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Towards Sustainable High-RAP Asphalt Mixtures: The Potential
of Resin-Based Bio-Binders
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The increasing demand for more sustainable and resource-efficient road construction has accelerated
the adoption of circular economy strategies in pavement engineering. Among these, the reuse of
Reclaimed Asphalt Pavement (RAP) represents one of the most effective approaches for reducing the
consumption of virgin aggregates and bitumen, limiting waste generation, and lowering the
environmental burden associated with road maintenance and rehabilitation. Nevertheless, the
incorporation of high RAP contents in wearing-course mixtures remains technically challenging because
of the increased stiffness and reduced flexibility of the aged binder contained in RAP. This study
investigates the feasibility of using a resin-based bio-binder as an alternative to conventional bitumen
and commercial rejuvenating agents for the production of asphalt mixtures containing 50% RAP.

Two different binders were considered. The conventional solution consisted of a 70/100 penetration-
grade bitumen combined with a commercial rejuvenator, whereas the alternative formulation was based
on a bio-derived binder specifically designed to act simultaneously as a binder and a rejuvenating agent.
The bio-binder was formulated using vegetable resin, waste olive oil, synthetic wax, styrene-butadiene-
styrene polymer, and crumb rubber. Two dense-graded wearing-course mixtures were designed and
produced, each containing 50% virgin limestone aggregates and 50% RAP.

The experimental program combined rheological characterization of the binders with mechanical
evaluation of the corresponding asphalt mixtures.

The rheological results on binders showed that both rejuvenation strategies effectively reduced the
excessive stiffness of the reclaimed asphalt binder. However, the resin-based bio-binder provided a more
balanced response over the investigated temperature range, exhibiting lower stiffness at low
temperatures and improved stiffness control at high temperatures.

At asphalt mixture scale, both formulations satisfied the required air-void specifications. The
conventional mixture showed comparatively high stiffness, whereas the bio-binder mixture exhibited a
substantially lower value (by about 40%). These results indicate that the bio-binder effectively mitigated
the stiffening effect associated with high RAP incorporation while maintaining adequate mechanical
performance. Fatigue testing showed that the bio-binder mixture had approximately 23% lower fatigue
life at high strains; however, at half this strain level the two mixtures exhibited nearly equivalent fatigue
resistance. Overall, the findings demonstrate that resin-based bio-binders represent a technically viable
and potentially more sustainable alternative to conventional bitumen-rejuvenator systems for high-RAP
asphalt mixtures, particularly under low-strain service conditions.
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