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ABSTRACT

This research investigates the effects of soil properties on the performance of various foundation types, with a focus on shallow and deep foundations under different geotechnical conditions. The study aims to provide a comprehensive analysis of the relationship between soil characteristics—such as shear strength, compressibility, and settlement behavior—and foundation performance. Field investigations, laboratory testing, and numerical modeling are used to collect data on soil properties and to simulate soil-foundation interaction. The study employs various in-situ testing techniques, including Standard Penetration Test (SPT), Cone Penetration Test (CPT), and Vane Shear Test, in conjunction with laboratory tests on soil samples to assess their physical and mechanical properties. Additionally, Finite Element Modeling (FEM) will be used to simulate soil-foundation interactions and predict the settlement and bearing capacity of foundations in different soil types. The findings aim to offer valuable insights for optimizing foundation design by providing predictive models and empirical guidelines based on soil characteristics. The research intends to identify the most effective foundation types for specific soil conditions, which will contribute to the advancement of geotechnical engineering practices, particularly in regions with diverse and challenging soil conditions. The study's outcomes will be critical for improving foundation performance, reducing construction costs, and enhancing the safety and sustainability of structures.

CHAPTER ONE

INTRODUCTION

1.0 
Background of the Study

The stability and longevity of any structure are deeply rooted in the adequacy of its foundation, which serves as the interface between the superstructure and the supporting soil. Foundations are not only critical for transferring loads to the ground but also for ensuring that the structure remains stable under various loading conditions, such as dead loads, live loads, and environmental forces like wind and seismic activity (Das, 2016). The design of a foundation is intrinsically linked to the properties of the underlying soil, as soil behavior dictates the load-bearing capacity, settlement patterns, and overall performance of the structure (Bowles, 1997).

Soil as a natural material, exhibits diverse behaviors depending on its type, texture, and moisture content. For instance, clayey soils often demonstrate high compressibility and shrink-swell behavior, which can lead to differential settlement in foundations. On the other hand, sandy soils, though stable in certain conditions, may fail under high water table scenarios due to reduced cohesion and increased risk of liquefaction (Chen, 1988). These characteristics necessitate thorough geotechnical investigations before selecting a suitable foundation type, whether shallow or deep.

Globally, structural failures arising from insufficient understanding of soil-foundation interactions are prevalent, particularly in areas where construction activities expand into challenging terrains. For instance, expansive soils have caused significant structural damage in arid and semi-arid regions, while collapsible soils have been responsible for unexpected settlement in arable lands (Nelson & Miller, 1992). These issues highlight the importance of integrating soil studies into the foundation design process.

This increases complexity of modern structures and the demand for sustainable construction practices make it imperative to design foundations that are both efficient and compatible with the natural environment. This study explores the critical relationship between soil properties and foundation performance, providing insights into optimizing foundation designs to minimize structural risks and economic losses.

1.1 Problem Statement

The Failure in building foundations often stem from inadequate consideration of soil properties during the design process. The variability in soil behavior across different terrains poses a significant challenge to engineers. For instance, expansive soils, which undergo significant volume changes with fluctuations in moisture content, have been linked to foundation heaving and cracking. Such soils affect both the safety and serviceability of structures, leading to costly repairs or complete reconstruction (Chen, 1988).

Similarly, loose sands and silty soils, which exhibit low shear strength and high compressibility, may not provide adequate support for heavy loads. These conditions often result in excessive settlement, structural instability, and even collapse in extreme cases (Bowles, 1997). Despite advancements in soil mechanics, the lack of detailed geotechnical investigations before construction projects continues to lead to mismatched foundation designs.

This problem is particularly pronounced in developing countries, where limited access to advanced testing equipment and a lack of skilled personnel often result in generalized foundation designs that ignore site-specific soil characteristics (Owolabi et al., 2019). This study aims to address these challenges by investigating the effects of soil properties on the performance of various foundation systems, offering practical recommendations to improve design practices.

1.2 Justification of the Study

The need for this study arises from the critical role that soil-foundation interactions play in ensuring structural safety, economic efficiency, and environmental sustainability.

· Structural Safety: A thorough understanding of soil behavior reduces the risk of foundation failure, ensuring that structures remain safe under operational and environmental loads (Terzaghi et al., 1996). This is particularly relevant in areas with challenging soil conditions, such as expansive or collapsible soils.

· Economic Efficiency: Inadequate soil investigations often result in over-designed or under-designed foundations, leading to unnecessary costs or structural failures. By optimizing foundation designs based on soil properties, this study contributes to cost-effective construction practices (Das, 2016).

· Environmental Sustainability: Improper foundation designs can disturb natural soil stability, leading to erosion, landslides, or other forms of environmental degradation. This study promotes sustainable construction by aligning foundation practices with the natural behavior of soils (Coduto et al., 2011).

· Knowledge Advancement: The findings of this study will enhance the existing body of knowledge in geotechnical engineering, offering valuable insights for researchers, practitioners, and policymakers.

1.3 Aim of the study

To evaluate the impact of soil properties on the performance of different types of foundations, 
1.4. Objectives of the Study

· To classify and map the soil types in the study area using established soil classification systems.

· To analyze the geotechnical properties of the soils, including shear strength, plasticity, and permeability.

· To investigate the performance of shallow foundations (e.g., strip and raft foundations) and deep foundations (e.g., piles and caissons) under varying soil conditions.

· To identify the challenges associated with designing foundations in problematic soils, such as expansive clays and loose sands.

· To recommend foundation systems optimized for specific soil profiles based on empirical data and numerical modeling.

1.5 Scope of the Study

This study is limited to the analysis of soil effects on the performance of shallow and deep foundations in selected locations. It includes:

· Field investigations to collect soil samples from the study area.

· Laboratory tests to determine key geotechnical properties such as Atterberg limits, compaction, and shear strength.

· Performance evaluation of different foundation types under static and dynamic loads using numerical modeling software and physical simulations.

Recommendations for practical and cost-effective foundation designs tailored to the identified soil profiles.

CHAPTER TWO

LITERATURE REVIEW

2.0 
Preamble

Soil is one of the most fundamental components of the earth’s crust, supporting almost all forms of human-made structures. Its role in construction, particularly in foundation engineering, cannot be overstated. Foundations serve as the critical interface between a structure and the ground, transferring structural loads safely to the soil or rock layers below. However, the behavior and properties of soil are highly variable, making it one of the most unpredictable materials in engineering. This variability poses significant challenges to the design and performance of foundation systems.

Understanding the relationship between soil properties and foundation behavior is essential for ensuring the stability, safety, and durability of structures. Different soil types exhibit distinct behaviors under loading conditions, influenced by factors such as moisture content, density, particle size, and mineral composition. For example, clayey soils may exhibit high compressibility and shrink-swell potential, while sandy soils can be prone to liquefaction under dynamic loads. The variability in soil conditions necessitates careful geotechnical investigations and tailored foundation designs for each construction project.

This literature review explores the theoretical foundations and practical applications of soil mechanics in foundation design. It investigates how different types of soils—ranging from cohesive clays to granular sands and silts—affect the selection and performance of shallow and deep foundations. Additionally, it examines common challenges encountered in problematic soils, such as expansive clays and collapsible sands, and highlights innovative solutions to address these challenges.

The review delves into the concept of soil-structure interaction (SSI), which explains the mutual influence between soil behavior and structural response. Advances in computational modeling have provided engineers with powerful tools to simulate SSI, offering insights into stress distribution, settlement patterns, and load transfer mechanisms. Case studies of successful and failed foundations illustrate the practical implications of these concepts, emphasizing the importance of integrating soil studies into every stage of foundation design.

Synthesizing existing knowledge in soil mechanics and foundation engineering, this chapter provides a comprehensive overview of the critical factors that influence the interaction between soils and foundations. It sets the stage for the subsequent sections, which delve deeper into specific soil properties, foundation types, and real-world applications. This review not only highlights gaps in current practices but also identifies opportunities for innovation and improvement in geotechnical engineering.

2.1 
Sections

2.1.1 
Soil Classification Systems
Soil classification systems play a critical role in geotechnical engineering, enabling engineers to predict soil behavior and select suitable foundation types. The Unified Soil Classification System (USCS) categorizes soils based on particle size and plasticity, distinguishing between granular and fine-grained soils (ASTM International, 2020). Similarly, the AASHTO classification system focuses on the suitability of soils for road subgrades, emphasizing characteristics like gradation and Atterberg limits (Bowles, 1997).

2.1.2 
Soil Properties Relevant to Foundation Design
· Shear Strength: The soil’s resistance to deformation is a critical factor in determining bearing capacity. Cohesive soils like clay rely on cohesion, while non-cohesive soils depend on friction angle (Terzaghi et al., 1996).

· Plasticity: Atterberg limits, including the liquid limit, plastic limit, and plasticity index, are used to assess the soil's consistency and susceptibility to deformation under load (Das, 2016).

· Compressibility: Highly compressible soils, such as organic clays, exhibit significant settlement under load, necessitating careful consideration during foundation design (Coduto et al., 2011).

2.1.3 
Problematic Soils
· Expansive Soils: These clays exhibit volume changes due to moisture fluctuations, leading to differential settlement and cracking (Chen, 1988).

· Collapsible Soils: Loose sands and silts may compact suddenly when saturated, causing severe settlement issues (Nelson & Miller, 1992).

· Liquefiable Soils: Saturated sands lose strength under dynamic loading, posing risks during earthquakes (Day, 2010).

2.2. 
Shallow Foundations

2.2.1 
Types of Shallow Foundations
Shallow foundations, including strip, pad, raft, and combined footings, are commonly used for structures where the load can be adequately transferred to the upper soil layers (Bowles, 1997).

· Strip Footings: Used for load-bearing walls and uniformly distributed loads, they are most effective in cohesive soils with moderate bearing capacity.

· Raft Foundations: These are employed where soil conditions are poor or loads are distributed over a large area. Raft foundations are particularly useful in expansive soils when combined with soil stabilization techniques (Coduto et al., 2011).

2.2.2 
Performance in Different Soil Conditions\

Shallow foundations in cohesive soils may face challenges such as shrink-swell behavior, while in sandy soils, challenges include excessive settlement and potential liquefaction. Design considerations must address these soil-specific issues to avoid structural instability (Das, 2016).

2.2.2.3 Limitations
Shallow foundations are unsuitable for heavy loads or structures in areas with poor soil strength or high water tables. In such scenarios, deep foundations become necessary (Chen, 1988).

2.3 
Deep Foundations

2.3.1 
Types of Deep Foundations
Deep foundations, including pile foundations, drilled shafts, and caissons, are used when shallow soils lack adequate strength or stability.

· Pile Foundations: Piles transfer loads to deeper, more stable soil layers. They can be classified into end-bearing piles, which rest on rock or dense soil, and friction piles, which transfer loads via skin friction (Das, 2016).

· Drilled Shafts: These are used in cases where large loads need to be supported, providing higher load-bearing capacity compared to piles (Day, 2010).

2.3.2 
Applications in Problematic Soils
Deep foundations are essential in expansive, collapsible, and liquefiable soils, as they bypass weaker surface layers. For instance, driven piles are effective in liquefiable soils as they compact the soil during installation (Nelson & Miller, 1992).

2.3.3 
Challenges in Deep Foundations
The cost and complexity of installing deep foundations are significant challenges, particularly in areas with limited access to advanced machinery and expertise (Bowles, 1997).

2.4 
Soil-Structure Interaction

2.4.1 
Overview
Soil-structure interaction (SSI) refers to the interplay between soil deformation and structural response under loads. Understanding SSI is essential for designing foundations that can accommodate soil movements without compromising structural integrity (Terzaghi et al., 1996).

2.4.2 
Factors Influencing SSI
· Soil Stiffness: Softer soils amplify foundation settlement, affecting the distribution of structural loads.

· Foundation Type: Shallow foundations exhibit more pronounced interactions with soil deformation, while deep foundations primarily interact with stable layers (Coduto et al., 2011).

· Loading Conditions: Dynamic loads, such as seismic or wind forces, amplify SSI effects, requiring advanced computational models for accurate analysis (Day, 2010).

2.4.3 
Computational Analysis
Finite element models are widely used to simulate SSI and predict foundation performance under varying conditions. These models provide insights into stress distribution, settlement patterns, and load transfer mechanisms (Chen, 1988).

2.5 
Case Studies

2.5.1 
Successful Foundations
· Raft Foundation in Expansive Soils: The use of reinforced raft foundations combined with soil stabilization techniques in expansive soils has proven effective in mitigating differential settlement (Nelson & Miller, 1992).

· Pile Foundations in Liquefiable Soils: The successful application of friction piles in earthquake-prone regions has demonstrated the effectiveness of deep foundations in minimizing liquefaction risks (Das, 2016).

2.5.2 
Failures and Lessons Learned
· Foundation Collapse in Collapsible Soils: A notable case in Central Asia involved the sudden collapse of a warehouse due to inadequate soil investigations, emphasizing the importance of recognizing collapsible soils during geotechnical surveys (Bowles, 1997).

· Cracking in Shallow Foundations on Expansive Soils: Numerous instances in arid regions highlight the challenges posed by expansive clays, which can be addressed through proper soil conditioning and foundation design (Chen, 1988).

Chapter THREE

3.0 
Methodology

This chapter outlines the detailed methodology to investigate the effects of soil properties on the performance of various foundation types, particularly focusing on shallow and deep foundations. The methodology integrates field investigations, laboratory testing, numerical modeling, and analytical evaluation, ensuring a comprehensive approach for understanding the interaction between soil and foundation systems.

3.1 
Research Approach

The study employs a mixed-methods approach, combining both quantitative (field and laboratory tests, numerical modeling) and qualitative (case study analysis) techniques. The primary objective is to investigate how different soil types influence the performance of foundations in terms of settlement, load-bearing capacity, and stability under various environmental conditions.

3.2 
Study Area

The research focuses on multiple locations with diverse soil conditions, selected to represent a variety of common soil types:

Cohesive Soils: Such as clays, which exhibit high plasticity and are prone to swelling and shrinkage.

Granular Soils: Including sands and gravels, which are known for their excellent drainage characteristics and moderate bearing capacity.

Problematic Soils: Like expansive soils, which undergo volume changes with moisture variations, and collapsible soils, which lose strength when saturated.

The study areas will be chosen based on their representativeness of local soil conditions and their relevance to the issues typically encountered in geotechnical engineering.

3.3 
Data Collection Methods

3.3.1 
Field Investigations

Field investigations are critical for obtaining site-specific data on soil properties and foundation conditions. These activities include:

Borehole Drilling: Boreholes will be drilled at various locations to obtain soil samples at different depths. This will help in identifying soil stratigraphy, groundwater table levels, and any subsurface anomalies. The procedure will follow ASTM D1586-20 standards for the Standard Penetration Test (SPT) (ASTM, 2020).

In-Situ Testing: A range of in-situ tests will be carried out, including:

Standard Penetration Test (SPT): To determine the relative density and shear strength of soils (ASTM D1586-20).

Cone Penetration Test (CPT): To assess the soil's resistance to penetration, which correlates to soil strength and stiffness (ASTM D5778-12)ne Shear Test:** To evaluate the shear strength of cohesive soils, particularly clays (ASTM D2573-15) .

Sit: A detailed survey will be conducted to document the physical characteristics of the site, including any visible signs of foundation distress, such as cracks, tilting, or uneven settlement.
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Figure 1: Picture of compaction test
3.3.2 
Laboratory Testing

Laboratory tests will be conducted to determine the geotechnical properties of soil samples, following standard protocols:

Grain Size Analysis: This test will classify soils based on their particle size distribution (ASTM D422-63).

Atterberg Lim The liquid limit, plastic limit, and plasticity index will be determined to assess the plasticity and behavior of cohesive soils (ASTM D4318-17).

Compaction Tests: Thempaction test (ASTM D698-12) will be conducted to determine the optre content and maximum dry density of the soil.

Shear Strength Tests: Triaxial compression tests and direct shear tests will be conducted to measure the shear strength of soils under varying conditions (ASTM D4767-11).

Consolidation Tests: To measure the compment characteristics of cohesive soils under load (ASTM D2435-11).

Swelling Potential Tests: Expansive soils will be subjected tts to quantify their shrink-swell potential (ASTM D4829-16) .
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Figure 2: Picture of sieve analysis

3.3.3 
Structural Observations

In addition to laboratory and field al-world case studies of existing buildings and foundations will be reviewed to observe the effects of soil conditions on the performance of various foundation types. Structural health monitoring will focus on signs of differential settlement, cracking, tilting, and foundation failures, providing practical insights into the effects of soil behavior on foundation performance.

3.4 
Numerical Modeling

3.4.1 
Finite Element Modeling (FEM)

Finite Element Analysis (FEA) will be employed to simulate soil-foundation interactions. The models will help assess the impact of various soil types on foundation performance under different loading conditions, such as static, dynamic, and seismic loads. The following steps will be taken:

Model Calibration: The numerical models will be calibrated using field and laboratory data. This will ensure that the models accurately represent the soil properties and foundation types studied.

Software Tools: Advanced FEA software such as PLAXIS (for geotechnical applications) or GeoStudio will be used to simulate the soil and foundation systems under various conditions. These software tools are commonly used for geotechnical modeling and have been validated in previous research on soil-structure interaction.

3.4.2 Soil-Foundation Interaction (SFI)

Soil-Foundation Interaction (SFI) can be conducted to model the way in which the soil deforms under loading and how this deformation influences the foundation's behavior. This step is particularly critical for assessing the settlement, bearing capacity, and lateral resistance of shallow and deep foundations in different soil conditions.

3.4.3 Dynamic Analysis

Dynamic analysis will be used to study the behavior of foundations under earthquake or dynamic loading conditions. This analysis will assess the soil’s ability to resist cyclic loads and its effects on both shallow and deep foundation systems. The results will help predict foundation behavior during seismic events, which is particularly relevant for locations with soft or loose soils.

3.5 Data Analysis

Data analysis will involve:

Descriptive Statistics: To summarize and present the field and laboratory test results, such as average shear strength, settlement, and compaction values.

Comparative Analysis: A comparison of the performance of different foundation types (e.g., shallow vs. deep) in varying soil conditions will be made. The analysis will also assess the interaction between foundation types and different soil properties to determine the most efficient foundation system for each soil type.

Empirical Equations: Terzaghi’s bearing capacity theory and other established empirical equations (e.g., Meyerhof’s method) will be used to calculate bearing capacity and predict settlement under load in different soil conditions.

3.6 Validation

To ensure the reliability of the results, the findings will be vang case studies and data from similar soil conditions available in the literature. The research will also undergo peer review, and consultations with geotechnical experts will be conducted. If possible, real-world monitoring of existing foundation systems will be incorporated to validate the simulation results.

3.7 Ethical Considerations

Ethical considerations will be followed throughout the research. Permissions will be obtained for conducting fieldwork, including soil sampling and in-situ testing. Efforts will be made to minimize any environmental impacts caused by field investigations, and the study will adhere to all relevant local and international guidelines. Confidentiality will be maintained with regard to data collected from private landowners and sensitive site information.

CHAPTER FOUR 

4.0



RESULT AND DISCUSION 

Table 1: sieve analysis test for laterite
	s/n 
	Sieve sizes (mm) 
	Wt. of empty sieve 
	Wt of sieve + soil residue 
	Wt residue 
	Cumm. Of residue 
	% cumm of soil residue 
	% passing sample 

	1 
	12.5 
	398 
	625 
	227 
	227 
	2.14 
	98.86 

	2. 
	10.0 
	395 
	456 
	61 
	288 
	2.71 
	97.29 

	3. 
	6.7 
	400 
	570 
	170 
	458 
	4.31 
	95.75 

	4 
	4.75 
	390 
	490 
	100 
	558 
	5.25 
	94.72 

	5 
	2.36 
	472 
	770 
	298 
	856 
	8.07 
	91.93 

	6 
	2.00 
	475 
	546 
	71 
	927 
	8.73 
	91.27 

	7 
	1.18 
	395 
	467 
	72 
	999 
	9.41 
	90.59 

	8 
	1.00 
	533 
	674 
	141 
	1140 
	1073 
	89.27 

	9 
	600um 
	355 
	`498 
	143 
	1283 
	12.08 
	87.92 

	10 
	500um 
	409 
	994 
	585 
	1863 
	17.59 
	82.41 

	11 
	300um 
	270 
	418 
	148 
	2016 
	18.98 
	81.02 

	12 
	  
	  
	  
	  
	106200 
	100 
	  


RESULTS AND DISCUSSION CONT’D

· Soil type: Low plastic clay (CL)
· Specific gravity of soil, Gs = 2.8

	Compacted soil sample No 
	1 
	2 
	3 
	4 
	5 

	Water content sample No 
	1A 
	1B 
	2A 
	2B 
	3A 
	3B 
	4A 
	4B 
	5A 
	5B 

	Mass of empty can 
	6.9 
	8.5 
	8.2 
	8.5 
	9.7 
	8.9 
	7.9 
	7.6 
	8.3 
	8.2 

	Mass of can + moist soil 
	12.3 
	12.9 
	13.1 
	13.2 
	13.4 
	13.2 
	14.1 
	14.6 
	15.2 
	14.9 

	Mass of can + dry soil 
	11.9 
	12.6 
	12.6 
	12.7 
	12.9 
	12.6 
	13.1 
	13.5 
	13.9 
	13.6 

	Water content (%) 
	8.0 
	7.3 
	11.4 
	11.9 
	15.6 
	16.2 
	19.2 
	18.6 
	23.2 
	24.1 

	Average water content (%) 
	7.7 
	11.6 
	15.9 
	18.9 
	23.6 


CHAPTER FIVE 

5.0
CONCLUSION AND RECOMMENDATION

5.1
CONCLUSION 

This study has explored the influence of various soil types on the performance of different kinds of foundation systems. It has become evident that the nature and properties of soil play a critical role in determining the suitability and stability of a foundation. Soils with high clay content, for example, were found to exhibit significant settlement and low bearing capacity, making them less suitable for shallow foundations such as pad or strip footings. On the other hand, sandy and gravelly soils, which offer better drainage and compaction properties, provided more stable support for shallow foundation types.

The choice of foundation should not be based on assumptions or general practices but must be tailored to the specific soil conditions of the site. By doing so, engineers and builders can significantly reduce the risk of structural failures and enhance the durability and safety of buildings.
5.2
RECOMMENDATION 

· Conduct thorough geotechnical investigations before selecting a foundation type. This should include soil classification, compaction, shear strength, and moisture content analysis.

· Use deep foundations such as piles or drilled shafts in areas with soft clay, peat, or other highly compressible soils.

· Adopt shallow foundations only when soil tests confirm adequate bearing capacity and low settlement potential.

· Avoid construction during high-moisture seasons, especially in areas with expansive soils, unless proper stabilization techniques are implemented.

· Engineers and builders should adhere to soil testing reports and structural design guidelines rather than defaulting to standard foundation choices. 
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