CHAPTER ONE
1.0	INTRODUCTION
1.1	Background of the study
The growing demand for sustainable construction materials, coupled with the pressing need to reduce the environmental impact of construction activities, has led to significant interest in the development of alternative concrete materials. Concrete is one of the most widely used building materials, but its production is associated with substantial environmental concerns, including resource depletion, energy consumption, and high carbon emissions. To mitigate these issues, research into alternative concrete formulations has gained traction in recent years. Among the innovations in this field is foam concrete, a lightweight variant of traditional concrete that is gaining attention due to its excellent insulation properties, reduced density, and enhanced workability. Concrete is the most vital building material on the earth. Many civilizations achieved great durability and strength in their concrete production. Environmental issues and need of extensive building material also increased the interest in the research on concrete using waste materials. However, conventionally concrete production emits huge amount of carbon dioxide gases in it. Concrete is an illogical and precious material having about 70% of the total concrete volume (Habibur Rahman Sobuz et al., 2017).
Lightweight foam concrete (LWFC) can be produced from cement, sand, water and foaming agent. It is a lightweight concrete with lower density of concrete (Hazlin et al., 2017). LWFC has density of 400 kg/m3 to 1600 kg/m3 and a minimum of 20% entrapped air in volume. The micro air voids occupied in LWFC has considerably reduced the weight as the air weight is negligible if compared to the concrete. The heavyweight problem of conventional concrete resolved and lead to a fast construction. Hybrid foam concrete has gained significant attention in recent years due to its unique properties, such as lightweight, thermal insulation, and sustainability. Foam concrete is an environmentally friendly, durable and rather cheap artificial stone material received as a result of solidification of the system consisting of cement and sand mix and foam (Sergey et al, 2019). 
Foamed concrete is a new-generation material and the future technology of modern construction. This product performs better than other concretes, particularly in strength application areas. The foamed concrete is produced with the aid of a foam injection machine and foam generator. The foaming agents are commonly alcohol-based, animal fat-based, and vegetable oil-based. In the current scenario, people are more concerned with the performance of vegetable-based surfactants against chemical-based agents (Shah et al.2021). Foam concrete is an environmentally friendly, durable and rather cheap artificial stone material received as a result of solidification of the system consisting of cement and sand mix and foam (Sergey et al, 2019).
In foam concrete, a highly influential parameter is the percentage of foam content that directly influences the strength, density and stability of the bubble networks of the product. The higher the rate of foam content, the lower the density and compressive strength of the foam concrete (Amran et al, 2015).
According to studies conducted by Jalal et al. (2017) foam concrete has sufficient strength to be used as a construction material for the industrialized building system without requiring vibration or compaction to fill cavities and voids over long distances. It enables rapid and settlement-free construction while providing good thermal insulation E. Ikponmwosa et al. (2017), excellent freeze/thawing properties, and reliable fire resistance. Foam concrete finds applications in sound and thermal insulation of floors, thermal protection of flat, mono-pitched, and double-pitched roofs, well backfilling, cavity filling, masonry grouting, the production of building blocks and wall panels, thermal insulation, monolithic low-rise and individual house building, road sub-bases, maintenance of bridge abutments, and ground stabilization. Lian et al (2011) found that, similarly to several types of porous media, the strength of porous concrete is significantly affected by the porosity of its internal structure.
The development of LWFC has paved the way for its application in various construction sectors, including residential, commercial, and infrastructure projects (Kearsley & Wainwright, 2001). Its lightweight nature makes it particularly suitable for prefabricated structures, high-rise buildings, and insulation panels (Amran et al., 2015). Additionally, the improved thermal efficiency of LWFC contributes to energy savings in buildings, aligning with global sustainability goals (Hazlin et al., 2017). However, despite its advantages, further research is needed to optimize its mechanical properties and long-term durability to ensure widespread adoption in the construction industry (Jalal et al., 2017).
Palm Kernel Oil based surfactant PKOS, was derived from the widely cultivated oil palm tree, and has been identified as a biodegradable, eco-friendly surfactant that can stabilize foam and contribute to consistent air void distribution in foam concrete. Research indicates that PKOS improves the mechanical properties of foam concrete, making it a viable alternative to synthetic surfactants in terms of both performance and environmental impact (Jones & McCarthy, 2005). PKOS is a byproduct of palm oil production, and its use in foam concrete as a natural surfactant could eliminate the need for synthetic foaming agents, offering an eco-friendly solution. Recent studies have shown that incorporating natural surfactants like palm kernel oil into foam concrete could improve workability, reduce segregation, and increase strength over time (Alwi et al., 2020).
Palm kernel oil-based surfactant (PKOS) which is predominantly cultivated in tropical regions is a biodegradable and renewable resource. PKOS aligns with sustainable construction practices by offering an eco-friendly alternative to synthetic foaming agents. PKOS’s surfactant properties make it suitable for stabilizing foam within the concrete matrix, contributing to a uniform distribution of air voids. This leads to enhanced insulation properties and potentially improved compressive strength in foam concrete applications. Additionally, PKOS production and use reduce reliance on synthetic chemicals and align with local resource utilization, particularly in regions where palm oil is abundantly available (Jones & McCarthy, 2005).
Laterite Soil (LS), is another natural material that shows potential in foam concrete applications. Lateritic soils, characterized by their high iron and aluminum oxide content, are common in tropical and subtropical regions. These soils possess natural stabilizing properties, which can contribute to foam stability and durability when incorporated as a surfactant in foam concrete. LS enhances the cohesiveness of the foam matrix and can improve the mechanical properties of foam concrete, including compressive strength and durability (Kearsley & Wainwright, 2001).
LWFC is an innovative lightweight variant of traditional concrete that offers numerous benefits, including enhanced insulation properties, reduced density, and improved workability. Its reduced weight makes it a preferable choice in construction where minimizing load is essential, such as in high-rise buildings and prefabricated structures. Furthermore, LWFC exhibits enhanced thermal and acoustic insulation properties, making it highly suitable for energy-efficient buildings. Historically, civilizations have sought to achieve greater durability and strength in concrete production, leading to the continuous evolution of material compositions and construction techniques. However, conventional concrete manufacturing releases substantial amounts of carbon dioxide, contributing significantly to environmental degradation. According to Sobuz et al. (2017), conventional concrete accounts for nearly 70% of the total construction material volume. Additionally, cement production alone is responsible for approximately 8% of global CO2 emissions (Lehne & Preston, 2018). Therefore, exploring sustainable and eco-friendly alternatives, such as LWFC, which utilizes less cement and incorporates industrial by-products or natural stabilizers, is imperative to mitigate the environmental impact of construction activities.
1.2	PROBLEM STATEMENTS
Despite its widespread use, traditional concrete presents several drawbacks, including high weight, significant carbon emissions, and resource depletion (Lehne & Preston, 2018). The development of lightweight and environmentally friendly alternatives such as foam concrete is necessary to mitigate these issues (Kearsley & Wainwright, 2001). However, the performance of foam concrete heavily depends on the type and composition of foaming agents, which directly influence its strength, durability, and insulation properties (Amran et al., 2015). The incorporation of natural, biodegradable surfactants such as Palm Kernel Oil-based surfactant (PKOS) and Laterite Soil (LS) has the potential to enhance foam concrete’s performance while promoting sustainability (Jones & McCarthy, 2005). However, the effectiveness of these materials in foam concrete applications requires further investigation.
1.3	JUSTIFICATION OF THE STUDY
This study is vital for advancing sustainable construction practices by investigating the efficacy of local materials and bio-based surfactants. Optimizing foam concrete mix designs can lead to significant improvements in material properties, potentially transforming the construction landscape, especially in regions where palm oil production and lateritic soil are prevalent (Papánová & Prišč, 2024). The research findings could provide practical solutions for reducing reliance on traditional materials, thereby lowering construction costs and environmental impacts.
Also, it’s crucial to promote sustainable construction practices by exploring local materials and bio-based additives. By optimizing the foam concrete mix design, we can enhance material properties while reducing waste and environmental degradation. The findings can contribute significantly to the field of civil engineering, particularly in regions where lateritic soil is abundant and palm oil production is a major industry.
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	OBJECTIVE OF THE PROJECT
	The objectives of this study are:
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 the 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
	This study focuses on the formulation and testing of foam concrete mixes incorporating palm kernel oil-based surfactant and lateritic soil. Laboratory experiments were conducted to assess mechanical properties such as compressive strength, as well as workability and thermal insulation characteristics. This research is limited to specific proportions of surfactant and lateritic soil, ensuring that the results are applicable to standard construction practices while considering local material availability.

