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ABSTRACT

Dune sand naturally possess low strength and bearing capacity. Due to their specific physical
characteristics, they are unsuitable as road subgrade soil without improvement or stabilization
using additives. Traditional stabilization methods, such as the use of cement or lime, are not
considered suitable alternatives due to their adverse environmental effects. In recent years, the
use of alkaline activator solutions and geopolymers has been introduced as a green and
cost-effective alternative to cement and lime, owing to their reduced CO, emissions, lower
energy consumption, and better compatibility with sustainable development. In this study,
different sodium silicate-to-sodium hydroxide ratios (1, 2, and 4) with concentrations of 8, 10,
and 12 molar were used to improve and stabilize dune sand. Compaction and unconfined
compressive strength (UCS) tests along with XRD and SEM analyses were conducted to
evaluate the microstructure of the stabilized dune sand. The compressive strength of the samples
was measured at curing times of 7, 28, 56, and 91 days. The results revealed that the highest
UCS was achieved in samples stabilized with a sodium silicate-to-sodium hydroxide ratio of 2
and a concentration of 12 molar after 91 days of curing. SEM analysis indicated limited
microstructural changes, which were attributed to the insufficient availability of silica and
alumina for the formation of geopolymer gel. Overall, the combination of sodium silicate and
sodium hydroxide at a 2:1 ratio and a concentration of 12 molar was identified as the most
effective option for improving the strength of dune sand.

Keywords: Stabilization, Dune Sand, Compressive Strength, Sodium Silicate, Sodium
Hydroxide
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