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ABSTRACT

This study examines the influence of clay mineralogy, particularly clay content, Montmorillonite
(MMT) %, on the swelling pressure of expansive soils. Through analyses of various soil samples
collected from different sites, the research incorporates combination of physical properties tests,
X-ray diffraction (XRD) analysis, microscope scanning (SEM), and swelling pressure evaluations,
to establish the relationships. Results indicate that higher percentages of clay content, MMT and
liquid limit consistently lead to increased swelling pressures. Clay mineralogy indicates the
potential value of the swelling pressure, and although the quantitative values of the pressure are
difficult to deduce from the data, it helps to explain the unusual behavior and identify the soil prone
to swelling. Notably, the observed variability in swelling pressure among samples, even with
similar mineral compositions, highlights the need for site-specific assessments. emphasize the
critical importance of managing expansive soils to mitigate potential structural damage and
optimize stabilization and construction practices.
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Emphasizing the Impact of Clay Mineralogy on the Swelling Behavior of Expansive Soils

1. INTRODUCTION

There is a significant role of mineralogical composition in determining the swelling pressure
of expansive soils, particularly montmorillonite mineral. It is the key mineral influencing swelling
behavior [1]. Increasing montmorillonite content in expansive soils leads to higher swelling
potential, liquid limit, and plasticity index, while decreasing shrinkage limit and shrinkage index [2].
Expansive soils are implicitly pointed out associated with large damage to onshore or offshore, over,
or underground infrastructures projects in more than 60 countries, on all continents. Despite
worldwide efforts to depict, understand, and predict these peculiarities, annual damages related to
geomechanical processes produced by variations of water content in expansive soils are reported all
over the world. For instance, in UK-&400 million, or in the USA- $15 billion.[3] In the UK, or in
China where expansive soil covers more than one hundred thousand square kilometers, expansive
soil behavior is stated as one of the most dangerous geological hazards that affect large and diverse
engineering projects [4].

Understanding the mineralogy is essential for determining the expected heave, differential
heave and swelling pressures and consequently the design requirements for foundations and also the
precautions needed for protecting them [5]. Another significant role of determining the clay minerals
is selecting suitable materials for ground improvement techniques (like grouting or soil stabilization)
[6] . Specific minerals may react differently with additives, affecting the overall strength and stability
of the structure.

The extension of urbanization to desert areas revealed the widespread presence of these soils
on the map of Egypt, and a lot of scientific research has appeared in this field that shed light on
swelling phenomena, and at the same time raised many new questions that need more research. Many
civil engineers need to understand this swelling mechanism of the expansive soil and also there is a
lack of awareness of the impact of the mineral composition of the expansive soil. Practicing
geotechnical engineers generally rely only on measurements of physical properties to define a
swelling soil. Agricultural specialists and geologists rely on measurements of mineral composition
and chemical properties, which geotechnical engineers should not neglect at all in the case of dry
soil.

The main aim of this research is to explain the swelling mechanism of the expansive soil and
to study significant role of clay content, Montmorillonite (MMT) content and Exchangeable cations
and their effect to the swelling pressure.

2. Characterization of Expansive Soils

2.1. Geotechnical Identification Tests

Method for identifying swelling soils can generally be divided into two levels, the first level
includes measuring the physical properties of the soil such as Atterberg limits, free permeation, and
susceptibility to volume change. The second level includes determining the mineral composition of
the soil such as clay content, Cation exchange capacity, specific surface area, and chemical properties

[7].

130 JAUES, 20, 74, 2025



Emphasizing the Impact of Clay Mineralogy on the Swelling Behavior of Expansive Soils

2.2. Role of Micro Scale Aspects of Expansive Soil Behavior

The behavior of swelling soils at the microscopic level takes into account the mineral
composition of clay grains and how they interact with the chemistry of water in the soil. It also shows
the cation attracted to soil grains.

2.3. 2.2.1. Mineral composition

Some research papers discussed the significant role of clay mineralogical composition.
Elkhateeb et al. [8] emphasizes the importance of the integration of geophysical investigation and
mineralogical analysis of the foundation soil for optimal characterization of a site.

Most clay minerals are formed in the form of sheets or layers. The clay grain of the swelling
soil consists of microscopic plates with negative charges on the surfaces of the plates. There are three
groups of minerals whose degree of expansivity is described as follows:

1-kaolinite group: non-inflatable.

2-a group similar to Mica: it includes Illites, and Vermiculite, which may cause susceptibility
to swelling, but the resulting swell does not cause problems.

3- Smectite group: it includes Montmorillonite (MMT): it is highly prone to swelling and the
most problematic clay minerals.

In nature, these groups may appear singly or clustered. The structure of all these groups
consists of wafer crystals and what distinguishes the mineral composition of clay is the physical
arrangement of the different layers that make up the crystals and how they are interconnected [7].

2.4. 2.2.2. Bonding between plates or layers

The bonding between silica sheets in the MMT mineral is due to Van der Waal forces. In the
[llite Mineral, the bonding between silica sheets is by potassium ion. The volume of the potassium
ion fills the space between the silica sheets. The presence of a potassium ion in this space between
the silica sheets creates a strong bond between them [9]. Therefore, the Illite minerals have much
less swelling than what happens in the minerals of the MMT form.

2.5. Swelling mechanism

2.6. 2.3.1. Initial swell

When the soil is exposed to water and absorbs moisture, the water fills the voids, causing the
first swelling, which depends on the dry density. The higher the ratio of voids relative to the total
volume , the lower the density and, consequently, the first swelling is higher, and the absorption
process continues until the saturation point (similar to the shrinkage limit), at which time the swelling
becomes the result of the mineral composition of the clay.

2.7. 2.3.1.1. Swelling due to mineral composition

Clay (by microscopic examination) consists of crystals , and these crystals are groups of plates
in the form of layers , similar to the pages of a book and clay minerals are distinguished from each
other according to how these plates are installed and interconnected with each other.

When the absorbed water is limited to the outer surfaces of clay minerals and the spaces
between the crystals, it is called an inter-Crystal swelling. As shown in Fig. 1, when water permeates
between the crystal-forming layers, the swelling volumetric change in this case is called intra-
Crystal swelling (intra-Crystalline swelling). Gillot, 1968 [10] reported that when the swell is inside
the crystal-forming plates (intra-Crystalline swelling), this occurs as a result of the fact that the
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attractive force that binds the plates together is less than the attractive forces responsible for
absorbing water.

The swelling of clay minerals does not occur as a result of a difference in the nature of the
forces acting, but it is caused by a difference in the amount of these forces that occur as a result of a
set of factors, the most important of which is related to the chemistry of mineral crystals. For
example, the surface composition of MMT is similar to non-inflatable Illite. But in Illite there are
higher charges per unit area on the surfaces than in MMT, so the strong internal interconnection
between the layers makes the water unable to penetrate between those layers (plates).
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Fig. 1: water absorption by clay mineral [10]

The mineral MMT saturated with sodium exchange ion is considered to be of the greatest
ability to swell over all other clay minerals, as the crystals of these minerals in water separate into
plates after the exchange sodium ion and water molecules occupy the space between these plates.

In addition to smectite, there are some minerals with swelling plates that are able to absorb
water into the crystals between the inner plates. Examples of such minerals are vermiculite, chlorite,
hallowsite and some minerals formed by alternating layers, but the resulting swelling in these
minerals is much less than in the case of sodium MMT (Na-montmorillonite). In general, when water
is able to penetrate to the internal surfaces, the saturated volume of the clay mass unit becomes much
larger than it occurs only on the external surfaces and the volumetric change is greater.

3. Experimental Works
3.1. Materials

Twenty-two expansive clay soils samples were collected from different places in Egypt.
Sampling was done in areas representative of those zones of expansive soils to ensure that findings
are applicable. Selecting varied locations helps capture a wide range of conditions. Samples are
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blocks of soil that can swell in their natural state. And they were divided into three groups. The first
group from the al-Ayyat site consists of 7 samples at different depths, and the second group includes
6 samples from various sites in Giza and at a depth of about 3.00 meters from the Earth's surface. As
for the third Group, 9 more samples were brought from various places from Al-Qusayr, New Valley,
Kom Osheim, Badr, Shorouk and Katameya at depths from 3.00 to 6.00 meters below the surface of
the Earth. The material locations and depths of soil samples used in this study is summarized in
Table 1.

Table 1: Locations, depths, Atterberg limits, classification, dry density and water content of samples

No Location Depth L(,I/; POI/: PI S(})}(')L Class. gl/(irlyrf W/C %
1 al-Ayyat 4 68 26 42 9.6 CH 1.71 12.9
2 al-Ayyat 20 64 24 40 6 CH 1.81 6.6
3 al-Ayyat 35 39 16 23 21.1 CL 1.84 55
4 al-Ayyat 15 79 30 49 7 CH 1.74 10.6
5 al-Ayyat 27 33 16 17 17.5 CL 1.78 8.1
6 al-Ayyat 30 72 28 44 8 CH 1.75 10
7 al-Ayyat 40 66 26 40 6.7 CH 1.72 12.1
A AbuHummus 3 84 33 51 8 CH 1.46 17.4
B Kafr Hamid 3 90 35 55 11.5 CH 1.63 24.5
C Tahma 3 55 23 32 5.5 CH 1.72 21.8
D Abu Subaih 3 78 30 48 14 CH 1.56 233
E Al-Saff 3 80 31 49 7.5 CH 1.6 24.4
F Abu Khams 3 82 31 51 8 CH 1.66 21.4
Gl Al-Qusayr 67 27 40 15 CH 1.88 4.74
G2 Al-Qusayr 81 32 49 16 CH 1.93 4.45
H Kom osheim 3 125 46 79 12 CH 1.82 4.56

I Shorouk W 3 42 19 23 14 CL 1.74 5.38

J Badr 1 3 89 33 56 16 CH 1.87 6.65
K Katameya 1 4 74 26 48 14 CH 1.8 8.79
L1  New Valley (L1) 2 40 17 23 13 CL
L2  New Valley (L2) 4 35 15 20 19.5 CL - -
L3  New Valley (L3) 5 41 17 24 10 CL 1.86 3.44
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3.2. Experimental Procedure

One of the most important indicators of identifying a swelling soil is the presence of the MMT
mineral. The mineral composition of clay can be identified from or by chemical analysis, but the
most widespread methods are X-ray diffraction (XRD) and scanning electron microscope (SEM)
available at HBRC. The predominant clay mineral in the soil reflects on the plasticity of the soil. It
also affects the swelling of the soil. Therefore, it is expected that there is a correlation between soil
plasticity and its susceptibility to swelling. The X-ray diffraction (XRD) technique [11] was always
used in researchs deal with clay minerlogy [12,13,14]. XRD pattern is based on the presence of
diffraction peaks characteristic for each of crystalline species present in a sample. The intensity of
the sharpness of these peaks are dependent not only on the number and the corresponding diffraction
planes present in the examined sample but also on the particle size, chemical composition and pre-
treatments during clay separation. The approximate proportions of clay minerals for different
samples were determined according to the method recommended by the US Geological Survey and
using some of its coefficients.

To assess the physical and hydro-mechanical properties of soils, laid down standards found in
the literature were utilized: Sieve analysis [15]; Hydrometer analysis [16]; Atterberg limits [17];
Shrinkage limit [18]; water content [19] and dry density [20]. Table 1 summarized the results of all
previous tests.

The tests of measuring the swelling pressure in the odometer were carried out according to the
ASTM standard [20] in two ways, the preload method (PS1), in which the sample is immersed in the
device at a small load of about 7 KPA (0.07 kg/cm?) and left to swell until the volumetric change is
confirmed, then the loads are gradually placed to return the sample to its initial size and set the
swelling pressure. And the second method (PS3), the test is performed in the same way using 3
samples under 3 different loads and the swelling pressure is set at each load, from which the swelling
pressure can be set for the sample.

4. Results of Tests

4.1. Classification of tested samples

The classification of 5 samples from the first group (al-Ayyat) were classified hard dry silty
clay and the color varied from gray to brown and two samples were gray-yellow sandy silty clay.
The samples of the second group (Giza) were further classified as gray or brown hard silty clay. As
for the samples of the third group (scattered places), although they were taken from scattered places,
most of them were classified as dark gray or gray hard silty clay tending to brown or yellow and
interspersed with flakes of yellow sand, as in the sample of Kom Osheim (H) and the New Valley
(L3). In general, it turned out that the soil samples studied differ at the same site, at different sites
and at different depths, however, all samples have a high to very high susceptibility to swelling.

4.2. Atterberg Limits tests

For the first group: Table 1 shows the values of the liquid limit and the plastic limit as well as
the plasticity index. The classification in terms of plasticity on the A-line chart are: 5 samples were
classified as high plasticity clay (CH) and two samples (3), (5) as low plasticity clay (CL), where the
ratios of the liquid limit of the five samples range from 64% to 79%, while the plasticity index ranges
from 24% to 30%. For samples (3) and (5), the liquid limit values are 39% and 33%, respectively,
and the plasticity index is 16%.

For the second group: Table 1 shows the values 9of the liquid limit and the plastic limit as well
as the plasticity index. Their classification on the A-Line of all samples was high plasticity clay (CH),
where the liquid limit values ranged from 55% to 90%, and the plasticity limit from 23% to 35%.

It is clear from Table 1 that the liquid limit for most samples (K), (J), (G2), (G1) ranged from
67% to 89% while sample (H) the liquid limit was 125% and the plasticity index for these samples
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ranged from 27% to 46% and the liquid limit values for samples Shorouk W (I) and New Valley (L3)
were 41, 42% and the plasticity index was 19, 17% respectively. The first five samples were
classified according to A-Line as high plasticity clay (CH) and the other samples low plasticity clay
(CL).

For the first group, the shrinkage limit (Sh.L.) for the five samples ranges between 6% and
10%, while for the two samples (3) and (5) they are 21% and 18%. the smaller Sh.L., the more
susceptible the soil is to swelling. For the second group: Sh.L. for samples (A), (C), (E), (F) ranges
from 6% to 8% and sample (B), (D) Sh.L. for them was slightly higher than the rest of the samples
11,5%, 14%, respectively. For the third group: the Sh.L.values for the five samples ranged from 12%
to 16% and the lowest value was for the New Valley sample (L3) 10%.

4.3. Gradation and Hydrometer test (Clay Content)

For the first group: it is clear from Table 2 that in the samples the percentage of clay content
smaller than 2 microns ranges from 72% to 81%, except for sample No. (3) and No. (5), the
percentage of Clay was 5%, 33%, respectively. For the second group, the percentage of clay content
in 5 samples (B), (C), (D), (E), (F) ranges from 58% to 92% and sample (A) the percentage of clay
content was 22%. For the third group. Table 2 shows that the percentage of clay content in 5 samples
of this group ranged from 54% to 94% and the lowest percentage of clay content for samples is
Shorouk W (I) which recorded 32%, it followed by the New Valley sample (L3) was 38%.

4.4. Mineral composition of clay tests

The results turned out that the clay minerals of the samples are MMT, kaolinite and with
different degrees of crystallization and proportions, while non-clay minerals often consist of gypsum,
calcite, quartz, feldspar and dolomite. Fig.2 & Fig. 3 show a sample of site Abu Subaih (No. D) with
68.5% MMT, 12.6% kaolinite and 1.9% illite. In addition, the exchangeable cations Ca>*/Na*. the
other results of the rest of samples are listed in Table 2.

For Al-Ayyat group, which consists of 7 samples, the proportion of MMT for samples (3)&(5)
ranged from 32% to 5,45% for the other five samples (1)«(2)«(4)«(6)«(7) the clay content ranged from
72% to 81%. This is largely evidence of the high weathering of the soils on this site. And the positive
exchange ion varied from Ca** / Mg** to Ca*" (calcium-magnesium to calcium only).

The second group consists of 6 samples taken from different sites in Giza. It is noted that
sample A contains the lowest percentage of MMT 17% and the lowest percentage of clay content of
22%, which indicates that the swelling is low. The rest of the samples of this group from (B) to (F),
the proportion of MMT in them ranged from 7.35% to 7.69%, while the percentage of clay content
ranged from 58% to 93%. The proportion of MMT and the high clay content is evidence of the high
wettability of the soil. The exchange positive ion was one Ca®"/ Na' calcium sodium for all samples.

For the third group consists of 9 samples, The approximate percentage of MMT in most
samples of this group ranged from 27.5% in the short sample (G2) to 58.3% in the catamaran sample
(K), and the percentage of clay content in this group ranged from 54% to 94%, and 38% was a
sample.(L3) and the proportion of MMT for the sunrise sample (I) is 8.6%, and for the New Valley
sample (L3)is 26%, while the clay content of the two samples respectively is 32%, 38%.There is a
similarity between the two samples (3), (5) in terms of a lower percentage of clay content of 5%,
33% than the percentage of clay in other samples and the lowest percentages of MMT have 5,3%,
19%, and swell pressure tests were not performed for the presence of cracks, breaks, layers of sand
and gypsum crystals in the stone blocks taken from the site and it is not possible to extract
undisturbed samples from them and test them in the odometer.
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Table 2: Results of Clay Content, XRD, Exchangeable cations determination tests

Clay minerals

No Location C(():Ii?e};l ¢ gl(:; MMT % Kaolinite % Illite % Exchangeable
% o cations
1 al-Ayyat 72.00 28 35.00% 35.50% 1.50% Ca*'/Mg>*
2 al-Ayyat 77.00 23 45.50% 21.00%  10.50% Ca2* /Mg?*
3 al-Ayyat 5.00 95 3.50% 1.00% 0.50% Ca?
4 al-Ayyat 72.00 28 37.00% 27.50% 7.00% Ca®"
5 al-Ayyat 33.00 67 19.00% 11.00% 3.00% Ca?'/Mg?*
6 al-Ayyat 80.00 20 33.00% 46.00% 1.00% Ca**
7 al-Ayyat 81.00 19 32.00% 43.00% 6.00% Ca*'/Mg>*
A AbuHummus 22.00 78 17.00% 4.30% 0.60% Ca*" /Na*
B Kafr Hamid 92.00 8 69.70% 22.30% 1.20% Ca®" /Na*
C Tahma 58.00 42 35.70% 20.80% 1.50% Ca’*/Na*
D Abu Subaih 83.00 17 68.50% 12.60% 1.90% Ca’>*/Na*
E Al-Saff 89.00 11 57.30% 27.60% 4.10% Ca®" /Na*
F Abu Khams 63.00 37 52.90% 8.10% 2.00% Ca’**/Na*
Gl Al-Qusayr 54.00 46 31.60% 18.70% 3.70% Ca*"/Mg?" /Na*
G2 Al-Qusayr 66.0 34 27.50% 13.60% 24.80% Ca®/Mg?**
H Kom osheim 63.00 37 30.80% 29.60% 2.60% Ca*"/Mg>*
I Shorouk W 32.00 68 6.80% 20.70% 4.50% Na*
J Badr 1 83.00 17 35.30% 44.50% 3.20% Caﬂ%%ﬁ
K Katameya 1 94.00 6 58.30% 20.10% 15.60% Ca*"/Mg>*
L1 New Valley (L1) 38.00 60 26.00% 10.50% 1.50% Na*
L2 New Valley (L2) 38.00 66 26.00% 10.50% 1.50% Na*
L3 New Valley (L3) 38.00 62 26.00% 10.50% 1.50% Na*
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4.5. Swelling Pressure tests results

The results of swelling pressure in the odometer by the both methods (PS3) & (PS1) are listed
in Table 3 and shown in Fig. 4. The tests were conducted on the sample (L3) only for the similarity
of its mineral composition with samples (L1), (L2).

The figure shows that maximum swelling pressure value measured by the first method (one
sample PS1) is sample (K) which recorded 6000 KPa. On the other hand, sample (I) recorded 160
KPa. While, sample (J) gives the highest value 4000 KPa for the second method (3 samples PS3)
and the lowest value 220KPa was measured for sample(A). It is also noticed that for all samples
except the Al-Ayyat samples gives higher values with (PS1) method than (PS3). This is agree with
the conclusion of the paper by Mazen [21].
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Table 3: Results of the swelling pressure of the samples of the three groups.

P PS1 P PS1 PS3 PS1
No S3 S No S3 S No
kPa kPa kPa kPa kPa kPa
1 1906 1500 A 220 290 Gl 600 3000
2 1600 1000 B 790 3900 G2 1250 5000
4 900 550 C 390 1000 H 820 2100
6 1700 1400 D 800 3800 I 300 160
7 1700 1100 E 880 4100 J 4000 4000
F 540 3200 K 2000 6000
L3 1100 264
el PS]1  =—@=—PS3 e MMT % —A=—L.L% Clay content %
7000 140%
< X
< 6000 120% &
o £
% 5000 100% S
2 N
wn 0 o]
m 4000 80% O
D: 1
& 3000 60% o
° ’
5 2000 40% i
d 20% é
; 1000 o >
» =
0 0% S
1 2 4 6 7 A B C D E F Gl G2 H | J K L3
SAMPLE NO.

Fig. 4 Results of the Swelling pressure (PS1, PS3) of all samples with MMT%,L.L% and ClayContent %
5. Disscusion

The plotted ressults of Fig. 4 suggest that thee higher percentages of MMT and clay content
typically interlate with higher swelling pressures. This is a logic trend as they together express the
spread of materials that cause soil swelling. Likewise liquid limit significantly affect the swelling
pressur values of these samples as L.L. give us an indication of soil plasticity and consequently the
expansive behavior. However, we note that sample B, despite the highest percentage of clay (92%),
MMT(69.7%),and LL(90%) we did not obtain a maximum value for swelling pressure. We conclude
from this that all other variables such as (dry density(1.63 kg/cm?), cations type (Ca>*/Na*) must be
taken into account along with the mineral composition together at the same time. Therefore, we
cannot link the swelling pressure values to the percentage of clay only or MMT only or both together

only, as these relations are qualitative not quantitative. This graph is similar to results of Abu Seif et
al. [22]

In summary, the chart illustrates complex interactions between swelling pressure, clay content,
and liquid limit, but engineers must understanding these relationships. It is crucial for applications
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such as construction, and soil management, where soil swelling behavior has significant
implications.
5.1. Impact of Atterberg limits on Swelling Pressure

The graph of Fig. 5 shows that L.L. and PI exhibits a somewhat consistent trend alongside
swelling pressures. This suggests that higher liquid limits may be tends a higher swelling pressure.
Sh.L values are nearly constant, so insignificant role is concluded.

——PS3 empe=| | % ---#--P|] ——ShL. %

<

& 4500 - 140%
W 4000 - 120% X
m o
S 3500 0% -
& 3000 - 100% 5
i 2500 - 80% .
[aeg -
a 2000 - 60% &
O} -
z DO a0 S
— 1000 v _!
o so0 - 20%
% 0 - 0%

SAMPLE NO.

Fig. 5 Results of the Swelling pressure (PS3) of all samples with L.L%, P.I.. and Sh.L. %

5.2. Impact of Clay Content Ratio on Swelling Pressure

To study the effect of a specific independent variable on a non-independent variable, the
change in the values of the other independent variables must be fixed or be so close. So, when
studying the effect of the clay content ratio on the swelling pressure, it must be ensured that the
values of other variables are close, such as the MMT ratio, moisture, density, and type of
exchangeable cations. Comparing the results of all samples, sample (G1) & (J) were chosen to study
that effect as shown in Table 4. These two samples have (MMT%, Exchangeable cations, dry density
and water content) values are so close, The increase of clay content ratio from 54% to 83%, produce
a huge increase of swelling pressure from 600 KPa to 4000 KPa.

Table 4 : Comparison Results of the swelling pressure to study clay content effect

No. site Clay content MMT %  Exchangeable cations  Yd, W/C%  PS3 (KPa)
Gl  Al-Qusayr 54.00% 31.60% Ca2+/Mg2+ /Na+ 1.88 4.74 600
J Badr 1 83.00% 35.30% Ca2+/Mg2+ /Na+ 1.87 6.65 4000

5.3. Role of MMT Content on Swelling Pressure

Comparing the two samples (C) and (F), , as shown in Table 5, the percentage of clay content
in them is approximately equal 58%, 63% respectively and with the same cations, while the MMT
in (C) is 35.7 % lower than its percentage in the sample (F) 52.9 % and the swelling pressure by (3
samples) for sample (C) was 390 KPA less than the swelling pressure measured in the same way for
sample (F) 540 KPA with close value of the dry density of the two samples.
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Table 5 : Comparison Results of the swelling pressure to study MMT effect

No. site Clay content MMT % Exchangeable cations YV dry W/C % PS3 (KPa)
C Tahma - Al-Ayyat 58.00% 35.7% Ca2+/ Na+ 1.72 21.8 390
F Abu Khams 63.00% 52.9% Ca2+/Na+ 1.66 21.4 540

5.4. Role of Exchangeable Cations on Swelling Pressure

The results of minerlogical tests revealed 5 types of cations Ca®"/Mg*", ca*"/Na*, Ca*",
Na®/Ca?"/Mg?*, and Na" as shown in Fig.6. The highest swelling pressure was recorded (4000KPa)
with Na/Ca**/Mg** groups. while the groups ca’*/Na" achieved the lowest value (880 KPa).
Sufficiently safety factor must be put in geotechnical engineer considerations when constructions
that were built on or in like this type of swell-able clay.

—e—PS1 o P S 3 - MMT % —eo- Clay content %
7000 | Ca2+/Mg2+ group Ca2+/Na+ group Ca2+ group 100%
o ol @

= 90%
< 6000 R 3 S e ° e
5 ," » 5 = 80%
< \ by o =
g 5000 S \ & \ g .|“_$ 70% W
< 4 =
4 4000 ¢ Vs s 0% 8
& Vg 50% X

a.

o 3000 . VSN a0% O
= L 3 o 3
= 2000 N... \ 8 o 30% X
= $ 20% 2
@ 1000 . / 2

7T SN — 10%

(] 0%
12 7 B | C D E F Gl G2 4 6 A H L3 K
SAMPLE NO.

Fig. 6 Results of the swelling pressure of all samples (PS1, PS3)grouped according to their cations
type

Comparing the two samples No. (1) and No. (4), , as shown in Table 6, you notice that the
percentage of clay content is the same, which is 72%, and they contain close proportions of MMT
35%, 37%, respectively, as for the cation, in sample No. (1) it is Ca**/Mg*" and in sample (4) Ca
only, which led to the difference in swelling pressure by (3 samples) (1906) KPA sample No. (4) it
is (900) KPA that is with the convergence of the values of moisture content and dry density between
the two samples.

Table 6 : Comparison Results of the swelling pressure to study Exchangeable Cations effect

No. site Clay content MMT % Exchangeable cations [1dry W/C%  Ps3 (KPa)
1 al-Ayyat 72.00% 35.0% Ca2+/Mg2+ 1.71 12.9 1906
4 al-Ayyat 72.00% 37.0% Ca2+ 1.74 10.6 900

6. SUMMARY AND CONCLUSIONS

The research investigates the behavior of expansive soils, focusing on the effects of clay
content, Montmorillonite (MMT) content, and exchangeable cations on swelling pressure. It
analyzes various soil samples from different sites, providing detailed comparisons of their mineral
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compositions and physical properties. The tests conducted include Atterberg limits, hydrometer tests
for clay content, and assessments of swelling pressure under different conditions. Key findings
indicate that the swelling capacity of the soils is influenced significantly by their mineralogical
components- particularly the presence of MMT. The mineral composition reveals a predominance
of MMT among other clay minerals, which correlates with varying swelling pressures. Additionally,
the role of different exchangeable cations (such as Ca**, Na*, and Mg?") is highlighted, indicating
that the type of cation affects the plasticity and swelling behavior of the soils.

1) Influence of MMT: The study confirms that Montmorillonite content is a crucial factor in
determining the swelling potential of expansive soils. Higher MMT content generally leads
to increased swelling pressures, indicating that soils rich in MMT require careful
consideration in engineering applications.

2) Clay Content and Swelling Pressure: There is a strong correlation between clay content
and swelling pressure. Higher clay content tends to elevate swelling pressure, emphasizing
the importance of thorough characterization of soil in construction.

3) Role of Exchangeable Cations: The type of exchangeable cations present in the soil has a
notable impact on swelling behavior. Different cation combinations affect both the swelling
pressures and plasticity indices, indicating the need for geotechnical engineers to account for
these factors during site assessments.

4) Variation among Samples: The study highlights significant variability in swelling pressures
among different samples, even with comparable clay and MMT percentages. This variability
necessitates a site-specific approach when assessing soil stability and suitability for
construction projects. This is vital for safe construction practices, as swelling soils can
damage structures if not properly managed.
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