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Ground improvement

This thesis explores the feasibility of using bottom ash (BA) geopolymer and
natural rubber latex (NRL) to enhance the properties of recycled concrete aggregate
(RCA) for sustainable pavement base and subbase applications. The study includes
two engineering approaches, microstructure analysis and chemical component testing,
aiming to thoroughly assess its suitability for pavement base and subbase use.

The first part focused on the strength development of RCA-BA geopolymers.
The geopolymer synthesis employed sodium hydroxide (NaOH) and sodium silicate
(Na,SiO,) as alkaline activators. RCA-BA mixtures prepared from RCA, BA, and water
were used as the control to examine the effect of activators on strength. Replacement
ratios of RCA:BA were set at 90:10, 80:20, 70:30, 60:40, and 50:50, with alkaline activator
ratios (Na,SiO5:NaOH, G/N) of 1:1, 1:1.5, and 1:2 respectively.

The second part examined the influence of NRL on the strength and
microstructural characteristics of RCA-BA geopolymers. Mixtures were prepared at an
RCA:BA ratio of 70:30 with G/N ratios of 1:1, 1:1.5, and 1:2, incorporating NRL at 0.19%,
0.2%, and 0.3% by weight of aggregate. The strength was evaluated through unconfined
compressive strength (UCS) testing, while X-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy dispersive X-ray spectroscopy (EDX) were employed to
analyze microstructural features, geopolymerization reactions, gel formation (N-A-S-
H and C-S-H), microcracking, and the influence of NRL coatings within the geopolymer
matrix.

The results showed that the RCA90BA10 mixture with G/N = 1:2 achieved a UCS
of 9.14 MPa at 7 days, significantly exceeding the Department of Highways (DOH,
Thailand) requirement of 2.413 MPa. All geopolymer-stabilized mixtures surpassed the
minimum standards. Toughness testing revealed an energy absorption capacity of
107.89 N-m for the optimal formulation. Microstructural analysis confirmed complete

geopolymerization with the formation of dense N-A-S-H and C-S-H gels. Moreover,



the addition of 0.1% NRL with G/N = 1:1 resulted in a maximum UCS of 5.17 MPa at
28 days, far surpassing the AASHTO (2008) requirement of 1.72 MPa for subbase
materials. SEM images confirmed the formation of a dense and homogeneous
geopolymer matrix, with NRL films bridging RCA and BA particles, reducing porosity,
and limiting crack propagation. However, excessively high G/N ratios or excessive NRL
content led to silica-rich gels or overly thick NRL films, which hindered
geopolymerization and reduced strength.

In conclusion, the findings demonstrate that RCA-BA geopolymers, with or
without NRL modification, are highly promising materials for pavement subbase
construction. They provide superior engineering performance compared with
conventional materials while promoting resource efficiency, reducing the consumption
of natural aggregates, minimizing industrial waste disposal, and lowering CO, emissions.
This approach therefore represents a practical pathway toward sustainable

infrastructure development.
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