielding; representative volume

element models; mechanical property prediction
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tensile under different model sizes
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