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The use of Recycled Concrete Aggregate (RCA) in rigid pavement construction
represents a promising approach for developing sustainable infrastructure by reducing
the consumption of natural aggregates and minimizing construction waste. However,
RCA generally exhibits inherent drawbacks, including high porosity, internal
microcracking, and inferior mechanical properties. This study aims to investigate the
enhancement of mechanical performance, fatigue behavior, and microstructural
characteristics of rigid pavement concrete incorporating RCA through the combined use
of Natural Rubber Latex (NRL) and Fly Ash (FA) as supplementary materials, with the
objective of developing high-performance and environmentally friendly paveme’nt
concrete.

The experimental program comprised compressive strength (fo), flexural strength
(f;), flexural fatigue performance under repeated loading, and microstructural
characterization using Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray
spectroscopy (EDX), and X-ray diffraction (XRD). The primary variables investigated
included the dry rubber-to-binder or cement ratio (/b or r/c), the water-to-binder ratio
(w/c), and FA replacement levels ranging from 15% to 25% by weight of cement. In
addition, CO,-equivalent (CO,-e) emissions and material costs were evaluated to assess
the environmental and economic sustainability of the proposed concrete mixtures.

The results indicated that the incorporation of NRL led to a reduction in
compressive strength at all r/b or r/c levels due to retardation of cement hydration.
Nevertheless, when NRL was added at moderate dosages (approximately 0.5-1.0%),
the concrete exhibited significant improvements in flexural strength, ductility, and
fatigue life. Mixtures designed with appropriate w/c ratios, such as w/c = 0.3 atr/c < 1.0
and w/c = 0.4 at r/c = 0.5, consistently satisfied the minimum compressive and flexural
strength requirements specified by the Thai Department of Highways for rigid pavement

applications. In contrast, excessive NRL addition resulted in the formation of continuous



latex films that hindered hydration reactions, leading to pronounced reductions in both
compressive and flexural strengths.

Microstructural analyses confirmed the presence of latex films embedded
within the cement matrix and at the interfacial transition zone between RCA and
cement paste, which effectively bridged microvoids and enhanced flexural
performance. EDX and XRD analyses further revealed a continuous reduction in
portlandite (Ca(OH),) content with increasing /b or r/c ratios, reflecting hydration
retardation caused by the coating of cement particles with latex films and the
consequent reduction in hydration products such as C-5-H gel at the macroscopic
scale. However, within the optimal NRL range (/b or r/c = 0.5-1.0%), the reduction in
portlandite did not adversely affect overall mechanical performance, as the latex films
acted as physical binders that improved microstructural continuity, enhanced the
interfacial transition zone, and increased resistance to crack initiation and propagation.
The incorporation of FA played a crucial role in compensating for hydration retardation
by promoting pozzolanic reactions with the remaining portlandite, resulting in a denser
cementitious matrix and improved long-term performance.

From a sustainability perspective, the mixture incorporating 25% FA and 0.5%
(/b exhibited the lowest CO,-e emissions due to the substantial reduction in cement
content, which is the primary source of carbon emissions. Meanwhile, the mixture
containing 20% FA provided the most cost-effective solution while maintaining
adequate mechanical properties and fatigue resistance to meet rigid pavement
requirements. These findings demonstrate that optimizing concrete mixtures based on
2 balanced consideration of engineering performance, carbon reduction, and material
cost can lead to the development of durable and sustainable rigid pavement concrete.

In conclusion, this study demonstrates that the appropriate combination of
RCA, FA, and NRL can significantly enhance mechanical performance and fatigue
resistance while simultaneously reducing environmental impact and material cost,
thereby supporting the development of low-carbon rigid pavement materials for

sustainable infrastructure applications.
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