CHAPTER THREE
3.0 METHODOLOGY
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.
3.1 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:
3.1.1. 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. 
3.1.2. 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.

3.1.3. 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.


3.1.4. 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: ]
3.1.4.	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 
3.1.5.	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



3.1. 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%, 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. 





  
Fig 3.2. sharp Sand


Fig 3.3. Stone Dust from nearby quarry.


fig 3.5 : Casting of Specimen Cubes


fig 3.4 : Mixing of Specimens


fig 3.7 : Sieving of Stone dust


fig 3.6 : Weighed Materials before mixing


Fig 3.11: Compressive Test Machine


Fig 3.10: Cubes & Cylinderical Samples Before Crushing


Fig 3.9: Removal of Samples After Crushing


Fig 3.8: Crushing of Concrete Specimen


Fig 3.1. Sokoto Cement of 42.5R
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