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Abstract

The sustainable management of road infrastructure requires the valorization of industrial by-products in order to reduce the
consumption of non-renewable natural resources and support circular economy practices. This study investigates the complete
replacement of conventional coarse aggregates with recycled steel slag in AC 22.4 asphalt mixtures intended for base layers.

The experimental program included asphalt mixtures prepared with five bitumen dosages ranging from 4.00% to 5.00%. The
mixtures were evaluated using a volumetric—-mechanical evaluation approach based on bulk density, water absorption, air voids
(Va), voids in mineral aggregate (VMA), and voids filled with asphalt (VFA). Mechanical performance was assessed through
Marshall stability and flow index tests performed according to European standards. Statistical analysis was applied to evaluate the
variability and significance of the experimental results.

The results showed that mixtures incorporating steel slag exhibited higher bulk density and approximately 17.4% higher Marshall
stability compared to mixtures prepared with natural aggregates. The optimum binder content was identified at approximately
4.50% for mixtures containing steel slag and 4.25% for the reference mixtures. Mathematical modeling implemented in
CurveExpert Professional software was used as a supportive tool for describing the experimental trends of the investigated
parameters with bitumen content. The environmental contribution of steel slag utilization was assessed using the Material
Circularity Indicator (MCI), obtaining a value of 0.84. The results indicate that recycled steel slag may represent a technically
viable alternative aggregate for asphalt base mixtures, provided that the binder dosage is properly adjusted.
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