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ABSTRACT

This experimental study analyzed the settlement behavior of clayey soils in Baghdad through standardized
geotechnical laboratory tests. Ten representative soil samples were collected from multiple urban zones
and tested for water content, Atterberg limits, dry density, permeability, and consolidation. The spatial
distribution of the sampling sites was documented to reflect the typical clay-rich conditions within the city.
The relationships between the physical parameters and settlement were evaluated statistically, and
predictive models were developed to estimate the settlement potential. The results highlighted that the
moisture content and dry density are the most influential factors affecting soil the compressibility.
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I.  INTRODUCTION

Clayey soil settlement presents a major geotechnical
challenge in urban areas with expansive clay and variable
groundwater levels, such as Baghdad. The city suffers from
chronic foundation distress owing to compressible clay layers,
which leads to uneven settlement, cracks in structures, and
damage to the underground infrastructure [1, 2]. While
previous studies have explored the soil behavior in Iraq, many
have relied on localized case-specific data or empirical
estimation methods without spatially distributed laboratory
validation. This study addresses this gap by conducting a
laboratory-based experimental analysis of representative clayey
soils from Baghdad and investigating how key physical and
mechanical parameters influence the settlement behavior [3, 4].

The soil profile of Baghdad and its associated geotechnical
features have been analyzed. The area is mostly made up of
alluvial clayey deposits with low permeability and high
plasticity [5, 6]. The existing methods for predicting subsidence
tend to be based on empirical correlations for a specific site and
on testing, including oedometer and consolidation tests. These
methods fail to consider the wide-ranging spatial and temporal
changes present in the subsurface conditions [7, 8]. The natural
water content, Atterberg limits, dry density, permeability, and
plasticity are the primary factors determining the settlement
potential of the soil [9, 10].

The compressibility of fine-grained soils, particularly clays,
is significantly affected by their mineralogy, initial water
content, and stress history [11, 12]. Studies in both global and
regional contexts have shown that the high plasticity and
natural moisture content contribute greatly to the settlement
behavior, especially under variable climatic and loading
conditions [13, 14]. It has been emphasized that such soils
require careful laboratory evaluation, including classification

and consolidation testing, to assess the potential deformation
accurately [15-17].

In regions such as Baghdad, these parameters are especially
relevant because the seasonal moisture fluctuations and
construction loads can significantly impact the soil deformation
[18, 19]. Investigations have confirmed the importance of
considering the local clay behavior under saturated conditions,
similar to those observed in the Iraqi environment [20].
Moreover, the swelling and shrinkage potential of expansive
soils have been well documented [21], and the pore-pressure
theory provides a solid framework for understanding the
settlement under saturated loading conditions.

The present study provides an applied geotechnical analysis
of the subsidence of clayey soils in Baghdad using basic
laboratory tests [22]. The objective is to determine the
interdependence among significant properties of the soil and
the resulting behavior of the settlement. The current study is
based on data from representative soil samples obtained from
the Baghdad region and carries out a statistical evaluation of
relevant parameters, such as water content, liquid and plastic
limits, permeability, and dry density. This effort intends to
advance the engineering practice in Iraq by contributing
practical information and site-specific data through a classical
geotechnical approach that promotes safe and economical
design. This work expands upon previous experimental studies,
which explored the influence of the temperature, additives, and
treatment conditions on the behavior of soils in Iraq [23-26].

II. METHODOLOGY

A. Soil Sampling and Study Area

In this research, clayey soil samples, representative of the
geotechnical conditions of Baghdad were used. The samples
were collected from areas experiencing active construction and

www.etasr.com

Al-Mohammedi: A Geotechnical Analysis of Clayey Soil Settlement in Baghdad: An Experimental Study



Engineering, Technology & Applied Science Research

Vol. 15, No. 5, 2025, 26523-26526 26524

documented settlement issues. Ten samples were selected to be
representative of the most critical geotechnical zones within the
urban extent of Baghdad, but not the entire governorate. The
selected area portrays the typical conditions faced in foundation
and infrastructure works throughout the city. The spatial
distribution of the sampling locations is shown in Figure 1. A
typical soil sample is displayed in Figure 2.

Baghdad -

Fig. 1. Spatial distribution of soil and sampling locations in Baghdad.

Fig. 2.

The clayey soil used in this study.

The data consisted of critical physical and engineering
characteristics concerning the soil settlement, such as:

e The water content, which is approximately 35%.

e The Atterberg limits, liquid and plastic, which are close to
40% and 23%, respectively.

e The dry density, which usually is close to 1.6 g/cm?.

e The permeability coefficient, with typical values around
1.4x107.

e The consolidation tests, which are used to measure the
settlement rate.

B. Laboratory Testing Program

A comprehensive laboratory testing program was
implemented to determine the physical and mechanical
properties of the collected soil samples. The following standard
tests were conducted in accordance with the ASTM and BS
procedures:

e Natural water content. It is determined using oven-drying
methods to assess the initial moisture conditions of the clay
samples.

e Atterberg limits (liquid and plastic limits). It is used to
evaluate the plasticity characteristics of the soil and classify
its behavior under varying moisture conditions.

e Dry density. It is measured by compacting the soil in a
standard mold and calculating the mass per unit volume
after drying, following conventional procedures.

e Permeability (falling head method). The coefficient of
permeability is determined to assess the water movement
through the clay matrix, which is a key factor influencing
the consolidation and settlement.

e One-dimensional consolidation test (oedometer test). It is
conducted to measure the settlement under incremental
vertical loads. This test provides key data on the
compressibility, coefficient of consolidation, and pre-
consolidation pressure.

C. Data Analysis

The settlement values were derived from consolidation
(oedometer) tests, and the other parameters were measured in
accordance with standard laboratory procedures. Each soil
parameter was statistically analyzed to evaluate its influence on
the settlement behavior. The variation in settlement was
compared with the corresponding changes in the water content,
plasticity index, dry density, and permeability. Graphical
interpretations (e.g., scatter plots and correlation matrices) were
prepared to identify the trends and relationships among the
variables.

1. RESULTS

A. Overview of Laboratory Results

Table I presents the geotechnical properties of ten
representative clayey soil samples collected from various
locations within Baghdad. These samples reflect the typical
subsurface conditions encountered in the city, including
moderate to high water content and plasticity. Laboratory tests
were conducted to measure the water content, liquid limit,
plastic limit, dry density, permeability, and corresponding one-
dimensional settlement under the applied loads.

As depicted in Table I, the water content across the ten
samples ranged from 34.5% to 36.3%, reflecting relatively
consistent but slightly fluctuating moisture levels across the
sampled sites. The dry density varied between 1.55 and 1.62
g/cm3. The liquid limit values were close to 40%, indicating
moderate to high plasticity levels typical of the clayey soils in
the Baghdad region. The plastic limit was found close to 24%.
These values are important for classifying the soils according
to their plasticity behavior. The permeability values were
consistently low (on the order of 1077 cm/s), which aligns with
the known behavior of fine-grained soils in Baghdad. The
settlement observed during the oedometer tests ranged between
8.2 mm and 9.2 mm, reflecting the moderate compressibility
characteristics of the soils under investigation.
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TABLE L. SOIL PROPERTIES AND SETTLEMENT RESULTS
Sample Water Liql{id Pl.as.tic Dry Permea!)ility Settlement
no. content | limit limit | density | coefficient (mm)
(%) (%) | (%) | (g/cmd) (cm/s)
1 35.1 40.2 23.4 1.58 1.4x1077 8.7
2 34.8 38.9 22.8 1.6 1.5x107 8.4
3 36.3 425 24.6 1.55 1.3x107 9.1
4 35.7 41.1 23.9 1.57 1.4x107 8.8
5 34.5 39.5 22.5 1.61 1.6x107 8.2
6 36 41.7 24.1 1.56 1.3x1077 9
7 35.2 40 23.2 1.59 1.4x1077 8.5
8 349 39.1 22.7 1.62 1.5x1077 8.3
9 36.1 419 24.3 1.55 1.3x107 9.2
10 35.6 40.8 23.6 1.58 1.4x1077 8.6

B. Effect of Water Content on Settlement

A positive correlation was observed between the water
content and settlement, as shown in Figure 3. Higher water
content generally resulted in greater settlement. This trend
indicates that the increased moisture reduces the inter-particle
bonding and enhances the compressibility under loading. The
sample with the highest water content (36.3%) showed one of
the highest settlements (9.1 mm), whereas the lowest water
content (34.5%) was associated with the lowest settlement (8.2
mm).
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Fig. 3. Relationship between water content and settlement.

C. Effect of Dry Density on Settlement

An inverse relationship was observed between the dry
density and settlement (Figure 4). The samples with higher dry
density exhibited reduced settlement, indicating that denser soil
structures resist compression more effectively.
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Fig. 4. Relationship between dry density and settlement.

D. Correlation Analysis

A correlation matrix was generated to examine the
statistical relationships between the various geotechnical
parameters. The water content exhibited a strong positive
correlation with settlement, whereas the dry density exhibited a
strong negative correlation. The plasticity limits also had
moderate correlations with settlement, suggesting their
influence on the deformation behavior. In addition to the
correlation matrix, a dry semi-quantitative analysis was
conducted to assess the relationships in question. The water
content was noted in regard to the settlement, and the
regression equation extracted was:

Settlement (mm) = 0.92 x Water content (%) - 23.5

The coefficient of determination (R2%) was 0.78, while still
maintaining a strong positive relationship. In the same manner,
a regression with dry density and settlement showed a positive
correlation albeit with a decreased R? value of 0.71. These
methods confirm the dominant relationship between the water
content and dry density on the soil compressibility under load.

E. Practical Implications

The results highlight that the water content and dry density
are the most influential factors affecting the settlement in the
studied clayey soils. This implies that the construction
strategies should focus on the moisture control and sufficient
compaction. The low permeability values suggest extended
consolidation times, which must be considered in design and
construction planning, particularly for structures requiring
rapid load application. Authors in [13, 14] provided settlement
results in the range of 8—-10 mm, which are similar to the
present  study’s  results, confirming the moderate
compressibility of Baghdad’s clayey soils. However, in this
study, the water content and dry density were found to be more
economically significant. This may be because the testing was
performed in different seasons along with a more local capture
sampling framework.

IV. CONCLUSIONS

This study investigated the settlement behavior of the
clayey soils in Baghdad using a series of laboratory tests on ten
representative samples collected from different urban sites. The
analysis focused on correlating the soil properties, including
water content, Atterberg limits, dry density, permeability, and
consolidation behavior, with the measured settlement under
applied loads. The findings confirm that the water content and
dry density are the most influential parameters affecting the
settlement. Higher moisture levels increased compressibility,
whereas higher dry density reduced it. The tested soils
demonstrated very low permeability, consistent with the known
fine-grained subsurface conditions of Baghdad, which also
implies a prolonged consolidation behavior. In comparison
with previous research, such as [13, 14], the settlement values
obtained in this study align with the reported ranges (8.2 mm to
9.2 mm). However, unlike previous studies that emphasized the
liquid and plastic limits, this study demonstrated that the water
content and dry density are more reliable predictors of the
settlement behavior under field-like conditions.
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Based on these findings, the engineers working in Baghdad
and similar environments are advised to maintain close control
of the water content during construction, ensure proper
compaction to achieve higher dry densities, and allow
sufficient time for primary consolidation. In areas with soft,
highly plastic clays, soil improvement techniques, such as
preloading and vertical drains, may be beneficial.

Future research should focus on the field validation of lab-
based settlement predictions, investigation of chemical and
mechanical stabilization methods, and modeling of long-term
deformation behaviors under changing groundwater conditions.
Such research would improve the urban planning integration
and help mitigate the geotechnical risks in rapidly expanding
cities like Baghdad.
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