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ABSTRACT: In geotechnical engineering, clay is known as problematic soil, including low Review History:
compressive strength, low bearing capacity, and high swelling potential. Chemical stabilization of Received: Feb. 18, 2022

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

Huetal., 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
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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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Fig. 1. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thick-
ness of 4.8 mm

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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Table 1. The geotechnical properties of clay.
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Table 2. The results of XRF analysis for detecting chemical compounds.
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Table 3. Specifications of soil samples specimens.
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Table 4. Materials' properties for the direct shear test.
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Fig. 1. The unconfined compression strength tests in various curing times(Continued)
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Fig. 2. The unconfined compression strength tests in selected curing times
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Table 5. direct shear test results
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Fig. 3. The values of the shear strength parameters in the direct shear test.
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Fig. 4. The SEM results of selected soil samples

Y49



735-744.

[6] J. Davidovits, Geopolymers and geopolymeric materials,

Journal of thermal analysis, 35(2) (1989) 429-441.

[7] B.H. Ahmed Hisseini, A. Bennabi, R. Hamzaoui, L.
Makki, G. Blanck, Treatment and Recovery of Clay Soils
Using Geopolymerization Method, International Journal

of Geomechanics, 21(11) (2021) 04021206.

[8] S. Luhar, S. Chaudhary, I. Luhar, Development of
rubberized geopolymer concrete: Strength and durability
studies, Construction and Building Materials, 204 (2019)
740-753.

[9] J.L. Provis, S.A. Bernal, Geopolymers and related
alkali-activated materials, Annual Review of Materials

Research, 44 (2014) 299-327.

[L0] M. Zhang, N.A. Deskins, G. Zhang, R.T. Cygan, M. Tao,
Modeling the polymerization process for geopolymer
synthesis reactive  molecular

through dynamics

simulations, The Journal of Physical Chemistry C,
122(12) (2018) 6760-6773.

[11] H.H. Abdullah, M.A. Shahin, M.L. Walske, A. Karrech,
Systematic approach to assessing the applicability of fly-
ash-based geopolymer for clay stabilization, Canadian

Geotechnical Journal, 57(9) (2020) 1356-1368.

[12] J. Davidovits, Soft mineralogy and geopolymers,
in:  Proceedings of the geopolymer 88 international
conference, the Universite de Technologie Compiengne,

France, 1988.

[13] I. Bashir, K. Kapoor, H. Sood, An Experimental

Investigation on the Mechanical Properties of
Geopolymer Concrete, International Journal of Latest

Research in Science and Technology, 6(3) (2017) 33-36.
[14] S. Wang, Q. Xue, Y. Zhu, G. Li, Z. Wu, K. Zhao,
Experimental study on material ratio and strength
performance of geopolymer-improved soil, Construction

and Building Materials, 267 (2021) 120469.

[15] A. Purdon, The action of alkalis on blast-furnace slag,

Journal of the Society of Chemical Industry, 59(9) (1940)
191-202.

[16] V. Glukhovsky, Soil silicates. Kiev, USSR: Gostroiizdat

Oy A ol Gl gld diged Cuoglie My Juol cle o digel 748

Al (oo peiigl

Bl Jdze ol jl oalatwl 48" e o i pleewdds ol )y p

(o 0 Sl SB > (So)lSo (I s eshBf 09 5> (25
b ixe dlge 3l odlitul ¢ 5uio0 )y ool Cowd 4 ol wlul 33,5

dge lgis 4 gy e ) Bl o 393,k 1> CaO Al il
33,5 oolitl Jy S Cos jslaio 4y yorhigiy By, ) 4yl
ol S§ lgis a4 28 Blo Jdxe odlo I eslaw] 505 (sguw ]
oeplors 3 gho)> b o] R3Sl 5 (0lnl 23) i)l 5 et ine
$BsS Sao g ol il qalie plass b e plete sl Sl

sl LT 4 do g Lilows (5913 9 g5 ) 40 pls dlge ad &) s
g JB lde 13,8 03839 leww Brae Liall 4 Sy Sk
0ialS G 3l 5l dswgs ) 8 )lieg losw Wy T8 5 65y
S35 Jolse alasl e 30T (55 Logasulylidls’ slajls iz

ol oy gl SB s (0 Sdme olen] Glal p

&l

[17[1] T.B. Edil, C.H. Benson, M. Bin-Shafique, B.F. Tanyu,
W.-H. Kim, A. Senol, Field evaluation of construction
alternatives  for

roadways over soft subgrade,

Transportation Research Record, 1786(1) (2002) 36-48.
[2] D.H. Moon, D.G. Grubb, T.L. Reilly, Stabilization/

solidification of selenium-impacted soils using Portland
cement and cement kiln dust, Journal of hazardous

materials, 168(2-3) (2009) 944-951.

[3] H. Kukko, Stabilization of clay with inorganic by-
products, Journal of Materials in Civil Engineering,
12(4) (2000) 307-309.

[4] R. Feiz, J. Ammenberg, L. Baas, M. Eklund, A.
Helgstrand, R. Marshall, Improving the CO2 performance
of cement, part I: utilizing life-cycle assessment and key
performance indicators to assess development within
the cement industry, Journal of Cleaner Production, 98
(2015) 272-281.

[5] A.M. Rashad, An exploratory study on high-volume
fly ash concrete incorporating silica fume subjected to

thermal loads, Journal of Cleaner Production, 87 (2015)

yiay



VARE B YIVA docis VF+Y Jlo V) 0)loud D0 0593 S ool (lpos suoito & pis

pozzolan, European Journal of Environmental and Civil

Engineering, 24(9) (2020) 1339-1362.

[21] A.C.D.-0. Soil, Rock, Standard test methods for liquid
limit, plastic limit, and plasticity index of soils, ASTM

international, 2010.

[22] S. Ahmari, K. Parameswaran, L. Zhang, Alkali
activation of copper minetailings and low-calcium flash-
furnace copper smelter slag, Journal of materials in civil
engineering, 27(6) (2015) 04014193.

[23] A. International, ASTM D2166/D2166M-16 standard

test method for unconfined compressive strength of

cohesive soil, Annual Book of ASTM Standards 2016,
(2016).

Publish, (1959).
[17]N. Cristelo, S. Glendinning, A. Teixeira Pinto, Deep soft

soil improvement by alkaline activation, Proceedings of
the Institution of Civil Engineers-Ground Improvement,
164(2) (2011) 73-82.

[18] N. Cristelo, S. Glendinning, L. Fernandes, A.T. Pinto,
Effect of calcium content on soil stabilisation with

alkaline activation, Construction and Building Materials,
29 (2012) 167-174.

[19]S. Pourakbar, A. Asadi, B.B. Huat, M.H. Fasihnikoutalab,
Soil stabilisation with alkali-activated agro-waste,
Environmental Geotechnics, 2(6) (2015) 359-370.

[20] V. Toufigh, M. Barzegari Dehaji, K. Jafari, Experimental

investigation of stabilisation of soils with Taftan

2194.

DOI: 10.22060/ceej.2023.21117.7627

N. bahrami, D. Moazami,Sh. Pourakbar, The effect of calcium presence in limepet for clayey
soil stabilization using the geopolymer method, Amirkabir J. Civil Eng., 55(11) (2024) 2179-

w3 gyl o ol 4 digR

yiay






