
 CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

In the process of urbanization, due to the old city reconstruction, engineering 

construction and other reasons, a large number of construction waste will be 

generated, such as waste concrete, waste bricks, etc. Among them, China 

produces 1.55 billion to 2.4 billion tons of construction waste every year (Yuan 

et al., 2020). However, the traditional construction waste treatment method will 

not only cause certain harm to the environment, but also waste construction waste 

to a certain extent. Foamed concrete has the advantages of light weight and 

controllable compressive strength (Ma et al., 2018; Wang et al., 2020). Since the 

appearance in 1923, it has been widely used in the fields of foundation treatment 

(Liu et al., 2020), road widening (Shi et al., 2020), etc. Ordinary foamed concrete 

is mainly made of cement, foam and water, and its weight is generally 400–

1850 kg/m3 (Raj et al., 2019). Portland cement is an important adhesive in foamed 

concrete materials. However, relevant research shows that the production of 1 ton 

of cement will produce about 800 kg of CO2, and the amount of CO2 produced 

by cement accounts for 8% of the total man-made amount (Damtoft et al., 2008). 

Therefore, it is necessary to prepare construction waste as recycled aggregate and 

replace it with cement to reduce cement consumption (Oikonomou, 2004). 

 

In order to reveal the influence of added aggregate on the performance of foamed 

concrete, scholars have carried out a lot of work. Yang et al. (2022) prepared 

foamed concrete by replacing a certain proportion of cement with recycled 

concrete powder. It is found that the addition of recycled concrete micro powder 

has little effect on the dry density of the specimen, but it reduces the compressive 

strength. Yang et al. (2020) also found that when the replacement rate of recycled 

brick micro powder was lower than 15%, the 28 day compressive strength of 

foamed concrete slightly increased, and when the replacement rate was 30%, the 

associated compressive strength was far lower than the control group. Xiao et al. 

(2022a) studied the feasibility of using recycled waste concrete fine aggregate to 

prepare recycled foamed concrete, and analyzed the fluidity, compressive 

strength, energy absorption and water softening properties of recycled foamed 

concrete. The above methods can improve the performance of foamed concrete 

to a certain extent, but there are also some shortcomings. For example, although 

recycled micro powder and fine aggregate can meet the light characteristics of 

foamed concrete and better match the characteristics of foamed concrete 

materials, its cost is high. 

https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2023.1106243/full#B15


1.2 Problem statement 

The construction industry is constantly seeking innovative materials that are both 

cost-effective and environmentally sustainable. Foam concrete, known for its 

light weight and insulating properties, has been a prominent material for various 

construction applications. However, its durability under different environmental 

conditions remains a challenge, particularly when considering the use of 

alternative additives to enhance its properties. This investigation seeks to explore 

the durability of hybrid foam concrete when enhanced with palm kernel oil 

surfactant, a byproduct of the palm oil industry. The influence of various curing 

conditions on the durability of this hybrid foam concrete will be evaluated, as the 

potential for improving the material's performance under different exposure 

environments could make it a viable option for more sustainable and robust 

construction solutions. 

1.3 Justification of Study 

The growing demand for sustainable construction materials, coupled with the 

need to reduce environmental impact, has driven research into more eco-friendly 

alternatives. Palm kernel oil (PKO) is an abundant and renewable resource that 

could be used as a surfactant to enhance the properties of foam concrete. By 

incorporating PKO as a surfactant, there is potential to improve the workability, 

durability, and strength of foam concrete. However, the specific effects of PKO 

on foam concrete’s long-term performance under varying curing conditions have 

not been extensively studied. This study aims to fill this gap by evaluating how 

different curing conditions—such as air, water, and steam curing—impact the 

durability of foam concrete with palm kernel oil surfactant. The findings could 

provide valuable insights into the feasibility of using palm kernel oil-based 

surfactants in sustainable construction practices, offering a more environmentally 

friendly and cost-effective alternative to conventional concrete additives. 

 

1.4 Aim of the Study 

Investigation of the durability of hybrid foam concrete with palm kernel oil 

surfactant under different curing conditions. 

 

1.5 Objectives of the Study 

The specific objectives of this research are to: 

i. Determine the optimal concentration of palm kernel oil surfactant that 

enhances the durability of foam concrete. 



ii. Evaluate the impact of palm kernel oil surfactant on the compressive 

strength and water absorption of foam concrete under various curing 

methods (water curing, air curing, and steam curing). 

iii. Assess freeze-thaw resistance of foam concrete with palm kernel oil 

surfactant when exposed to different curing techniques. 

iv. Compare the performance of foam concrete with and without palm kernel 

oil surfactant under identical curing conditions to understand the effects of 

the surfactant on long-term durability. 

1.6 scope of Study 

This study will focus on the investigation of the durability of hybrid foam 

concrete enhanced with palm kernel oil surfactant, subjected to different curing 

conditions. The scope includes: 

1. Preparation of Foam Concrete Samples: Foam concrete samples will be 

mixed with palm kernel oil surfactant at varying concentrations to 

determine the optimal formulation for durability improvement. 

2. Curing Conditions: The study will examine three primary curing 

conditions—air curing, water curing, and steam curing—each of which is 

commonly used in construction to assess their effects on the performance 

of the hybrid foam concrete. 

3. Durability Testing: The durability of the foam concrete samples will be 

tested under conditions simulating real-world environmental stress, such 

as exposure to moisture, temperature fluctuations, and mechanical load. 

Specific tests will include compressive strength, water absorption, 

shrinkage, and freeze-thaw resistance. 

4. Comparison with Traditional Foam Concrete: The performance of the 

hybrid foam concrete will be compared to that of conventional foam 

concrete without surfactant and foam concrete with typical synthetic 

surfactants. 

5. Data Analysis: The results will be analyzed to assess the effect of PKO 

surfactant and different curing conditions on the material's durability, 

comparing the performance of each formulation and curing method. 
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