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Abstract

Mineralogical and geotechnical properties used to analyse the swelling potentials
of Al-Hartha City. According to mineralogy, montmorillonite is a dominated clay
mineral (33.61%) followed by montmorillonite-chlorite (33.34%), kaolinite (9.18%)
and illite (5.38%). While calcite, Quartz, Feldspar, and dolomite are non-clay minerals
that are also present. According to geotechnical analysis, the percent of clay range
between 9-42% with an average of 25.5%, silt 55-80% with an average of 67.5% and
sand 0-17% with an average of 8.5%. While liquid limits and plasticity index are,
respectively, 10-25% with an average of 17.5% and 35%-51% with an average of
43%. According to the unified soil classification system (USCS), these soils are
mainly low plasticity lean clay soils (CL) and 10% classified as medium stiff elastic
silt (MH). According to activity values, soils are primarily inactive-(70%), normally
active-(20%), active-(10%), and their consistency is plastic. according to an
assessment of soil expansivity based on index properties and activity, a significant
amount of the soil is expansive. Additionally, there is an agreement between the
results of the mineralogical tests performed on these soils and the results of the
measures of soil expansivity obtained from the evaluation of the swelling of the soil
based on assessments of its index properties.

Keywords: Swelling potential, Clay minerals, Al-Hartha, Expansive soil, Liquid
limit.

Gbad) Gsia (Bl B djlgd) digaa A dianag U 2ga

KYom|] &M\ e dyla ,dgana BT Ay, * g gl
Ghal) iyadl Syl desla aslell S ¢ ) ole aud

duadall

o) Rall e L)l Aine 8 # L) dga dilad] AiSisally diaedl) Galsdl) Hlasiad o
(%33.41) cubgS-culishoaisdl 4l %33.61) Al Sl paed) g culigh gl ol
e Odlaall (o Cuaglgally Slasalilly 55l CucdlS L (%5.38) <Y 5 (%9. 18ty
=55 Guad) %25.5 Jaeas %40-9 ¢ Lol Lo ol (A gaa) Jullasill iy 52 gial) Al
¢ (Pl) disalll sy (LL) dlgad) 350n Laisy .%8.5 Jaeas %17-0 Joly %67.5 Jaeas %80
sl Al Caneas Sl Gy %43 Jua% 51- 355 %17.500a %25-10 Jsl e
Jassie e ot Ll le diieas 7110 5 (CL) Lgall) AL dda 455 Ll 8 4530 o388 ((USCS)

*Email: sajayounus93@agmail.com

2020


mailto:sajayounus93@gmail.com

Younis et al. Iragi Journal of Science, 2024, Vol. 65, No.4, pp: 2020-2030

i~ (%20) A e i (%70) - Wl e Lpll Gl ddladll adl By (MH). Al
A aleall e slae Yl dul & sl Jlladl Gy .o Lealsis cAllad o — (10%) Alladll Alasssic
e On Gl b cdlly M ALYl Aadine i g e il Ll e B s Ol cdlladlly
ely Lyl 2L aga au® e Baanal) L) 200 a8 g Augll o3 o canal ) aeall el

A ailadl) e

1. Introduction

Expanding soil can swell or shrink in volume when wet or dry due to natural variations in
the weather and other environmental factors. As a result, they severely reduce the stability of
slopes, subsurface structures, building foundations, and highways, and also result in cracks and
collapses. The soil's kind and amount of clay, especially montmorillonite and illite, which is the
most significant controlling element in many geotechnical qualities like swelling and shrinkage,
affects these volumetric changes. Understanding the empirical test is made possible by
knowledge of the composition of clay minerals, which will make geotechnical issues easier and
maybe prevent construction failure. In this study, the soil in the study region was examined for
its capacity to swell using data from its physical properties and mineral analysis results.

1.1 Location of the study area

The area of study is situated in Al-Hartha city, in the governorate of Basra's northeastern
region Figurel. The investigated region is a section of the lower Mesopotamia zone within the
Zubair subzone, which is a part of Irag's unstable shelf, from a tectonic view [1]. The sites are
buried behind recent alluvial sediments on the right bank of the Shatt Al-Arab. The floodplain
is covered with silt and clay sediments from this river's depositional processes [2].
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Figure 1: The location of the study area.
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1.2 Materials and Methods

Ten soil samples were taken at the location in December 2021 after a borehole was dug
down to a depth of 10 meter. Based on (BS1377; 1975) and American Society for Testing and
Materials (ASTM) [3] [4]. Mechanical sieve analysis and hydrometer analysis were employed
to evaluate the natural water content (mc), liquid limit (LL), plastic limit (PL), and plasticity
index (PI). For the samples, mineral analysis (clay and non-clay minerals) was identified using
analytical Xpert PRO MDP XRD at University of Basrah/ physics department.

2. Previous Study

[5] investigated the mineralogy and swelling potential of the soil at Thi-Qar University and
identified the clay and non-clay minerals and found that the soil's liquid limits and plasticity
index, respectively, vary from 38% to 61% and from 13% to 30% and based on the index
characteristics and activity, the evaluation of soil expansivity shows a large percentage of the
expansive soil.

[6] studied swelling properties for surface soils in selected areas of Al-Faw city-Basra
governorate, southern Irag. The results show that the soils of the study area consist of silty clay
and clayey silt. The swelling potential ranges about medium-very high, which is causing
negatively affects the stability of the engineering constructions in the city of Al-Faw and causes
great damage due to cracks in the walls, roads, and others, which requires treatment before
construction

3. Engineering behaviour of Clayey Soils

One of the soil types that have an impact on the development of construction projects is
clayey soil. Due to the high plasticity and wide grain surface area of clay soils, which
characterize them, these soils require a lot of water to form [7]. Fine-grained materials like silt
and clay behave quite differently from cohesionless or non-cohesive soil. Because of the change
in water content, which causes change in volume, the presence of clay matter in soil causes
changes in its physical and chemical properties, such as consistency and plasticity. Which in
turn causes an increase in water pore pressure (expressed by swelling and shrinking) [8].

4. Results
4.1 Mineral Analysis Results

Clay and non-clay minerals are diagnosed by using the X-Ray diffraction method (XRD) to
evaluate the sample site. Figure2 depict typical XRD patterns for an Al-Hartha site sample.
Tablel show the average of clay mineral content for the third meter in depth of the study site
soil.

Table 1: The average of clay mineral content for the third meter in depth of the study site soil.

Treated soil Percentage of valid clay minerals
Montmorillonite Montmorillonite-chlorite Ilite Kaolinite
Al-Hartha
33.61% 33.34% 5.38% 9.18%
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Figure 2: X-ray diffraction for the third meter at Al-Hartha.

4.2 The physical Characteristics of Soil

(Table 2) provides an overview of the study area's grain size analysis. The silt fraction
composed between 55-80% of the total, on average 67.5%, followed by clay 9-42%, on average
25.5%, and sand 1-17%, on average 9%. The sample particle size distribution revealed a high
percentage of fine soil and a small proportion of other particle types, including sand. Hence,
these findings demonstrated that 90% of the samples at the study location are lean clay (CL),
and 10% are elastic silt (MH) as shown in Table 2.

The liquid limits (LL) of the soil range between 33-44%, with an average value of 38.5%
(Table 3). The proportion of various clay minerals may have an impact on whether the liquid
limit and plasticity index are high or low [9]. According to [10] computation of consistency
index (Ic) values for soil area, these values ranged from (31-49.4) to 40.2, on average, at the
research location [10] (Table 3).
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Table 2: Ratios of the soil elements for various samples were taken from the study location.

Site

Al-Hartha

Depth
(m)
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Partiale Size Distribution (%)

Clay
37
42
41
37
38
35

9
14
35
33

Silt
56
55
57
62
61
65
74
80
65
66

Sand
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Table 3. Characterization of the soils at Al-Hartha according to USCS.

Atterberg Limits

Site Depth % Cor_15|stency Soil
(m) M.C et class Soil description
LL PL Pl ' lc =(LL-mc/Pl)
38 27 11 23 35.90 CL Stiff lean clay
51 35 16 25 49.4 mp  Medium stff brown
elastic silt
3 44 30 14 26 31 cL Medium stiff brown
Al-Hartha lean clay
4 33 20 13 27 42.1 CL Soft gray lean clay
5 40 26 14 27 38.2 CL Soft gray lean clay
6 37 26 11 25 34.7 CL Soft gray lean clay
7 36 18 18 26 345 cL Soft gray lean clay with

sand

The plastic limit (PL) values at the study location range from 13% to 35%, with an average
of 24%. The soil's plasticity index (PI) values range from 10% to 26%, with an average of 18%.
Table3. According to [11] classification the soil in the research area was divided into classes
based on its average 42% liquid limit Table 4.

Table 4: Classification of the fine-grained soils in the study area depended on [11].

Site Depth
(m)
1
2
3
4
5
6
Al-Hartha 7
8
9
10

Liquid limits Plasticity index

Percent Description Percent Description
38 Intermediate liquid 11 Low plastic
51 High liquid 16 Moderately plastic
44 Intermediate liquid 14 Moderately plastic
33 Low liquid 13 Low plastic
40 Intermediate liquid 14 Moderately plastic
37 Low liquid 11 Moderately plastic
36 Low liquid 18 Moderately plastic
35 Low liquid 11 Low plastic
38 Low liquid 25 Plastic
42 Intermediate liquid 10 Low plastic

2024



Younis et al. Iragi Journal of Science, 2024, Vol. 65, No.4, pp: 2020-2030

This means that 10% of samples have high liquid limits, 40% have intermediate liquid limits,
and 50% have low liquid limits. On the other hand, the research area's soils were categorized
based on the plasticity index [11] classification. Therefore, there are no plastic samples at the
study site. While 10% of samples include plastic, 40% and 50% of the samples have moderately
plastic (Table 4).

The soil type in Al-Hartha is primarily lean clay with low plasticity of CL-group 90% and
high plasticity silt of MH-group 10%, as shown in (Table 3). Figure 3 provides a good overview
of the plasticity properties of the study area.
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Figure 3 : Plasticity chart for the soil of Al-Hartha site.

4.3 Swelling Potential and Expansion

The maximum volume expansion a clay can undergo because of swelling in its natural
environment is referred to as "swelling potential. The assessment of soil expansion is based on
variables like activity, clay content and kinds, liquid limit, and plasticity index [12].

Eqg. (1) is used to calculate soil activity [13]. The area under study's soil activity is
categorized using [14] classification. As a result, the soil activity at the research site ranges
from 0.297 to 0.785, with an average of 0.541, indicating inactive to normally active clay.
(Table 5 and Fig- 5) [15].

Activity=PI/ Clay (less than 2 micron) %...... (1) [9]
Since PI = Plasticity index

S =K.ACT?***.C3* .......... (2) [13]
Since:
S = Swelling potential,
K = Constant = 3.6 % 10
ACT = Activity
C = Clay content.
§=375%10"%% LL>%%8 . ... (3) [13]

Since:
S = Swelling potential, LL =Liquid limit
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According [14] classification, the soil activity in the study region is divided into three
categories. As a result, the soil activity at the research location ranges from non-active to
normally active clay (0.297 to 0.785), with an average of 0.541.

Fig 4 and (Table 5) The clay concentration and activity of the soil affect its ability to swell
[15] Depending on the activity method, the swell potential values for the study area range from
0.175-3.245, with an average of 1.71 (Table 5).
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Figure 4: Activity values of samples of Al-Hartha site on activity chart [14].

Table 5: Activity, swelling and expansion degree for soil samples in the site of study.
Swelling potential and degree of

Depth expansion according to activity method
Site (m) Activity Swelling potential Degree of
expansion
1 0.297 Inactive 2.30 Medium
2 0.380 Inactive 6.51 High
3 0.341 Inactive 4.60 Medium
4 0.351 Inactive 3.47 Medium
5 0.368 Inactive 4.26 Medium
Al-Hartha 6 0.314 Inactive 2.18 Medium
7 2 Active 1.87 Medium
8 0.785 Normally active 0.87 low
9 0.714 Inactive 16.21 High
10 0.303 Inactive 1.63 Medium

As shown by the results obtained from the investigated soils, 70% of samples have medium
expansion degree, 20% of samples have high expansion degree and the remaining 10% have
low expansion degree, according to the results of swelling potentials. Given that, swelling is
influenced by the distribution of grain sizes and the quantity of clay in the soil [15].Thus, the
decline in clay content may be responsible for the decrease in swelling potential value and,
consequently, the degree of expansion (Table 2).
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4.4 Influence of plasticity index and liquid limit on expansion

According to B1S1498 [16], a single parameter can be used to determine the expansion of
soil based on the liquid limit or plasticity index Table 6. Thus, the studied area has a low-
medium-high expansion (Tables 7 and Table 8). Hence, in the study area, 80% of samples have
a medium expansion degree, with the remaining samples having a low and high expansion
degree (10% for each one).

According to Chen (1975) [17], the investigated area possesses a low-medium plasticity
index and medium-high expansion based on liquid limit Fig 7 and Fig 8. Thus, 60% of samples
have a medium expansion degree and the remaining high expansion degree and 70% of samples
have a medium expansion degree and the remaining low and high (10% for each one) based on
plasticity index.

As stated in Eq. 3 by Seed et al. (1962) [13], the relationship between the soil's liquid limits
and swelling potential has been used to calculate the soil's rate of expansion. As a result, 70%
of samples, (all samples except S4, S7, and S8) have a significant expansion degree and the
remaining samples have a medium expansion degree (Table 7).

Table 6: Prediction of soil expansion by plasticity index and liquid limit.

LL Pl
Expansion
BIS (1970) Chen (1975) BIS (1970) Chen (1975)
Low 20-35 <30 <12 0-15
Medium 35-50 30-40 12-23 10-20
High 50-70 40-60 23-32 20-35
Very High 70-90 >60 >32 >35

Table 7: Estimation of soil expansion using the liquid limit.
Degree of expansion according to

Depth

Site (m) LL Seed et al. (1962) BIS 1498 Chen
Swelling% Expansion degree (1970) (1975)
1 38 5.535 High Medium Medium
2 51 12.1 High High High
3 44 8.172 High Medium High
4 33 3.804 Medium Low Medium
5 40 6.343 High Medium High
Al-Hartha 6 37 5.156 High Medium  Medium
7 36 4.794 Medium Medium Medium
8 35 4.448 Medium Medium Medium
9 38 5.535 High Medium Medium
10 42 7.222 High Medium High
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Table 8: Estimation of soil expansion using the plasticity index.

Depth Expansion according to
Site (m) Pl BIS 1498 (1970) Chen (1975)
1 11 Low Low-Medium
2 16 Medium Medium
3 14 Medium Low-Medium
4 13 Medium Low-Medium
5 14 Medium Low-Medium
AlHarta 6 11 Low Low-Medium
7 18 Medium Medium
8 11 Low Low-Medium
9 25 High Medium-High
10 10 Low Low-Medium

4.5 The impact of clay minerals on expansion

To assess an activity of soil for swelling potential, the types of clay minerals present in the
soil were identified using an X-ray diffraction device. Most experts tend to concur that the type
and quantity of clay minerals have an impact on soil expansion. Likewise, they tend to concur
that clay minerals are primarily responsible for changes in soil volume [18].

Montmorillonite predominates among the three clay minerals present in the research area,
followed by mixed layers of montmorillonite-chlorite, illite, and kaolinite (non-expansive clay
minerals).

The type and nature of the clay mineral present in the samples affect its physical properties,
due to the large presence of the clay mineral montmorillonite in the samples as indicated by the
results of mineral analysis, which contributed to increasing the amount of water required to
reach the liquidity limit in the sample due to the nature and structure of the mineral, as the basal
spacing increases from 10A to 20A when adding water and thus increases in size and suffers
swelling. As for other clay minerals, they are less affected by volumetric changes compared to
montmorillonite [19].

Kaolinite and illite are the least active clays, while active clays have the greatest potential
for swelling. The most active mineral, montmorillonite, can expand by allowing water
molecules to enter its space lattice directly [20]. The least active clays are kaolinite and illite,
whereas active clays have the greatest potential for swelling. As the most active mineral,
montmorillonite, allows water molecules to enter its space lattice directly, so it can swell [21].

The soil of Basrah is clayey silt and silty clay textures with small amounts of sand. As the
soft soil texture, helped to retain water for a long time under conditions of high evaporation and
thus helped the emergence of saline soils, especially in low areas, and is characterized by the
presence of a wide range of minerals non-clay, clay minerals [22]
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5. Conclusions

From the discussions before, it is clear that:
- According to [11], liquid limit classification, the investigated area's soils have low-
intermediate plasticity.
- Depending on the plasticity index categorized by [11], the research area's soils are low plastic
(4 samples), moderate plastic (5 samples), and plastic (1 sample).
- According to the consistency index data, the soils are plastic.
- Values of activity show that the soils of Al-Hartha site are primarily (80%) inactive, with 10%
being typically active and active.
- A significant fraction of the soil is expansive, according to the characteristics based on liquid
limit, plasticity index, and activity.
- The results of evaluating soil expansivity based on index properties are different.
- A clay mineral content of Al-Hartha site is composed of montmorillonite, illite, and kaolinite,
respectively.
- Clay minerals are composed mainly of montmorillonite (22.31%), followed by illite (5.38%)
and kaolinite (9.18%).
- Calcite, quartz, feldspar, and dolomite represent the non-clay minerals in the study site.
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