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Expansive clay soils are made up of many minerals such as hydrated aluminum silicates,
which have a fibrous, laminated structure and give the soil a high water absorption
capacity. The volumetric change of such soils in the presence of water poses serious
stability problems. Improving soil performance is an important process in the
construction of geotechnical works on problem soils. There are several methods to solve
these issues, among them stabilization by injection of chemical solutions into the soil.
In this context, this study focuses on the injection of chemical solutions in a clay taken
from the region of Didouche Mourad, in the district of Constantine in the north east of
Algeria. In the first part, the physical and mechanical characterization of clay was
conducted in a series of laboratory tests. The results obtained show that our clay exhibits
high swelling potential (Swelling potential: 3.87%), very plastic (plasticity index:
38.55%) and moderately compressible. The second part presents the treatment of
swelling clays by adding Potassium chloride (KCl) and sodium chloride (NaCl) at
different concentrations of 0.5, 1 and 2 mol/l. The results show that salt addition
markedly improves soil behavior, with swelling reduced by 25-72% at 0.5—-1 mol/l and
by up to 75% at 2 mol/l. Both salts were effective, with KCI slightly outperforming
NaCl. This confirms that concentrated salt solutions are a promising method for

stabilizing expansive clays in geotechnical applications.

1. INTRODUCTION

Expansive soils in the presence of water are undesirable for
stability reasons. These are soils that can cause a lot of damage
to light structures (torsions, cracks in the pavement,
subsidence, instabilities in embankments, etc.) [1]. The annual
financial losses worldwide caused by this type of soil and
resulting from floods, hurricanes, tornadoes and earthquakes
can be estimated between 2 and 9 billion dollars [2]. For this,
expansive soils require deep studies by civil engineers before
making the construction of sidewalks, residential buildings
and roads etc.

Indeed, expansive soils contain many clay minerals which
confer them a different behavior from that of other soils. They
exhibit volumetric changes in response to changes in their
moisture content. These soils swell when there is an increase
in moisture content and shrink when there is a decrease in
moisture content. According to previous studies [3-7], a
number of factors can affect the phenomenon of soil swelling:
the type and age of the rock in relation to the type and quantity
of clay, the stress history (overload and stress path), the
activity of the clay, existence and depth of water table, soil
moisture, initial water content, initial placement conditions
and air ingress characteristics.

In Algeria, it can be noted that many disorders appeared in
structures built in the arid and semi-arid regions, due to the
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strong swelling pressure exerted by the expansive soils. In
these zones, the clay is so dry that adding a small amount of
water can release tremendous energy capable of producing
significant damage to the structure. This damage caused by
swelling and its consequences on buildings have been well
documented in the studies [7-10].

Thus, soil stabilization is a geotechnical process that
includes mechanical and chemical treatment techniques where
the chemicals are intended to maintain the stability and
improve the compressibility of the soil by limiting the water
absorption capacity [11]. In order to limit problems and
damage in buildings and different structures, many solutions
based on stabilization techniques have been developed with
more or less satisfactory results; the most common
improvement method for expansive soils is chemical
modification. This technique aims to improve the stability of
expansive soils by increasing the particle size of soils,
decreasing the plasticity index, aiming to reduce the swelling
potential, and / or revise the resistance of the soil by
improvement of mechanical properties However, the literature
shows that the efficiency of chemical stabilization strongly
depends on the type and concentration of the additive used.
Despite this, few studies have specifically investigated the
controlled injection of KCI and NaCl into Algerian expansive
clays, particularly under semi-arid climatic conditions.
Moreover, the effects of these two salts at different


https://orcid.org/0009-0005-1461-880X
https://orcid.org/0009-0002-2100-9058
https://orcid.org/0000-0002-4429-9687
https://orcid.org/0000-0002-8735-4906
https://crossmark.crossref.org/dialog/?doi=10.18280/mmep.120910&domain=pdf

concentrations on both the physical and mechanical behavior
of local soils remain insufficiently documented.

After improving the physical and mechanical performance
of these soils through chemical treatment; potentially
expansive soils can be used or reused as backfill or foundation
or sub-foundation soil for road works.

Some researchers [7, 12-14] studied the use of KCI to
modify heavy clay in the laboratory. Their results showed that
the addition of KCI significantly reduces the swelling
potential, resulting in a decrease in the activity of the clay and
a significant improvement in its mechanical properties.
Gueddouda et al. [15] obtained similar conclusions after
injection of NaCl into clay soil.

The aim of this study is to look into the use of chemical
injections as a stabilization technique of swelling soils. A
series of tests were carried out to stabilize an expansive soil
collected in the region of Didouche Mourad in the district of
Constantine (Algeria) by using a chemical stabilization
technique consisting in addition of salts (KCI and NaCl) at
different concentrations The originality of this work lies in
assessing the effect of these two salts at various concentrations
to evaluate their efficiency and provide practical
recommendations for the stabilization of expansive soils under
Algerian conditions. This technique of injecting chemicals
into the soil was first introduced by Blacklock and Pengelly.
Many studies followed their work by injecting a variety of
chemical agents into the soil [16, 17, 1].

Initially, the soil was selected for the experimental program
to determine; physical, chemical, geotechnical and mechanical
properties of untreated soil from laboratory experiments.
Secondly, the study examined the effects of different salts
(KCl and NacCl) on the physical and mechanical properties and
the swelling parameters of the soil.

2. MATERIALS AND METHODS
2.1 Materials

2.1.1 Location of the study area

The soil was extracted from an area located below a
watershed limited by a road overcoming the city of Al-Amal
in Didouche Mourad, in the district of Constantine Figure 1,
located 431 km to the east of the capital Algiers. The area is
composed of several geological formations, the first of which
is covered by a reddish silty clay with carbonate concretions
followed by a layer of reddish to yellowish marly clay, gypsum
and plastic with wet passages. From the hydrogeological point
of view, this area is framed by several temporary watercourses
which constitute a natural drainage of the existing slope in the
rainy seasons towards river Oued El Hamma.

fOued El Hamma [l s

A

Figure 1. Location of the study area
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Figure 2. Soil sampling operation in the study area

2.1.2 Identification of clay soils

The soil was extracted at a depth of 3.5 m to 5 m as shown
in Figure 2, and characterized by conducting different
geotechnical tests at the Public Works Laboratory of the East
Constantine (PWLE).

This study area has several layers of soil, each thickness
having a certain lithology as follows:

® m to 0.50 m: Backfill composed of concrete blocks,
gravel and clay.

® (.50 mto 1.50 m: Reddish marly clay, gypsum, finely
gravelly in places.

® 1.50 mto 3.00 m: Reddish marly clay.

® 300 m to 5 m: Reddish marly clay, Reddish to

yellowish marly clay, gypsum and plastic with wet
passages.

Table 1. Results of chemical, physical and mechanical
identification tests

Parameter Value Standard
Water content (%) 1544 ASTM-D2216-10 [20]
Liquid limit (%) 76.62
Plastic limit (%) 38.07
Plasticity index (%) 38.55 ASTM-D4318-17el [21]
Consistency index 1.58
Methylene Blue Value 7.5 ASTM-C837-09 [22]
Grain size distribution
Fine sand (%) 02
Silt (%) 23 ASTM-D7928-16el [23]
Clay (%) 75
Insoluble rate (%) 70.80
Carbonate rate (%) 1496 ASTM D4373-96 [24]
Sulfate levels (%) 5.88
Apparent Friction Angle (°) 3.90
Apparent cohesion (bars) 0.222 ASTM-D2850-15 [23]
Effective Friction angle (°) 13
Effective Cohesion (bars) 0.193 ASTM-D3080 [26]
Compressibility pressure(bars) 1.47
Compressibility coefficient ~ 0.182
Swelling coefficient 0.069 ASTM-D2435-04 [27]
Swelling pressure(bars) 3.75
Force applied F (kg) 315.17
Compressive strength (MPa)  0.401 ASTM-D2166-06 [28]
Maximum dry density (t/m?)  1.532
Optimal water content (%)  23.78 ASTM-DI557-12 [29]
Swelling potential (%) 3.87 ASTM-D1883-16 [30]

The results of the identification tests are presented in Table
1. According to the classification system AASHTO, and the
Casagrande chart, the soil of Didouche Mourad has been



classified as very plastic (class A3) and very consistent. It
showed high values of plasticity index and liquid limit at
38.55% and 76.62% respectively, with a consistency index of
1.58. The analysis concluded to very fine clay with more than
75% of particles having a diameter less than 2 um. According
to the methylene blue test and the formula of Tran (21*MBYV).
S.S.T (m?/g), the total specific surface is 157.5 m%/g [18].

The initial water content was measured to reach 15.44%
with a saturation up to 99.96%. Which indicate a moist and
saturated soil.

The rate of carbonates measured is 14.96%, which confirms
that the nature of this soil is a marly clay. In addition, the
presence of sulphates reaches a percentage of 5.88%, which
indicates a very strongly aggressive soil.

The oedometer compressibility test revealed the presence of
moderately compressible soil. Generally, the higher the
plasticity index of a soil, the greater the swelling potential.
According to the classification of Bigot and Zerhoni [19], the
chart of Williams and Donaldson, and Chen. It can be said that
the studied soil belongs to the category of very expansive soils.

2.1.3 Salts

The saline solutions (distilled water + salts) used in this
research are: potassium chloride (KCI) and sodium chloride
(NaCl), at different concentrations of 0.5 M, 1 M and2 M (M
is the molarity of saline solution (M = mol/liter).

2.2 Methods

In this phase the chosen methodology consisted mainly in
conducting experiments and collecting data. Samples were
taken from the selected site of Didouche Mourad and
laboratory equipment was used to determine the soil properties
by performing acceptable standard tests. The tests were, first,
carried out on the natural soil and secondly on the mixture of
soil and saline solutions (KCI and NaCl). The obtained results
were compared with the results of past research and
conclusions with discussion were drawn.

The extracted samples were transported to the laboratory in
two ways:

* To maintain moisture content, remolded samples were
obtained using a backhoe loader at a depth of 3.5 m to 5 m and
transported in plastic bags as shown in Figure 3(a), in order to
carry out the various identification tests (water content, grain
size, Atterberg limits).

* Intact samples were obtained using a core drill, as shown
in Figure 3(b).

The latter is installed at the chosen location, where the
engine is then started to begin drilling, which is done
vertically. The drill is removed with the soil sample. The
samples are collected in special tubes to be preserved, so they
are ready for mechanical tests (triaxial, oedometer, unconfined
compression) to determine the nature of the soil and establish
geological profiles.

To perform different laboratory tests, about 100 kg of
samples were dried in an oven at 105°C for 24 h, followed by
manual grinding as shown in Figure 4(a). Sieving was done
with 3 sieves: the first is a 5 mm sieve as shown in Figure 4(b)
to perform the Proctor test, Simple Compression and
Methylene Blue Value (MBV); the second is a 20 mm sieve
Figure 4(c) for carrying out the California Bearing Ratio
(CBR) test and the third is a 400 um sieve for conducting the
Atterberg Limits in order to obtain a dry and homogeneous
soil. In this step, the material is wet sieved.
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(b) Intact ;a{mplés (carrots)

Figure 3. Sample transport and storage method

E—

(c) Sieving with a 20 mm sieve
Figure 4. Sample preparation methods

The sample was mixed with salts potassium chloride (KCI)
and sodium chloride (NaCl) at different concentrations (0.5, 1
and 2 mole/liter) in a homogeneous way. This is done by
adding a specified amount of saline solution to the crushed and
dried soil sample; this mixing was carried out using a spatula
for a few minutes to ensure that the solutions are well
distributed in all parts of the sample where there is a change in
color and texture. These homogeneous samples are kept in
hermetically sealed plastic bags for 24 hours, followed by
compaction in a CBR and Proctor mold.

The optimum water content obtained from Proctor test was



23.78% and the maximum dry density 1.532 t/m?.

After demolding, the samples were subjected to a series of
physical and mechanical tests, as shown in Table 2.

* Atterberg limits are the water levels at which soil changes
from one state to another, they are used to determine how fine-
grained soils are formed [31].

* Oedometer Compressibility: This is a consolidation and
compressibility test that allows the vertical deformation of the
soil to be assessed. The sample is placed in a rigid cylindrical
cell (oedometer) between two porous stones, subjected to a
constant vertical axial force in stages, drained at the top and
bottom (the state of the sample is saturated during the test).

* Unconsolidated Undrained (UU) triaxial test: is carried out
using a triaxial device of revolution which was initially
designed by Bishop and Henkel in 1962, the UU test is used
on saturated or unsaturated soils which have low permeability.

* Free swelling with the Oedometer consists of measuring
the swelling pressure (the pressure that must be applied to the
soil sample to prevent it from swelling on contact with water)
[32].

* Standard Proctor consists of determining the maximum
dry density and optimum water content, it is carried out by
humidifying a material at several water contents and
compacting it in a standardized mold using a standardized
tamper, according to a very precise process, the soil sample is
well studied by measuring its properties.

* The CBR immersion index is measured after 4 days of
immersion in water (the test period from 1 hour to 4 days). For
this, the test piece is covered with overloads which allow the
surface of the sample to be fretted, therefore the measurement
of the desired CBR index is known as the greatest value
between a penetration of 2.5 mm in percentage of 13.2 kN and
a penetration of 5 mm in percentage of 19.8 kN.

* Unconfined compressive strength (UCS) test is performed
on a cylindrical sample placed between two parallel plates of
a press. After putting the two plates in contact with the sample,
the axial load is applied with a constant displacement rate.
From the maximum (axial) breaking force (Fmax) displayed
by the machine, the compressive strength was calculated
resulting from the ratio between the breaking force Fmax and
the cross-section of the specimen.

Table 2. The physical and mechanical tests carried out

Test Standard Objective

Determine the Atterberg

. .. ASTM-D4318-  limits: liquid limit, plastic
Atterberg Limits =, 71 7r) 1y limit, plasticity index and
consistency index.
Determine the
Ociomer  ASTp2uss. oSy pramcrs
Compressibility 04 [27] P ’

compressibility coefficient
and the swelling coefficient.

Free Swelling on ASTM-D2435- Determine the swelling

the Oedometer 04 [27] pressure.
Determine the parameters of
UU ASTM-D2850-  the resistance: the apparent
15 [25] cohesion and the angle of
internal friction.
Compaction ASTM-D1557- Det.ermlne maximum dry
(Standard density and optimum water
12 [29]
Proctor) content.
CBR ASTM-D1883-  Determine the strength and
16 [30] load-bearing capacity of soil.
Ucs ASTM-D2166-  Determine the compressive

16 [28] strength.

3. RESULTS AND DISCUSSION
3.1 Effect of KCI and NaCl salts on the Atterberg limits

As observed, the plasticity index decreased with an increase
in salt concentration. This could be due to the ionic reactions
of salts with clay minerals, which tend to cause soil
flocculation [33].
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Figure 5. The effect of KC1 and NaCl salts on the Atterberg
limits

The variation of the samples Atterberg limits at different
concentrations of KCl and NaCl is mentioned in Figure 5. It
shows that adding amounts of KCI and NaCl decreased the
plasticity index. The lowest values occur at 2 M of KCl and
NaCl, where the plasticity index reduced by approximately
29% and 43.1% respectively compared to untreated soil. Also,
a reduction in the soil liquid limit and the plastic limit was
observed where the values dropped by 26% and 21%
respectively for a concentration of 2 M of KCl, and by 35%
and 29% respectively for a concentration of 2 M of NaCl. The
noticeable difference in the effects of NaCl and KCl on
reducing the liquid and plastic limits arises from the smaller
ionic radius, higher hydration energy, and stronger capacity of
Nat* to compress the diffuse double layer compared with K*.
Consequently, sodium salts are more effective in reducing the
soil’s ability to absorb and retain water, which directly
decreases the liquid limit, plastic limit, and plasticity index to
a greater extent than potassium salts [34]. These results are in
good agreement with those obtained by Schmitz and Van
Paasen [35] who reported that the reduction in the liquid limit
is related to the increase in the molarity of the salt. The results
are also similar to previous studies carried out by: Al-Omari et
al. [36] and Shukla et al. [37] which used potassium chloride
(KCl) at different concentrations on an expansive soil. The
authors found a decrease in plasticity properties even at high
values of water content, which confirms that the addition of
KCl made the soil more solid compared to the normal state. In
addition, Frydmanet al. [13] and Al-Omari et al. [36] found
that increasing the electrolyte concentration by adding



chemicals reduces the thickness of the double layer and
increases the shear strength between the soil particles which
leads to a reduction in the plasticity index and the liquid limit
[38].

3.2 The effect of KCl and NaCl salts on compressibility
properties

Figure 6 shows the effect of KCl and NaCl salts with
different concentrations on the compressibility characteristics
of the studied soil. It was noted that there is a decrease in the
swelling coefficient (Sc), which presents the importance of the
swelling deformation induced by an unloading compared to a
given stress state [35], compared to the natural state. The
values of the swelling coefficient were reduced by 43% and
27% respectively for 2 M concentration of KCl and NacCl.
Moreover, at low consolidation pressure and low salt
concentration, the compressibility coefficient remains
relatively high. Conversely, at higher consolidation pressures
and salt concentrations, a pronounced reduction in Cc is
observed. This confirms the inverse relationship between
consolidation pressure and the compressibility coefficient
[39].

On the other hand, an increase in the compressibility
coefficient (Cc) was noticed by 8.3% and 28.6% for 2 M
concentration of KCl and NaCl respectively. According to the
obtained values of swelling coefficient and compressibility
coefficient, the soil was altered from a swelling soil category
to a low swelling soil category, after the addition of the highest
concentration of salts. And it was changed from a moderately
compressible soil to a quite highly compressible (after addition
of 2 M of NaCl).
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Figure 6. The effect of KCI and NaCl salts on
compressibility properties
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Figure 7. The effect of KCI and NaCl salts on the swelling
pressure

From the oedometer free swelling test. The obtained results
are summarized in Figure 7. The greatest improvement
occurred at a concentration of 2 M of KCI and NaCl where the
swelling pressure decreased by approximately 66% and 60%
respectively compared to untreated soil. These results are
similar to those obtained by Al-Omari et al. [36] and
Gueddouda et al. [15]. They found that the addition of KCI and
NaCl had a very important role in reducing the swelling
pressure. In addition, the free swelling for the expansive soil
is reduced linearly with the increase in the percentage of
chemical substances added up to an optimal value; after this
value the reduction in free swelling is negligible. This is
probably explained by the fact that the further addition of salts
no longer produces noticeable effects, since the main
adsorption sites are already saturated, the compression of the
diffuse double layer has reached its limit, and the particles
have attained a more stable arrangement (flocculated or
aggregated) [40].

3.3 The effect of KCI and NaCl salts on the CBR

Figure 8 shows the results of the CBR values for the samples
tested.

Remarkably, the maximum CBR value was reached by
adding the highest concentration 2 M of KCI which leads to an
increase of 252%. In contrast, the CBR values under NaCl
values under NaCl effects reached a plateau at around 0.75M
concentration, and stayed constant up to 2 M. The induced
increase is of 113%.

The action of KCI and NaCl salts on the swelling potential
differs from one clay to another. It is due to the mineralogical
nature of clay. In addition, chemical solutions have a positive
effect on swelling reduction and in most cases optimal
swelling reduction is achieved with the use of high salt
concentrations [8].

The potassium chloride reduces the swelling of soils thanks
to the fixing of cations between the sheets, and the swelling
remains to be reduced and its speed is rapid even at low
concentrations [40]. In this study, the swelling potential was
reduced by 74.58% and 69.50% for a concentration of 2 M of
KCl, NaCl, respectively compared to the untreated soil. The
results are presented in Figure 9. The higher efficiency of KCl
compared to NaCl can be explained by the ability of K* ions
to better penetrate the interlayers of clay minerals, replacing
exchangeable cations and reducing the amount of absorbed
water between the layers. This mechanism leads to the
formation of stronger interparticle bonds and greater



stabilization of the soil structure [33]. These results are similar
with the results obtained by Hachichi and Fleureau [8],
Belabbaci et al. [40], and Srinivas et al. [41].

According to Zhao et al. [1], increasing the salt
concentration leads to compression of the thickness of the clay
double layer.

—4—By adding NaCl —#—By adding KCl

CBR at95 %
L o N =

0 0.5 1 1.5 2
Concentration of salts KC1 and NaCl (mol/1)

Figure 8. The effect of KCl and NaCl salts on CBR

5 - ——4—By adding KCl ——By adding NaCl

Swelling (%)

0 0.5 1 1.5 2
Concentration of salts KCI and NaCl (mol/1)

Figure 9. The effect of KCI and NaCl salts on swelling
potential

3.4 The effect of KCl and NaCl salts on compaction
properties

The effect of KCI and NaCl on the relationship between dry
density and moisture content is shown in Figure 10. The results
of the compaction tests revealed a change in the compaction
characteristics after adding salts. Increased KCl or NaCl
concentration caused an increase in dry density and a decrease
in soil moisture content. This observation would probably be
due to the reduced thickness of the double layer of diffuse
water [36, 40].

The results show that the dry density of the soil without any
mixing is 1.53 t/m?. With the addition of 0.5 M, 1 M and 2 M
KCl, it reached 1.56 t/m3, 1.58 t/m® and 1.68 t/m> respectively.
And with the addition of 0.5 M, 1 M and 2 M NaCl, the
obtained values were 1.61 t/m3, 1.63 t/m® and 1.64 t/m?
respectively.

By adding 2 M of KCI and NaCl the dry density was
increased by 9.8% and 7.8% respectively. Similar
observations were also made by Al-Omari et al. [36], Shukla
et al. [37], Afrin [42], El Kady et al. [43] and Durotoye and
Akinmusuru [44]. Test results show that the addition of salts
significantly improves compaction characteristics where
sodium and potassium chlorides react with calcium oxides and
hydroxides in the soil to form calcium chloride, which has a

very important role for soil hardening and increased dryness
[45, 46].
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Figure 10. The effect of KCl and NaCl on the relationship
between dry density and moisture content

3.5 The effect of KCl and NaCl salts on compressive
strength

The results of a series of unconfined compression tests were
reported to study the effect of KCl and NaCl at different
concentrations (0.5 M, 1 M and 2 M) on the compressive
strength of the sample. The values of compressive strength are
presented in Figure 11. It can be noticed that clay soil has a
higher compressive strength with the addition of salts than
with water alone. This is because clay soil has several layers
and sheets of silica with a hydrogen bond connecting these
sheets [40].

1 1 mByadding KCI m By adding NaCl

Compressive strength

0 0.5 1 2
Concentration of salts KCl and NaCl (mol/1)

Figure 11. The effect of KCI and NaCl salts on compressive
strength



The maximum increase in the compressive strength of soil
was achieved by adding 2 M concentration of salts. The
strength increased by 114.5% and 70%, respectively for KCl
and NaCl, compared to untreated soil. This shows another
positive contribution of salts in improving the mechanical
characteristics of the studied soils. The same trend of results
was found by Xiang et al. [34] and Shukla et al. [37].

3.6 The effect of KCI and NaCl salts on friction angle and
cohesion (UU triaxial shear test)

To evaluate the effects of salt concentration on shear
strength parameters, such as cohesion and the angle of internal
friction, soil samples were subjected to a UU test. These
parameters are influenced by the composition, arrangement,
bonding and micro-effects of soil particles, they also varied
according to the type and content of the additives [47]. From
Figure 12, the results indicated that KCl and NaCl salts had a
significant effect on the shear strength parameters. The
cohesion and friction angle were increased with increasing
salts concentration. But the tendency for increase in internal
friction angle and cohesion by the addition of NaCl was higher
than that found by the addition of KCI, indicating that
concentration and solution type had a great influence on the
soil shear strength parameters. The best improvement occured
at 2 M concentration of KCl and NaCl where the cohesion
values were augmented by about 289.2% and 413.5%
respectively. And, the values of the angle of internal friction
were increased by about 174.4% and 569.2% respectively.
These results are in good agreement with those of Dubey and
Jain [48] which noticed an increase in internal friction angle
and cohesion values by the addition of salt (NaCl).

For salt concentrations at zero, the values of cohesion and
angle of internal friction were 0.222 bars and 3.90°
respectively.
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Figure 12. The effect of KCI and NaCl salts on friction angle
and cohesion
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After addition of 0.5 M of KCl and NaCl, a linear increase
of cohesion and the angle of internal friction were noticed. At
additional 1 M of KCl1 and NaCl, the cohesion decreased due
to the longer distances and weaker attraction forces between
the clay particles [49], In this case, the double layer can
increase the distances between the clay particles, limiting the
additional adsorption capacity of the soil particles. Also, at 2
M concentration of salts, an increase in shear strength
parameters was found. In general, it can be concluded that the
salts make the clay more cohesive, which was modified from
a soft untreated soil to a firm treated one.

4. CONCLUSIONS AND FUTURE WORKS

This research aims to characterize the mechanical behavior
of an expansive clay soil treated with chemical solutions (KCl
and NaCl) at three concentrations 0.5 M, 1 M and 2 M, to
reduce expansibility and improve soil strength. The choice of
the study site was justified by its extension to dangerous areas,
where significant damage has been recorded in road
infrastructure, buildings and light civil works.

Through the tests carried out, it can be concluded that the
treatment of clay with KCI and NaCl salts have a significant
influence on its mechanical characteristics. However, clay
processing significantly affects its plasticity parameters,
consolidation pressure, CBR index, swelling index,
compaction parameters, compressive strength and shear
strength. The main conclusions drawn from this work are as
follows:
®  Potassium chloride and sodium chloride decrease liquid

limit, plasticity index, swelling coefficient, swelling

pressure and swelling potential. The optimal benefit
occurs at 2 M KCl and NaCl, where, the plasticity index

is reduced by a factor of about 29% and 43%

respectively.

The swelling pressure is reduced by a factor of

approximately 66% and 60% respectively.

Swelling is reduced by a factor of approximately 74.58%

and 69.5% respectively.

Potassium chloride and sodium chloride increase the

CBR index. It is concluded that the best improvement

occurs at 2 M KCI and NaCl where the CBR is increased

by about 252% and 113% respectively.

Potassium chloride and sodium chloride increase

maximum dry density and decrease optimum moisture

content. Adding 2 M of KCI and NacCl gives the highest
value of maximum dry density as it increased by about

9.8% and 7.8% respectively.

Potassium chloride and sodium chloride increase the

compressive strength, by 114.5% and 70% respectively

for a 2 M concentration.

The highest concentration of KCl and NaCl reverses the

shear properties from decrease to increase knowing that

cohesion and angle of internal friction are augmented by

a factor of about 289.2% and 174.4% (for 2 M KCl); and

413.5% and 569.2% (for 2 M NaCl).

Future research will focus on combining geotextile
reinforcement with the use of salts (KCl and NaCl) at the same
concentrations as in this study, to assess whether this approach
further improves swelling control, strength, and soil stability
compared to salt treatment alone.
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