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INTRODUCTION

1.1 Background of the Study
Foam concrete, also known as cellular lightweight concrete, is a cement-based slurry that incorporates stable foam to create an aerated structure with significantly lower density than conventional concrete (Jones & McCarthy, 2005). It has gained considerable interest in the construction industry due to its lightweight nature, ease of handling, and versatility in application (Kearsley & Wainwright, 2001). The material typically comprises cement, water, fine aggregate or filler, and a foaming agent that introduces air voids, resulting in a cellular structure (Narayanan & Ramamurthy, 2000). Densities of foam concrete range from 300 to 1850 kg/m³, enabling its use in both structural and non-structural applications (Falliano, De Domenico, Galletto, & Ricciardi, 2018). Originally developed in the mid-20th century, foam concrete has evolved significantly, with modern formulations exhibiting improved mechanical and thermal performance (Amran, Farzadnia, & Ali, 2015). 
The reduced weight of foam concrete contributes to decreased dead loads on structures, which is particularly advantageous in high-rise buildings and seismic zones (Kim, Lee, & Bang, 2012). Additionally, its thermal and acoustic insulation properties make it a desirable material for energy-efficient and noise-reducing buildings (Hilal, Thom, & Dawson, 2015). In recent years, advancements in foaming technologies and mix design strategies have further enhanced the material’s workability, stability, and durability (Yew, Mahmud, & Ang, 2011). Foam concrete is also considered environmentally friendly due to the possibility of incorporating industrial by-products such as fly ash and slag, which contributes to sustainable construction practices (Nambiar & Ramamurthy, 2006).
1.2 Problem Statement
Despite its advantages, foam concrete faces several challenges that limit its broader application in structural elements (Kearsley & Wainwright, 2002). One of the primary concerns is its relatively lower compressive strength compared to traditional concrete, especially at lower densities (Jones & McCarthy, 2006). This limitation restricts its use in load-bearing applications without further modification or reinforcement (Kumar & Mishra, 2015). Additionally, the uniform distribution and stability of foam within the matrix are difficult to maintain, often leading to segregation and reduction in strength (Amran et al., 2015). Moreover, inconsistencies in mix design, foam quality, and curing conditions can cause variability in performance outcomes (Falliano et al., 2018). Durability-related properties such as water absorption, shrinkage, and freeze-thaw resistance are also less favorable compared to traditional concrete, which raises concerns regarding long-term performance (Hilal et al., 2015). These drawbacks are particularly critical in harsh environmental conditions or where long service life is expected (Kim et al., 2012). Furthermore, there is a lack of standardized guidelines and design codes specific to foam concrete, which impedes its adoption in structural design practices (Narayanan & Ramamurthy, 2000). Therefore, comprehensive research is needed to overcome these limitations and to unlock the full potential of foam concrete in modern construction.
1.3 Justification of the Study
The growing emphasis on sustainable and efficient construction materials necessitates the exploration of alternatives like foam concrete (Amran et al., 2015). As urbanization intensifies, the demand for lightweight, durable, and thermally efficient building materials becomes increasingly urgent (Yew et al., 2011). Foam concrete offers a viable solution due to its reduced density and ability to incorporate recycled or waste materials (Nambiar & Ramamurthy, 2006). Research into enhancing the mechanical and durability properties of foam concrete could lead to its wider use in structural and infrastructural applications (Falliano et al., 2018). Improved understanding of foam stability, mix design optimization, and performance characteristics will enable engineers to tailor foam concrete for specific functional requirements (Jones & McCarthy, 2006). Addressing the current limitations will also facilitate the development of standards and codes that support its safe and effective use (Kearsley & Wainwright, 2002). Moreover, foam concrete’s potential in reducing construction weight and increasing energy efficiency aligns with global goals for sustainable development and carbon footprint reduction (Hilal et al., 2015). By investing in the research and development of foam concrete, the construction industry can benefit from a cost-effective and environmentally responsible material (Narayanan & Ramamurthy, 2000).
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 a surfactants and sawdust as aggregates. 
ii.	To assess the density of hybrid foam concrete using palm kernel oil as a surfactants and sawdust as aggregates. 
iii.	To evaluate the compressive strength of hybrid foam concrete using palm kernel oil as a surfactants and sawdust as aggregates. 
iv.	To examine the optimal concentration of hybrid foam concrete using palm kernel oil as a surfactants and sawdust as aggregates.  
1.6 Scope of the Study
This study focuses on investigating the physical, mechanical, and durability properties of foam concrete with an emphasis on enhancing its structural performance (Amran et al., 2015). The research will explore the effects of varying mix designs, including different types and proportions of foaming agents, binders, and additives (Nambiar & Ramamurthy, 2006). Specific attention will be given to optimizing foam stability, pore structure, and density to improve strength and reduce permeability (Jones & McCarthy, 2006). Experimental evaluations will include tests on compressive strength, flexural strength, thermal conductivity, water absorption, and shrinkage characteristics (Falliano et al., 2018). Additionally, the study will assess the incorporation of supplementary cementitious materials like fly ash and slag to enhance performance and sustainability (Kearsley & Wainwright, 2001). Limitations in foam concrete’s behavior under varying curing conditions and environmental exposures will also be examined (Hilal et al., 2015). The outcomes are expected to contribute valuable insights into the viability of foam concrete in structural elements and provide recommendations for mix design and application (Kim et al., 2012). While the primary focus is on lab-scale testing, implications for practical field use and construction practices will also be discussed (Yew et al., 2011). The study is limited to lightweight foam concrete with densities ranging from 800 to 1600 kg/m³, which is considered suitable for both non-load-bearing and semi-structural applications (Narayanan & Ramamurthy, 2000).
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