il

Kharazmi University

Journal of Engineering Geology OPEN ACCESS

Journal home page https://jeg.khu.ac.ir Online ISSN

2981-1600

Evaluation of cement performance in stabilizing saline soils from the Urmia

lake basin

Solmaz Darsanj!, Mehrdad Emami Tabrizi®®, Hassan Afshin®
1. Ph.D. Student, Civil Engineering Faculty, Sahand Earthquake Research Center (SERC), Sahand University of Technology
(SUT), Tabriz, East. Azerbaijan, Iran. E-mail: s_darsanj@sut.ac.ir
2. Associate Professor, Civil Engineering Faculty, Sahand Earthquake Research Center (SERC), Sahand University of
Technology (SUT), Tabriz, East. Azerbaijan, Iran. E-mail: m.emami@sut.ac.ir, Corresponding author
3. Professor, Civil Engineering Faculty, Sahand Earthquake Research Center (SERC), Sahand University of Technology
(SUT), Tabriz, East. Azerbaijan, Iran. E-mail: hafshin@sut.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:
Received 19 July 2025
Accepted 7 December 2025

Keywords:
Lake Urmia, aeolian sand,
stabilization, cement, salt.

Aeolian sands in arid and semi-arid regions are considered problematic due to
their loose structure, low bearing capacity and difficulty in compacting them.
Iran's dry climate and phenomena such as the desiccation of Lake Urmia have
exacerbated the dispersion of saline sands. One common approach to mitigating
these issues is chemical stabilization using additives such as cement. This study
investigates the effect of stabilizing saline aeolian sands collected from the Lake
Urmia basin using Type | Portland cement. Stabilized soil specimens with
varying levels of salinity and cement content were prepared and subjected to
unconfined compressive strength testing after a 7-day curing period. The results
showed that increasing the cement content significantly improves compressive
strength. Furthermore, the presence of salt in the soil samples did not hinder the
stabilization process, but instead contributed to improved strength in the short
term. These findings highlight the importance of considering the type and
concentration of salts when designing stabilization treatments for saline granular
soils in arid and semi-arid climates.

Introduction

sulfate ions can hinder cement hydration,

Aeolian sands are problematic soils that are
commonly found in arid and semi-arid regions.
They are problematic due to their loose structure,
low bearing capacity and difficulty in
compaction. In Iran, the desiccation of Lake
Urmia and the widespread arid conditions have
accelerated the spread of saline sands and dust
storms, creating environmental and geotechnical
challenges. One common approach to improving
such soils is to use chemical additives that create
bonds between soil particles, transforming the
loose material into hard soil or weak rock.
However, the performance and durability of
cement-stabilized soils can deteriorate over time
due to environmental or operational influences.
Among these factors, the interference of salts
with pozzolanic reactions is particularly
significant.Previous studies have shown that

resulting in harmful swelling and reduced
mechanical strength, particularly in fine-grained
soils. While some research has examined the
impact of other salts, such as chlorides, nitrates
and phosphates, their effects are complex and
depend on factors including salt concentration,
soil texture, cement type and curing conditions.
Despite these findings, little attention has been
given to stabilizing saline aeolian sands for use
in controlling wind erosion or as a construction
foundation, particularly in conditions of high
salinity where multiple soluble salts may interact
with cement. This study investigates the effect of
Portland cement stabilization on the unconfined
compressive strength (UCS) of saline aeolian
sands collected from the Urmia Lake basin.
Understanding the mechanical behaviour of
these soils under cement stabilization is of
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particular importance given the high salinity of
the soils in this region and the potential presence
of soluble compounds such as chlorides and
sulfates, which may interfere with cement
hydration processes. To this end, specimens with
varying salinity levels were prepared and
stabilised using different Portland cement
contents (1%, 2%, 3%, 4%, 5% and 7% by dry
weight). After seven days of curing, unconfined
compressive  strength  (UCS) tests were
conducted and the results analyzed to assess the
influence of salinity and cement content on the
performance of the stabilized soil.Additionally,
the microstructural analysis was also performed
using scanning electron microscopy (SEM). This
investigation provides valuable insight into the
behavior of stabilized saline granular soils and
supports  the selection of appropriate
stabilization plans for arid and semi-arid regions.

Materials and Methods
Soil

The soil used in this research was poorly
graded sand collected from the western shore of
Urmia Lake, near Jabal Kandi village. This area
is highly susceptible to wind erosion due to the
lake's receding water levels. Based on electrical
conductivity, this soil is classified as saline.
Chemical analysis revealed high concentrations
of chloride, bicarbonate, and sulfate, as well as
calcium, sodium, and potassium. Microscopic
examination showed that the soil particles were
predominantly rounded, spherical, and rod-like
in shape.

Cement

Type 425-1 Portland cement, supplied by the
Sufian Cement Factory, was used for specimen
preparation.

Sample preparation

To ensure uniformity and microstructural
control, the layered compaction method was
selected after comparing various field
stabilization ~ techniques and laboratory
procedures. Cement-stabilized specimens were

prepared by mixing dry soil with specific cement
contents, adding water at a W/C ratio of 1 plus
2% extra moisture, and compacting the mixture
in four layers within Teflon molds (5 cm
diameter x 10 cm height) using the under-
compaction method. Specimens were demolded
after 24 hours, cured in water for seven days, and
oven-dried at 50°C for 24 hours prior testing.
The target dry density was 1.62 g/cm3,
corresponding to 70% relative density.
Cylindrical specimens were made using both
saline and desalinated soils; desalination was
achieved by repeated washing with distilled
water until the electrical conductivity of the 1:2
soil extract was below 250 pS/cm. Ultrasonic
pulse velocity measurements were conducted
prior to mechanical testing to assess internal
homogeneity.

Results and Discussion

The experimental results demonstrated a
clear increase in UCS with higher cement
content, primarily due to the formation of more
extensive and stronger interparticle cementation
bonds. The morphology and distribution of these
bonds—particularly planar bonds between
elongated sand grains—played a critical role in
load transfer and strength development.
Ultrasonic testing, as a hon-destructive method,
showed that wave velocity increased with
cement content and exhibited a strong power-
law correlation with UCS, highlighting its
potential for estimating mechanical strength in
cemented soils. Additionally, soil salinity
exerted a significant influence on strength
development. Specimens with higher electrical
conductivity exhibited greater UCS, likely due to
the abundance of chloride ions. Chlorides
enhanced early hydration reactions and formed
Friedel’s salt through interactions with cement
aluminates. This process contributed to strength
gain and potentially mitigating deleterious
ettringite formation by limiting sulfate access to
CsA.
Conclusions
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This study examined the stabilization of
saline aeolian sands from the Urmia Lake region
using Type | Portland cement. Specimens with
different cement contents and electrical
conductivity levels were prepared and tested for
ultimate compressive strength (UCS) after seven
days of curing. The results showed that Portland
cement effectively increases the strength of
saline sandy soils, with UCS rising as the cement
content increases. A strong power-law
relationship was observed between UCS and
cement content. Furthermore, the presence of

salts, particularly chloride ions, was found to
enhance early cement hydration and strength
development. Specimens with higher salinity
exhibited greater short-term strength than
desalinated ones at the same cement content.
These findings emphasise the importance of
considering salt type and concentration when
designing optimal chemical stabilization
formulations for saline environments, and
highlight the dual role of salinity and
cementation in improving soil performance.
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Table 1. Physical properties of the studied sand
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Table2. Chemical analysis results of the saline sand
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