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ABSTRACT

The accumulation of construction waste and the urgent need for sustainable
development have highlighted the importance of using recycled aggregates
(RA) in concrete production. Self-Compacting Concrete (SCC), known for its
superior flowability and reduced construction costs, offers significant potential
for integrating RA into structural applications. This study aims to develop a
reliable predictive model for the compressive strength of RA-SCC under high-
temperature conditions using Gene Expression Programming (GEP), an
advanced machine learning technique. A comprehensive database of 62
laboratory-tested samples, derived from 11 unique mix designs documented in
reputable studies, was assembled for this purpose. The model’s input variables
included the water-to-cement (W/C) ratio, recycled coarse aggregate (RCA)
content, temperature conditions, and compressive strength at room
temperature. Four numerical models based on GEP were developed to predict
the compressive strength of RA-SCC under thermal stress. Among these, the
third model (GEP3) demonstrated the highest accuracy, achieving a
correlation coefficient (R* = 0.9474). This result validates the model’s ability
to capture the intricate relationships between mix design parameters and
thermal conditions affecting RA-SCC performance. The findings reveal that
RA-SCC exhibits enhanced mechanical properties at elevated temperatures,
demonstrating the feasibility of incorporating RA into advanced concrete
technologies. Moreover, the study underscores the dual benefits of RA in SCC:
reducing dependence on natural aggregates and increasing environmental
resilience under extreme conditions. This work offers a robust computational
framework for optimizing RA-SCC, marking progress toward innovative and
eco-friendly construction materials and practices.
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