CHAPTER 3
PROPOSED METHODOLOGY

Materials
The materials used in this study are selected based on their suitability to produce hybrid foam concrete and their potential to meet the objectives of enhancing its mechanical properties through the use of a palm kernel oil-based surfactant. The main materials include:
Cement: Cement will be one of the most crucial materials in concrete production, serving as the binder that will hold all the components of the mix together. For this study, Ordinary Portland Cement (OPC) will be used as the primary binding agent due to its availability, consistency, and well-documented performance in both conventional and lightweight concrete applications. OPC is commonly used in construction because it will provide high early strength and will have a relatively fast setting time, making it suitable for both structural and non-structural applications.
The selection of OPC will be based on its reliability in developing strong concrete mixes with desirable mechanical properties, such as compressive strength, durability, and workability. Additionally, OPC will be compatible with other materials used in hybrid foam concrete, such as surfactants and aggregates, making it an ideal choice for the hybrid concrete formulation.
The chemical composition of OPC is primarily made up of compounds such as tricalcium silicate (C₃S), dicalcium silicate (C₂S), tricalcium aluminate (C₃A), and tetra calcium aluminoferrite (C₄AF). These compounds will be responsible for the hydration reactions that will occur when water is added to cement, leading to the hardening process that will form the concrete matrix. The balance between these compounds will influence the setting time, strength, and durability of the concrete, and thus, the selection of OPC grade will be critical in achieving the desired properties of the foam concrete.
The fineness of the cement will also be an important factor in its performance. Finer cements will have a greater surface area, which will increase the reactivity of the cement particles and will enhance the rate of hydration. However, excessively fine cement may lead to issues like increased heat of hydration and shrinkage. Therefore, OPC with moderate fineness will be chosen to ensure a balance between setting time and strength development, while preventing excessive thermal stress in the mix.
Cement’s setting time will be crucial to the workability and handling of foam concrete, especially during mixing and pouring. In the context of foam concrete, which will often require a longer mixing time to properly integrate the foam and aggregates, the setting time of OPC will be carefully monitored. A suitable setting time will allow the foam to stabilize within the mix without premature hardening, while still providing enough time for placement and finishing.

Aggregates: Aggregates will play a crucial role in determining the overall performance of concrete, impacting its strength, durability, and load-bearing capacity. In hybrid foam concrete, the incorporation of coarse aggregates, such as stone dust, will be particularly significant as it will enhance the material's structural integrity, making it more suitable for a variety of applications that require a balance between lightweight properties and strength. Stone dust, a by-product of the stone crushing process, will typically be finer than conventional gravel but coarser than fine sand, and will serve as a valuable coarse aggregate in foam concrete mixtures.
The addition of stone dust in hybrid foam concrete will help improve the mix’s compressive strength, flexural strength, and tensile strength, which will be critical mechanical properties for its performance in construction. Due to its finer particle size compared to traditional gravel, stone dust will contribute to a more cohesive mixture, enhancing the bonding between the aggregate and cement paste. This will result in a more robust concrete matrix, which will be especially important for applications like precast panels, partition walls, and other non-load bearing external structures. Furthermore, the specific gravity of stone dust, typically ranging from 2.4 to 2.7, will ensure that the hybrid foam concrete has a balanced density. This will be key in achieving a material with suitable structural performance while also benefiting from the lightweight nature of foam concrete.
Stone dust will also have a significant impact on the density of the concrete. In hybrid foam concrete, where the incorporation of foam will create air voids for insulation properties, the addition of stone dust as a coarse aggregate will increase the overall dry density. This adjustment in density will allow the material to be tailored to meet specific requirements for different construction purposes. For example, hybrid foam concrete used for energy-efficient buildings may require a lower density for better thermal insulation, while structures needing load-bearing capacity will benefit from a higher density provided by the addition of stone dust. This versatility in the material’s density will make hybrid foam concrete a highly adaptable solution in the construction industry.
Beyond improving the strength of foam concrete, stone dust will also address the issue of shrinkage, a common challenge in lightweight concrete due to the high air content. The inclusion of stone dust will reduce shrinkage by improving the inter-particle bonding and the overall cohesion of the mix, preventing excessive cracking as the concrete cures. This will be important for ensuring the durability and long-term performance of the material, particularly in environments where shrinkage could lead to structural failure or reduced longevity.
When considering the environmental impact, stone dust will offer an eco-friendly alternative to traditional coarse aggregates. As a by-product of stone quarrying, stone dust will help minimize waste in the construction industry, providing a sustainable material for concrete production. Additionally, because stone dust is often sourced locally, it will reduce the carbon footprint associated with the transportation of traditional aggregates, aligning with sustainable construction practices. By using this recycled material, hybrid foam concrete will help reduce the overall demand for natural resources, supporting green building initiatives and contributing to the global push for more environmentally friendly construction methods.
The use of stone dust in hybrid foam concrete will be further validated by studies showing that the introduction of such materials will enhance both the mechanical properties and sustainability of the final product. With its ability to improve workability, increase compressive strength, and reduce shrinkage, stone dust will not only help in achieving a concrete mix that is suitable for both low-cost housing and energy-efficient buildings, but it will also promote a circular economy by repurposing industrial by-products. These benefits will make stone dust a valuable and sustainable component in the development of hybrid foam concrete, expanding its potential for use in a wide range of construction applications.

Palm Kernel Oil-Based Surfactant: Palm kernel oil-based surfactants will be utilized in this study to enhance the properties of hybrid foam concrete. Surfactants play a critical role in the production of foam concrete by stabilizing the foam, reducing surface tension, and promoting the formation of uniformly distributed air bubbles throughout the concrete mix. Palm kernel oil-based surfactants will be selected for their eco-friendly and biodegradable nature, offering a sustainable alternative to synthetic surfactants traditionally used in foam concrete production.
These surfactants will be chosen for their chemical properties, which are expected to efficiently stabilize foam and enhance the cohesion of the air voids within the concrete mix. This stabilization will potentially contribute to improved mechanical properties such as compressive strength, flexural strength, and workability. The utilization of palm kernel oil-based surfactants will also align with sustainable construction practices, as these surfactants are derived from renewable sources, reducing the environmental impact compared to synthetic alternatives.
The optimal concentration of palm kernel oil-based surfactants will be determined through experimental procedures. It is anticipated that the surfactant concentration will significantly influence the foam stability, which, in turn, is expected to impact the overall performance of the hybrid foam concrete. Future experiments will focus on identifying the most effective surfactant concentration that provides stable foam without compromising the mechanical properties of the concrete.
The surfactant will be introduced during the foam generation process, where its role in stabilizing the foam will be crucial for achieving a homogeneous distribution of air voids throughout the concrete mixture. This process will contribute to the final foam concrete mix having the desired density, strength, and durability. The foam structure will be optimized by adjusting the surfactant concentration and mixing parameters.
Future testing will include evaluating the performance of the foam concrete in terms of mechanical properties, such as compressive strength, flexural strength, and workability. Additionally, the long-term effects of using palm kernel oil-based surfactants will be monitored, particularly in terms of the durability, shrinkage, and overall performance of the hybrid foam concrete over time

Water: Water will be a critical component in the hybrid foam concrete mix, as it will serve as the medium for hydration of the cement and will enable the chemical reactions that will lead to the hardening process. The quality of the water used will be important to ensure that the chemical reactions proceed efficiently, without introducing any impurities that could negatively affect the concrete's performance. For this study, clean, potable water will be used, ensuring that the hydration process occurs without interference from contaminants.
The amount of water added will be carefully controlled to maintain the desired water-to-cement ratio. It will be anticipated that the water-to-cement ratio will range from 0.35 to 0.45, based on typical formulations for foam concrete. The water content will be critical for achieving an optimal balance between workability, strength, and durability. Excessive water may lead to higher shrinkage and reduced strength, while insufficient water may hinder the hydration process, ultimately affecting the overall performance of the concrete.
Experiments will be conducted to determine the optimal water content based on the specific mix design of the hybrid foam concrete. The water content will be measured and mixed with the cement to ensure a homogeneous consistency, contributing to the achievement of the desired properties in the final concrete mix.

Foaming Agent: The foaming agent will play a crucial role in producing the foam concrete by generating the air bubbles that will provide the material with its lightweight and thermal insulating properties. A foaming agent, which will be a chemical compound capable of creating stable foam, will be added to the water-cement mixture. It will be selected based on its ability to produce consistent and stable foam, contributing to the uniform distribution of air voids in the concrete mix.
For this study, the foaming agent will be chosen for its compatibility with the palm kernel oil-based surfactant, as well as its effectiveness in producing the required foam density and stability. The foaming agent will be mixed with water, and air will be incorporated into the mixture to form the foam, which will then be added to the concrete mix.
The concentration of the foaming agent will be varied during the experiments, with typical concentrations ranging from 3% to 9% by weight of cement, to determine the optimal amount that will yield the desired foam density and strength of the foam concrete. It will be anticipated that the foaming agent concentration will directly impact the air void structure, which will, in turn, influence the mechanical properties of the hybrid foam concrete, such as compressive strength, tensile strength, and workability.
Experiments will assess the performance of foam concrete produced with different foaming agent concentrations, and the results will be analyzed to identify the optimal formulation. This will allow for the development of foam concrete with a stable foam structure that will not compromise the concrete’s strength or durability. Furthermore, the impact of the foaming agent on the long-term performance of the concrete, including shrinkage and durability, will be evaluated.

Methods
The following methods will be used for the experiments:
 A. Sample Preparation
Mix Design:
The mix design for hybrid foam concrete will be carefully formulated to optimize a range of mechanical and physical properties essential for its intended construction applications. These properties include compressive strength, tensile strength, flexural strength, density, workability, and thermal insulation. The incorporation of both traditional ingredients like Ordinary Portland Cement (OPC) and new elements such as palm kernel oil-based surfactants, stone dust, and foaming agents will be essential in achieving these optimal outcomes. Each material will be precisely measured and adjusted to ensure that the final mix performs well under both structural and non-structural conditions, aligning with the objectives of energy-efficient buildings and low-cost housing.
The cement content will form the backbone of the mix design. The study will use OPC as the primary binder because of its well-documented effectiveness in producing concrete with strong mechanical properties. However, the exact percentage of cement will be carefully varied within a range of 300–350 kg/m³ to assess how it impacts the concrete's final strength, workability, and density. A careful balance will need to be struck to ensure the mix is strong enough for load-bearing applications but still sufficiently lightweight for non-load-bearing structures.
The water-to-cement ratio will play a crucial role in controlling the hydration process, which directly influences the strength and durability of the concrete. In hybrid foam concrete, the water content will need to be optimized to ensure that the cement particles fully hydrate without overly increasing the density of the mix. The water-to-cement ratio will likely be set between 0.4 to 0.5, but this will be adjusted based on preliminary tests for workability and strength. In addition to the water, the amount of palm kernel oil-based surfactant used in the mix will also be adjusted to determine its impact on foam stability. This surfactant will help stabilize the air bubbles, ensuring uniform distribution within the mix, which is critical for the lightweight and insulating properties of foam concrete. The palm kernel oil-based surfactant is expected to be added at varying concentrations, typically ranging from 0.5% to 2% by weight of cement. The concentration will be optimized to balance the foam's stability without compromising the concrete's cohesiveness.
Stone dust, a by-product of stone crushing, will be incorporated as the coarse aggregate in the mix. The introduction of stone dust into the foam concrete mixture will significantly affect its compressive, flexural, and tensile strengths. Since stone dust is finer than conventional gravel, it is expected to contribute to a more cohesive and robust mixture, which can enhance the overall matrix strength and durability of the concrete. Stone dust will be added in proportions ranging from 0% to 30% by weight of total aggregates. Various proportions will be tested to determine the ideal amount that will achieve the best combination of strength and density for hybrid foam concrete. This addition of stone dust will also play a vital role in reducing the shrinkage of foam concrete, a common challenge in lightweight concrete due to high air content.
The foaming agent, essential for producing the foam that creates the air voids in foam concrete, will also be included in the mix. The foaming agent will be carefully dosed at concentrations ranging from 0.5% to 2% by weight of cement to evaluate its effect on the overall density and strength of the mix. The proper concentration of the foaming agent will ensure a stable foam that yields the desired air content and maintains uniform air void distribution throughout the mix. This will contribute to the lightweight nature of the foam concrete while still maintaining adequate strength.
Several experimental variations will be conducted with different combinations of stone dust, surfactant, and foaming agent to determine their influence on the mechanical properties of the foam concrete. The preliminary mix will be tested using standard cube and beam molds to assess compressive strength, tensile strength, and flexural strength. The concrete will be cured under controlled conditions, with curing times set at 7, 14, and 28 days, to simulate the normal hardening process. These time intervals will allow for an assessment of how the mix performs over both short-term and long-term curing periods.
Density tests will also be conducted, and this will be a critical factor in determining the suitability of the mix for specific applications. For example, hybrid foam concrete used for insulation may require a lower density to maximize thermal insulation properties, while concrete used for load-bearing applications will need a higher density to improve structural strength. The goal will be to determine how stone dust influences the overall density of the concrete and whether it can be adjusted to meet the specific requirements of different construction applications. 
Workability will be another key property to assess. Because hybrid foam concrete involves the incorporation of foam and aggregates into a cement matrix, achieving a good workability level will be crucial for successful mixing and placement. The workability of each mix will be tested using the slump test and the flow table test to determine how easily the concrete can be placed without excessive segregation or bleeding. Adjustments to the water-to-cement ratio, surfactant concentration, and foaming agent will be made to ensure that the mix is workable and can be effectively used in different construction processes.
After these trials, the final mix design will be determined based on the outcomes of the compressive strength, flexural strength, density, workability, and durability tests. The mix design will be chosen to strike the best balance between mechanical properties and thermal performance, ensuring the hybrid foam concrete is suitable for use in both low-cost housing and energy-efficient building projects. In addition, the mix will be optimized to meet environmental goals by using sustainable materials such as stone dust, which offers an eco-friendlier alternative to traditional aggregates. The results of this mix design will provide valuable insights into how hybrid foam concrete can be utilized effectively in the construction industry, supporting sustainability without compromising performance.

B. Curing
The curing process is critical in determining the strength and durability of concrete, including hybrid foam concrete, and will be carefully controlled to achieve optimal results. In this study, curing will be conducted under standardized conditions to ensure consistency in the testing and to allow for accurate comparisons between different mix designs.
Hybrid foam concrete specimens will be cast in standard 150-mm cube molds, as well as beam molds, to test compressive, flexural, and tensile strengths. Once cast, the specimens will be demolded after 24 ± 2 hours. The demolding process will be done with care to avoid any premature damage to the fresh concrete. After demolding, the specimens will be wrapped in plastic or polythene sheets to prevent moisture loss, which is critical for ensuring proper hydration during the curing process.
The curing will take place in a temperature-controlled room, maintained at a constant temperature of 22°C ± 2°C, which is optimal for hydration reactions to occur. This controlled environment will prevent temperature fluctuations that could interfere with the curing process and lead to inconsistent results. The curing duration will vary depending on the testing needs, with specific intervals set for 7, 14, and 28 days. These time points are commonly used in concrete testing to assess both early and long-term strength development.
For each set of specimens, the water-to-cement ratio and the specific components in the mix (e.g., stone dust and palm kernel oil-based surfactant) will be recorded to understand their impact on curing time and hydration. The concrete will be kept moist throughout the curing period, ensuring that the cement continues to hydrate effectively. During this period, no specimens will be exposed to sunlight or excessive air movement, as both could accelerate the drying process and interfere with proper curing.
After the designated curing period, the specimens will be tested for mechanical properties such as compressive strength, tensile strength, and flexural strength. These tests will be conducted on samples that have undergone both short-term (7-day) and long-term (28-day) curing. The short-term curing results will provide insights into the early strength development of the hybrid foam concrete, while the 28-day results will give an indication of the material's full-strength potential.
In addition to the mechanical testing, other durability tests, such as water absorption and shrinkage, will be conducted after curing to evaluate how well the material retains its properties over time. This will be important for assessing the suitability of hybrid foam concrete for real-world applications, particularly for structures that require long-term stability.
To evaluate the impact of curing conditions, additional samples may be exposed to different curing environments, such as air curing or steam curing, to explore how these factors influence the final mechanical properties of the hybrid foam concrete. The results from these alternative curing methods will be compared with those from the standard curing process to identify any significant differences in performance.

C. Testing Procedures
Density Measurement:
· The density of the concrete samples will be determined according to ASTM C138. Each sample will be weighed, and its volume will be calculated using the water displacement method. Density will be expressed in kg/m³.
Compressive Strength Test: 
· The compressive strength of the hybrid foam concrete will be assessed using a well-established procedure involving the preparation and testing of 100-mm cube specimens. The first step in the process will involve casting the concrete mixture into steel molds, ensuring that the mix is properly compacted to eliminate any air pockets or voids that might affect the test results. Once the specimens are cast, they will remain in their molds for a period of 24±2 hours to allow the concrete to set and begin initial curing. During this time, the concrete will be protected from rapid moisture loss and environmental changes, which could potentially affect the hydration process and result in inconsistent results.
After the initial curing period, the specimens will be carefully demolded, ensuring that no damage or deformation occurs to the specimens in the process. The demolded cubes will then be wrapped in polythene film, which will help to retain moisture and prevent premature drying. The wrapped cubes will be transferred to a controlled curing environment where the temperature will be maintained at 22°C. The curing chamber will be regularly monitored to ensure that the temperature and humidity levels are consistent throughout the curing period, as these factors significantly impact the hydration reactions and strength development in concrete.
The compressive strength testing will be carried out at multiple curing ages to assess the rate of strength development over time. Typically, tests will be conducted at 7, 14, and 28 days of curing to evaluate early strength as well as the longer-term performance of the concrete. Each testing interval will involve multiple specimens to ensure that the results are statistically reliable and representative of the overall material behavior. The specimens will be carefully prepared for testing by ensuring that they are free of any surface irregularities, such as cracks or damages, that could lead to erroneous results.
Once the specimens are prepared, the compressive strength test will be performed using a universal testing machine (UTM), which is capable of applying a controlled load to the specimens at a constant rate. The load will be applied gradually until the specimens fail, and the point of failure will be noted. The maximum load at the point of failure will be recorded in Newtons (N), and the compressive strength will be calculated by dividing the maximum load by the cross-sectional area of the specimen, which will be measured in square millimeters. The calculated value will give the compressive strength in megapascals (MPa), providing a clear indication of the concrete’s ability to resist axial loading under different curing conditions.
The test will follow established standards for testing concrete compressive strength, ensuring that the methodology aligns with accepted practices in the field of civil engineering. The results obtained from the compressive strength tests will be used to draw conclusions about the suitability of the hybrid foam concrete for various structural applications, particularly where load-bearing capacity is a critical factor. This data will also help in understanding the relationship between curing time, density, and the mechanical properties of the foam concrete, contributing valuable insights into the potential for using hybrid foam concrete in sustainable construction. 



Splitting Tensile Test:
The splitting tensile test (also known as the Brazilian tensile test) is an indirect method used to determine the tensile strength of concrete or other materials. Instead of applying a direct tensile force, the test applies a compressive load along the diameter of a cylindrical specimen, which induces tensile stresses perpendicular to the direction of the applied load. The splitting tensile is an indirect way of assessing the tensile bond strength of concrete-concrete composites. In this test, a standard prism specimen with circular or square cross section is placed on its side and subjected to a compressive force, aligned with the interface, causing splitting horizontal tensile stresses. In comparison with some of the most common tensile test methods such as pull-off or direct tension, the splitting tensile test is known to report an overestimated bond strength value Zanotti et al. Zhang et al. for example, measured the tensile bond strength of UHPC-NC composites with both direct and splitting tensile tests, and showed that the latter test gave on average 60 % higher bond strength values than the direct tensile test. They attributed this result to the fact that the applied compressive force develops small regions of compression on the top and bottom parts of the specimen, which counteract indirect tensile stress at vicinity of interface edges and hence cause non-uniform tensile stress distribution. Santos and Julio assessed the effect of interfacial roughness and differential shrinkage on the tensile bond strength of NC-NC composites through splitting tensile test. They reported the inability of this test method to capture the impact of variations in interfacial roughness and differential shrinkage on the tensile bond strength, while the effects could be observed in slant shear tests discussed later. On the positive side, sample misalignment, that may produce large scatter in the results of direct tensile and pull-off tests, is less problematic in the tensile splitting tests.
Despites providing quantitative results on bond strength, these tension tests, including pull-off and splitting tensile tests, ignore the contribution of friction forces and therefore misrepresent most real field cases, where the interface is subjected to mixed shear-tension.
To carry out the splitting tensile test, we will first prepare cylindrical concrete specimens, typically 150 mm in diameter and 300 mm in height, ensuring they are properly cured as per the required standard. We will mark the specimens along their length to identify the axis for load application. Next, we will set up the compression testing machine and place thin plywood strips between the loading platens and the specimen to ensure even load distribution. The specimen will be positioned horizontally in the machine with proper alignment. We will then apply a compressive load gradually at the specified rate until the specimen splits along its vertical diameter. Once the test is complete, we will record the maximum load at failure and calculate the splitting tensile strength using the formula ft​=2P/πLD, ​where P is the maximum load, L is the length of the cylinder, and D is its diameter. Finally, we will inspect the fracture to confirm it aligns with the vertical plane.

