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[bookmark: _Toc183546522]3.1.	Materials
[bookmark: _Toc183546523]3.1.1.	 Cement
Cement is a primary binder in foam concrete production. Portland Limestone Cement (PLC) will be used for the mix design. The cement will be sourced from a local supplier and will conform to the ASTM C150 standard for Portland cement. The quality of cement will be checked for consistency in fineness, setting time, and compressive strength before use in the experiments. The physical and mechanical properties of cement are presented in Table 1.
 In addition, it is cheaper than other cement types such as high alumina cement, calcium sulfoaluminate cement and magnesium phosphate cement. Its chemical composition is given in Table 2.
Table 1. Physical and mechanical properties of cement.
	Properties
	Results
	Limits of IQS: 5/1984 

	Initial setting time (minute)
	100
	> 45 minute

	Final setting time (minute)
	320
	< 600 minute

	Fineness (Blaine m2 /kg)
	300
	 > 230 (m2 /kg)

	Soundness by Autoclave Method (%)
	0.02
	Not more than 0.8

	Compressive strength (MPa) 
	
	

	3 days
	21
	  > 15

	7 days
	27
	  > 2





Table 2. Chemical Composition.
	Chemical composition of cement (%). 

	MgO 						2.6

	SiO2 						18.7

	Al2O3 						5.48

	Fe2O3 						3.01 

	Na2O 						0.23 

	K2O 						1.22 

	SO3						3.25 

	CaO 						62.3 

	Cl- 						0.001

	Loss on ignition 						2.17

	Insoluble residue 						0.7



[bookmark: _Toc183546524]3.1.2.	Fine Aggregates (Sand)
Fine aggregates, typically sand, will be used in foam concrete for its particulate properties and to assist in the cohesion of the mix. A locally sourced river sand with particle sizes ranging from 0.075 mm to 4.75 mm will be used. The sand will be sieved and washed to remove impurities such as clay and organic matter to ensure quality. The grading will be confirmed to conform to the requirements of ASTM C33 for fine aggregates.
[bookmark: _Toc183546525]3.1.3.	 Palm Kernel Oil (PKO)
Palm Kernel Oil (PKO) will be used as a natural surfactant in foam concrete. PKO is derived from the seeds of the oil palm and is available from multiple suppliers in both raw and refined forms. The PKO used will be sourced from a reputable supplier that provides oil suitable for industrial applications. The oil will be filtered and stored in an airtight container to maintain its properties. The PKO will be incorporated into the foam mix at varying concentrations (e.g., 1%, 2%, and 3% by weight of cement) to assess its impact on foam stability and concrete properties.
[bookmark: _Toc183546526]3.1.4.	Water
Water used in the mix will be potable and clean, sourced from a local supply, and in accordance with ASTM C94 standards for mixing concrete. Water will be mixed with the cement in specified proportions to achieve a workable mix consistency.
[bookmark: _Toc183546527]3.1.5.	Foaming Agent
A commercial foaming agent Sodium Lauryl Sulfate (SLS), depending on the standard mix) will be used to generate foam. The foaming agent will be purchased from a supplier specializing in concrete additives, and its properties will be verified according to ASTM C869 (Standard Specification for Foaming Agents). The foam produced by the agent will be used in varying volumes to create foam concrete.
[bookmark: _Toc183546528]3.1.6.	Other Additives (optional)
Depending on the experimental requirements, other additives such as fibers (e.g., polypropylene or steel fibers) may be added to enhance the mechanical properties of foam concrete. These will be sourced from local suppliers, and their specifications will be checked for consistency and suitability according to ASTM C1116 (Standard Specification for Fiber-Reinforced Concrete).

[bookmark: _Toc183546529]3.2.	Methods
The methodology will involve preparing foam concrete with varying concentrations of palm kernel oil (PKO) and evaluating its properties. The experiments will focus on assessing the impact of PKO on the foam stability, mechanical properties compressive strength and flexural strength properties of foam concrete. The following outlines the key experimental procedures.
[bookmark: _Toc183546530]3.2.1.	 Mix Design Preparation
The first step in the experiment will be preparing the foam concrete mix design. The mixes will be prepared according to the following steps:
i. The cement will be weighed and mixed with fine aggregates (sand) at a specified weight ratio, typically 1:3 or 1:4 by weight of cement to sand, depending on the target density and thermal properties.
ii. Water will be added in the amount necessary to achieve a suitable workability for the mix. A water-to-cement ratio of 0.4 to 0.6 will be used.
iii. The palm kernel oil (PKO) will be incorporated into the foaming agent at concentrations of 1%, 2%, and 3% by weight of cement. The PKO will be mixed into the water phase of the foam concrete mix to ensure uniform distribution.
iv. The foam agent will be added in the correct amount to generate foam that will be mixed with the slurry. The amount of foam will be adjusted to achieve a target density (typically between 800 kg/m³ and 1,600 kg/m³) for the foam concrete.
[bookmark: _Toc183546531]3.2.2.	Preparation of Foam
The foam will be prepared manually. The foaming agent will be mixed with water and palm kernel oil, which then enable us to produce stable foams. 
The following steps will be followed:
i. The continuous mix will help to produce foam with a stability index (foam half-life) suitable for foam concrete.
ii. The stability and consistency of the foam will be monitored by measuring the foam expansion and retention over time.
iii. Foam density will be measured using a pycnometer to ensure the correct amount of foam is generated for each batch.
[bookmark: _Toc183546532]3.2.3.	Mixing and Casting
Once the foam is prepared, it will be carefully incorporated into the cement-sand-water mixture. The following procedure will be used for mixing and casting:
i. The foam will be gently folded into the wet mix to avoid collapsing the air bubbles in the foam. This step is critical to maintain the desired air content and stability of the foam.
ii. The resulting foam concrete will be poured into molds of standard size (e.g., 150 mm x 150 mm x 150 mm for cube samples and 250 mm x 150 mm x 150 mm for beam samples) and vibrated to ensure uniform distribution and minimal air pockets.
iii. The foam concrete will be left to cure under standard conditions (ambient temperature of 20-25°C, with 60% humidity) for 24 hours before being demolded. The specimens will be further cured in water for up to 28 days.
[bookmark: _Toc183546533]3.2.4.	Testing of Foam Concrete
[bookmark: _GoBack]Once the foam concrete has cured, it will be tested for various properties.
3.2.4.1.  Compressive Strength Test
i. Code: ASTM C39 (Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens)
ii. Procedure: Cube samples (150 mm x 150 mm x 150 mm) of foam concrete will be tested for compressive strength after 7, 14, and 28 days of curing.
iii. The specimen will be placed in a universal testing machine, and the load will be applied gradually at a rate of 0.25 MPa/s until failure occurs. The compressive strength will be calculated by dividing the maximum load by the cross-sectional area of the specimen.
3.2.4.2.  Flexural Strength Test
i. Code: ASTM C78 (Standard Test Method for Flexural Strength of Concrete)
ii. Procedure: Beam samples (250 mm x 150 mm x 150 mm) will be tested for flexural strength after 7, 14, and 28 days of curing.
iii. The beams will be subjected to a three-point bending test using a universal testing machine, with the load applied at the center of the beam. The flexural strength will be calculated based on the maximum load and the span length of the beam.
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