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THI NGOC QUYNH TRAN: IMPROVED PERFORMANCE OF CEMENT-STABILIZED
LATERITIC SOIL USING RECYCLED MATERIALS REPLACEMENT AND NATURAL
RUBBER LATEX FOR PAVEMENT APPLICATIONS.

THESIS ADVISOR: ASST. PROF. DR. MENGLIM HQY, Ph. D., 184 PP.

Keywords: Recycled Materials/Cement Stabilization/Natural Rubber Latex/Pavement

Base Applications

This research aims to study the potential of using recycled materials and
natural rubber latex (NRL) in improving the performance of cement-stabilized lateritic
soil for pavement applications. The steel slag (SS) and recycled concrete aggregate
(RCA) replacement ratios of 50% and 70% were studied. The cement content of 5%
by weight and dry rubber to cement (r/c) ratios of 0%, 3%, 5%, 10%, and 15% were
examined. Geotechnical laboratory experimental programs were investigated under
several influent factors such as steel slag-to-lateritic soil (SS:LS) ratios, recycled
concrete aggregate-to-Lateritic soil (RCALS) ratios, dry rubber-to-cement (r/c) ratios in
order to clarify three main objectives of the research. Firstly, unconfined compressive
strength (UCS) and indirect tensile strength (ITS) tests, and microstructure analysis
including scanning electron microscope (SEM) and X-ray diffraction (XRD) were
performed. Secondly, indirect tensile resilient modulus (IT M,) and indirect tensile
faticue (IT F,,) tests were conducted in order to assess the resilient modulus and fatigue
life of cement-NRL stabilized recycled materials and lateritic soil blends under cyclic
loading conditions. Finally, the durability against wetting-drying (w-d) cycles test of
cement-NRL stabilized recycled materials and lateritic soil blends was performed. The
unconfined compressive strength (UCS,,), weight loss, water absorption, and
microstructural change were considered as the results of the w-d cycles test.

The strength results showed that the cement-NRL stabilized recycled materials
and lateritic soil blends can be used as pavement base course materials as their
strength meets the minimum strength requirement specified by Department of

Highway, Thailand. The coexistence of cement hydration products and NRL films



formed by optimum NRL content (optimum r/c ratio) can reduce the pore space and
enhance the interparticle bond strength, resulting in the strength development of
cement-NRL stabilized blends. The optimum r/c ratio was found to be 3% and 5% for
cement-NRL stabilized SS:LS and RCAILS blends, respectively producing the highest
values of UCS, TS, IT M,, and IT F,, which were higher than those of cement stabilized
SS:.LS and RCA.LS blends. However, beyond the optimum r/c ratio, the excessive
amount of NRL generated thick NRL films and retarded the cement hydration process,
resulting in low-strength development. The cement-NRL stabilized SS:LS blends
exhibited higher mechanical strength properties and fatigue properties than the
cement-NRL stabilized RCA:LS blends. In addition, for both types of recycled materials,
the cement-NRL stabilized SS/RCAILS blends with 70% recycled material replacement
ratio exhibited superior mechanical strength and fatisue properties than the samples
with 50% recycled material replacement ratio. It was also found that the mechanical
strengths and fatigue properties of cement-NRL stabilized studied blends reliant on
the r/c ratio. Hence, the relationship between UCS, ITS, IT Mr, and IT Fn of cement-
NRL stabilized SS:LS and RCA:LS samples at various r/c ratios was established with high
accuracy. The durability test result showed that the UCS,,.4 of cement-NRL stabilized
blends increased with the increase of the number of w-d cycles, up to the third cycle
and then decreased beyond 3 cycles. The SEM imaeges also indicated that the presence
of NRL films infiltrates pores and cracks of cement-stabilized structure, resulting in the
higher UCS,, 4 and lower weight loss and water absorption of cement-NRL stabilized

SS.LS and RCALLS blends compared to the cement stabilized SS:LS‘and RCA:LS blends.

This research will provide new insights into improved mechanical of cement-
stabilized lateritic soil using recycled materials replacement and natural rubber latex
for pavement applications. Recycled materials applications are not only improving the
unfavorable properties of lateritic soil to comply with the specifications for high
volume roads designated by international or local road authorities but also contribute
to solving the environmental burden due to the increasing waste materials. With
similar elastic and tensile properties to synthetic polymer additives, NRL is recognized

as a "green" additive to improve the microstructure and mechanical properties of



cement-stabilized materials alternate to Synthetic polymer additives. The shortcoming
of cement-stabilized materials such as brittle behavior as well as durability can also

be enhanced by using natural rubber latex.
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