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Abstract
The increasing environmental impact and depletion of natural resources linked to traditional concrete production have necessitated the exploration of more sustainable and eco-conscious building materials. Foam concrete, widely utilized for its lightweight nature and high workability, is conventionally produced using synthetic surfactants and mineral aggregates like sand or stone dust. However, these materials raise sustainability concerns due to their non-renewable origin and potential harm to ecosystems. In light of this, the present study examines the potential of developing a hybrid foam concrete incorporating palm kernel oil (PKO) as a natural surfactant and sawdust, an agricultural by-product, as a replacement for stone dust. The experimental process involved evaluating the physical characteristics of the hybrid concrete mixture, followed by the formulation of foam concrete using 1:2 mix ratio and a water-cement ratio of 0.6. Compressive strength tests were carried out on samples at 7, 14, and 28-day curing intervals. Additionally, the study introduced various proportions of PKO and sawdust into the mixes in order to determine the most effective blend that delivers the best balance between structural performance and environmental sustainability. This optimal proportion was identified based on the mix that demonstrated the highest strength while maintaining adequate density and workability. The outcomes revealed that PKO and sawdust influenced the physical behavior of the foam concrete, the hybrid mixes still achieved compressive strength levels suitable for lightweight, non-load-bearing construction applications. The study concludes that PKO and sawdust can be effectively used in foam concrete production, offering a promising path toward more sustainable, affordable, and environmentally responsible building practices.

Keywords: Palm kernel oil, sawdust, hybrid foam concrete, sustainable construction, lightweight concrete, eco-friendly materials, compressive strength, workability, optimal concentration.
CHAPTER  ONE
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:
To evaluate the workability of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
To assess the density of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
To evaluate the compressive strength of hybrid foam concrete using palm kernel oil as surfactants and sawdust as aggregate.
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..

CHAPTER TWO
LITERATURE REVIEW
2.1. Introduction to Hybrid Foam Concrete
Foam concrete is a type of concrete that is produced by locking air voids in the mortar with the help of a suitable foaming agent and is classified as lightweight concrete. It has low self-weight, minimum aggregate consumption (no coarse aggregate is used), high fluidity, controlled low strength and thermal insulation (Ramamurthy, K. et al. 2009). The properties of foam concrete are affected by the production method and the materials used. Unlike other porous lightweight concrete, prefabricated foams with foaming agents are added to fresh cement paste and mortar. The air pores brought by the foams constitute 10–90% by volume of the hardened body. This porous structure forms the basis of the mechanical properties, thermal conductivity, acoustic and durability properties of foam concrete (Hou, L et al. 2021). One of the advantages of foam concrete is its weight reduction (up to 80%) compared to conventional concrete (Chica, L. et al. 2019). The air bubbles are evenly distributed in the foam concrete body. The pore structure may be affected during the mixing, transportation and placement of fresh concrete, so it should have fixed walls. Air bubbles range in size from approximately 0.1 to 1 mm (Jalal, M. et al. 2017). The density of foam concrete is mainly affected by the amount of foam and varies between 400 and 1600 kg/m3. It can be used for structural, partitioning, insulation and filling applications with excellent acoustic/thermal insulation, high fire resistance, lower raw material costs,
easier pumping and finally no compaction, vibration or leveling (Ramamurthy, K. et al. 2009, Chica, L. et al. 2019). It emerges as an economical and innovative contribution to the production of lightweight building blocks, partition wall systems, panels, walls, blocks, road fill and roof insulation. It is effectively deployed in countries such as Turkey, Germany, England, Thailand and the Philippines. It is preferred for the production of foam concretes, bridge fill, insulated wall panels and floor insulation ( Bayrakta, O. et al. 2021). Researchers show interest in high energy-saving materials in terms of energy savings. In this respect, foam concrete, which is a lightweight, porous material with a high strength-to-weight ratio, stands out. It is widely used in modern buildings. It also offers advantages, such as transportation, cost and production (Lui, P. et al. 2021).
The Romans made a concrete mixture (made of lime, water, small gravel and coarse sand) into which they mixed animal blood. They discovered that the added animal blood produced air bubbles, making the mixture more useful and durable. It is thought that a similar technology was used by the Egyptians 5000 years ago (Bindiganavile, V. et al. 2019). The first skate on foam concrete was bought by Axel Ericson in 1923. Wall panels and floor boards were used in commercial and residential buildings by the Soviet Union in the 1930s. In 1950, aerated concretes produced for carrier elements prepared using coal slag were put on the market. For foam concrete, the first scientific research was conducted by Valore in 1954. Hydrolyzed protein agents that improve the stability of air cells were introduced to the market at the end of the 1950s. By the end of the 1970s it was used in oil well cementing projects and excavation projects (Ramamurthy, K. et al. 2009, Bindiganavile, V. et al. 2019,Panesar, D. 2013).
Hybrid foam concrete, incorporating natural materials like palm kernel oil (PKO) as a surfactant and sawdust as an aggregate, is proposed as a potential solution to reduce the ecological footprint of foam concrete.
In this study, the combination of PKO and sawdust in foam concrete is explored as an innovative approach to achieving eco-friendly concrete with favorable properties. Palm kernel oil, derived from the palm seed, is abundant in fatty acids and has a natural ability to stabilize foam, making it an effective substitute for synthetic surfactants (Li & Wu, 2021). Sawdust, a byproduct of the wood industry, is considered an environmentally friendly aggregate replacement due to its lightweight nature and insulating properties (Torres & Siqueira, 2019). Together, these materials have the potential to enhance the mechanical and thermal properties of foam concrete while reducing reliance on non-renewable resources.
2.2. Properties and Uses of Foam Concrete
Foam concrete is distinguished by its low density, resulting from the high air content introduced by the foaming agent. This composition significantly reduces its weight compared to conventional concrete, making it ideal for applications where structural load requirements are minimal, such as in partition walls, insulation, and roofing materials (ACI 523, 2006). The low density and thermal conductivity also provide foam concrete with superior insulation properties, which have practical applications in energy-efficient construction. Despite these advantages, foam concrete has limitations, notably its lower compressive strength and potential susceptibility to moisture absorption. Studies have shown that traditional foam concrete exhibits lower strength-to-weight ratios, limiting its application in structural elements (Neville, 2011).
Recent research has explored hybrid formulations to address these limitations. The inclusion of alternative materials like natural surfactants and organic aggregates is a growing area of interest, as they potentially enhance foam concrete's sustainability and mechanical performance (Olusola & Joshua, 2018). Hybrid foam concretes incorporating waste materials have shown promising results in reducing density while maintaining or improving compressive strength and durability (ACI 523, 2006). For example, the use of organic byproducts such as sawdust as aggregates has improved thermal insulation properties without drastically compromising strength, making it viable for specific non-load-bearing applications (Torres & Siqueira, 2019).
2.3. Role of Surfactants in Foam Concrete
Surfactants are essential in foam concrete production, as they stabilize air bubbles within the concrete mix. Traditional surfactants used in foam concrete are synthetic and contribute to environmental pollution due to their chemical compositions. Replacing synthetic surfactants with natural alternatives like palm kernel oil aligns with sustainable development goals and reduces the environmental footprint of concrete production (Harshani & Wijesinghe, 2020).
Palm kernel oil (PKO) contains a variety of fatty acids that facilitate foam formation and stabilization, making it an effective natural surfactant (Li & Wu, 2021). Several studies have explored the use of PKO in foam concrete, demonstrating that it can generate stable foam with comparable properties to synthetic surfactants. PKO’s foaming ability comes from the saponification of its fatty acids, which produces soap-like molecules that trap air, forming a stable bubble structure within the cement paste. Researchers have found that PKO-stabilized foam concrete achieves a lighter weight and improved thermal insulation, aligning with the requirements for eco-friendly and energy-efficient building materials (Olusola & Joshua, 2018).
2.4. Sawdust as a Sustainable Aggregate in Concrete
Sawdust is increasingly recognized as a sustainable alternative to natural aggregates in concrete. Produced as a waste byproduct in wood processing industries, sawdust is readily available and has significant potential to reduce concrete density and improve thermal properties (Torres & Siqueira, 2019). Studies show that replacing sand with sawdust results in a lightweight concrete mix with enhanced thermal insulation, though high percentages of sawdust may reduce compressive strength (Li & Wu, 2021).
In hybrid foam concrete, sawdust acts not only as a replacement for sand but also improves the insulation capacity due to its low thermal conductivity. Research indicates that sawdust particles absorb some water in the mix, which can later contribute to internal curing, potentially enhancing the durability and resistance to shrinkage (ACI 523, 2006). Studies have also demonstrated that sawdust, when properly treated and sized, can produce foam concrete with favorable workability and adequate mechanical strength for non-load-bearing applications (Harshani & Wijesinghe, 2020).
2.5. Mechanical Properties of Hybrid Foam Concrete
The mechanical properties of foam concrete are heavily influenced by the type and proportion of surfactants and aggregates used. In traditional foam concrete, synthetic surfactants help achieve higher compressive strengths by stabilizing smaller air bubbles, resulting in denser and stronger concrete. However, with natural surfactants like PKO, studies have shown that it is possible to achieve a balance between strength and insulation (Olusola & Joshua, 2018). For instance, when combined with sawdust, PKO-based foam concrete demonstrates improved compressive strength relative to traditional foam concrete with synthetic surfactants.
Further research has examined the tensile and flexural properties of foam concrete modified with PKO and sawdust. Results indicate that the flexibility of organic materials, like sawdust, may enhance tensile and flexural strengths to some extent, but the impact remains dependent on the mixture ratios (Li & Wu, 2021). By optimizing the PKO and sawdust content, it is possible to produce foam concrete with a good balance of mechanical strength and lightweight properties suitable for various construction applications.
2.6. Thermal and Insulating Properties of Hybrid Foam Concrete
The inclusion of PKO and sawdust in foam concrete is particularly advantageous for improving thermal insulation. Foam concrete's insulation properties stem from its high air content, which reduces thermal conductivity and energy transfer. Hybrid foam concrete with sawdust as an aggregate shows enhanced insulation due to the naturally low thermal conductivity of sawdust (Torres & Siqueira, 2019). PKO also contributes by stabilizing a finer, more consistent foam structure, creating more air pockets and reducing heat transfer (Harshani & Wijesinghe, 2020).
Studies have indicated that foam concrete with natural aggregates like sawdust can achieve thermal resistivity values suitable for energy-efficient construction, especially in partition walls and roofing materials (ACI 523, 2006). Thermal conductivity tests on PKO-stabilized foam concrete show favorable results, suggesting that hybrid formulations can meet thermal insulation requirements for specific applications without relying on synthetic materials (Olusola & Joshua, 2018).
2.7. Durability and Environmental Impact of Hybrid Foam Concrete
Durability in concrete often encompasses resistance to water absorption, shrinkage, and degradation over time. In traditional foam concrete, durability can be a concern due to high porosity and moisture absorption, potentially leading to structural issues if used in humid or wet environments (Neville, 2011). Hybrid foam concrete incorporating PKO and sawdust offers potential improvements in durability. PKO’s ability to create smaller, stable air bubbles may reduce water ingress, and sawdust’s partial water-absorption properties can aid in maintaining the moisture balance within the concrete, reducing shrinkage and crack development (Olusola & Joshua, 2018).
The environmental benefits of using PKO and sawdust are significant. PKO, derived from palm trees, is a renewable resource, and its use in foam concrete replaces petroleum-based surfactants that contribute to pollution. Moreover, sawdust, often treated as waste, is repurposed effectively within foam concrete, reducing the environmental impact of wood industry waste disposal (Harshani & Wijesinghe, 2020). The substitution of conventional aggregates with sawdust also results in a reduction of energy-intensive sand extraction processes. Studies indicate that the use of natural materials in foam concrete not only lowers the carbon footprint but also contributes to sustainable resource management in construction (Torres & Siqueira, 2019).
The life-cycle assessment of PKO and sawdust-based foam concrete has shown favorable outcomes. When compared with traditional foam concrete, the hybrid variant demonstrates a lower embodied energy due to reduced synthetic and virgin material usage (Li & Wu, 2021). While more research is needed to determine the long-term durability of hybrid foam concrete in diverse environments, preliminary studies suggest that PKO and sawdust contribute to an eco-friendlier construction material.
2.8. Challenges and Future Directions
The use of PKO and sawdust in foam concrete, while promising, poses several challenges that warrant further research. One key issue is the variability in the quality and chemical composition of natural PKO, which can lead to inconsistencies in the foaming ability and stability. The presence of impurities in unrefined PKO may affect the formation of stable air bubbles, necessitating additional processing to achieve uniform results (Harshani & Wijesinghe, 2020). Similarly, sawdust quality varies based on wood type, particle size, and moisture content, all of which can impact the workability and strength of the foam concrete mix (Torres & Siqueira, 2019).
Another challenge relates to optimizing the mix design to balance the mechanical properties and thermal insulation of hybrid foam concrete. High levels of sawdust may decrease compressive strength, making it less suitable for structural applications. Therefore, further experimentation is required to determine optimal proportions of PKO, sawdust, cement, and water for different construction purposes (Olusola & Joshua, 2018).
The future direction of research in this area should focus on developing standard formulations and testing protocols to enhance hybrid foam concrete's mechanical, thermal, and durability characteristics. Additionally, exploring treatment methods for sawdust to reduce moisture absorption and increase its compatibility with the cement matrix could improve hybrid foam concrete’s performance in diverse climates. Further studies on the environmental impacts, including the life-cycle assessment of hybrid foam concrete in various construction scenarios, will also aid in validating its sustainability benefits (ACI 523, 2006).
CHAPTER THREE

METHODOLOGY

3.1
INTRODUCTION

This research employs an experimental approach to optimize the hybrid foam concrete mix design by incorporating palm kernel oil-based surfactants and sawdust. This methodology focuses on designing, testing, and analyzing mixed compositions to achieve an optimal balance between density, compressive strength, and workability.

This research was carried out in stages; the first stage involves sourcing and preparation of Materials, at the second stage, trial mix of foam concrete was conducted to achieve a mix design for the concrete mix while the next stage involves the casting of concrete cubes (150 mm x 150 mm x 150 mm) and the last stage involved the testing of concrete cubes at 1:2 nominal mix for foam concrete and a water/cement ratio of 0.6. 

3.2        MATERIALS NEEDED

The materials used for this research work are mainly cement, water, aggregate (stone dust and sawdust), Palm Kernel Oil and Foaming Agents. These materials were used for casting of 150mm x 150mm x 150mm cubes size. The batching was made for the mix ratio 1:2 and the concrete produced was cast into the cube using mold of 150 mm x 150 mm x 150 mm. After the casting, the mold was removed after 24 hours and the samples were immersed into the curing container. The curing period will be for 7, 14 and 28 days and crushing test, density and water absorption test will be done.  The materials are briefly explained below:

3.1.1. [image: image1.png]Maximum Load
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Portland Limestone Cement:

 Portland Limestone Cement Typically Grade 42.5R, as specified in ASTM C150-20 and BS EN 197-1:2011 was used during this research. The cement serves as the primary binder in foam concrete. The cement is gotten from a cement depot around the school area (Eleko) in Ilorin, Kwara State. Each bag of PLC is 50kg in size. 

3.1.2. Sawdust:
Sawdust was used as a partial replacement for conventional coarse aggregates in the foam concrete mix. Sourced from a local woodworking facility around oyun, the sawdust was sieved to remove larger particles and then used as an aggregate in the foam concrete
[image: image2.png]fig 3.6 : Weighed Materials
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Hybridized Stone Dust: Stone dust is being introduced as a hybridized coarse aggregate in the mix. Since, there is no need for coarse aggregate in foam concrete to reduce its weight and density. Stone dust is collected from quarry sites and sieved using a 1.7mm sieve to remove particles. The gradation is verified as per ASTM C33/C33M.

3.1.4. Palm kernel oil-based surfactants: Palm kernel oil-based surfactants are derived from the oil extracted from the seeds of the palm kernel through processes such as polyesterification or amidopropylation. PKO-S is being gotten from a nearby market around Ilorin metropolis.

3.2.5.
Water: Water is essential for hydration and foam generation. Potable water is being used for mixing and curing, conforming to ASTM C1602. The water used for this work was obtained from the nearby water source at Institute of Technology, Kwara State Polytechnic, Ilorin. The water was free from injurious amount of oil, acid, organic matter, alkali and other deleterious substances 

3.2.6.
Foaming agent: Sodium Lauryl Sulfate (SLS) is a commonly used foaming agent in foamed concrete. The SLS is sourced for in OJA TUNTUN market, Ilorin.

3.2. METHODS

The mix ratio used samples is 1:2. The foaming agent response to the water cement ratio.

Mixing Procedure:

· Weigh and mix the PLC, sawdust, and Stone dust in a dry mixer until well combined

· In a separate container, mix the SLS in a small amount of water to create a foam solution.

· Add Water to the dry mix and mix until a uniform paste is obtained.

· Mix the generated foam into the wet mix until well combined.

· Add the Palm Kernel Oil into the mix.

· Mix the hybridized foam concrete for an additional 2-3 minutes before pouring and curing for the specified amount of time.

Mix Proportioning:
· Mixes is being prepared with sawdust content as a partial replacement for fine aggregate.

· PKO-S concentrations - 1.5% 

· The water-to-binder ratio follows the required water-to-cement ratio.

· The Foaming agents is in concentration with the water – cement ratio.

· Specimens (150 mm x 150 mm x 150 mm cubes) were casted, compacted, and cured in water for 7, 14, and 28 days.
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Various types of tests were carried out on the sample to check for the compressive strength, water absorption and density of the Foam Concrete, and to know the effect of Palm Kernel Oil Based Surfactant on the sample. The following tests were carried out by following the code of practice:

a. Compressive Strength
 The compressive strength test is a standard method for determining the strength of concrete. The compressive strength test was conducted using the ASTM C39/C39M standard. During this research, 9 cubes of 150 mm x 150 mm x 150 mm of concrete was being casted and cured for 7, 14 and 28 days (2 cubes for each concentration of PKO) in water of average room temperature after 24 hours of casting. The specimens were tested for compressive strength by applying compressive load to the specimen until it fails. Therefore, the maximum load is recorded which is given by N/mm2. The compressive strength is then calculated using the formula:

[image: image12.png]Fig 3.8: Crushing of
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Where:

Maximum load (N) = The maximum load from the machine until failure

Cross – sectional Area (mm2) = The area of the cube

b. Workability test: The workability test is a standard method for assessing the ease of handling fresh concrete. The workability test was conducted using the slump test method, following the ASTM C143/C143M standard. This test helps determine the consistency and flow of concrete, which directly affects its placement and compaction on site.
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Density: The specimens after been cured for 7, 14 and 28 days were being weighed to calculate for the density of the specimens following the code of practice standards. The density is being calculated in g/cm3. 

CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1
Properties of Materials

The table below shows the properties of materials used in this research project.

Table 4.1
Properties of Materials Used

	Materials
	Density (Kg/m3)

	Stone Dust
	1800

	Sawdust
	400

	Cement
	1440

	SLS
	

	Water
	0.6

	PKO
	1.5% of cement


4.2
Slump Test (Workability Test)
The slump test is carried out to evaluate the consistency and workability of freshly mixed concrete. The outcomes of this test serve as a reference for quality control during the proportioning and mixing, as well as for verifying conformity with specified requirements. In this project, concrete was batched by weight, and different proportions of PKO (1.5%) were incorporated into the mix. A nominal mix ratio of 1:2 was used with a water-to-cement ratio of 0.6. The corresponding test results are presented in Table 4.1.
Table 4.2.
Slump test
	PKO Surfactant, %
	Water Absorption, %
	Slump Value, mm

	1.5
	8
	90


4.2
Density


The tables below show the weight of each specimen cubes in 7, 14 and 28 days

Table 4.2
Weight of Specimen Cubes in 7 days

	Days
	% of PKO
	Weight (g)

	7


	1.5%
	6821

	
	1.5%
	6888

	
	1.5%
	6793


Table 4.3
Weight of Specimen Cubes in 14 days

	Days
	% of PKO
	Weight (g)

	14


	1.5%
	7166

	
	1.5%
	7046

	
	1.5%
	6918


Table 4.4
Weight of Specimen Cubes in 28 days

	Days
	% of PKO
	Weight (Kg)

	28
	1.5%
	6562

	
	1.5%
	6055

	
	1.5%
	6251


Table 4.5
Density of The Specimens

	Days
	% of PKO
	Average weight (g)
	Density (Kg/m3)

	7
	1.5%
	6834
	2024.89

	14
	1.5%
	7043
	2086.91

	28
	1.5%
	6289
	1863.50
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Fig 4.1: Density Chart

4.3
Compressive Strength


The compressive strength test is the most common test carried out on hardened concrete, because most of the desirable characteristics properties of concrete are qualitatively related to its compressive strength. The result of this test is used as a basis for quality control of concrete proportioning, mixing, placing operations and determination of compliance with specification. 

For this project, batching by weight was adopted and the 7th, 14th and 28th day compressive strength of foam concrete using laterite soil and palm kernel oil as surfactant, for a nominal mix ratio of 1:2, at water/cement ratio of 0.6. The results are as shown below

Table 4.6:
Compressive strength of sample at 7, 14 and 28 days of curing.

	Days
	% of PKO
	Average weight (g)
	Average Failure Load (KN)
	Compressive Strength (N/mm2)

	7
	1.5%
	6834
	47
	1.93

	14
	1.5%
	7043
	87
	2.85

	28
	1.5%
	6289
	43
	3.77
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Fig 4.2: Compressive Strength Chart

CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS.
5.1 Conclusions
I. The incorporation of sawdust and 1.5 % PKO yields a workable foam concrete mix with good consistency for applications such as partition blocks and insulation panels.

II. The hybrid foam concrete exhibits reduced density compared to conventional concrete, confirming its lightweight character and potential for energy‐efficient construction.

III. Strength development over 28 days demonstrates that, although lower than traditional concrete, the compressive strength of the hybrid mix (3.77 N/mm²) meets requirements for non‐load-bearing components.

IV. Palm kernel oil is an effective natural surfactant in foam concrete production, providing stable air voids without reliance on synthetic chemicals.

5.2 Recommendations
1. Use the developed hybrid foam concrete in wall panels, ceiling infill, and insulation applications where reduced weight and thermal performance are prioritized over load-bearing capacity.

2. For projects requiring slightly higher strength, explore combination with supplementary cementitious materials (e.g., fly ash or silica fume) to improve mechanical properties without significantly increasing density.

3. Implement pre-soaking of sawdust and strict control of PKO purity to ensure consistent mix behavior and performance across different batches.
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