CHAPTER ONE
INTRODUCTION

1.1 Background of the Study 
The demand for sustainable and environmentally friendly construction materials has been increasing due to the significant environmental impact of traditional construction practices. The production and use of conventional concrete, which relies heavily on natural aggregates and cement, contribute substantially to carbon dioxide emissions and environmental degradation (Nawi et al.). To mitigate these effects, researchers and engineers are exploring alternative materials such as mineral admixtures, supplementary cementitious materials, and other eco-friendly components that reduce the reliance on non-renewable resources while maintaining or enhancing structural integrity (Adak et al.).
Foam concrete has emerged as a promising solution in sustainable construction due to its lightweight nature, cost-effectiveness, and insulation properties. Foam concrete is a porous, cellular material composed of cement, water, fine aggregates, and a foaming agent, which generates air voids within the matrix. These air voids contribute to its lower density, thermal insulation, and improved workability, making it an ideal material for applications such as thermal insulation, masonry construction, road sub-bases, and low-load-bearing structures (Mydin et al.). Despite these benefits, foam concrete often exhibits lower mechanical strength compared to conventional concrete, which limits its application in load-bearing structures.
Hybrid foam concrete presents an innovative approach that enhances the structural performance of traditional foam concrete. By incorporating coarse aggregates, such as stone dust, hybrid foam concrete achieves greater compressive strength and durability while retaining the desirable lightweight and insulating properties of foam concrete. This makes it suitable for various construction applications, including energy-efficient buildings, infrastructure projects, and affordable housing initiatives.
A key component in foam concrete production is the surfactant, which plays a crucial role in stabilizing the foam and ensuring a uniform distribution of air voids within the concrete matrix. Traditional synthetic surfactants, though effective, pose environmental concerns due to their non-biodegradable nature. In response, researchers are investigating the use of natural-based surfactants, such as those derived from palm kernel oil, as a sustainable alternative. Palm kernel oil-based surfactants are renewable, biodegradable, and environmentally friendly, aligning with the global shift towards greener construction practices. Their introduction into hybrid foam concrete formulations could improve foam stability, enhance mechanical properties, and reduce the overall environmental footprint of concrete production.
Given the rising need for sustainable construction materials, hybrid foam concrete incorporating palm kernel oil-based surfactants represents a potential breakthrough in the industry. Its combination of enhanced mechanical properties, eco-friendliness, and adaptability to various construction needs makes it a viable alternative for modern building practices. This study explores the influence of palm kernel oil-based surfactants on the mechanical performance of hybrid foam concrete, filling a crucial gap in the existing knowledge base.
1.2 Problem Statement 
Although hybrid foam concrete has demonstrated significant advantages in lightweight construction applications, its mechanical properties—such as compressive strength, tensile strength, and flexural strength—often require further improvement for broader structural use. The uniformity and stability of the foam within the concrete matrix are critical factors that influence these properties. Traditional synthetic surfactants, which are commonly used to stabilize foam, pose environmental concerns due to their non-biodegradable nature and potential toxicity.
Moreover, while hybrid foam concrete incorporating coarse aggregates like stone dust offers improved strength, the specific impact of palm kernel oil-based surfactants on its mechanical performance remains largely unexplored. The lack of comprehensive research on this subject presents a gap in current knowledge, necessitating further investigation into how natural surfactants influence the density, compressive strength, tensile strength, and flexural properties of hybrid foam concrete.
1.3 Justification of the Study 
The construction industry is a major contributor to global carbon emissions and resource depletion. The production of traditional concrete materials such as cement and steel consume large amounts of natural resources and releases significant amounts of greenhouse gases. As the demand for eco-friendly construction materials grows, the need for sustainable alternatives that reduce environmental impact while maintaining structural integrity becomes increasingly urgent.
Hybrid foam concrete represents a promising solution due to its lightweight nature, thermal insulation properties, and potential for improved mechanical strength when combined with coarse aggregates like stone dust. However, the effectiveness of this material depends on the stability and performance of the foam component, which is influenced by the choice of surfactant. While synthetic surfactants are commonly used, their environmental drawbacks necessitate the exploration of more sustainable alternatives.
Palm kernel oil-based surfactants offer a renewable and biodegradable alternative to synthetic additives, potentially improving the stability and mechanical properties of hybrid foam concrete while reducing its environmental impact. This study aims to investigate the role of these natural surfactants in enhancing hybrid foam concrete's density, compressive strength, tensile strength, and flexural strength. By providing insights into the viability of palm kernel oil-based surfactants in construction applications, this research contributes to the ongoing efforts to develop sustainable and efficient building materials.
1.4 Aim of the Study 
The primary aim of this study is to investigate the effect of palm kernel oil-based surfactant on the mechanical properties of hybrid foam concrete.
1.5 Objectives of the Study 
The specific objectives of this research are as follows:
1. To assess the influence of palm kernel oil-based surfactant on the density of hybrid foam concrete.
2. To determine the optimal concentration of palm kernel oil-based surfactant that enhances the mechanical performance of hybrid foam concrete.
3. To analyze variations in compressive strength resulting from different concentrations of the surfactant.
4. To evaluate the impact of the surfactant on the tensile strength and flexural characteristics of hybrid foam concrete.
1.6 Scope of the Study 
This study focuses on the development and evaluation of hybrid foam concrete incorporating varying concentrations of palm kernel oil-based surfactant. The research will assess key mechanical properties, including density, compressive strength, tensile strength, and flexural strength, using standardized laboratory testing methods. The findings will be applicable to the fields of civil engineering and sustainable construction, contributing to the advancement of environmentally friendly building materials.

