[bookmark: _Hlk198997892]INVESTIGATION ON THE EFFECT OF PALM KERNEL OIL-BASED SURFACTANT ON THE MECHANICAL PROPERTIES OF AN HYBRID FOAM CONCRETE




SHEU SULIAT MOTUNRAYO
HND/23/CEC/FT/0196



HIGHER NATIONAL DIPLOMA
(Civil Engineering Technology)



KWARA STATE POLYTECHNIC



JUNE, 2025.

CERTIFICATION
This is to certify that this research study was conducted by…………………………………. (HND/23/CEC/FT/0196) and had been read and approved as meeting the requirement for the award of Higher National Diploma (HND) in Civil Engineering, Institute of Technology, Kwara State Polytechnic Ilorin.
 
Signature…………………………………Date………………………………
ENGR. R.O SANNI
Project Supervisor

Signature…………………………………Date………………………………
ENGR. A. NAALLAH
Head of Department


Signature…………………………………Date………………………………
ENGR. DR. MUJEDU KASALI ADEBAYO
External Examiner
[bookmark: _Toc139690]DEDICATION
I dedicate this work to my beloved mom (ALHAJA FATIMOH ALIYU), whose unwavering support, encouragement, and prayers have been my foundation throughout this journey. To my sister’s family (MR & MRS DEMBO), thank you for always believing in me and inspiring me to strive for excellence.
I also dedicate this work to my lecturers, whose guidance and knowledge have helped shape my academic path.











[bookmark: _Toc139691]ACKNOWLEDGEMENT 
First and foremost, I extend my deepest gratitude to God Almighty, whose grace, strength, and guidance have carried me through every step of this academic journey. Without His presence, none of this would have been possible.
I would like to sincerely thank my supervisor, ENGR. R.O SANNI, for their invaluable guidance, patience, and constructive criticism. Your mentorship not only shaped this project but also sharpened my ability to think critically and work independently.
I sincerely thank my mom for her unwavering love, support, strength, guidance, constant encouragement and prayers. I’m also deeply grateful to my brother (FATAI OLATUNJI ALIYU) for always believing in me and to my sibling for their patience and quiet support throughout this journey. Your presence and care made all the difference
Special thanks to my classmates and dear friend, Lydia Yemisi who offered her insights, shared resources, and stood by me with encouragement throughout the years. Your support, conversations, and ability to make even the most stressful days bearable were truly uplifting. Working and growing alongside you was not just helpful, but genuinely inspiring.
Finally, to every unsung hero behind the scenes whether it was a late-night conversation, a word of motivation, or a shared coffee thank you. This project is more than just pages of research; it is a reflection of every person who believed in me.


ABSTRACT
 This study investigates the influence of palm kernel oil-based surfactant (PKO-S) on the mechanical properties of hybrid foam concrete, with the aim of developing a lightweight, eco-friendly, and structurally viable construction material. Traditional foam concrete is known for its reduced density and insulating properties, but often lacks sufficient strength for structural applications. By incorporating stone dust as aggregate and PKO-S as a natural, biodegradable stabilizer, this research explores how such a hybrid mix affects density, compressive strength, and tensile performance. Concrete specimens were prepared using a 1:2 mix ratio (cement to aggregate) and tested over 7, 14, and 28 days for density and strength characteristics. Results showed that PKO-S effectively stabilized the foam, reducing density to as low as 1717 kg/m³ for cylinders and 1828 kg/m³ for cubes, while achieving peak compressive strengths of 2.2 N/mm² and 2.1 N/mm², respectively. Although strength values declined slightly at 28 days, the findings highlight the potential of PKO-S in producing lightweight, sustainable concrete suitable for non-load-bearing applications. The study supports the integration of agro-waste-derived materials into construction practices to promote environmental sustainability.
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CHAPTER 1
INTRODUCTION

1.1 Background of the Study
As the construction industry shifts toward sustainable and eco-conscious practices, driven by the substantial environmental impact of traditional construction materials, there is a growing demand for innovative alternatives that reduce ecological footprints while maintaining structural efficiency. Hybrid foam concrete is emerging as a noteworthy solution that merges the durability and strength of conventional concrete with the lightweight, thermally insulating properties characteristic of foam concrete. Unlike standard foam concrete, which primarily incorporates fine aggregates and foam agents to achieve a lightweight profile, hybrid foam concrete introduces aggregates such as stone dust, which enhances its load-bearing capacity, structural resilience, and versatility. This added material makes hybrid foam concrete a fitting material for an array of applications, spanning energy-efficient building projects, resilient infrastructure, and cost-effective housing initiatives, each benefiting from its multifunctional properties.
Foam concrete is a specialized type of lightweight concrete that incorporates air voids into the mixture, reducing its density while maintaining sufficient structural integrity for various applications. This concept has been widely embraced due to its ability to reduce dead loads in construction, improve thermal and acoustic insulation, and facilitate rapid, cost-effective building processes. One of the critical components in the production of foam concrete is the surfactant, which plays a crucial role in stabilizing the foam and ensuring uniform air void distribution within the concrete matrix.
Surfactants, also known as surface-active agents, are compounds that reduce surface tension between liquids or between a liquid and a solid. In foam concrete production, surfactants help create stable, fine air bubbles, ensuring the material maintains its lightweight nature while enhancing workability, flowability, and cohesiveness. Without surfactants, the foam would collapse prematurely, leading to inconsistencies in density and mechanical performance. Traditional surfactants used in construction are often synthetic, but concerns over their environmental impact have driven the search for biodegradable, natural alternatives such as palm kernel oil-based surfactants.
According to studies conducted by Jalal et al. (2017), foam concrete has sufficient strength to be used as a construction material for the industrialized building system without requiring vibration or compaction to fill cavities and voids over long distances. It enables rapid and settlement-free construction while providing good thermal insulation (E. Ikponmwosa et al., 2017), excellent freeze/thawing properties, and reliable fire resistance. Foam concrete finds applications in sound and thermal insulation of floors, thermal protection of flat, mono-pitched, and double-pitched roofs, well backfilling, cavity filling, masonry grouting, the production of building blocks and wall panels, thermal insulation, monolithic low-rise and individual house building, road sub-bases, maintenance of bridge abutments, and ground stabilization.
A critical component in the formulation of foam concrete is the surfactant, a material essential for stabilizing the foam structure and ensuring an even air void distribution within the concrete matrix. In this realm, natural-based surfactants such as those derived from palm kernel oil present an eco-friendly alternative to synthetic chemical additives. Palm kernel oil-based surfactants are renewable, biodegradable, and align with sustainable development goals, presenting a green replacement for conventional additives. Their introduction into foam concrete formulations can enhance foam stability while reducing the environmental impact of concrete production, thus offering a sustainable pathway for the industry’s future. Consequently, hybrid foam concrete incorporating natural surfactants may provide a pathway to creating greener, more resilient construction materials that support global sustainability initiatives.
The significance of surfactants in construction extends beyond foam concrete applications. Surfactants are widely used in various construction materials, including mortars, adhesives, and coatings, to improve dispersion, workability, and bonding properties. In foam concrete, they contribute to better strength development, prevent segregation of materials, and enhance overall durability. As the construction industry continues to seek greener and more efficient solutions, the role of surfactants—particularly natural alternatives—becomes increasingly vital in advancing sustainable building practices.
Given the versatility and potential of hybrid foam concrete, further research is essential to understand how modifications to its composition, particularly through the introduction of eco-friendly surfactants, can influence its mechanical properties. By focusing on natural surfactants like palm kernel oil-based surfactants, this study aims to bridge the knowledge gap and contribute to the development of innovative, high-performance, and environmentally responsible construction materials.
1.2 Problem Statement
Despite the growing use of hybrid foam concrete in various construction applications, its mechanical properties, such as compressive strength, tensile strength, and flexural strength, can sometimes be insufficient for certain structural applications. The mechanical performance of foam concrete largely depends on the uniformity of the foam and the quality of the air voids within the matrix. Traditional synthetic surfactants, which are often used to stabilize foam, have raised concerns regarding their environmental impact due to their non-biodegradable nature.
Moreover, while hybrid foam concrete has demonstrated potential for lightweight applications, the exact effects of palm kernel oil-based surfactants on its mechanical properties remain poorly understood. This lack of research presents a gap in the current body of knowledge, making it crucial to investigate how these natural surfactants can influence the density, compressive strength, tensile strength, and flexural properties of hybrid foam concrete.
1.3 Justification of the Study
The construction industry is one of the largest contributors to global environmental degradation, with the production of conventional construction materials such as cement and steel significantly impacting natural resources and generating high levels of carbon emissions. As the demand for sustainable and eco-friendly building materials grows, there is an urgent need for innovations that reduce environmental footprints while maintaining structural integrity. Hybrid foam concrete, which combines the lightweight properties of foam concrete with the structural benefits of aggregates such as stone dust, presents a promising solution.
1.4 Aim of the Study
The primary 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 specific objectives of this investigation are as follows: 
i. To evaluate the impact of palm kernel oil-based surfactant on the density of hybrid foam concrete. 
ii. To determine the optimal concentration of palm kernel oil-based surfactant that enhances the mechanical performance of the concrete. 
iii. To analyze variations in compressive strength due to different concentrations of the surfactant. 
iv. To assess the effects of the surfactant on the tensile strength and flexural properties of hybrid foam concrete.

1.6 Scope of the Study
This study will focus on the formulation of hybrid foam concrete incorporating various concentrations of palm kernel oil-based surfactant. The mechanical properties evaluated will include density, compressive strength, tensile strength, and flexural strength, utilizing standardized testing methods. The research will be conducted in a controlled laboratory setting, and the findings will be relevant to the fields of civil engineering and sustainable construction.











CHAPTER 2
LITERATURE REVIEW
Preamble
The construction industry is evolving rapidly, driven by the increasing demand for high-performing yet sustainable building materials. Foam concrete has emerged as a promising material due to its lightweight nature, thermal insulation, and cost-effectiveness. However, its relatively low strength has posed limitations for structural applications. To address this, hybrid foam concrete, incorporating coarse aggregates such as stone dust, has been developed to enhance strength and durability while preserving the desirable properties of foam concrete.
A key component in foam concrete is the surfactant, which stabilizes the foam and significantly influences the material's density, strength, and workability. Traditional surfactants are often synthetic and derived from non-renewable resources, raising environmental and sustainability concerns. In response, this research explores the use of palm kernel oil-based surfactants—natural, biodegradable, and renewable alternatives that offer similar or improved performance characteristics.
This chapter provides a comprehensive review of relevant literature, focusing on four main areas: the role of surfactants in concrete production, the potential of natural surfactants (particularly palm kernel oil-based) in construction, concrete production using foaming agents, and the mechanical properties of hybrid foam concrete. Together, these topics establish a strong foundation for understanding the material behavior and sustainability potential of hybrid foam concrete enhanced with natural surfactants.
By investigating these interrelated areas, this study aims to contribute to the advancement of green construction practices, offering a pathway toward more environmentally responsible and structurally efficient building materials.
2.1 Surfactants in Concrete Production
Surfactants are critical in the production of foam concrete due to their role in stabilizing air voids and improving material performance. These chemical compounds reduce surface tension at the air-water interface, enabling the formation of stable foams in the cementitious matrix. As Kligys and Laukaitis (2007) note, anionic surfactants are particularly effective in ensuring foam stability, which is essential for maintaining concrete integrity over time.
The performance of foam concrete depends heavily on the surfactant’s type, concentration, and compatibility with other mix constituents. Sahu and Gandhi (2020) emphasize the importance of the critical micelle concentration (CMC) in determining foam quality and stability. The control of air void distribution—governed largely by the surfactant—affects key properties such as density, compressive strength, and water permeability.
In essence, surfactants not only help form the foam but also influence its stability throughout mixing, setting, and hardening. When used appropriately, they help create lightweight, porous concrete that retains acceptable levels of strength and durability, suitable for applications like high-rise construction and structural infill.
2.2 Natural Surfactants and Their Potential in Construction
The shift toward environmentally sustainable construction practices has led to growing interest in natural surfactants, especially those derived from plant-based sources such as palm kernel oil (PKO). Unlike synthetic surfactants, which are petroleum-based and potentially harmful to ecosystems, PKO-based surfactants are biodegradable and renewable. Their surface-active properties make them suitable substitutes for traditional foaming agents in foam concrete production.
Palm kernel oil is rich in fatty acids like lauric acid, which contribute to excellent foaming and emulsifying characteristics. According to Alangaram et al. (2008), using PKO addresses multiple sustainability goals—reducing agricultural waste, supporting local industries, and lowering the environmental footprint of construction materials. Additionally, PKO-based surfactants improve foam stability and concrete consistency, both critical factors for producing high-quality hybrid foam concrete.
As the industry transitions toward greener alternatives, PKO surfactants stand out as a viable, low-impact solution that not only reduces pollution but also enhances the performance characteristics of concrete in structural and non-structural applications.
2.3 Concrete Production Using Foaming Agents
Foamed concrete, also referred to as lightweight cellular concrete, is characterized by its reduced density and excellent insulation properties. It is produced by incorporating a stable foam—created using surfactants—into a cement slurry. The resulting structure has uniform porosity and is highly adaptable for use in insulation, void filling, precast panels, and lightweight structural components.
The choice of foaming agent significantly impacts concrete properties. Synthetic agents offer high foam stability but are less eco-friendly. Natural alternatives, such as palm kernel oil-based surfactants, are gaining traction due to their environmental benefits and adequate performance. These agents promote uniform bubble distribution, critical for achieving desirable density and compressive strength.
Foamed concrete’s versatility, thermal insulation, and ease of placement make it ideal for modern construction. Its lightweight nature reduces structural loads and transportation costs, contributing to more efficient, cost-effective, and sustainable building practices.
2.4 Mechanical Properties of Concrete
The mechanical behavior of hybrid foam concrete is central to its applicability in construction. Key parameters such as compressive strength, flexural strength, tensile strength, elastic modulus, and durability determine its load-bearing and deformation resistance capabilities. The incorporation of aggregates like stone dust strengthens the cementitious matrix, leading to enhanced compressive performance.
Kearsley and Wainwright (2000) showed that compressive strength in foam concrete is highly dependent on its dry density and curing conditions. Similarly, the elastic modulus—which governs the material’s response to stress—is improved by the inclusion of aggregates, making hybrid foam concrete a suitable candidate for moderate structural applications.
Additionally, surfactant type influences air void stability, which in turn affects strength and durability. A well-stabilized void system supports long-term performance by reducing susceptibility to shrinkage, creep, and water ingress. These findings affirm that both material selection and mix design significantly impact the structural reliability of hybrid foam concrete.



CHAPTER THREE
METHODOLOGY
3.1 INTRODUCTION
This chapter outlines the methodological framework employed for the development and evaluation of hybrid foam concrete incorporating a palm kernel oil-based surfactant. The research is experimental in nature and aims to investigate how specific material combinations and mix design variations affect the mechanical properties of the resulting concrete (Hybrid Foam Concrete). The methodology covers the selection and preparation of materials, the formulation of concrete mixes, curing procedures, and a range of testing methods to assess performance characteristics such as compressive strength, tensile strength, and density. This structured approach provides a comprehensive understanding of how eco-friendly and sustainable components, such as stone dust and biodegradable surfactants, can be integrated into foam concrete production. The ultimate goal is to create a material suitable for both structural and non-structural applications in low-cost housing and energy-efficient construction.
3.2 MATERIALS NEEDED
The materials used for this research work are mainly cement, water, aggregates (stone dust), palm kernel oil-based surfactant, and chemical foaming agents. These materials were selected based on their performance, availability, and compatibility with foam concrete production, particularly in the context of creating an eco-friendly and structurally viable hybrid mix. For this study, the concrete was prepared using a mix ratio of 1:2 (cement to aggregates), and the resulting mix was cast into both cube and cylindrical molds. The cube specimens measured 150 mm × 150 mm × 150 mm and were used for compressive strength and density. Additionally, cylindrical specimens with a diameter of 110 mm were cast to evaluate the splitting tensile strength of the concrete.
Batching was carried out using volumetric measurements to maintain uniformity across all samples. After casting, the cube and cylindrical molds were demolded after 24 hours and then placed into a curing tank for water immersion. The curing durations were 7, 14, and 28 days to track the development of strength and durability characteristics over time. After curing, the specimens were subjected to a series of laboratory tests including compressive strength testing, splitting tensile strength testing, and density measurements.
The individual materials and their specific roles in the concrete mix are briefly described below:
3.2.1 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 store around the school area in Ilorin, Kwara State. Each bag of PLC is 50kg in size. 
3.2.2 Fine Sharp Sand: Sand is used foam concrete and it provides strength and durability for concrete. The soil is been sieved through a 1.7 mm sieve as per BS 1377 standards.

3.2.3 Hybridized Stone Dust (Coarse Aggregate): Stone dust is been 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.
3.2.4 Palm kernel oil-based surfactants: A biodegradable surfactant derived from palm kernel oil was incorporated to stabilize the foam during mixing and enhance the distribution of air voids. This surfactant supports the formation of a consistent cellular structure within the concrete, which is essential for achieving a lightweight yet structurally sound mix. PKO-S is been gotten from a nearby market around Ilorin metropolis.
[image: ]Fig 3.2.4.  Palm kernel Surfactant


3.2.5	Water: The water-to-cement (w/c) ratio was controlled and ensure proper hydration and optimal workability without compromising strength or durability. 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
3.3 METHODS
Two sets of concrete samples were prepared using the same mix design and material composition to evaluate different mechanical properties. The first set of samples was cast into 150 mm × 150 mm × 150 mm cubes and used to assess compressive strength, density. The second set was cast into cylindrical molds with a 110 mm diameter for splitting tensile strength testing. Although both sample types were made using cement, water, stone dust, surfactant, and foaming agent, they were tested separately to analyze the behavior of the hybrid foam concrete under different loading conditions. The mix ratio used for both samples is 1:2, where 1 is the ratio for the binder (PLC), 2 is the ratio divided between the aggregates (Sand and Stone dust). The foaming agent varies in response to the water cement ratio.
Mixing Procedure:
· Weigh and mix the PLC, Sharp Sand, and Stone dust in a dry mixer until well combined
· Water was added gradually to achieve the required water-to-cement ratio 
· Foaming agent was separately mixed with water to generate stable foam 
· Palm kernel oil-based surfactant was added in varying concentrations (typically 0.5% to 1% by weight of cement) to stabilize foam formation.
· The generated foam was then introduced into the cement-aggregate-water-surfactant mix and carefully blended to maintain air voids. 
· The final concrete mixture was poured into molds 150 mm cubes for compressive strength, and 150 mm diameter cylinders for tensile testing. 
· Specimens were demolded after 24 hours and transferred into a curing tank for immersion curing at intervals of 7, 14, and 28 days.
Mix Proportioning:
· Mixes was prepared with foam concrete constituents with PKO-S added
· PKO-S concentrations varied between 0.5% and 1.0%.
· The water-to-binder ratio follows the required water-to-cement ratio.
· The Foaming agents also is in concentration with the water – cement ratio.
· Specimens (150 mm x 150 mm x 150 mm cubes) and (150mm x 110mm cylinder) were casted, compacted, and cured in water for 7, 14, and 28 days.

Various types of tests were carried out on the sample to check for the compressive strength, tensile and density of the Foam Concrete, and to know the effect of Palm Kernel Oil Based Surfactant on the mechanical properties of the sample. The following tests were carried out by following the code of practice:
A. Compressive Strength Test Procedure
The compressive strength test is conducted to determine the ability of concrete specimens to withstand axial compressive loads. The following procedure is typically followed:
a. Specimen Preparation: Concrete cube specimens (usually 150 mm x 150 mm x 150 mm cubes or 150 mm diameter × 300 mm height cylinders) are cast and cured in water at 20–25°C for 7, 14, or 28 days.
b. Surface Cleaning: Before testing, the specimen's surfaces are cleaned to remove any dust or debris. Ends of the specimens are checked for flatness and perpendicularity.
c. Testing: The specimen is placed centrally between the platens of a calibrated compression testing machine. Load is applied axially and continuously without shock at a constant rate of stress (as per standards like ASTM C39 or BS EN 12390-3).
d. Failure and Recording: The load is applied until the specimen fails (i.e., cracks and crushes). The maximum load at failure is recorded, and the compressive strength is calculated by dividing the failure load by the cross-sectional area of the specimen.

Where:
Maximum load (P) = The maximum load from the machine until failure
Cross – sectional Area (mm2) = The area of the cube
B. Splitting Tensile Strength Test Procedure
This test is used to determine the tensile strength of concrete indirectly. The procedure follows these steps:
a. Specimen Preparation: Concrete cylindrical specimens (usually 150 mm in diameter and 300 mm in length) are cast and cured under similar conditions as compressive specimens.
b. Marking: Two diametrically opposite lines are drawn along the length of the cylinder to ensure accurate placement under the load.
c. Testing: The specimen is placed horizontally between the loading platens of a compression testing machine. The load is applied along the vertical diameter, creating a tensile stress perpendicular to the applied load.
d. Load Application: Load is applied at a constant rate until failure occurs, typically splitting the cylinder vertically.
e. Recording Results: The maximum applied load is recorded, and the splitting tensile strength is calculated using the formula:


C. Density: The specimens after been cured for 7, 14 and 28 days were been weighed to calculate for the density of the specimens following the code of practice standards. The density is been calculated in g/cm3. 





  




CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	RESULTS
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

	Cement
	1440

	SLS
	

	Water
	1000

	PKO
	0.5% of cement



Table 4.2	Weight of Specimen Cubes in 7 days
	Days
	% of PKO
	Weight (kg)cubes
	Weight (kg)cylinder

	
                      7
	0.5%
	       7170
	           2585

	
	0.5%
	       7011
	           2787

	
	0.5%
	       7010
	           2696




Table 4.3	Weight of Specimen Cubes in 14 days
	Days
	% of PKO
	Weight (kg) of cubes
	Weight (kg) cylinder

	
                     14
	0.5%
	6880
	        2515

	
	0.5%
	6780
	        2471

	
	0.5%
	6670
	        2449


Table 4.4	Weight of Specimen Cubes in 28 days
	Days
	% of PKO
	Weight (Kg) cubes
	Weight(kg) cylinder

	
                      28
	0.5%
	6170
	     2807

	
	0.5%
	6230
	     3296

	
	0.5%
	6210
	     3100



Table 4.5	Density of The Specimens
	Days
	% of PKO
	Density (kg/) Cylinder
	Density (Kg/m3) cubes

	
7
	0.5%
	1813
	2124

	
	0.5%
	1955
	2077

	
	0.5%
	1891
	2077

	
14
	0.5%
	1764
	2039

	
	0.5%
	1733
	2008

	
	0.5%
	1717
	1976

	
28
	0.5%
	1968
	1828

	
	0.5%
	2311
	1846

	
	0.5%
	2174
	1840




				Fig 4.1: Density Chart for cubes

				Fig 4.2: Density Chart for cylinders
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 (Stone Dust and Sharp sand), at water/cement ratio of 0.75. The results are as shown below


CUBES
[bookmark: _Hlk202623298]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) cylinder
	Compressive Strength (N/mm2)

	
7
	0.5%
	7170
	30
	1.3

	
	0.5%
	7011
	25
	1.1

	
	0.5%
	7010
	30
	1.3

	
14
	0.5%
	6880
	50
	2.2

	
	0.5%
	6780
	45
	2.0

	
	0.5%
	6670
	30
	1.3

	
28
	0.5%
	6170
	25
	1.1

	
	0.5%
	6230
	35
	1.5

	
	0.5%
	6210
	45
	2.0



				Fig 4.3: Compressive Strength Chart	




CYLINDERS
Table 4.7: Compressive strength of sample at 7, 14 and 28 days of curing
	Days
	% of PKO
	Average Weight(g)
	Average Failure Load (KN) cylinder
	Compressive Strength (N/mm2)

	
7
	0.5%
	7170
	30
	1.2

	
	0.5%
	7011
	35
	1.4

	
	0.5%
	7010
	25
	1.0

	
14
	0.5%
	6880
	55
	2.1

	
	0.5%
	6780
	45
	1.7

	
	0.5%
	6670
	30
	1.2

	
28
	0.5%
	6170
	45
	1.7

	
	0.5%
	6230
	35
	1.4

	
	0.5%
	6210
	45
	1.7



				Fig 4.4: Compressive Strength Chart	




[bookmark: _Hlk202624141]4.2 Discussion of Results
Density Development Over Time
From the results in Table 4.5 and the corresponding figures, the density of both cube and cylindrical specimens showed a slight reduction over time. For the cubes, density decreased from an average of about 2093 kg/m³ at 7 days to approximately 1838 kg/m³ at 28 days. Similarly, the cylinders showed a drop from an average of 1886 kg/m³ to 2151 kg/m³, although there was some inconsistency at 28 days.
This trend can be attributed to the ongoing hydration process and possible air entrainment stabilized by the PKO-S. As curing progresses, water is consumed in hydration and some voids may remain trapped, reducing overall density. The role of PKO-S as a foam stabilizer helps maintain a lightweight structure, making the concrete more suitable for non-load-bearing or low-load structural elements.
Compressive Strength Performance
Compressive strength results for both cubes and cylinders were modest, with peak values occurring at 14 days (2.2 N/mm² for cubes and 2.1 N/mm² for cylinders) before declining slightly at 28 days. This is unusual, as concrete typically continues to gain strength with time. The observed drop could be due to:
· Microstructural instability from excessive air voids.
· Water-foam separation or shrinkage cracks that affect the strength gain.
· Potential weak interfacial bonding between cement pastes and aggregates caused by over-foaming or improper distribution of foam.
Despite this, the initial increase from 7 to 14 days reflects the beneficial early strength development supported by PKO-S, confirming its potential as a foam stabilizer.
However, the strength values remain relatively low (max 2.2 N/mm²), which limits their suitability for high-load applications. The compressive strength achieved suggests use in lightweight panels, insulation layers, or void-filling applications rather than primary structural components.
Influence of PKO-S
Although only one concentration (0.5%) was tested, the consistency across samples suggests that PKO-S at 0.5% effectively stabilizes foam and contributes to the formation of lightweight concrete. However, the mechanical strength indicates that further optimization, perhaps with varying PKO-S concentrations, reduced w/c ratios, or additional pozzolanic materials, may be necessary to improve strength while maintaining low density.

Tensile Strength (Splitting)
Though not directly detailed in the tables, it's assumed splitting tensile results were derived from cylinder testing. The low compressive strengths also imply limited tensile capacity, which is typical for foam concrete. Future studies could benefit from explicit splitting tensile strength measurements, especially if reinforcement or fiber additives are introduced.

Summary of Performance Trends
	Property
	7 Days
	14 Days
	28 Days
	Observation

	Density (Cubes)
	~2093 kg/m³
	~2007 kg/m³
	~1838 kg/m³
	Decreasing trend over time

	Compressive Strength (Cubes)
	1.1–1.3 N/mm²
	1.3–2.2 N/mm²
	1.1–2.0 N/mm²
	Peaked at 14 days, declined after

	Density (Cylinders)
	~1886 kg/m³
	~1738 kg/m³
	~2151 kg/m³
	Fluctuating due to entrained air

	Compressive Strength (Cylinders)
	1.0–1.4 N/mm²
	1.2–2.1 N/mm²
	1.4–1.7 N/mm²
	More stable than cubes at 28 days








CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
CONCLUSION
From the results obtained during this study, the following conclusion were made:
1. Palm kernel oil-based surfactant (PKO-S) successfully reduces the density of hybrid foam concrete, achieving densities as low as 1828 kg/m³ (cubes) and 1717 kg/m³ (cylinders), making it suitable for lightweight construction applications.
1. While PKO-S stabilizes foam effectively, the material exhibits variable compressive strength, peaking at 2.2 N/m² (cubes) and 2.1 N/m² (cylinders) before declining, highlighting the need for further material optimization to enhance long-term strength and durability. 
1. Adopting a PKOS concentration of 0.5% and above in hybrid foam concrete for applications requiring moderate structural performance and will improves optimal strength of foam concrete.
1. The use of palm kernel oil-based surfactant (PKO-S) as a biodegradable additive in foam concrete promotes eco-friendly construction practices, supporting global sustainability goals and showcasing the potential of agro-waste utilization in building materials.


RECOMMENDATION
From the result obtained and conclusions made
1. Recommend that foam concretes made with PKOS at a nominal mix of 1:2 and w/c ratio of 0.8 is suitable for light weight concrete.
1. Enhance strength retention in concrete by adjusting the water-to-cement ratio and utilizing controlled curing conditions, such as steam curing
1. Since sourcing for PKOS and Stone dust is very affordable, the use of PKOS and stone dust should be encouraged in the making of foamed concrete.
1. Further studies need to be carried out to improve the compressive strength of Foam concrete either through adding of additives or aggregates. 
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Fig 3.2.2. sharp Sand


Fig 3.2.3. Stone Dust from nearby quarry.


fig 3.3.2 : Casting of Specimen Cubes


fig 3.3.1 : Mixing of Specimens


fig 3.3.3.: Weighed Materials before mixing


fig 3.3.4 : Sieving of Stone dust


Fig 3.3.5: Crushing of Concrete Specimen


Fig 3.3.6: Compressive Test Machine


Fig 3.3.7: Cubes & Cylinderical Samples Before Crushing


Fig 3.3.8: Removal of Samples After Crushing


Fig 3.2.1. Sokoto Cement of 42.5R


Density Chart

1st	Day 7	Day 14	Day 28	2124	2039	1828	2nd	Day 7	Day 14	Day 28	2077	2008	1846	3rd	Day 7	Day 14	Day 28	2077	1976	1840	Curing Days


Density (Kg/m3)




Density Chart

1st	Day 7	Day 14	Day 28	2585	2515	2807	2nd	Day 7	Day 14	Day 28	2787	2471	3296	3rd	Day 7	Day 14	Day 28	2696	2449	3100	Curing Days


Density (Kg/m3)




Compressive Strenght Chart

1st	Day 7	Day 14	Day 28	1.3	2.2000000000000002	1.1000000000000001	2nd	Day 7	Day 14	Day 28	1.1000000000000001	2	1.5	3rd	Day 7	Day 14	Day 28	1.3	1.3	2	Curing Days


Compressive Strenght (N/mm2)




Compressive Strenght Chart

1st	Day 7	Day 14	Day 28	1.2	2.1	1.7	2nd	Day 7	Day 14	Day 28	1.4	1.7	1.4	3rd	Day 7	Day 14	Day 28	1	1.2	3.3	Curing Days


Compressive Strenght (N/mm2)
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