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ABSTRACT: In geotechnical engineering, clay is known as problematic soil, including low 
compressive strength, low bearing capacity, and high swelling potential. Chemical stabilization of 
soil with different additives is one of the possible methods for soil improvement. Portland cement is 
commonly used for the soil stabilization process. Climate change and global warming a life-threatening 
challenges, and governments have enacted laws restricting carbon dioxide emissions. Therefore, the use 
of environmentally friendly additives, cheap and available in the soil stabilization process is essential. 
In this regard, in recent years, geopolymerization processes have been introduced as the most serious 
alternatives to cement.
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1- Introduction
Hu et al., 2008, investigated the mechanical characteristics 

of three source materials that were prepared through 
the geopolymerization process. The results showed that 
geopolymers had repair features rather than cement-based 
materials [1].

Oh et al., 2010, studied mechanical characteristics and 
the crystalline phases of fly ash-based geopolymers, Class 
C and Class F fly ashes. To increase the crystallinity of the 
geopolymer samples, the reactions were carried out at 80 
°C. They found that the presence of blast furnace slag can 
decrease the permeability of geopolymer samples [2].

Sargent et al. studied the possibility of using waste 
materials in the geopolymerization process for stabilizing 
soft soils. Results showed that alkali-activated waste binders 
perform better than cement in deep soil mixing [3].

Yi et al., 2015, investigated the microstructural and 
mechanical properties of soft marine clay. They used the lime-
activated ground granulated blast furnace slag to stabilize the 
soil and applied unconfined compressive strength, scanning 
electron microscopy, and X-ray diffraction tests. This 
study revealed that the stabilized clays with a lime/ground 
granulated blast furnace slag ratio of 0.1 were 1.7 times that 
of Portland cement stabilized clay. Regarding the economic 
and environmental aspects, using lime-activated ground 

granulated blast furnace slag instead of Portland cement can 
be beneficial [4].

As the first researchers, Phummiphan et al. utilized 
calcium carbide residue (CCR) as a promoter in the alkaline 
activator. They aimed to improve the strength of marginal 
lateritic soil. The results showed that CCR was prosperous in 
improving soil characteristics. CCR with small size functions 
as a connector, reacts with alumina and silica, and produces 
calcium. Besides, the high-calcium FA-based geopolymer 
with CCR can act as a green stabilizer of marginal lateritic 
soils. Consequently, it can be an alternative to conventional 
PC and develop a sustainable bound for pavement material 
[5].

Toufigh et al. investigated the usage of various 
concentrations of Taftan pozzolan as a new stabilizing 
material to enhance the mechanical specifications of soil. 
Results indicated that the stabilizing specimens have better 
quality than the control ones [6].

In this study, limpet mineral was used as a source material 
in the stabilization process to stabilize the clay. Also, an 
attempt has been made to investigate the role of calcium 
oxide (CaO) in this mineral for soil stabilization through 
geopolymerization. In this regard, a combination of sodium 
hydroxide and silicate adhesive has been used as an alkaline 
activator.
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2- Materials and Methods:
The uniaxial compression strength (UCS) test was used 

as the main criterion for comparing stabilized soil samples. 
Besides, the direct shear test was used to investigate the 
adhesion and internal friction angle of stabilized specimens. 
Chemical analysis of reactions and elemental lineage changes 
was performed by electron imaging (SEM) on selected 
samples.

3- Analysis and Conclusion:
 The results show that increasing minerals rises uniaxial 

compressive strength (UCS). The results of the microstructural 
analysis show the reaction of iron slag residue, acetylene 
gas residue, and oyster mineral with soil and the formation 
of aluminosilicate gel in geopolymer samples. Based on the 
results obtained in this study, the use of residues and minerals 
with high CaO element in its structure can cause a significant 
increase in the strength of soil stabilized by the geopolymer 
method.

These materials can significantly increase the strength 
of soil stabilized by the geopolymer method. Utilizing 10 
percent of minerals in the geopolymer method caused UCS of 
671 KPa and 2/04 MPa in 7 and 45 curing time, respectively.
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Fig. 1: The unconfined compression strength tests in various curing times 
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Fig. 1. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thick-
ness of 4.8 mm
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