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Lightweight particulate composites (LPCs) are engineered materials that incorporate low-density fillers into 

cementitious matrices to achieve reduced weight, improved thermal insulation [1], and enhanced acoustic 

properties [2]. When embedded in calcium aluminate cement (CAC) matrices, fly ash cenospheres (FACs) not 

only lower the composite density, but also introduce controlled porosity, which is critical for noise reduction 

applications [3]. 

Accurate prediction of acoustic behavior in such heterogeneous materials remains challenging due to complex 

microstructures [4], [5] and the high computational cost of detailed simulations [6]. This study proposes a 

homogenization-driven finite element method (FEM) framework for multiscale modeling of heterogeneous 

LPC composed of FACs and concrete matrix. The approach accounts for inclusion morphology and spatial 

distribution while maintaining computational efficiency. 

The model links microscale features with macroscale acoustic response, enabling reliable prediction of 

effective mechanical and acoustic properties. Results show good agreement between heterogeneous 

simulations and their homogenized equivalents, confirming the validity of the approach. The framework 

demonstrates strong potential as an efficient design tool for LPC optimization. Future work will include 

experimental validation and comparison with analytical models. 
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