CHAPTER ONE
INTRODUCTION
Background Study
Concrete has long been a cornerstone of the construction industry, evolving to meet the demands for more sustainable, cost-effective, and innovative materials. Among these advancements, foam concrete stands out as a lightweight cellular concrete with a density ranging from 400 to 1850 kg/m³. Its structure is defined by random air voids, introduced through foam agents mixed with mortar. This unique composition gives foam concrete its high flowability, low cement content, reduced aggregate usage, and exceptional thermal insulation properties. These characteristics make it an economical solution for fabricating lightweight construction components such as structural members, partitions, filling grades, and road embankment infills. Globally, foam concrete has found widespread applications in countries like Germany, the UK, the Philippines, Turkey, and Thailand.
Foam concrete's origins date back to Roman times when air bubbles were first introduced into concrete mixes using animal blood. This practice, though primitive, laid the groundwork for modern cellular concrete technology. The first Portland cement-based foam concrete was patented in 1923 by Axel Eriksson, and since then, significant progress has been made. Over the past two decades, advancements in production techniques, superplasticizers, and foam agents have expanded foam concrete's applications and improved its properties. Research has highlighted its advantages, including reduced structural loads due to its low density and its ease of production and application.
The evolution of foam concrete has also paved the way for the development of hybrid foam concrete, which incorporates coarse aggregates like stone dust to enhance mechanical properties, making it suitable for structural applications. A critical factor in the production of foam concrete is the surfactant, which stabilizes the foam and significantly impacts its overall performance. While synthetic surfactants are commonly used, they raise concerns regarding environmental sustainability. In contrast, natural-based alternatives, such as those derived from palm kernel oil, offer promising benefits due to their biodegradability, availability, and potential to enhance mechanical properties.
This study investigates the effect of palm kernel oil-based surfactants on the mechanical properties of hybrid foam concrete. By integrating stone dust as a coarse aggregate and leveraging an eco-friendly surfactant, this research seeks to explore its impact on key parameters like compressive strength, workability, thermal insulation, and durability. The findings aim to advance the sustainable use of hybrid foam concrete in construction, offering innovative solutions that balance performance and environmental responsibility.



Problem Statement
Although hybrid foam concrete has found increasing use in various construction applications, its mechanical properties such as compressive strength, tensile strength, and flexural strength may sometimes be inadequate for certain structural requirements. The mechanical performance of foam concrete largely depends on the uniform distribution of foam and the quality of air voids within the mixture. However, the use of traditional synthetic surfactants to stabilize the foam raises environmental concerns due to their non-biodegradable nature.
While hybrid foam concrete holds significant potential for lightweight construction, the influence of palm kernel oil-based surfactants on its mechanical properties remains insufficiently explored. This gap in understanding emphasizes the need for further research to examine how natural surfactants can impact key attributes like density, compressive strength, tensile strength, and flexural performance in hybrid foam concrete.

Justification of Study
As the construction industry evolves, the need for materials that are both high-performing and environmentally friendly has become more urgent. Hybrid foam concrete is an innovative material that combines the lightweight benefits of traditional foam concrete with added strength from coarse aggregates. However, its mechanical properties such as compressive, tensile, and flexural strength—can sometimes fall short, limiting its use in structural applications. Finding ways to enhance these properties is critical to unlocking its full potential.
At the heart of foam concrete production are surfactants, which stabilize the foam and ensure uniform air voids within the mixture. These voids play a major role in determining the concrete’s strength and durability. While synthetic surfactants are commonly used, their non-biodegradable nature raises environmental concerns, making them less suitable as the industry shifts toward greener practices.
Palm kernel oil-based surfactants, derived from natural and biodegradable resources, offer a promising alternative. Not only are they more environmentally friendly, but they also have the potential to improve the mechanical properties of hybrid foam concrete. However, little is known about their specific effects, leaving questions about how they impact crucial factors like density, strength, and workability.
This project is essential because it seeks to bridge this knowledge gap. By exploring the influence of palm kernel oil-based surfactants, this research could lead to a more sustainable and practical version of hybrid foam concrete that meets the demands of modern construction. The findings will not only help improve the material’s performance but also support a move toward eco-friendly building practices, contributing to a greener future for the industry.


Aim of Study
The aim of this study is to investigate the effect of palm kernel oil-based surfactant on the mechanical properties of hybrid foam concrete.

Objectives of the Studies
The objectives of this investigation are as follows:
1. To assess the influence of palm kernel oil-based surfactant on the density of hybrid foam concrete.
2. To identify the ideal concentration of palm kernel oil-based surfactant that improves the mechanical performance of the concrete.
3. To examine changes in compressive strength resulting from varying surfactant concentrations.
4. To evaluate the impact of the surfactant on the tensile strength and flexural characteristics of hybrid foam concrete.


Scope of Study
This research aims to develop hybrid foam concrete by incorporating various concentrations of palm kernel oil-based surfactant to evaluate its impact on key mechanical properties. Specifically, the study will assess parameters such as density, compressive strength, tensile strength, and flexural strength, which are critical for determining the material's structural performance and suitability for construction applications. Standardized testing methods will be employed to ensure accuracy, reliability, and comparability of results, adhering to industry norms and guidelines.
The experimental work will be carried out in a controlled laboratory environment, allowing for precise monitoring of variables such as material composition, curing conditions, and testing procedures. By systematically analyzing the effects of natural-based surfactants, the study seeks to provide deeper insights into how these eco-friendly alternatives influence the behavior and performance of hybrid foam concrete.
The outcomes of this research are expected to make significant contributions to the field of civil engineering, particularly in the development of innovative, sustainable materials. By advancing the understanding of hybrid foam concrete’s potential, the study supports the broader goal of integrating environmentally responsible practices into modern construction, paving the way for durable, lightweight, and green building solutions.

