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ABSTRACT 
 
     This study presents a machine learning-based surrogate, which analyzes particle 
size-dependent expansion of steel slag in cement composites based on an analytical 
time-frame model. While the analytical model captures the expansion behavior 
successfully, it limits quantitative assessment of parameters and inverse interpretation of 
unknown material properties. A surrogate model is trained using data generated from the 
analytical model, which incorporates key material parameters. Random forest, boosted 
tree, and Gaussian process regression models are employed for the machine learning. 
The surrogate model based on Gaussian process regression achieves high predictive 
accuracy (R² > 0.99) and enables rapid evaluation in a wide parameter space. The 
approach is further extended to inverse analysis. The inverse analysis quantifies the 
feasible ranges and identifiability of material and reaction-front variables, which provides 
a quantitative interpretation of expansion variability. 
 

 
 

Fig. 1 Results of machine learning using data from the analytical model 
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