CHAPTER 1
INTRODUCTION

1.1 Background of the Study
As the construction industry shifts toward sustainable and eco-conscious practices, driven by the substantial environmental impact of traditional construction materials, there is a growing demand for innovative alternatives that reduce ecological footprints while maintaining structural efficiency. Hybrid foam concrete is emerging as a noteworthy solution that merges the durability and strength of conventional concrete with the lightweight, thermally insulating properties characteristic of foam concrete. Unlike standard foam concrete, which primarily incorporates fine aggregates and foam agents to achieve a lightweight profile, hybrid foam concrete introduces aggregates such as stone dust, which enhances its load-bearing capacity, structural resilience, and versatility. This added material makes hybrid foam concrete a fitting material for an array of applications, spanning energy-efficient building projects, resilient infrastructure, and cost-effective housing initiatives, each benefiting from its multifunctional properties.
Foam concrete is a specialized type of lightweight concrete that incorporates air voids into the mixture, reducing its density while maintaining sufficient structural integrity for various applications. This concept has been widely embraced due to its ability to reduce dead loads in construction, improve thermal and acoustic insulation, and facilitate rapid, cost-effective building processes. One of the critical components in the production of foam concrete is the surfactant, which plays a crucial role in stabilizing the foam and ensuring uniform air void distribution within the concrete matrix.
Surfactants, also known as surface-active agents, are compounds that reduce surface tension between liquids or between a liquid and a solid. In foam concrete production, surfactants help create stable, fine air bubbles, ensuring the material maintains its lightweight nature while enhancing workability, flowability, and cohesiveness. Without surfactants, the foam would collapse prematurely, leading to inconsistencies in density and mechanical performance. Traditional surfactants used in construction are often synthetic, but concerns over their environmental impact have driven the search for biodegradable, natural alternatives such as palm kernel oil-based surfactants.
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.
A critical component in the formulation of foam concrete is the surfactant, a material essential for stabilizing the foam structure and ensuring an even air void distribution within the concrete matrix. In this realm, natural-based surfactants such as those derived from palm kernel oil present an eco-friendly alternative to synthetic chemical additives. Palm kernel oil-based surfactants are renewable, biodegradable, and align with sustainable development goals, presenting a green replacement for conventional additives. Their introduction into foam concrete formulations can enhance foam stability while reducing the environmental impact of concrete production, thus offering a sustainable pathway for the industry’s future. Consequently, hybrid foam concrete incorporating natural surfactants may provide a pathway to creating greener, more resilient construction materials that support global sustainability initiatives.
The significance of surfactants in construction extends beyond foam concrete applications. Surfactants are widely used in various construction materials, including mortars, adhesives, and coatings, to improve dispersion, workability, and bonding properties. In foam concrete, they contribute to better strength development, prevent segregation of materials, and enhance overall durability. As the construction industry continues to seek greener and more efficient solutions, the role of surfactants—particularly natural alternatives—becomes increasingly vital in advancing sustainable building practices.
Given the versatility and potential of hybrid foam concrete, further research is essential to understand how modifications to its composition, particularly through the introduction of eco-friendly surfactants, can influence its mechanical properties. By focusing on natural surfactants like palm kernel oil-based surfactants, this study aims to bridge the knowledge gap and contribute to the development of innovative, high-performance, and environmentally responsible construction materials.
1.2 Problem Statement
Despite the growing use of hybrid foam concrete in various construction applications, its mechanical properties, such as compressive strength, tensile strength, and flexural strength, can sometimes be insufficient for certain structural applications. The mechanical performance of foam concrete largely depends on the uniformity of the foam and the quality of the air voids within the matrix. Traditional synthetic surfactants, which are often used to stabilize foam, have raised concerns regarding their environmental impact due to their non-biodegradable nature.
Moreover, while hybrid foam concrete has demonstrated potential for lightweight applications, the exact effects of palm kernel oil-based surfactants on its mechanical properties remain poorly understood. This lack of research presents a gap in the current body of knowledge, making it crucial to investigate how these natural surfactants can influence the density, compressive strength, tensile strength, and flexural properties of hybrid foam concrete.
1.3 Justification of the Study
The construction industry is one of the largest contributors to global environmental degradation, with the production of conventional construction materials such as cement and steel significantly impacting natural resources and generating high levels of carbon emissions. As the demand for sustainable and eco-friendly building materials grows, there is an urgent need for innovations that reduce environmental footprints while maintaining structural integrity. Hybrid foam concrete, which combines the lightweight properties of foam concrete with the structural benefits of aggregates such as stone dust, presents a promising solution.
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 investigation are as follows: 
i. To evaluate the impact of palm kernel oil-based surfactant on the density of hybrid foam concrete. 
ii. To determine the optimal concentration of palm kernel oil-based surfactant that enhances the mechanical performance of the concrete. 
iii. To analyze variations in compressive strength due to different concentrations of the surfactant. 
iv. To assess the effects of the surfactant on the tensile strength and flexural properties of hybrid foam concrete.

1.6 Scope of the Study
This study will focus on the formulation of hybrid foam concrete incorporating various concentrations of palm kernel oil-based surfactant. The mechanical properties evaluated will include density, compressive strength, tensile strength, and flexural strength, utilizing standardized testing methods. The research will be conducted in a controlled laboratory setting, and the findings will be relevant to the fields of civil engineering and sustainable construction.

