CHAPTER ONE
1.0	INTRODUCTION
1.1	Background of the Study
Concrete is the most essential material in modern construction due to its durability, strength, and versatility. However, conventional concrete is heavy and contributes significantly to environmental degradation through carbon emissions during its production. The global demand for more sustainable and lightweight construction materials has driven research into alternative formulations that maintain structural integrity while minimizing ecological impact (Jones & McCarthy, 2005). Among these alternatives, foam concrete has emerged as a promising material due to its reduced weight, enhanced insulation properties, and ease of handling during construction (Kearsley & Wainwright, 2001).
Foam concrete, also known as aerated or cellular concrete, incorporates air voids through the addition of foaming agents. These air voids significantly reduce the density of the material while preserving adequate mechanical strength for various applications, including non-load-bearing structures, partitions, and insulation layers (Amran et al., 2015). Traditional foam concrete relies on synthetic foaming agents, which can be expensive and environmentally unfriendly. Consequently, researchers have explored the use of natural surfactants as sustainable alternatives to synthetic foaming agents to improve foam stability, reduce production costs, and enhance mechanical performance (Narayanan & Ramamurthy, 2000).
Surfactants play a significant role in modifying the properties of concrete, especially in the production of lightweight and porous concrete. These substances are known to concentrate at interfaces and reduce surface tension, which allows for the formation of stable air voids in the cement paste. As the research by Kligys and Laukaitis (2007) highlights, surfactants facilitate the creation and stabilization of air voids in concrete, which is crucial for reducing the overall density of the mixture.
There are various types of surfactants, typically classified based on the charge of the hydrophilic group: anionic, cationic, zwitterionic, and nonionic. Anionic surfactants are commonly used in concrete due to their ability to stabilize air voids effectively. Kligys and Laukaitis (2007) found that the stability of these air voids is a critical factor in determining the quality of lightweight concrete, as unstable air bubbles can lead to the degradation of the concrete structure over time. Their study showed that anionic surfactants provided the most stable air voids in porous concrete, enhancing the material's strength and durability.
Lateritic soil (LS), which is rich in iron and aluminum oxides, is another promising material in foam concrete applications. This soil is widely available in tropical and subtropical regions, making it a cost-effective and sustainable substitute for conventional fine aggregates. Studies have shown that LS enhances foam stability, reduces segregation, and improves compressive strength, making it an ideal component in hybrid foam concrete formulations (Kearsley & Wainwright, 2001). Furthermore, the combination of PKOS and LS as hybrid surfactants can optimize the structural properties of foam concrete while reducing its carbon footprint and reliance on synthetic additives (Amran et al., 2015).
The use of lateritic soil in foam concrete formulations is gaining attention due to its potential to enhance mechanical properties, improve workability, and reduce costs. Studies have shown that lateritic soil contributes to the stabilization of foam structures, reducing segregation and improving compressive strength (Amran et al., 2015). Additionally, LS is abundant and locally available in many developing countries, making it a cost-effective substitute for conventional fine aggregates in sustainable construction (Raji et al., 2022).
Incorporating lateritic soil in foam concrete has shown promising results in optimizing the balance between strength and density. Research indicates that lateritic soil enhances the cohesion of the cementitious matrix, leading to better resistance to cracking and shrinkage (Zhang et al., 2015). Furthermore, the mineralogical composition of lateritic soil allows it to participate in pozzolanic reactions, further strengthening the concrete over time (Neville, 2011).
Despite its benefits, the variability of lateritic soil composition across different regions poses a challenge in achieving consistent performance in foam concrete applications. The presence of clay minerals in some lateritic soils may increase water demand, potentially affecting workability and curing rates. Therefore, proper characterization and mix optimization are crucial to ensure the reliability and performance of lateritic soil-based foam concrete (Kearsley & Wainwright, 2001).
Another significant advantage of lateritic soil is its role in reducing the environmental footprint of concrete production. By replacing a portion of fine aggregates with LS, the demand for quarried sand is minimized, leading to a reduction in energy consumption and carbon emissions associated with aggregate extraction (Narayanan & Ramamurthy, 2000). This aligns with global sustainability goals, promoting the utilization of renewable and locally sourced materials for eco-friendly construction.
Recent research has identified palm kernel oil-based surfactants (PKOS) and lateritic soil (LS) as viable natural additives for foam concrete production. PKOS, derived from the oil palm tree, has been recognized for its foaming capabilities and ability to stabilize air bubbles within the concrete matrix (Shah et al., 2021). Its biodegradability and renewability make it an eco-friendly alternative to traditional surfactants. Additionally, PKOS can improve the workability and cohesiveness of foam concrete, leading to enhanced strength and durability over time (Jones & McCarthy, 2005).
1.2	Problem Statement
Traditional concrete is heavy and has a high carbon footprint, necessitating research into lightweight and sustainable alternatives. While foam concrete offers a potential solution, existing formulations rely heavily on synthetic foaming agents, which can be costly and environmentally detrimental (Narayanan & Ramamurthy, 2000). The effectiveness of natural surfactants, such as PKOS and LS, in foam concrete applications has not been fully explored. Understanding their combined effects on compressive strength, density, and thermal insulation is critical to optimizing their use in construction materials (Raji et al., 2022).
Addressing these challenges requires a comprehensive investigation into the optimal mix designs that balance mechanical performance, compressive strength, and sustainability.

1.3	Justification of the Study
This study is essential in promoting sustainable construction by utilizing locally available and renewable materials such as PKOS and LS. These materials can reduce dependence on synthetic chemicals, minimize production costs, and enhance the eco-friendliness of foam concrete (Amran et al., 2015). Additionally, the research findings will contribute to the development of optimized lightweight concrete formulations with improved mechanical properties.
1.4	Aim of the Study
This study aims to optimize the mix design of hybrid foam concrete using palm kernel oil-based surfactant and lateritic soil.
1.5	Objectives of the Study
The objective of this research is as follows:
1. Investigation into the effects of palm kernel oil-based surfactants and lateritic soil on the physical and mechanical properties of foam concrete.
2. Analyzing how varying concentrations of the surfactant influence foam stability, density, compressive strength, and water absorption.
3. To examine the optimal concentration of hybrid foam concrete using palm oil-based surfactants and lateritic soil.


1.6	Scope and Limitations of the Study
The scope of this study includes:
The formulation and testing of foam concrete mixes incorporating PKOS and lateritic soil. Laboratory experiments will assess parameters such as compressive strength, workability, density, and thermal insulation. The following limitations are acknowledged:
Geographical Constraints: The availability of palm kernel oil and lateritic soil varies by region, affecting the generalizability of findings.
Experimental Conditions: Laboratory settings may not fully replicate real-world conditions, potentially influencing the performance of the developed mix.
Economic Analysis: A preliminary economic assessment will be conducted; however, a comprehensive life-cycle cost analysis is beyond the scope of this study.

