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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.
However, conventional foam concrete still relies on synthetic surfactants and natural aggregates such as sand, which have their own environmental and economic drawbacks. Surfactants, primarily synthetic, are used to create the air bubbles within the concrete mix, providing the desired lightness and insulating properties. The production and use of these synthetic chemicals can pose environmental risks, and their dependence on non-renewable resources makes them unsustainable. Likewise, the extraction of natural sand for use in concrete production contributes to ecosystem destruction, resource depletion, and the disruption of local environments.
To address these issues, alternative materials such as palm kernel oil (PKO) and sawdust have been proposed as sustainable substitutes. PKO 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. Sawdust, a waste product of wood processing, is abundant, inexpensive, and often discarded or burned, creating environmental hazards. When used as an aggregate in foam concrete, sawdust could replace a portion of natural sand, potentially reducing the need for sand extraction and minimizing waste in the process.
The use of hybrid foam concrete, where palm kernel oil is utilized as a surfactant and sawdust as a partial replacement for fine aggregates, offers a unique opportunity to reduce the environmental footprint of concrete production while improving its insulation and workability. However, the effectiveness of these materials in hybrid foam concrete remains relatively underexplored, and thus, an experimental study is essential to evaluate their potential performance in comparison to conventional foam concrete.

1.2. Problem Statement
 The numerous advantages of foam concrete, its widespread adoption is hindered by the environmental impacts associated with the materials used in its production. Traditional foam concrete relies on synthetic surfactants, which can have negative environmental impacts due to their chemical composition and production methods. Additionally, the widespread use of natural sand as an aggregate in foam concrete contributes to the depletion of natural sand resources and environmental degradation. As the construction industry seeks to reduce its ecological footprint, finding sustainable alternatives to these conventional materials has become a pressing challenge.
Palm kernel oil (PKO) and sawdust present viable, sustainable alternatives that could address these issues. However, the use of PKO as a surfactant and sawdust as an aggregate in foam concrete has not been extensively studied. The existing literature on these materials in concrete is limited, particularly in the context of their combined use in hybrid foam concrete. While individual studies have explored the use of palm kernel oil as a surfactant in foam concrete and sawdust as an aggregate, there is a significant gap in knowledge regarding their combined impact on the mechanical, thermal, and workability properties of foam concrete.
This study seeks to bridge this gap by experimentally investigating the potential of using PKO and sawdust in hybrid foam concrete. The research will focus on evaluating the compressive strength, density, porosity, optimal concentration and workability of the hybrid foam concrete, comparing these properties with those of conventional foam concrete. By addressing these research gaps, the study aims to contribute to the development of more sustainable concrete materials that could revolutionize the construction industry.
1.3. Justification of the Study
The justification for this study stems from the increasing need to develop sustainable construction materials that can reduce the environmental impact of concrete production. Hybrid foam concrete, using palm kernel oil as a surfactant and sawdust as an aggregate, presents a promising solution. By replacing synthetic surfactants and natural sand with renewable and waste-based materials, this study could provide a more sustainable option for foam concrete production. PKO, being a renewable resource, could significantly reduce the reliance on petrochemical-based surfactants, while sawdust could alleviate the pressure on natural sand resources. Furthermore, foam concrete itself, being lightweight and offering superior insulation properties, could contribute to energy-efficient buildings and lower overall construction costs.
The research is also significant because it will provide empirical data on the performance of hybrid foam concrete. Most existing studies focus on either PKO or sawdust in isolation, but this study will combine both materials in a hybrid mix, allowing for a more comprehensive understanding of their potential benefits. The study will provide crucial insights into how these materials affect the mechanical, physical, and thermal properties of foam concrete, offering valuable guidance for future research and applications in the construction industry.
1.4. Aim of the Study
The aim of this study is to experimentally investigate the performance of hybrid foam concrete produced using palm kernel oil (PKO) as a surfactant and sawdust as aggregates. 
1.5. Objectives of the Study
The specific objectives of the study are as follows:
i. To evaluate the workability of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
ii. To assess the density of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
iii. To evaluate the compressive strength of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
iv. To examine the optimal concentration of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
1.6. Scope of the Study
This study will focus on the use of palm kernel oil as a surfactant and sawdust as an aggregate replacement in foam concrete. The experimental study will include the preparation of foam concrete mixtures with varying proportions of PKO and sawdust, and tests will be conducted to measure the workability, compressive strength, density and porosity, and optimal concentration. The study will be limited to evaluating the properties of foam concrete under laboratory conditions, using small-scale samples.
The scope will exclude the evaluation of the long-term durability of the hybrid foam concrete, such as its resistance to weathering or freeze-thaw cycles, as well as its performance in real-world construction applications. Additionally, the study will focus only on non-load-bearing applications, such as insulation panels and partition walls, rather than structural uses.

