CHAPTER ONE
INTRODUCTION
Background Study
There is a need to change the practice of concrete production and use to ensure that concrete production stays eco-friendly in the future Nawi et al. As an alternative to the current convention of utilizing natural aggregates and cement, which are major sources of carbon dioxide and other greenhouse gas emissions worldwide, it is recommended to use mineral admixtures, supplementary cementitious materials, and other sustainable materials Adak et al. As a result, excessive consumption of natural resources would be reduced in the long run. For concrete production, however, to maintain concrete quality, the requirement of mineral admixture is promoted nowadays. Compared to conventional construction, there are a lot of advantages, like cost savings, reduction in self-weight, excellent fire resistance, etc., associated with the usage of foamed concrete (FC), which pushes to use it in the global building sector. Typically, FC is referred to as a porous or cellular lightweight material that is suitable for an extensive variety of applications in construction Mydin et al.
Hybrid foam concrete is an innovative building material that combines the lightweight and insulating properties of foam concrete with the enhanced structural capabilities of traditional concrete. While foam concrete is known for its reduced density, improved thermal insulation, and acoustic properties, it often lacks the compressive strength required for certain construction applications. Hybrid foam concrete addresses this limitation by incorporating coarse aggregates, such as stone dust, which improve its load-bearing capacity and durability.
This blend of foam and aggregates results in a material that offers a balance between structural integrity and energy efficiency, making it an ideal solution for modern construction needs, where both sustainability and performance are prioritized. The inclusion of natural-based additives, such as palm kernel oil-based surfactants, further enhances the material's properties, particularly in terms of foam stability and uniformity.
Hybrid foam concrete's potential applications extend across residential, commercial, and industrial buildings, particularly in areas where lightweight, thermal insulation, and fire resistance are important. Its eco-friendly composition and adaptability to various structural demands position it as a promising material for the future of construction, offering significant advantages in both performance and environmental impact. As the demand for sustainable building materials grows, hybrid foam concrete is emerging as a viable option that can help meet both environmental and structural requirements in the construction industry.



1.2 Problem of Statement
Although hybrid foam concrete is increasingly used in various construction applications, its mechanical properties such as compressive strength, tensile strength, and flexural strength—can sometimes fall short for specific structural uses. The mechanical performance of foam concrete is heavily influenced by the uniformity of the foam and the quality of the air voids within the mixture. Traditional synthetic surfactants, commonly used to stabilize foam, have raised environmental concerns due to their non-biodegradable nature.
Additionally, while hybrid foam concrete shows promise for lightweight applications, the specific impact of palm kernel oil-based surfactants on its mechanical properties is not well understood. This knowledge gap highlights the need for further research to explore how these natural surfactants can affect the density, compressive strength, tensile strength, and flexural properties of hybrid foam concrete.

1.3 Justification of Study
The construction industry is a major contributor to global environmental degradation, with the production of traditional construction materials like cement and steel having a significant impact on natural resources and generating substantial carbon emissions. As the demand for sustainable and environmentally friendly building materials increases, there is a pressing need for innovations that minimize environmental impact while ensuring structural integrity. Hybrid foam concrete, which combines the lightweight nature of foam concrete with the structural advantages of coarse aggregates such as stone dust, offers a promising solution. However, despite its potential, the mechanical properties of hybrid foam concrete, especially its strength characteristics, may often fall short for more demanding structural applications.
Hybrid foam concrete has gained significant attention due to its lightweight, thermal insulation, and acoustic properties, making it an attractive option for various construction applications. However, despite its many benefits, the mechanical properties of hybrid foam concrete—such as compressive strength, tensile strength, and flexural strength—are often insufficient for certain structural uses, limiting its full potential.
The performance of foam concrete is highly dependent on the uniformity and stability of the foam within the mixture. The surfactants used to stabilize foam play a critical role in determining these properties. While synthetic surfactants have been widely used, they present environmental concerns due to their non-biodegradable nature and potential toxicity. In contrast, natural-based surfactants, like those derived from palm kernel oil, offer a more sustainable alternative. These bio-based surfactants are renewable, biodegradable, and environmentally friendly, aligning with the increasing demand for sustainable construction materials.
This research aims to fill a significant gap in current knowledge by investigating the effects of palm kernel oil-based surfactants on the mechanical properties of hybrid foam concrete. Given the growing emphasis on reducing the environmental impact of construction materials, this project holds the potential to offer a dual benefit: improving the performance of hybrid foam concrete while reducing its ecological footprint. By exploring how these natural surfactants influence the density, compressive strength, tensile strength, and flexural strength of the material, the study could lead to a more durable, cost-effective, and sustainable building material for the construction industry. This research is especially relevant as it can contribute to the development of hybrid foam concrete that meets both structural and environmental performance criteria, helping to promote eco-conscious practices in modern construction.

1.4 Aim of the 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.
1.5 Objectives of the Study
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.
1.6 Scope of Study
This research will center on developing hybrid foam concrete by incorporating different concentrations of palm kernel oil-based surfactant. The mechanical properties to be assessed include density, compressive strength, tensile strength, and flexural strength, using standardized testing procedures. The study will take place in a controlled laboratory environment, with outcomes contributing to advancements in civil engineering and sustainable construction.

