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ABSTRACT 

The disposal of chicken feathers (CF), a byproduct of the poultry industry, poses 

significant environmental challenges due to their non-biodegradable nature. This study 

investigates the feasibility of incorporating both untreated (UCF) and treated chicken 

feathers (TCF) as partial replacements in concrete by mass to promote sustainability and 

reduce waste. Five concrete mixes were prepared: Mix 1 – 0% CF (control), Mix 2 – 1% 

UCF, Mix 3 – 1% TCF, Mix 4 – 0.75% TCF, and Mix 5 – 1.25% TCF. 

Workability, assessed through slump tests, showed that Mix 4- 0.75% TCF achieved the 

highest slump value of 60 mm, compared to 55 mm for Mix 1- 0% CF and Mix 2- 1% UCF, 

indicating improved workability at moderate TCF levels. However, increasing TCF content 

to 1.25% (Mix 5- 1.25% TCF) reduced slump to 40 mm, suggesting diminished workability 

at higher feather volumes. 

Mechanical testing revealed that at 28 days, Mix 1- 0% CF attained a compressive 

strength of 72.13 MPa, while Mix 4- 0.75% TCF and Mix 5- 1.25% TCF recorded slightly 

lower strengths of 65.50 MPa and 67.22 MPa respectively (approximately 9% reduction). 

Mix 2- 1% UCF exhibited a significant strength loss, achieving only 48.58 MPa (about 

33% lower). Tensile strength tests at 90 days showed a similar trend: Mix 1- 0% CF 

reached 8.47 MPa, Mix 2- 1% UCF dropped drastically to 4.75 MPa, whereas the TCF 

mixes (Mix 3- 1% TCF, Mix 4- 0.75% TCF, Mix 5- 1.25% TCF) ranged between 6.42 MPa 

and 7.54 MPa, approaching the control values. 

Durability assessments, including Oxygen Permeability Index (OPI), sorptivity, and 

chloride conductivity tests conducted over 28, 56, and 90 days, indicated that TCF mixes 

(Mix 3- 1% TCF, Mix 4- 0.75% TCF, Mix 5- 1.25% TCF) maintained good to excellent 

resistance to oxygen permeability, water absorption, and chloride penetration—

comparable to the control. In contrast, Mix 2- 1% UCF demonstrated poor performance 

across these durability parameters, highlighting the importance of feather treatment for 

concrete compatibility. 

Shrinkage behavior was evaluated across all mixes, yielding consistent and reliable 

results. Average shrinkage values ranged from 0.0138 to 0.0371, with the highest 
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shrinkage observed in Mix 2- 1% UCF and the lowest in Mix 5- 1.25% TCF, further 

confirming the dimensional stability and improved performance of treated feather-

incorporated concretes. This study demonstrates that Mix 4- 0.75% TCF and Mix 5- 

1.25% TCF, can be successfully used in non-structural concrete applications with minimal 

compromise in mechanical strength and enhanced durability. 
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GLOSSARY- TERMS AND CONCEPTS 

Term Definition 

Chicken Feathers (CF) 
A byproduct of the poultry industry, considered for use as a 
partial replacement in concrete mixes. 

Untreated Chicken 
Feathers (UCF) 

Chicken feathers used in concrete without any chemical or 
physical modification. 

Treated Chicken 
Feathers (TCF) 

Chicken feathers that have undergone a treatment process to 
improve their compatibility with concrete. 
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CHAPTER 1 

1.1 Background 

Concrete, comprising cement, aggregates (commonly stones and sand), and water, 

stands as the most extensively utilized construction material globally (Gagg, 2014). This 

combination yields a durable and adaptable building material, playing a foundational role 

in various structures within the construction industry.  

Concrete has high compression strength, which makes it perfect for creating strong 

foundations for bridges, buildings and skyscrapers, to mention a few. Its flexibility lets it 

form into different shapes and dimensions making it serve different construction needs. 

Cement is a key component of traditional concrete. It is a fine powder that acts as a 

binder, holding the aggregates together. The most used type of cement is ordinary 

Portland cement (OPC), which is made by heating limestone and clay in a kiln. Concrete 

possesses the property of being robust when subjected to compression but relatively 

weaker when subjected to tension (Windisch, 2021). Therefore, there is a need to 

enhance its tensile strength.  

Introduction of fiber in concrete has been suggested over the years as the promising 

solution to enhance the tensile strength of concrete (Abousnina et al., 2021). Besides 

improving tensile strength, fibers are also reported to improve  compressive strength, 

elastic modulus, crack resistance, crack control, durability, fatigue life, resistance to shock 

loads, resistance to abrasion, shrinkage, thermal characteristics and fire resistance  

(Koniki and Prasad, 2019).  

In concrete mixtures, two main categories of fibers are commonly utilized: synthetic fibers, 

which include materials like steel, polymers, and glass, and natural fibers, such as 

coconut fiber, straw, cotton, and bamboo (Verma and Ahirwar, 2017). Synthetic fibers, 

like steel fibers, enhance tensile strength and durability by effectively controlling cracking 

caused by shrinkage and thermal stresses (Garg et al., 2021). Polymeric fibers, derived 

from materials like polypropylene or polyester, improve impact resistance and toughness, 

while glass fibers, known for their lightweight properties, boost flexural strength and 

corrosion resistance (Altalabani et al., 2020). Natural fibers, including coconut, straw, 
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cotton, and bamboo, provide unique benefits such as increased ductility, reduced 

concrete weight, and environmentally friendly characteristics. The choice between 

synthetic and natural fibers depends on specific project requirements, cost 

considerations, and environmental factors. 

Natural fibers such as chicken feathers have physicochemical and mechanical 

characteristics that can be used in the development of fiber concrete (Araya-Letelier et 

al., 2020). Chicken feathers are insoluble in organic solvents, eco-friendly, renewable, 

non-abrasive, biodegradable, low density, hydrophobic behaviour, ability to dampen 

sound, warmth retention and cost effective (Tesfaye et al., 2018).  

Globally, the poultry industry generates millions of tons of chicken feathers each year, 

creating significant environmental challenges if not managed properly. In South Africa, 

large-scale poultry production produces thousands of tons of feather waste annually, 

which are often underutilized or disposed of in landfills. This highlights the opportunity to 

convert such waste into valuable resources for sustainable construction materials. 

Moreover, as the construction sector increasingly seeks environmentally friendly 

alternatives, there is a growing local market demand for affordable, lightweight, and eco-

friendly reinforcement materials that can supplement or replace traditional synthetic 

fibers. 

Natural fibers are sensitive to changes in moisture content, and they suffer deterioration 

or petrification due to the alkaline environment and the continuous cement hydration (Wei 

and Meyer, 2014). This represents a research gap that triggers a need to be addressed 

through a search of suitable materials to protect them from deterioration or petrification. 

To bridge the gap on deterioration or petrification of natural fibers, this study aimed to 

utilize epoxy coated chicken feathers as modified natural fiber in concrete. The 

overarching objective of this study holds significant importance as it seeks to provide 

insights into the feasibility and effectiveness of utilizing epoxy coated chicken feathers as 

reinforcing fibers in the construction industry. Furthermore, this study represents a 

pioneering and innovative approach, offering new perspectives and practical solutions, 

thereby advancing sustainable and resilient construction materials and methodologies. 
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1.2 Problem Statement 

Most traditional concretes are reported to have good compressive strength but have weak 

tensile strength. To overcome this weakness, researchers have been using various 

materials such as natural fibers as fiber reinforcements. However, natural fibers are 

reported to be prone to degradation or becoming rigid in response to fluctuations in 

moisture levels and exposure to an alkaline environment caused by ongoing cement 

hydration (Sutarno et al., 2021).This limitation highlights a research gap that calls a need 

to be researched. 

Paying heed to the above problem, this study aimed to address the degradation of natural 

fibers in concrete, taking a case study of utilizing chicken feathers. Chicken feathers as 

natural fibers in concrete are reported to suffer from degradation which results into a poor 

concrete performance. In this study, chicken feathers were treated with epoxy resin as a 

coating to prevent them from degradation. Both concrete samples without chicken 

feathers and those with untreated chicken feathers were employed as control samples. 

The study's overall outcomes carry significant implications for various sectors, including 

the construction, environment, and economy, thereby contributing to a range of 

sustainable development goals.  

Chicken feathers were chosen as a material of interest due to their high availability as a 

byproduct of the poultry industry, low density, biodegradability, and potential to enhance 

the mechanical and durability properties of concrete in a cost-effective and sustainable 

manner. 

1.3 Aim and Objectives 

1.3.1 Aim 

The aim of this research was to investigate the potential of epoxy coated chicken feathers 

as modified natural fiber in concrete. To attain this aim, specific objectives were set as 

outlined in section 1.3.2. 

1.3.2 Objectives 

The objectives of this study are: 
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i. To determine the physical properties of the fine aggregate and coarse 

aggregate used in the study. 

ii. To design a concrete mix with a target compressive strength using fine 

aggregate, coarse aggregate, cement, water, and untreated/treated/without 

chicken feathers based on the Cement and Concrete Institute (C & CI) 

method. 

iii. To cast concrete using the designed mix proportions of fine aggregate, 

coarse aggregate, cement, water, and untreated/treated/without chicken 

feathers. 

iv. To assess the performance of the cast concrete without feathers, with 

untreated feathers, and with treated feathers in terms of workability, 

mechanical, and durability properties. 

v. To establish the statistical relationship between dependent and 

independent variables related to the performance of concrete without 

feathers, with untreated feathers, and with epoxy coated chicken feathers.  

 1.4 Research Questions 

This study was guided by the following research questions:  

i. What are the physical properties of fine aggregate and coarse aggregate used 

under this research?  

ii. What is the amount of fine aggregate, coarse aggregate, cement, water and 

untreated/treated /without chicken feathers required for the casting of concrete 

based on the Cement and Concrete Institute (C & CL) method? 

iii. How is concrete cast using the optimized amount of fine aggregate, coarse 

aggregate, cement, water and untreated/treated/without chicken feathers? 

iv. What is the performance of the cast concrete without feathers, with untreated 

feathers, and with treated feathers in terms of workability, physical-mechanical, 

and durability properties? 

v. What is the statistical relationship between dependent and independent variables 

related to the performance of concrete without feathers, with untreated feathers, 

and with epoxy coated chicken feathers? 
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1.5 Significance of the Research 

The study’s scope encompassed a comprehensive exploration of utilizing epoxy-coated 

chicken feathers as modified natural fibers in concrete, targeting several critical aspects. 

It aimed to investigate the impact of these modified fibers on various properties of 

concrete, including workability, tensile strength, compressive strength, and durability. 

Additionally, the study aimed to conduct a comparative evaluation between traditional 

concrete, concrete with untreated feathers, and concrete with epoxy-coated feathers to 

determine the efficacy of modified fibers in improving concrete's mechanical and durability 

properties. 

By delving into the degradation issues of natural fibers and assessing the efficacy of 

epoxy-coated chicken feathers in enhancing concrete properties, this study aimed to offer 

new insights and practical solutions for developing sustainable, durable, and resilient 

construction materials. The findings are intended to significantly contribute to advancing 

the knowledge base in construction engineering and materials science, striving to create 

more robust and eco-friendly construction solutions for various industry applications. 

1.6 Scope and Limitation 

The research aimed to address a critical gap in construction materials by focusing on the 

degradation and petrification challenges encountered by natural fibers, particularly 

chicken feathers, when incorporated into concrete. By introducing epoxy-coated chicken 

feathers as modified natural fibers in concrete, this study aimed to provide a pioneering 

solution to safeguard these fibers from moisture-induced deterioration and the alkaline 

environment resulting from cement hydration. 

One significant aspect of this study is its commitment to sustainable material 

development. Investigating the use of epoxy-coated chicken feathers as reinforcing 

agents aligns with global sustainability goals by repurposing waste materials and reducing 

environmental impact. This approach offers an eco-friendly, renewable, and cost-effective 

solution that could contribute to sustainable construction practices. Moreover, the study 

introduced an innovative methodology for modifying natural fibers for use in construction 

materials.  
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In a nutshell, the use of epoxy-coated chicken feathers presents a novel and practical 

solution that expands the possibilities of employing unconventional yet effective materials 

in the construction industry. This innovation has the potential to influence and 

revolutionize construction methodologies by offering a unique protective solution for 

natural fibers. Fundamentally, this approach advocates for the principles of recycling, 

reusing, and minimizing waste. 

While this study provides valuable insights into the use of epoxy-coated chicken feathers 

as reinforcement in concrete, several limitations should be noted. Only epoxy-coated 

feathers were investigated, and other treatment methods were not explored. The study 

focuses on non-structural concrete applications, and results may not be directly 

applicable to structural concrete. Testing was conducted under controlled laboratory 

conditions, which may not fully represent field environments. Additionally, only specific 

feather contents were examined, and long-term durability under environmental exposure 

was not assessed. The delimitations of the study include the intentional focus on non-

structural concrete and selected feather treatments and proportions, which define the 

scope of the research. The study is conducted under certain assumptions, including that 

the aggregates are of consistent quality, the concrete curing process follows standard 

procedures, and the epoxy coating uniformly covers the chicken feathers. These 

assumptions ensure consistency and reliability in experimental results. 

1.7 Dissertation Structure  

Chapter 1; provides the foundational introduction to the study, setting the stage for the 

research that follows. 

Chapter 2; delves into the comprehensive literature review, examining prior and pertinent 

works that form the backdrop for the current study. A detailed review was conducted to 

examine the feasibility of integrating chicken feathers as a natural fiber within concrete. 

This review aimed to explore the potential role of chicken feathers as a natural fiber 

additive in concrete. The objectives and significance of this study were derived from the 

insights gathered during this review. 
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The review process involved utilizing keyword searches and Boolean operators to source 

relevant articles from reputable platforms such as Science Direct, Google Scholar, and 

dedicated editorial websites. The primary focus was to understand the application of 

chicken feathers as a natural fiber in concrete and analyze their impact on the properties 

and behavior of the material. 

This chapter encompasses various sections that delve into the role of chicken feathers 

as a natural fiber in concrete, investigating their compatibility and effects on the 

characteristics of concrete.  

Chapter 3; outlines the meticulously planned methodology employed to fulfil the study's 

defined objectives. This chapter covers the various experiments conducted, adhering to 

established standards, encompassing aspects such as sample preparation, the casting 

of reinforced concrete, and a battery of tests, including compressive strength, durability, 

tensile strength, and dry shrinkage. 

Chapter 4; presents the substantive results of the conducted experiments, coupled with 

an in-depth analysis of the obtained data. This chapter further engages in detailed 

explanations and discussions of the results, while also making comparisons with findings 

from related research conducted by various scholars within similar domains. 

Chapter 5; serves as the culmination of the dissertation, offering conclusive insights and 

recommendations for further exploration in areas not addressed within this investigation. 
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CHAPTER 2 

LITERATURE REVIEW 

Concrete is a material that has been widely used in construction due to its versatility and 

durability (Makul, 2020). Its popularity stems from a combination of factors such as its 

strength, affordability, and adaptability to various construction needs (Menna et al., 2020). 

Concrete is composed of a mixture of cement, water, and aggregates (such as sand and 

gravel), which undergoes a chemical reaction to form a solidified mass with high 

compressive strength. Over the years, the material has evolved with the use of additives 

and new technologies that have further enhanced its properties. These advancements 

have made concrete even more comprehensive and reliable in different applications 

(Makul, 2020). 

One of the significant challenges in concrete technology is its susceptibility to tensile 

forces, which can cause cracking and ultimately result in failure. To address this problem, 

researchers have come up with various methods such as fiber reinforcement to enhance 

the tensile strength of concrete (Mailyan et al., 2021). As a result, fiber-reinforced 

concrete emerges as a modified version of traditional concrete, characterized by 

enhanced tensile strength, improved overall strength, reduced crack formation, increased 

toughness, and better durability (Wang et al., 2021). 

2.1 Fibers in concrete 

Fiber reinforcement involves the addition of either macro or micro fibers in concrete, which 

helps to distribute the tensile forces more evenly and minimize the risk of cracking and 

failure (Anas et al., 2022). This method offers a cost-efficient alternative to conventional 

reinforcement materials, significantly improving the properties of concrete. Widely 

recognized for its effectiveness, fiber reinforcement has gained popularity in 

contemporary construction practices, boosting concrete's durability and resilience. 

Consequently, this approach has improved concrete's utility across various applications, 

affirming its reliability and performance enhancement in the construction sector. 

Concrete reinforcement is characterized by three predominant orientation strategies: 
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i. Three-Dimensional Random Distribution: This technique involves the use of either 

micro- or macro-fibers, which are uniformly mixed within the concrete, orienting in 

all directions. This method promotes a random fiber orientation, though it is 

estimated by (Kruschwitz et al., 2022) that merely about 15% of fibers are ideally 

positioned to effectively counter applied forces. 

ii. Two-Dimensional Random Distribution: Characterized by methods such as the 

spray-up technique for fiber-reinforced concrete, this strategy orients fibers 

randomly but mainly within a singular plane. (Kruschwitz et al., 2022) notes that 

between 30% and 50% of fibers achieve an optimal orientation with this approach. 

Although more efficient than its three-dimensional counterpart, it typically does not 

provide sufficient reinforcement in the critical tension zones of concrete elements 

due to its primary horizontal plane orientation. This category also includes 

examples like thin cast plates and steel mesh reinforcement. 

iii. One-Dimensional Reinforcement: The most traditional and efficient form of 

reinforcement uses steel bars, strategically placed in the tension zones of concrete 

structures to maximize reinforcement efficiency, as detailed by (Kruschwitz et al., 

2022). This method ensures most of the reinforcing material is situated where it is 

most needed to enhance structural integrity. 

2.1.1 Macro fibers 

When macro fibers are added to concrete, their length ranges from 20 mm to 64 mm, with 

diameters spanning 0.5 mm to 2 mm. These fibers possess a tensile strength that varies 

between 120 MPa and more than 3000 MPa, alongside a modulus of elasticity ranging 

from 5 GPa to 200 GPa (Ahmad and Zhou, 2022). The introduction of macro fibers to 

fresh concrete slightly modifies its workability, albeit to a lesser extent compared to the 

addition of microfibers. The integration of macro fibers significantly improves the structural 

qualities of the concrete once it has hardened, providing advantages such as enhanced 

resistance to impact, increased strength under tension, improved ductility, and superior 

crack resistance following the formation of initial cracks. 
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2.1.2 Microfibers 

Beyond fiber reinforcement, the incorporation of microfibers further augments the 

concrete's tensile properties, post-cracking behavior, and bond strength, contributing to 

its enhanced toughness and resilience. Microfiber dimensions span from 5 mm to 30 mm 

in length with diameters under 0.1 mm. Due to their slender shape, there is a limit to how 

much can be mixed in. Exceeding this limit with microfibers significantly impacts the ease 

of handling the fresh concrete. Typically, a proportion of 0.1% of microfibers by the 

concrete's volume is incorporated into the mix (Mizani et al., 2022). 

Microfibers can be crafted from materials like polypropylene, nylon, or polyester, thus, 

minimize crack formation and bolstering the flexural strength of concrete. Additionally, the 

inclusion of microfibers in concrete delivers extra advantages such as improved 

fireproofing, reduced water penetration, enhanced shatterproof qualities and minimized 

plastic shrinkage cracking. 

On the flip side, chemical admixtures are also mixed into the concrete during 

reinforcement to enhance its workability, adjust its setting time, and boost its durability. 

These admixtures can also fortify the bond between concrete and its reinforcing agents, 

thus amplifying the structural integrity. The application of microfibers and chemical 

admixtures is increasingly recognized in contemporary construction efforts for their pivotal 

role in elevating concrete's performance, making it more adaptable to a variety of stress 

conditions (Zhang et al., 2020).  

2.1.3 Classification of fibers based on their origin. 

There are two main types of fibers used in concrete, namely, synthetic and natural fibers. 

Natural fibers include materials such as coconut, abaca, kenaf, bamboo, sisal, chicken 

feather and jute, while synthetic fibers include steel, polymers, and glass. Each type of 

fiber has unique properties and can offer specific benefits to the performance of concrete.  

Table 2.1 lists fibers belonging to various categories. The dimensions and forms of these 

fibers vary which plays a significant role in determining their bonding efficacy with the 

concrete mix. The table provides several mechanical properties that are valuable for 

selecting the appropriate fiber for use. 
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Table 2.1. Fibers Belonging to Various Categories (ACI Committee 544, 1996) 

Fiber type Tensile strength 

(MPa) 

Elastic 

Modulus (GPa) 

Specific 

gravity 

Acrylic 296-1000 14-19 1.16-1.18 

Alkali-resistant 2448-2482 79-80 2.7-2.74 

Aramid I 2930 62 1.44 

Aramid II 2344 117 1.44 

Bagasse 184-290 15-19 1.2-1.3 

Carbon I 1724 380 1.9 

Carbon II 2620 230 1.9 

Coconut 120-200 19-26 1.12-1.15 

Glass 2000-4000 80 2.6 

Nylon 965 5 1.14 

Polyester 228-1103 17 1.34-1.39 

Polyethylene 76-586 5-117 0.92-0.96 

Polypropylene 138-690 3-5 0.9091 

Sisal 276-568 13-26 - 

Steel 1000-3000 200 7.8 

Non Alkali-resistant 3103-3447 65-72 2.46-2.54 

 

2.1.3.1 Synthetic fibers  

Synthetic fibers play a crucial role in enhancing concrete performance. For example, steel 

fibers contribute essential tensile strength and ductility to concrete, addressing cracking 

issues and improving structural integrity. Polymers, such as polypropylene and polyester, 

act as crack-arresting elements, enhancing durability, while glass fibers provide flexibility 

and corrosion resistance, making them suitable for precast concrete and architectural 

features (Zheng et al., 2018).  

Construction materials made of synthetic fibers offer a range of benefits. However, they 

also have certain limitations that need to be carefully considered. Therefore, it is crucial 

to choose construction materials thoughtfully to ensure their optimal performance and 

longevity. Effective material selection in construction projects requires a balanced 

assessment of both the advantages and disadvantages of synthetic fibers. Integrating 

synthetic and natural fibers in concrete provides a range of benefits (Ali et al., 2021), 

offering versatility and improved performance. This dual approach supports the 
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development of eco-friendly construction practices, fostering a more sustainable 

approach to infrastructure development. 

2.1.3.2 Natural fibers  

Natural fibers are gaining recognition for their eco-friendly nature. These fibers offer 

mechanical characteristics surpassing conventional materials, inhibiting crack initiation, 

enhancing impermeability, and improving durability. However, precautions are necessary 

to be taken to address water absorption in plant-based fibers (Al-Maharma and Al-Huniti, 

2019). Natural fibers (Figure 2.1) are promising for  housing construction, inhibiting crack 

initiation and propagation while enhancing energy absorption capacity and ductility (Iniya 

and Nirmalkumar, 2021).   

 

Figure 2.1: The natural fiber in cementitious composites (de Azevedo et al., 2021) 
 

The potential of natural fibers in enhancing the mechanical properties of concrete has 

been increasingly recognized. Fibers such as coconut, bamboo, chicken feathers, and 

straw offer eco-friendly alternatives with unique attributes (Mochane et al., 2019). Notably, 

chicken feathers, a by-product of the poultry industry, are highlighted for their high tensile 

strength, making them a promising option for sustainable construction. Similarly, bamboo 

has emerged as a viable reinforcement material that can bolster the mechanical 

properties and durability of concrete, potentially serving as an alternative to traditional 

steel bars.  
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Specific studies, including those by (Jamshaid et al., 2022) on basalt fibers, (Bui et al., 

2020) on coconut fibers, and (Wang et al., 2022) on pine needle fibers, demonstrate the 

substantial benefits these natural fibers can provide. This research emphasizes the 

broader application of natural fibers in reinforcing concrete, suggesting significant 

improvements in tensile strength, flexural strength, and toughness ratio. Furthermore, the 

cellulose content within these fibers is a key determinant of their mechanical properties, 

offering a pathway to more sustainable and effective construction materials (Bui et al., 

2020). 

In addition to these materials, studies have focused on the impact of fiber characteristics, 

such as length and volume, on material properties and resistance to cracking. For 

example, the work on basalt fiber underscores the critical role these factors play in 

determining the performance of composite materials (Wang et al., 2019).  

The use of natural fibers in concrete reinforcement has garnered attention for their eco-

friendly properties and ability to reduce environmental degradation and resource 

consumption (Jamshaid et al., 2022). Natural fibers enhance concrete's mechanical 

performance and interfacial bonding, providing post-cracking resistance and reducing 

energy consumption (Wang et al., 2022). Challenges such as scalability and brittleness 

are being addressed through innovations like new fiber treatments and hybrid fiber 

systems (Atmakuri et al., 2020). Natural fibers like jute, sisal, coir, and bamboo offer 

unique properties that enhance flexural capacity and freeze-thaw resistance. Ongoing 

research explores the feasibility and potential of natural fibers in construction, 

emphasizing sustainability, cost-effectiveness, and improved properties like abrasion 

resistance and thermal insulation (Lilargem Rocha et al., 2022). 

Concrete hydration is the chemical reaction between cement and water, producing 

calcium silicate hydrate (C-S-H) gel, which provides strength and durability. While limited 

studies exist on chicken feathers in concrete, research on other natural fibers and 

lightweight aggregates indicates that untreated fibers or aggregates can absorb water, 

potentially affecting hydration and workability. For example, Ejigu and Gebre (2023) 

reported that the addition of sisal fibers decreased workability due to the absorption of a 

significant portion of water required for cement hydration by the hydrophilic fibers. 
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Similarly, Vijayalakshmi et al. (2023) noted that coconut shell aggregates absorb water, 

aiding the hydration process but potentially reducing workability if proper curing and water 

management are not applied. 

2.2 Chicken Feathers as Natural Fiber 

Chicken feather fibers, rich in keratin, have been identified as a sustainable alternative 

for reinforcing composite materials, thereby reducing reliance on synthetic polymers 

(Shavandi and Ali, 2019). Chicken feathers display a range of values for tensile strength, 

typically falling within 10 - >70 MPa, elastic modulus ranging from 3 - >50 GPa, and 

specific gravity spanning 0.7 - 1.2. These diverse properties render them promising for 

potential applications in composite building materials (Koniki and Prasad, 2019).  

With an annual generation exceeding 4.8 million tonnes, exploring chicken feathers as 

natural fibers becomes crucial for sustainable and eco-friendly solutions. Their 

abundance positions them as an attractive alternative to synthetic fibers, addressing 

waste management and providing a renewable resource for diverse industries.  

Pyrolyzing chicken feathers is an effective method for composite preparation, enhancing 

tensile and storage modulus in polymer composites (Verma et al., 2019). Chicken feather 

fibers possess a small diameter, making them suitable for applications in nonwoven 

insulation and air filtration. In addition, chicken feathers possess unique properties such 

as hollow honeycomb structures, low density, high flexibility, and potential structural 

interaction with other fibers, making them distinct from other natural or synthetic fibers 

(Paşayev et al., 2017). These properties are crucial for understanding the potential 

applications of chicken feathers in materials science.   

2.2.1 Chemical Composition of Chicken Feathers 

Table 2.2 provides a detailed summary of the chemical composition of chicken feathers, 

as reported by Tesfaye et al. (2018). The analysis revealed key components including 

keratin, proteins, and various trace elements. The feathers used in this study were 

carefully selected and characterized, with lengths ranging from 3 to 4.5 cm. This 

characterization is crucial for understanding the material properties and potential 

applications of chicken feathers, especially in the context of developing innovative 
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composites and sustainable materials. The comprehensive chemical profiling conducted 

by Tesfaye et al. (2018) forms a foundational reference for further research and 

development in utilizing chicken feather fibers in industrial applications 

Table 2.2 Chemical Composition of Chicken Feathers (Tesfaye et al., 2018) 

Analysis Composition (%) 

Proximate Analysis  

Crude Lipid 0.83 

Crude Fiber 2.15 

Crude Protein 82.36 

Ash 1.49 

Nitrogen-Free Extract (NFE) 1.02 

Moisture Content 12.33 

Ultimate Analysis  

Carbon 64.47 

Nitrogen 10.41 

Oxygen 22.34 

Sulfur 2.64 

 

2.2.2 Previous research on the use of chicken feathers in concrete 

Chicken feather waste has gained significant attention for its potential to enhance the 

properties of cementitious composites. Researchers have been increasingly exploring the 

use of chicken feather waste, and numerous studies have shown promising results in 

improving the mechanical strength, durability, and thermal insulation of these composites. 

Table 2.3 provides a summary of findings from selected studies that have incorporated 

chicken feathers as a natural fiber. These studies highlight the versatility and benefits of 

chicken feather fibers in various cementitious applications, demonstrating how this waste 

material can be effectively repurposed to improve construction materials. This growing 

body of research underscores the potential of chicken feather waste to contribute to more 

sustainable and high-performance building materials. 

 
Table 2.3 Summary of selected few research which incorporated chicken feather as 
natural fiber. 
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S/N Author and Year Major Findings 

1 
Paşayev et al., 

2017 

- Chicken feathers possess unique properties like low density 

and hollow centers, making them suitable for reinforcement 

materials in composites. 

2 

Aranberri et al., 

2019 

-Found decreased elastic modulus and modulus of rupture with 

increased feather content, but whole chicken feathers 

improved flexural, tensile, and acoustic properties, 

outperforming processed feathers.  

- Highlighted improvements in the physical, mechanical, and 

thermal properties of polymer composites with chemically 

treated chicken feather fibers, suggesting sustainable 

applications. 

3 

Ouakarrouch et 

al., 2020 

-Demonstrated thermal insulation properties in bio-composite 

materials using chicken feather ash as a partial cement 

replacement.  

- Cement-based composite materials reinforced with chicken 

feather fibers showed similarity in stiffness and strength to 

those reinforced with wood fibers. 

4 Abdelsamie et al., 

2021 

-Adding chicken feathers in different proportions improved the 

tensile strength of concrete. 

5 
Pavithra et al., 

2021 

-Observed improved behavior of concrete with chicken feathers 

as fiber and partial replacement of cement with cashewnut 

shell powder. 

6 

Sutarno et al., 

2021 

-Explored the impact of feather fibers on thermal stability, 

potential for tailoring thermal properties, despite challenges like 

poor dispersion and hydrophobic nature of feathers.  

- Research on incorporating chicken feathers in concrete 

showed increased compressive strength with feather fiber 

addition. Characteristics of chicken feathers, such as difficulty 

in bonding with concrete and water absorption, can influence 

the compressive and flexural strengths of concrete. 

7 
Marinković et al., 

2021 

-Modification of chicken feather fiber/jute composites enhanced 

impact strength, with functionalized jute fibers improving 

flexural strength and modulus. 

8 

Mrajji et al., 2022 

-Demonstrated improved impact strength in feather fiber-

reinforced composites, suggesting applications in impact-

resistant scenarios. 
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S/N Author and Year Major Findings 

9 
Oyebisi et al., 

2022 

-Replacing 8% of cement with cashew nutshell ash containing 

1% chicken feather fiber resulted in higher compressive, 

splitting, and flexural strengths. 

10 

Kusumawardani 

et al., 2023 

-Investigated keratin extraction from waste chicken feathers, 

and research explored concrete behavior with chicken feathers 

and cashew nutshell powder.  

- The studies collectively highlight chicken feathers' potential in 

construction materials, emphasizing their role in enhancing 

mechanical properties, sustainability, and reducing thermal 

conductivity. 

 

2.3.3 Challenges of incorporating chicken feathers in concrete. 

Incorporating chicken feathers in concrete poses several challenges that need to be 

addressed. However, the characteristics of chicken feathers, such as difficulty in bonding 

with concrete and high-water absorption, can lead to prolonged drying times for the 

concrete (Sutarno et al., 2021).  

Chicken feathers are known to be strong in compression but weak in tension, which 

necessitates strategies to increase the tensile strength of concrete when using them as 

a reinforcement material (Abdelsamie et al., 2021). Moreover, the presence of fat in 

chicken feathers may hinder the adequate degradation of ß-keratin, potentially lowering 

the economic potential of utilizing chicken feathers in concrete (Barcus et al., 2017). 

Additionally, the unique properties of chicken feathers, such as low density and hollow 

centers, make them suitable for reinforcement in lightweight composites, but challenges 

remain in ensuring effective bonding with other materials (Njoku et al., 2019).  

Utilizing chicken feather waste in construction materials is environmentally attractive due 

to the large poultry industry waste volume (Zahra et al., 2022). However, the fabrication 

process for incorporating chicken feathers in biodegradable matrices can pose practical 

challenges due to high temperatures (Dinu et al., 2020). Despite potential benefits as a 

reinforcement material in concrete, challenges like bonding issues, water absorption, fat 

content, and fabrication processes must be addressed for effective utilization of this 

sustainable resource. Yet, employing chicken feathers as a sustainable reinforcement in 
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concrete and composites offers opportunities for enhancing material properties and 

reducing environmental impact. 

The monitoring duration for chicken feather fiber concrete specimens for feather 

deterioration and effective mitigation strategies is a critical aspect that requires attention. 

While specific information on the exact duration for monitoring is lacking, it is essential to 

consider the long-term durability performance of such concrete structures. Studies have 

shown that the short-term mechanical properties of materials like carbon fiber concrete 

are well documented, but there is a need for further investigations into the long-term 

durability issues (Pacheco-Torgal et al., 2012). 

Monitoring the deterioration mechanisms of concrete over time is crucial for predicting 

service life and diagnosing causes of deterioration, such as chloride ingress, carbonation, 

and sulphate attack (Yue et al., 2017). Additionally, the application of optical fiber Raman 

spectroscopy has shown potential for monitoring concrete subjected to sulphate attack, 

indicating a promising method for tracking deterioration processes (Yue et al., 2013). 

To effectively mitigate the environmental consequences of chicken feather waste, urgent 

management strategies are required (Oluba et al., 2021). Utilizing chicken feather fibers 

in concrete mixtures can have varying effects on the properties of the concrete. For 

instance, a study found that a concrete mix containing 20% cashew nutshell ash and 2% 

chicken feather fiber resulted in an 8% increase in compressive strength compared to 

control concrete after 28 days of curing (Oyebisi et al., 2022). However, it is crucial to 

note that a high chicken feather content, such as 10%, is not recommended as it can 

significantly deteriorate various properties of the concrete (Taghiyari et al., 2021). 

2.2.4 Preparation of chicken feathers for concrete application. 

Chicken feathers, valued for their versatility, require meticulous cleaning to eliminate 

stains, fat, and odors, ensuring safety and quality (Paşayev et al., 2022). Studies by 

(Tesfaye et al., 2018) propose efficient cleaning methods involving sodium hypochlorite, 

non-ionic detergent, and sodium hydroxide. This combination effectively removes odor-

causing substances without causing damage. (Mrajji et al., 2022) conducted comparative 

analyses of various cleaning methods, highlighting the importance of finding alternatives 
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that balance efficacy, safety, and environmental considerations. This suggestion takes a 

unique approach by incorporating sunlight dishwashing liquid into the cleaning process 

to contribute to sustainable and practical cleaning solutions for chicken feathers. 

Tesfaye et al. (2018) and El‑Khordagui et al. (2021) both showed that a two‑step 

regimen—detergent‑based cleaning followed by disinfection—reduces microbial 

contamination on chicken feathers more effectively than cleaning alone. Using protease 

to assist the process, each study also reported efficient feather disintegration, a benefit 

for downstream applications such as insulation‑grade feather fibres, laundry processing, 

and sustainable waste management. El-Khordagui et al. (2021) highlighted the use of 

protease enzymes for disintegrating chicken feathers, essential for applications in laundry 

and waste management. Proteases break down proteins present in feathers, facilitating 

their breakdown and removal during washing processes. This approach offers an 

alternative to traditional chemical-based cleaning methods, potentially reducing 

environmental impact and improving sustainability. Moreover, Tesfaye et al. (2018) 

discussed the challenges associated with completely removing environmental 

contaminants from feathers. Feathers can accumulate various pollutants, including heavy 

metals and organic compounds, posing risks to both human health and the environment. 

Efficient cleaning methods are necessary to mitigate these risks and ensure the safe 

disposal or reuse of feather-based materials. 

Kelle and Eboatu, 2018 compared the effectiveness of chicken feathers and synthetic 

sorbents in cleaning up oil spills, demonstrating practical applications of feather-based 

materials in environmental remediation efforts. Properly cleaned feathers can serve as 

efficient sorbents for capturing and removing oil and other pollutants from contaminated 

environments, offering a sustainable solution to pollution mitigation challenges (Kelle and 

Eboatu, 2018).  

These findings underscore the multifaceted importance of efficient and sustainable 

cleaning methods for chicken feathers, addressing a broad spectrum of industrial and 

environmental needs. These needs range from contamination reduction and waste 

management to the removal of environmental pollutants and overall pollution mitigation. 

Developing and implementing such methods are essential for promoting environmental 
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sustainability and ensuring the responsible management of feather-based resources. 

This approach not only enhances the utility of chicken feathers in various applications but 

also contributes significantly to reducing the environmental impact associated with feather 

waste. 

2.3 Coating Natural Fibers with Epoxy for use in Concrete  

The use of epoxy coatings on natural fibers in concrete has demonstrated notable 

improvements in mechanical properties and durability. These coatings enhance 

degradation resistance and overall performance, especially when combined with nano-

reinforcements (Owen et al., 2022). Epoxy coatings have a well-established role in 

protecting concrete substrates, providing high chemical and mechanical resistance while 

enhancing coating adhesion (Krzywiński et al., 2022). Their application extends to 

reinforcement bars, where epoxy-coated bars show enhanced bond strength, particularly 

in underwater concrete (Nie et al., 2020). Epoxy coatings also play a crucial role in 

structural health monitoring, aiding in detecting freezing-thawing and crack damage in 

concrete structures (Sánchez et al., 2018). 

Coating techniques have been explored to address challenges like steel fiber corrosion, 

with studies indicating significant improvements through coating (Jalal et al., 2021). 

Innovative coating techniques, including fiber-reinforced polymer coatings and chemically 

reactive enamel-coated steel bars, contribute to enhancing the performance of fiber-

reinforced concrete. Polymer coatings have been effective in retrofitting damaged 

concrete beams without compromising durability (Kocak et al., 2022). Chemically reactive 

coatings positively impact the system response of concrete structures, showcasing the 

potential of these coatings in improving concrete element behavior (Yan et al., 2016).  

The strategic combination of epoxy coatings, natural and synthetic fibers, and innovative 

coating techniques holds great promise for elevating the mechanical properties, durability, 

and overall performance of concrete in diverse applications. 

2.3.1 Previous studies on epoxy-coated natural fibers in concrete. 

Several studies have investigated the use of epoxy coatings on natural fibers in concrete. 

(Owen et al., 2023) examined the effects of high-temperature optimization and resin 
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coating treatment on the mechanical, thermal, and morphological properties of natural 

kenaf fiber-filled engineering plastic composites. The study involved coating kenaf natural 

fibers with acetone-thinned epoxy resin before compounding with high-temperature 

polyethylene terephthalate (PET) (Owen et al., 2023). 

Owen et al. (2022) highlighted the capability of epoxy-coating of natural fibers to improve 

the degradation/decomposition resistance of the fibers, indicating a positive outcome of 

the epoxy coating on the fibers. Furthermore, Mahmood et al. (2016) evaluated the role 

of graphene nanoplatelets in epoxy matrix composite, either by sonication in the epoxy 

matrix or dip coating the fibers in graphene dispersion, suggesting the potential for 

enhancing interfacial adhesion in composites through coating treatments . 

Hu et al. (2018) investigated the enhanced flexural performance of epoxy polymer 

concrete with short natural fibers, emphasizing the use of natural fibers to improve the 

mechanical properties of epoxy polymer concrete. Moreover, Hu et al., (2018) presented 

results on the electrochemical behavior of carbon fiber-reinforced polymer (CFRP) 

composite rods in contact with steel or epoxy-coated steel bars in chloride-contaminated 

concrete, indicating the potential protective role of epoxy coatings in concrete structures. 

These studies collectively demonstrate the potential benefits of epoxy coatings on natural 

fibers in concrete, including improved mechanical properties, enhanced degradation 

resistance, and protective effects on concrete structures. The findings suggest that epoxy 

coatings can positively impact the performance and durability of natural fiber-reinforced 

concrete (Hu et al., 2018). 

2.4 Mix Design Considerations for Fiber-reinforced concrete  

Optimizing the mix design for fiber-reinforced concrete is pivotal for achieving the desired 

mechanical and durability properties in various applications. Multiple factors must be 

carefully considered, including the type and volume fraction of fibers, their aspect ratio, 

mixing methods, and the influence of different fiber types on concrete properties (Guerini 

et al., 2018).  

The mix design should address the specific characteristics of each fiber type, such as 

steel, polypropylene, basalt, and carbon fibers, as they can impact workability, strength, 



 

22 
 

and durability. Hybridization of fibers, like combining steel and polypropylene fibers, 

necessitates optimization to achieve the desired mechanical properties (Dvorkin et al., 

2021).  

Furthermore, the mixing method, especially vibratory mixing, has been proven effective 

in enhancing the distribution of steel fibers, leading to increased density and improved 

mechanical properties (Zheng et al., 2018). Mechanical properties, including compressive 

strength, flexural strength, and shear capacity, should be a focus in mix design, along 

with considerations for environmental factors like freeze-thaw cycles and the use of 

materials such as fly ash to improve freeze-thaw resistance (Torres and Lantsoght, 2019). 

Natural fiber-reinforced concrete offers a sustainable alternative, but the selection of 

natural fibers is crucial for optimal mix design. Different natural fibers, such as kenaf, 

bamboo, coconut, and palm frond fibers, impart distinct mechanical properties to concrete 

(Mouthanna, 2022). Understanding the specific influence of natural fiber types on 

concrete properties is essential for harnessing the full potential of natural fiber-reinforced 

concrete (Zhang and Pan, 2021).  

To assess the impact of natural fiber-reinforced concrete on workability, slump test, and 

water absorption, various factors must be considered. Fiber addition can reduce 

workability and compressive strength, with higher fiber content leading to decreased 

mobility of the concrete (Okeola et al., 2018). Water absorption in natural fiber-reinforced 

concrete is influenced by fiber type, as seen in studies combining nylon and jute fibers or 

using steel fibers in recycled concrete aggregate mixes (Bheel et al., 2021). 

The slump test, a measure of workability, is affected by the addition of fibers, with higher 

content reducing slump (Zhang and Pan, 2021). However, dispersed reinforcement, 

including fibers, can enhance concrete characteristics related to workability and cracking 

resistance (Deaconu and Chiţonu, 2022). 

Overall, optimizing fiber-reinforced concrete and natural fiber-reinforced concrete mix 

designs requires a comprehensive approach considering fiber types, volume fractions, 

aspect ratios, mixing methods, and environmental factors. Understanding the specific 
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influences of each factor is crucial for achieving the desired mechanical and durability 

properties in fiber-reinforced concrete. 

2.5 Testing and Optimization on Chicken Feather Fiber Concrete 

2.5.1 Compressive strength test conducted on chicken feather fiber concrete. 

The compressive strength test of concrete serves as a fundamental measure of its 

performance and durability (Kurnianingsih et al., 2023). Research into incorporating 

chicken feather fiber into concrete has yielded varying effects on compressive strength. 

(Sutarno et al., 2021) observed that adding 1% chicken feather fiber increased 

compressive strength, while a 2% addition resulted in a decrease. Similarly, (Rumbayan 

et al., 2019) noted a 19% improvement with a 0.25% fiber inclusion. These findings 

underscore the significant role of fiber proportion in determining compressive strength. 

Moreover, the compressive strength of chicken feather fiber concrete is influenced not 

only by the percentage of fiber but also by its specific characteristics. Understanding 

these effects is vital for developing sustainable and high-performance construction 

materials. 

Investigations into varying percentages of chicken feathers in concrete mixtures have 

revealed direct impacts on compressive strength. (Kurien et al., 2022) demonstrated that 

chicken feather fiber can enhance mechanical properties, potentially boosting 

compressive strength. Additionally, although not focusing on chicken feathers directly, 

(Young et al., 2019) provided insights into the relationship between mixture proportions 

and compressive strength, which are relevant for considering the influence of chicken 

feathers in concrete mixtures. 

2.5.2 Splitting tensile strength test conducted on chicken feather fiber concrete. 

The splitting tensile strength test is commonly utilized to assess concrete's tensile 

strength (Słowik and Akram, 2021). Studies on fiber-reinforced concrete have explored 

various aspects, including the impact of fiber volume fractions and types on splitting 

tensile strength (Zhang et al., 2023). In the specific case of chicken feather fiber concrete, 

investigations have shown an increase in compressive strength with the addition of 

chicken feather fiber (Sutarno et al., 2021). Additionally, research on fiber-reinforced 
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polyester using chicken feather fiber demonstrated the potential for enhancing tensile 

strength in composites (Loganathan et al., 2020). 

Despite extensive research on the mechanical properties of fiber-reinforced concrete, 

there remains a gap regarding the physical structure and tensile properties of chicken 

feather barbs. However, studies on lightweight concrete reinforced with polypropylene 

fibers have indicated an increase in splitting tensile strength (Guo et al., 2019). 

Furthermore, investigations into polylactide/poly (methyl acrylate) grafted chicken feather 

composites have shown improved tensile strength and modulus after modification (Chen 

et al., 2020). Determining the optimal proportion of chicken feathers in concrete for 

achieving maximum tensile strength has been a subject of interest. (Sutarno et al., 2021) 

found that a 1% addition of chicken feather fiber significantly increased compressive 

strength compared to no addition, aligning with (Verma et al., 2019) forecast for hybrid 

composites. However, Sutarno et al. (2021) cautioned against exceeding 5 wt% of 

feathers, noting a significant decline in mechanical properties beyond this threshold. This 

underscores the importance of balancing feather content to enhance compressive 

strength without compromising mechanical properties (Sutarno et al., 2021). 

2.5.3 Flexural strength test conducted on chicken feather fiber concrete. 

Flexural strength tests conducted on chicken feather fiber concrete have shown promising 

results in enhancing the mechanical properties of the concrete. Artayani et al. (2024) 

found that the addition of chicken feather fibers improved the flexural strength of Portland 

cement concrete, particularly with a dosage lower than 2%. Additionally, Rao et al. (2021) 

demonstrated that a combination of chicken feather fiber and kenaf fiber resulted in a 

maximum flexural strength of 24.89 MPa. These studies highlight the potential of chicken 

feather fibers in enhancing the flexural strength of concrete composites. Moreover, 

research by Reddy & Yang (2010) showcased the positive impact of chicken feather fiber 

composites on properties such as tensile strength, modulus, and flexural strength. The 

composites exhibited good mechanical properties when treated with Zinc Oxide and when 

reinforced with whole chicken feathers, indicating the versatility and strength-enhancing 

capabilities of chicken feather fibers. The incorporation of chicken feather fibers in 

concrete has shown to be a viable method for improving flexural strength. By leveraging 
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the reinforcing properties of these fibers, concrete composites can achieve enhanced 

mechanical performance, making them a promising sustainable solution in construction 

materials. 

2.5.4 Other Durability Tests 

The current literature on chicken feather fiber reinforced concrete is notably deficient in 

comprehensive studies addressing critical tests such as the Oxygen Permeability Index 

(OPI), Sorptivity, Chloride Conductivity, and Dry Shrinkage. Despite the potential 

advantages of using chicken feather fibers in concrete, there is a glaring absence of 

detailed research and data on these essential parameters. These tests are paramount for 

evaluating the durability, permeability, moisture absorption, and overall long-term 

performance of chicken feather fiber reinforced concrete in construction applications. The 

lack of such information in the existing body of work significantly hampers the 

understanding and optimization of this innovative composite material, underscoring an 

urgent need for focused studies to fill these critical gaps. 

2.5.3.1 Oxygen Permeability Index (OPI) Test 

The OPI test evaluates oxygen ingress into concrete, crucial for assessing durability in 

corrosive environments. Understanding the impact of chicken feather fibers on OPI will 

fill a significant gap in research, providing insights into material longevity and oxidative 

resistance. 

2.5.3.2 Sorptivity Test 

Sorptivity measures moisture absorption, essential for evaluating concrete's resistance to 

deterioration. Investigating sorptivity in chicken feather fiber concrete will inform mix 

design improvements and enhance material performance in various environmental 

conditions. 

2.5.3.3 Chloride Conductivity Test 

Assessing chloride ion permeability is vital for concrete durability, particularly in marine 

and de-icing salt environments. Examining how chicken feather fibers affect chloride 

conductivity will guide strategies to mitigate corrosion and enhance material resilience. 
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2.5.3.4 Dry Shrinkage Test 

Dry shrinkage affects concrete's structural integrity and crack susceptibility. Researching 

dry shrinkage in chicken feather fiber concrete will aid in developing crack-resistant 

designs and ensuring long-term structural stability. 

2.6 The incorporation of plasticizer in chicken feather fiber concrete 

The incorporation of plasticizer in chicken feather fiber concrete can offer several 

advantages in terms of enhancing the properties of the concrete. Plasticizers are 

additives commonly used in concrete to improve workability, reduce water content, and 

increase the strength of the final product. When incorporating chicken feather fibers into 

concrete, the addition of a plasticizer can aid in dispersing the fibers evenly throughout 

the mixture, leading to improved mechanical properties such as compressive strength 

and flexural strength (Sutarno et al., 2021).  

CHRYSO®Fluid Premia 310 is an advanced superplasticizer widely recognized for its 

ability to enhance the properties of concrete. Formulated with a modified polycarboxylate 

polymer, it is tailored for applications requiring high short and long-term strength, 

facilitating the achievement of very low water/cement ratios. This product is particularly 

noted for its effectiveness in improving concrete workability and strength, making it 

suitable for various construction needs. 

2.7 Current trends in percentage utilization of chicken feather waste fibers as 

concrete reinforcement 

In their study, Sutarno et al. (2021) explored the potential of utilizing chicken feather waste 

fibers as a natural fiber reinforcement in concrete mixtures to enhance its characteristics. 

They focused on improving the strength properties of concrete, which typically exhibits 

strength against compressive forces but is weaker in resisting tensile forces. The 

research involved the addition of chicken feather waste fibers, with a length of 3 cm, to 

concrete mixtures with a grade of 20 MPa. Three different percentages of chicken feather 

waste fibers (0%, 1%, and 2% of the volume of concrete) were incorporated into the mix. 

Compressive strength and flexural strength tests were conducted on concrete specimens, 

using cylindrical specimens measuring 15 x 30 cm for compressive strength and beam 
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specimens measuring 15 x 15 x 60 cm for flexural strength. Each percentage of chicken 

feather waste fibers was tested with five samples (Sutarno et al., 2021). 

The results indicated that the addition of 1% chicken feather waste fibers led to an 

increase in compressive strength compared to both the 0% and 2% addition rates. 

Specifically, the compressive strength values were 200.78 kg/cm² for 0% addition, 215.09 

kg/cm² for 1% addition, and 197.54 kg/cm² for 2% addition. However, the flexural strength 

values showed a decreasing trend with increasing percentages of chicken feather waste 

fibers, with values of 24.00 kg/cm², 23.03 kg/cm², and 21.08 kg/cm² for 0%, 1%, and 2% 

addition rates, respectively. The study concluded that while the addition of chicken feather 

waste fibers improved compressive strength at the 1% addition rate, higher percentages 

led to decreased compressive strength. Additionally, the flexural strength of the concrete 

was not significantly affected by the addition of chicken feather waste fibers. This was 

attributed to the difficulty of bonding between the chicken feathers and the concrete, as 

well as the fibers' tendency to absorb water, prolonging the drying time of the concrete 

after maintenance (Sutarno et al., 2021). 

2.8 Gaps in the Literature Review 

To address the identified gaps in the current research on the use of chicken feathers in 

concrete, the following issues have been outlined along with corresponding 

recommendations. This will provide a clear path for future research and practical 

applications.  

2.8.1 Limited Long-Term Durability Insights 

Comprehensive and long-term investigations into the use of chicken feathers in concrete 

are crucial for gaining extended insights into their performance. While existing studies 

have primarily focused on the short-term effects of incorporating chicken feathers into 

concrete mixes, there is a need to delve deeper into the long-term implications. 

To address this gap, comprehensive, long-term durability investigations must be 

conducted to tackle concrete shortcomings in permeability and durability. These studies 

are essential to thoroughly understand how chicken feather fiber reinforced concrete) 

performs under various environmental conditions over extended periods. Only through 
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rigorous and detailed testing can the true potential of chicken feather fiber reinforced 

concrete be realized, ensuring its viability as a durable, sustainable construction material. 

This will not only fill the current void in the literature but also pave the way for innovative 

applications in the construction industry. 

2.8.2 Underexplored Processing Methods Impact 

The existing literature lacks coverage on how different processing methods of chicken 

feathers affect concrete performance. This gap in research means that the influence of 

various cleaning, treatment, and preparation techniques on the mechanical and durability 

properties of chicken feather fiber reinforced concrete remains largely unexplored. 

Understanding the impact of these processing methods is crucial for optimizing the use 

of chicken feathers in concrete, as different treatments could significantly alter the fibers' 

effectiveness in enhancing concrete properties. Addressing this gap is essential for 

advancing the application of chicken feather fibers in sustainable construction materials. 

2.8.3 Neglected Influence of Feather Size and Structure 

Minimal research exists on how the size and structure of chicken feathers affect concrete 

properties. This lack of detailed studies means that the potential variations in mechanical 

strength, durability, and other key characteristics of chicken feather fiber reinforced 

concrete based on feather dimensions and morphology are not well understood. The size 

and structure of the feathers could play a significant role in the performance of the 

composite material, influencing factors such as fiber distribution, bonding with the cement 

matrix, and overall structural integrity. Addressing this research gap is essential for 

optimizing the use of chicken feathers in concrete and fully harnessing their potential 

benefits in construction applications. 

2.8.4 Lack of Standardization and Guidelines 

The absence of standardized guidelines for incorporating chicken feathers in concrete 

significantly hinders widespread adoption of this innovative material. Without clear and 

universally accepted protocols, engineers, researchers, and manufacturers face 

challenges in consistently producing and evaluating chicken feather fiber reinforced 

concrete chicken feather fiber reinforced concrete across different applications and 

contexts. Standardized guidelines are crucial for ensuring quality control, optimizing 
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material performance, and promoting confidence among stakeholders regarding the 

durability, sustainability, and safety of chicken feather fiber reinforced concrete. 

Addressing this issue requires collaborative efforts among researchers, industry 

stakeholders, and regulatory bodies to develop comprehensive guidelines that cover 

aspects such as feather processing, mix design, testing protocols, and performance 

criteria. Establishing these guidelines will not only facilitate broader acceptance and 

adoption of chicken feather fiber reinforced concrete but also encourage its integration 

into mainstream construction practices. 
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CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

3.1 Introduction 

This chapter details the experimental procedures carried out during the research, 

including testing methods, visual documentation, technical evaluations, and procedural 

sequencing. The focus was on assessing various properties of concrete through a series 

of tests, including workability, compressive strength, splitting tensile strength, dry 

shrinkage, durability, and morphology. The experimental procedure was divided into two 

distinct phases to comprehensively assess the properties of both fresh and hardened 

concrete. In the first phase, the emphasis was on the properties of fresh concrete. 

Workability, a key property reflecting how easily the concrete can be mixed, placed, and 

finished, was evaluated using the slump test. This test measures the consistency of the 

concrete and its suitability for various applications. 

In the second phase, the focus shifted to evaluating the hardened concrete properties. 

This phase included tests to assess workability, with methods such as the slump test used 

for this purpose. Additionally, properties such as compressive strength, which measures 

the concrete’s ability to withstand axial loads, and splitting tensile strength, which 

evaluates the resistance of concrete to tensile stresses, were examined. Other critical 

properties assessed included permeability, which measures the concrete’s ability to allow 

fluids to pass through, and sorptivity, which gauges the rate of moisture absorption. 

Chloride conductivity, which affects the concrete's durability by indicating its ability to 

conduct chloride ions, and morphology, which analyzes the shape and texture of the 

concrete particles, were also studied. Dry shrinkage, the dimensional changes of the 

concrete as it dries, was evaluated to understand its stability. This comprehensive 

analysis provided a thorough understanding of the concrete’s behavior under different 

loading conditions, its durability against moisture and chloride ingress, and its 

dimensional stability with respect to dry shrinkage. 
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 3.2 Material  

The investigation involved a blend of materials, encompassing cement, untreated chicken 

feathers, water, epoxy-coated chicken feathers, coarse aggregates, and fine aggregates. 

The integration of superior-grade cement, appropriate aggregates, and purified water 

established a robust foundation for conducting thorough assessments and analyses of 

the fresh and hardened characteristics of the concrete reinforced with chicken feathers. 

3.2.1 Ordinary Portland cement (OPC) 

To ensure the quality and consistency of the concrete specimens, meticulous attention 

was given to the selection and utilization of materials during the casting process. The 

study exclusively used Ordinary Portland cement (OPC) CEM I 52.5N, adhering to South 

African Standards SANS 50197-1. Ordinary Portland Cement (CEM I 52.5N), supplied by 

PPC Cement SA (Pty) Ltd, was chosen for this study. While blended cements are more 

commonly used in South African construction today, OPC is particularly appropriate for 

research. Its use without extenders allows for a clearer understanding of the effects of 

adding alternative materials. Plate 3.1 depicts a sample of the cement that was measured 

and utilized during the mixing phase. This research aimed for an expected target strength 

of 52.5 MPa at 28 days for the concrete specimens. This target strength was determined 

based on the measured strength of the cement, aligning with common concrete 

requirements. Additionally, Table 3.1 depicts the chemical composition of the utilized 

cement. 



 

32 
 

 

Plate 3.1: Weighing of cement utilized in the concrete mixing process.  
 

Table 3.1 Chemical composition of the OPC used. 

Chemical 
Properties 

Result 
(%)  

Specification:  SANS 
50197-1   

Lime (CaO)  63.12  None  
Silica (SiO2)  20.81  None  
Alumina (Al2O3)  4.83  None  
Iron Oxide (Fe2O3)  2.18  None  
Sulphuric anhydride 
(SO3)  

2.17  ≤ 3.5 %  

Magnesia (MgO)  2.24    None *  
Potassium Oxide 
(K2O)  

0.17  None  

Sodium Oxide (Na2O)  0.23  None  
Chloride content  0.0    ≤ 0.10 %  
Product Composition 
Clinker  96.13  90  
Limestone (NDM)  3.87  ≤ 5  

Comments: * Specification requirement for Clinker: MgO max. 5.0 %. 
 SANS 50196-2 
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3.2.2 Coarse aggregates  

In choosing the coarse aggregates, a size of 22.4 mm was specifically chosen, and these 

aggregates were procured from the Afrisam Jukskei plant, Johannesburg South Africa. 

These coarse aggregates play a pivotal role in providing bulk and stability to the concrete 

mixture, ultimately contributing to its overall strength and load-bearing capacity. The 

meticulous selection of aggregates is crucial to achieving the desired properties and 

optimal performance of the final concrete product. Aggregate selection is a critical aspect, 

as aggregates typically make up 60-75% of the total volume in a concrete mix, 

significantly influencing the characteristics of the concrete. Plate 3.2 shows the weighing 

of the coarse aggregates utilized in the concrete mixing process. 

 

  

Plate 3.2: Weighing of the coarse aggregates utilized in the concrete mixing process. 
 

3.2.3 Fine aggregates (Unwashed Sand) 

Fine aggregates were sourced from unwashed crusher sand, a common material in 

construction projects, crucial for imparting workability and cohesion to the concrete mix. 
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Plate 3.3 depicts the weighing of the crusher sand used in the concrete mixture. The 

treatment process for the crusher sand mirrored that of the coarse aggregates, following 

AfriSam standards, and ensuring compliance with SANS 201:2008 and SANS 5838:2006 

before its final incorporation. The fine aggregates were subjected to the sieve analysis 

process. The fine aggregates underwent sieving using progressively finer mesh sizes, 

with the quantity of material retained on each sieve being quantified and represented as 

a percentage. This examination aids in assessing the particle size distribution and grading 

of the fine aggregates, factors pivotal in influencing the workability and strength of the 

concrete mixture. AfriSam conducted reference checks in accordance with both SANS 

201:2008 and SANS 5838:2006.  

 

 
Plate 3.3:Weighing f the crusher sand used in the concrete mixture. 
 

Sieve analysis was intended to determine the particle size distribution and fineness 

modulus (FM) of fine aggregates. A set of sieves, ranging from 37.5 mm to 0.075 mm, 

was used for the sieve analysis. The fine aggregate sample was first evenly distributed 
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using a riffler, dried to a constant mass, and weighed. To remove dust and clay lumps, 

the sample was washed, and the water was decanted through sieves. After washing, the 

sample was dried again. The dried sample was passed through the sieves, and the mass 

retained on each sieve was weighed. The fineness modulus was calculated by summing 

the cumulative percentages retained on specific sieves and dividing by 100. Safety 

precautions, such as wearing gloves and safety glasses, were followed throughout the 

experiment. This process provided insights into the fine aggregate's suitability for 

concrete applications. 

3.2.4 Water  

Water, a crucial component in concrete mixture, was sourced directly from the University 

of South Africa Civil Engineering laboratory. It was imperative to use clean water meeting 

the standards outlined in SANS 2001-1:2007/EN 1008. The quality of water used in 

concrete casting significantly impacts setting time, workability, and overall strength 

development. The water used in this research was tap water, free from salt or any soluble 

substances. Before utilization, it was maintained at either cool or room temperature. The 

source of the water was directly from the University of South Africa Civil Engineering 

laboratory. 

3.2.5 Chicken Feathers  

The chicken feathers used in this study were responsibly sourced from Rand Vaal 

Chickens farm, situated in the Vaal region, in the southern part of Gauteng province, 

South Africa, adhering to sustainable and ethical practices. To prepare the feathers for 

incorporation into the concrete mixture, a series of thorough steps were followed. 

3.2.5.1 Feather Preparation for Experimental Use 

The feathers were carefully separated from any unwanted elements, such as chicken 

heads, feet, and intestines, to ensure that only clean and appropriate feathers were 

utilized in the experiment. This process helped maintain the integrity and quality of the 

feathers, allowing them to serve their intended purpose effectively. 
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3.2.5.2 Cleaning Process for Chicken Feathers 

The feathers underwent a thorough cleaning process. They were washed in a mild soapy 

water solution, ensuring the removal of any dirt, debris, or contaminants that might have 

been present. This cleaning step was essential to enhance the cleanliness and hygiene 

of the feathers, as well as to eliminate any potential factors that could adversely affect the 

concrete mixture. 

3.2.5.3 Optimal Air-Drying of Cleaned Chicken Feathers 

The feathers were carefully air-dried after the cleaning process, allowing them to regain 

their natural moisture content and texture. Plate 3.4 Shows the Air-Drying process of 

cleaned chicken feathers. Proper drying is crucial to ensure that the feathers are in an 

optimal state for incorporation into the concrete mix. The feathers intended for use as 

untreated specimens were set aside after drying, ready for subsequent testing and 

analysis. 

 

Plate 3.4: Air-Drying of cleaned chicken feathers 
 

3.2.6 Epoxy Resin  

The treated feathers underwent an additional process involving coating with Clear Epoxy 

Resin, aiming to reinforce them and enhance compatibility with the concrete matrix. Plate 

3.6 shows the Clear Epoxy Resin that was used to coat the chicken feathers.  This 

innovative resin, derived from 37% plant-based materials, reduces reliance on fossil fuels, 

aligning with environmental sustainability goals. Certified by independent laboratories 

using Carbon 14 measurements, it offers transparency and accountability. Clearcast 
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Epoxy Resin provides enhanced ultraviolet resistance, safeguarding finished products 

against sunlight damage and ensuring prolonged durability, crucial for outdoor 

applications. Its versatility extends to various uses such as casting decorative objects, 

crafting jewelry, or producing industrial prototypes like river tables.  

3.2.6.1 Coating of the dried chicken feathers  

The clear epoxy resin was mixed using a 2:1 ratio, as follows. The workspace was 

prepared with proper ventilation, and safety measures were observed by wearing gloves 

and safety glasses. The necessary materials were gathered, including the clear epoxy 

resin components (resin and hardener), measuring tools, mixing containers, and stirring 

implements. Components were measured accurately: 200 ml of resin was combined with 

100 ml of hardener to achieve a total of 300 ml of mixture. The resin was poured into a 

clean, dry mixing container, followed by the addition of the hardener. The mixture was 

stirred gently but thoroughly with a clean stir stick, ensuring a uniform blend by scraping 

the sides and bottom of the container. Mixing continued for 2-3 minutes, or as specified 

by the manufacturer, to ensure no streaks or unmixed areas remained. Air bubbles were 

minimized by stirring slowly, and any that formed were allowed to settle naturally. After 

mixing, the resin was used to coat chicken feathers. Each feather was placed individually 

into a mould. The well-mixed resin was poured over the feathers in the mould, and the 

setup was left to dry for 4 days. Following this drying period, the feathers were demoulded, 

leading to a successful outcome of coated chicken feathers. Plate 3.5 depicts the coated 

chicken feathers.  
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Plate 3.5 :Coated chicken feathers  

 

Plate 3.6: Clear Epoxy Resin 
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3.2.7 Plasticizers 

In this study, CHRYSO®Fluid Premia 310 was selected as the superplasticizer of choice. 

Plate 3.7 shows the plasticizer that was used in this study. The dosage guidelines 

recommended ranged from 0.3 to 3.0 kg per 100 kg of cement, with a typical dosage of 

1% of the cement weight. It was added to the mixing water to ensure homogeneous 

distribution within the concrete mixture. Storage conditions were maintained above 0°C 

to prevent freezing, adhering to its shelf life of 12 months.  

3.2.7.1 Application of Plasticizer in Untreated Chicken Feathers Mixture 

The initial mixture of untreated chicken feathers was found to be excessively dry, requiring 

adjustment to achieve the desired consistency. To address this, a plasticizer was 

introduced to enhance the workability of the mixture. The plasticizer was first combined 

with the mixing water to ensure even distribution throughout the mix. Specifically, 20 ml 

of plasticizer was added to the water. This prepared solution was then thoroughly 

incorporated into the concrete mix, aiming to improve the overall texture and performance 

of the final product. 

 

Plate 3.7 :The plasticizer that was used in this study: CHRYSO®Fluid Premia 310  
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3.2.8 Equipment used in this study. 

The mixing process involved using a concrete mixer, which ensured thorough and uniform 

blending of the concrete ingredients. For smaller batches, hand tools like mixing paddles 

were employed for manual mixing. Accurate measurement of materials was crucial; 

therefore, weighing scales were used to measure the precise weight of cement, 

aggregates, and other components. Measuring cylinders and jugs were utilized to ensure 

the correct volume of water and admixtures. Once the ingredients were mixed, the 

concrete was placed into various moulds, including cylindrical, cubic, and prismatic 

shapes, which were prepared with mould release agents to prevent sticking.  

To achieve proper compaction and eliminate air bubbles, a vibrating table was used. 

Additionally, tamping rods were employed for manual compaction, especially in smaller 

Moulds. After casting, the concrete specimens were cured to attain the desired properties. 

This process involved using a curing tank for water immersion and a humidity chamber 

to maintain a controlled environment. Testing the concrete's strength and other 

characteristics required specific equipment as prescribed in the relevant standards. A 

compression testing machine was used to determine the compressive strength of the 

specimens, while a flexural testing machine assessed their flexural strength. The tensile 

strength was measured using a split tensile testing machine. Non-destructive testing 

methods were also incorporated to evaluate the concrete's hardness and internal integrity.  

A rebound hammer was used for hardness testing, and an ultrasonic pulse velocity tester 

provided insights into the internal condition of the concrete. Miscellaneous tools, such as 

buckets and pails, shovels and trowels, brushes, and sponges, were necessary for 

handling, mixing, and cleaning processes. Throughout the methodology, personal 

protective equipment (PPE), including gloves, safety goggles, and lab coats, was used to 

ensure safety during the concrete mixing and handling procedures. This comprehensive 

list of equipment and their applications underscores the meticulous approach taken in the 

preparation and testing of concrete specimens, ensuring that each step was conducted 

with precision and care. 
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3.3 Preparation of Material 

To establish an effective testing methodology, five scenarios were developed, 

incorporating different percentages of chicken feathers by mass of the concrete: Mix 1- 

0% CF, Mix 2- 1% UCF, Mix 3- 1% TCF, Mix 4- 0.75% TCF, and Mix 5- 1.25% TCF. This 

selection was informed by previous research, notably by (Sutarno et al., 2021), which 

identified 1% as the optimal percentage. Table 3.2 shows the comprehensive description 

of the mixes. 

The first mix, Mix 1- 0% CF, served as the baseline without any chicken feathers 

incorporated. It represented the standard concrete mixture used for comparison 

purposes. Mix 2- 1% UCF, labelled as 1% untreated, contained 1% of untreated chicken 

feathers by mass. These feathers were incorporated into the mix without any additional 

treatment or coating. Mix 3- 1% TCF, labelled as 1% treated, also contained 1% of chicken 

feathers by mass. However, in this mix, the feathers underwent a treatment process 

where they were coated with a clear epoxy resin to enhance their properties and 

compatibility with the concrete matrix. Mix 4- 0.75% TCF, labelled as 0.75% treated, had 

a reduced percentage of chicken feathers compared to the previous mixes. Specifically, 

it contained 0.75% of treated feathers by mass. Mix 5- 1.25% TCF, labelled as 1.25% 

treated, had a higher percentage of treated chicken feathers, amounting to 1.25% by 

mass. 

Table 3.2 Mixes comprehensive description 

Mix ID (Chicken Feathers Content by percentage (%)) 

Mix 1- 0% CF 

Mix 2- 1% UCF 

Mix 3- 1% TCF 

Mix 4- 0.75% TCF  

Mix 5- 1.25% TCF  
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3.4 Mix design 

The concrete mix design adhered to the specifications outlined in the SANS 10100:2000 

standard. However, a critical consideration was the water-to-cement ratio, which required 

careful attention. Initial observations revealed that when incorporating chicken feathers, 

the original mix design yielded a dry mixture. Plate 3.8 depicts dry concrete mixture in 

cube mould with incorporated chicken feathers. Due to the dryness, there was no bonding 

between the stones and the feathers during compaction. This dryness stemmed from the 

high-water absorption capacity of the feathers, impeding adequate moisture availability 

for the hydration process. Recognizing this challenge, adjustments to the water-to-cement 

ratio became imperative to ensure proper workability. These modifications aimed to 

provide sufficient moisture to the mix, facilitating the hydration process effectively. 

Moreover, the unique properties of chicken feathers as reinforcement material 

necessitated alterations in both water content and stone content to achieve an optimal 

and workable concrete mix.  

 

Plate 3.8: Dry concrete mixture in cube mould with incorporated chicken feathers. 
 

The adaptation of the mix design underscored the importance of considering the 

distinctive characteristics of chicken feathers in concrete formulation. By addressing 
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these challenges through precise adjustments, the research aimed to optimize the 

concrete's composition while ensuring the successful integration of chicken feathers as 

reinforcement material. This meticulous process of mix design adjustment not only aimed 

to maintain desired workability but also sought to enhance overall performance. 

Ultimately, the research aimed to establish a concrete mixture where chicken feathers 

could be seamlessly incorporated, thereby enhancing the structural properties of the 

material.  

The concrete mixing adhered to the specifications outlines in the SANS 5863:2006 for 

hardened concrete. The concrete mixing with untreated chicken feathers specifically 

underwent an adjustment in the water-to-cement ratio. Initial observations indicated that 

the incorporation of untreated chicken feathers led to a dry mixture due to their high-water 

absorption capacity. This adjustment aimed to address the insufficient moisture available 

for the hydration process. By modifying the water-to-cement ratio, the objective was to 

ensure proper workability while accommodating the unique characteristics of untreated 

chicken feathers as reinforcement material.  

In addition, it's worth noting that CHRYSO®Fluid Premia 310 was exclusively utilized for 

the mix containing untreated chicken feathers. 

3.5 Testing Timetable 

Table 3.3 presents the total count of specimens prepared for this investigation, alongside 

the testing techniques and mould dimensions utilized. The experimental work was 

conducted with careful attention to material selection and precise testing procedures. All 

tests were performed in accordance with established standards to ensure accurate and 

reliable results. The thorough evaluation of the effect of mix design on chicken feathered 

concrete was made possible through these meticulous testing procedures. 
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Table 3.3: Presents the total count of specimens prepared for this investigation 

Test Name Test 
Standard 

Number of 
Samples 

Total 
Specimens 

Age of 
the 
Sample 

Sample Size 

Workability 
 (Slump) 

SANS   
5862-1:2006 

5 10 After 
mixing 

slump test 
cone 

Compressive 
strength 

SANS 
5863:2006 

15 
cubes/mix 

75 7, 14, 
28, 56 
and 90 

100 mm cube 

Splint Tensile 
strength 

SANS 
6253:2006 

15 
cubes/mix 

75 7, 14, 
28, 56 
and 90 

100 mm cube 

Dry Shrinkage SANS 3001-
CO2-7 

3  
beams/mix 

15 7, 14, 
28, 56 
and 90 

100x100x300 
mm beam 

Oxygen 
permeability, 
sorptivity and 
chloride 
conductivity 

SANS 3001-
CO3-2,  
SANS 3001-
CO3-1, 
SANS 3001-
CO3-3 

12 
cubes/mix 

60 28, 56, 
and 90 

100 mm cube 
to produce 68 
x 30 mm discs 

100x100x100mm cubes = 210 specimens 
100x100x300mm beams = 15 specimens 

 

3.6 Testing Methodology 

Concrete mixing was performed using a concrete mixer according to SANS 5861-1. First, 

the specified proportions of cement, aggregates, and water were carefully measured 

according to the mix design requirements. The aggregates were then introduced into the 

mixer followed by the cement. The mixer was started, and water was added gradually 

while monitoring the consistency of the mixture. Mixing continued until a uniform and 

homogeneous concrete mix was achieved, with all ingredients thoroughly combined. The 

mixing time for the concrete was kept constant to ensure uniform distribution of the 

chicken feather fibers in the mix. The following testing procedures were being carried out 

for both fresh and hardened concrete specimens. 

3.6.1 Slump Test 

The slump test was being conducted on fresh concrete specimens to determine the 

workability of the mix. The test was being performed according to SANS 5861-2:2006. 
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The slump test was conducted to assess the workability and consistency of the freshly 

mixed concrete. A slump cone with a base diameter of 200mm, top diameter of 100mm, 

and height of 300mm was placed on a smooth, flat surface. The cone was filled with 

freshly mixed concrete in three layers, each layer being compacted using a tamping rod. 

After filling, the cone was carefully lifted vertically, and the settlement of the concrete was 

measured from the top of the cone to the displaced center of the concrete mass. The 

average of three measurements was recorded as the slump value. 

3.6.2 Casting of Concrete Cubes 

Concrete cubes measuring 100mm x 100mm x 100mm were cast to assess the 

compressive strength of the concrete. The cube moulds were thoroughly cleaned and 

oiled to prevent sticking. The freshly mixed concrete was then poured into the moulds in 

three layers, each layer being compacted using a tamping rod to ensure proper 

compaction and removal of air voids. After filling, the surface of the concrete was levelled 

using a trowel, and the moulds were covered with a damp cloth to prevent moisture loss 

during curing. The cubes were labelled with identification details and left undisturbed for 

24 hours before demoulding. After demoulding, the cubes were cured in water at a 

temperature of 20 ± 2°C until the testing age. 

After casting, the concrete specimens were allowed to cure in a controlled environment 

with a stable temperature and humidity for a specified period, typically 24 hours. This 

initial curing helped in achieving proper hydration and strength development of the 

concrete. Following the initial curing period, the specimens were removed from the 

moulds and further cured under standard curing conditions, typically in a curing chamber 

or water tank, to ensure uniform curing throughout the specimens. During the casting 

process, vibrating tables operated mechanically were utilized to ensure proper 

compaction of the concrete specimens. These tables were designed to securely hold the 

concrete moulds, allowing them to be clamped tightly. The vibration was applied for a 

duration of 10 minutes consistently across all the casting procedures to achieve full 

compaction of the concrete. This process ensured that the concrete mixture was evenly 

distributed and free of air voids, promoting the overall quality and strength of the 
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specimens. This process was done according to SANS 5862-1: 2006 and SANS 5861-3: 

2006. 

After casting, the concrete specimens were subjected to a curing process following the 

guidelines outlined in SANS 5861-3:2006. To initiate the curing process, the specimens 

were immediately covered with an impervious sheet a few minutes after casting. This 

sheet provided a protective barrier, preventing the evaporation of moisture from the 

concrete and maintaining a favorable curing environment. For the initial 24 hours of 

curing, the specimens were stored on a concrete table within the laboratory under a 

controlled temperature of approximately +23°C. After this initial period, the specimens 

were carefully demoulded and transferred into a control-curing tank. Plate 3.9 shows the 

curing tank used in this study. The curing tank was maintained at a temperature of ±22°C, 

providing a consistent and controlled curing environment for the specimens. The use of 

impervious sheets during the early stages of curing and the subsequent transfer to a 

dedicated curing tank ensured that the concrete specimens received optimal moisture 

retention and temperature conditions for the duration of the curing process. This approach 

facilitated the development of proper hydration and strength gain in the concrete, 

contributing to the desired mechanical and durability properties of the specimens. 
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Plate 3.9: Curing Tank used in the curing process. 
 

3.6.3 Water Absorption Test 

The water absorption test was conducted to assess the porosity and moisture absorption 

characteristics of concrete cubes at different stages of curing. This test provided insight 

into the concrete’s permeability and long-term durability. Concrete cubes were cast in 

moulds, allowed to set, and then transferred to a curing tank where they were fully 

submerged in water. On specific testing days—namely days 7, 14, 28, 56, and 90—a set 

of cubes was removed from the tank for water absorption testing. Each cube was first 

wiped with a clean cloth to remove surface water and then weighed to obtain the wet 

mass. The cubes were then placed in a ventilated oven set at 105 ± 5 °C for 24 hours, as 

required by the standard, to remove all internal moisture. After oven-drying, the cubes 

were allowed to cool in a desiccator before the dry mass was measured. The differences 

between the wet and dry masses were recorded for each cube. These values were used 

to evaluate how much water had been absorbed during the curing period. All results were 
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logged in a spreadsheet and compared across the various curing intervals to assess the 

concrete's moisture absorption behaviour and durability performance.  

 

3.6.4 Compressive strength test 

The compressive strength test for concrete cubes was carried out using a series of 

standard procedures outlined in SANS 5861-3:2006. Concrete cubes measuring 100mm 

x 100mm x 100mm were created from fresh concrete. This process involved filling cube 

moulds with concrete and compacting the mixture to remove air pockets and ensure 

uniformity. The cubes were covered with plastic and then left to set for 24 hours in a 

controlled environment to maintain consistent moisture and ambient temperature. After 

24 hours, the cubes were removed from the moulds and placed in a curing tank with a 

consistent water temperature of ± 22oC to maintain moisture. The cubes were then tested 

at specific time intervals: 7, 14, 28, 56, and 90 days. 

The compressive strength test was conducted using a hydraulic press, as shown in Plate 

3.10. The concrete cube was carefully positioned on a steel plate within the press to 

ensure proper alignment and full surface contact, which is essential for accurate load 

distribution. The hydraulic press applied a gradually increasing load to the cube, avoiding 

any sudden application of force. This controlled loading process continued steadily until 

the cube reached its failure point, where it could no longer withstand the applied pressure. 

This method ensured a consistent and gradual application of force, allowing for an 

accurate measurement of the concrete’s compressive strength, and prevented any abrupt 

breakage, which could skew the results. The maximum load applied to the cube was 

recorded. This load was divided by the cross-sectional area of the cube to determine the 

compressive strength, typically expressed in megapascals (MPa). 
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Plate 3.10 :Hydraulic press used for compressive strength testing. 
 

Each test was repeated with a set of three cubes for each time interval to ensure accuracy 

and reliability of the results. Plate 3.11 displays the screen showing the compressive 

strength results. The average of the three compressive strength values was calculated 

for each interval. Results were documented, allowing for a comparison of compressive 

strength development over time. These tests were crucial for assessing the concrete's 

strength characteristics and ensuring it met the required standards for construction and 

engineering purposes The compressive strength testing adhered to the specification in 

SANS 5863: 2006. 
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Plate 3.11: Screen showing the compressive strength results. 
 

3.6.5 Split tensile strength test 

The split tensile strength test could be performed on hardened concrete specimens to 

evaluate the tensile strength of the mix. The test was being performed according to SANS 

6253:2006. The testing procedure involved the following steps: Cubes were selected from 

the curing environment for testing at designated intervals 7, 14, 28, 56, and 90 days.  

A tensile strength testing machine was prepared, ensuring it was calibrated and in proper 

working condition. The machine was configured to apply tensile force evenly across the 

concrete cubes. Each cube was positioned within the testing machine such that the 

applied tensile force would create a split along one of its faces. Special loading devices 

or plates were used to ensure even force distribution, reducing stress concentration and 

preventing premature failure. Plate 3.12 shows the splitting tensile strength set up. The 

machine applied a steadily increasing tensile load to the concrete cube until failure 

occurred, typically manifesting as a clean split across the cube's surface. The rate of 

loading was controlled to comply with the SANS 6253:2006 standard. The tensile strength 
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at the point of failure was recorded for each cube. This data was used to determine the 

split tensile strength at each curing interval (7, 14, 28, 56, and 90 days). 

 

Plate 3.12: Fastened Concrete cube on a Splitting-tensile steel-plates 
 

After all tests were completed, the results were analyzed to assess the development of 

tensile strength over time. This analysis provided insights into the durability and long-term 

strength of the concrete, aiding in the evaluation of its performance and suitability for 

various construction applications. 

3.6.6 Durability test 

In recent years, researchers in South Africa have developed unique durability index tests 

tailored to the country's needs. These tests include the Oxygen Permeability Index, 

Chloride Conductivity Index, and Water Sorptivity Index, providing comparative measures 

of concrete's resistance to chloride and/or carbon dioxide penetration. Table 3.5 outlines 

suggested ranges for classifying concrete durability based on these tests currently utilized 

in South Africa. 
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Table 3.4: The acceptance criteria for durability index testing (Alexander et al., 2001). 

Durability Class  OPI 

 (Log scale)  

Sorptivity 

(mm/√h)  

Cl Conductivity 

(mS/cm)  

Excellent  >10  <6  <0,75  

Good  9,5 - 10  6 - 10  0,75 – 1,50  

Poor  9,0 – 9,5  10 - 15  1,5 – 2,50  

Very Poor  < 9,0  >15  >2,50  

  

This study conducted three durability index tests at a Concrete Testing laboratory in South 

Africa, where specimens were prepared following the specifications outlined in SANS 

3001-CO3-1:2015.  

3.6.6.1 Preparation of specimens 

Once the concrete had cured, the specimens were marked to indicate where the cores 

would be extracted. Using a core drill with a diamond-tipped bit, cylindrical cores were 

extracted from the concrete specimens. The core drill was equipped with a water-cooling 

system to reduce heat and prevent dust. Core diameters typically ranged from 68 ± 2 mm 

specimens. Care was taken to maintain the vertical alignment of the core drill to ensure 

that the cores were extracted straight. Plate 3.13 shows how the cylinders looked like 

after coring. 
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Plate 3 13: Cylindrical concrete cores after coring  
 

In this study, concrete cubes were cored in a controlled laboratory setting to create slices 

of 25 ± 2 mm thickness. The cores were obtained directly from standardized concrete 

cube samples, not from in situ structures. Each cube was secured on a cutting machine 

equipped with a precision diamond blade, and the machine was calibrated to ensure the 

uniform thickness of the slices. This calibration included checking the blade alignment 

and adjusting the cutting speed. The cores were cut perpendicular to their longitudinal 

axis to create the required disc slices. Plate 3.14 shows the disc slices. The cutting 

process used water to cool the blade and reduce dust. The slices were carefully collected 

and marked for further testing. After cutting, the surfaces of the disc slices were cleaned 

and smoothed to remove any rough edges or irregularities caused by the cutting process. 

This preparation ensured that the slices were ready for durability testing. 
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Plate 3.14: The prepared disc slices  
 

The prepared disc slices were then set up for specific durability tests, such as chloride 

conductivity, Oxygen Permeability Index, and Sorptivity test. The setup depended on the 

specific test being conducted.  Durability tests were conducted according to standardized 

methods, with conditions such as temperature and humidity controlled to ensure 

consistent results. During testing, the specimens were exposed to the necessary 

environmental factors to evaluate their durability. Test results, such as penetration depth 

or permeability, were recorded for analysis. The test data was used to assess the 

durability and expected lifespan of the concrete under various conditions. 

 

3.6.6.2 Oxygen permeability index 

The Oxygen Permeability Index (OPI) testing procedure involves several systematic steps 

following a preconditioning period of one week at 50 ± 20°C in an oven. Initially, each 

specimen is positioned face down in a rubber collar within a permeability cell and covered 

with a plate. The regulator gas is then adjusted to maintain approximately 100 kPa 

pressure (± 5 kPa), with residual gases purged by allowing oxygen flow for five seconds 

through open inlet and outlet valves of each cell. Subsequently, the outlet valve is closed 

until the pressure gauge reaches over 100 kPa (± 5 kPa). Measurements are then taken 

at 15-minute intervals across four cells to ensure accuracy, continuing until the pressure 

drops to 50 kPa (± 5 kPa), typically taking about six hours (± 15 minutes). Plate 3.15 
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illustrates the apparatus used for the OPI testing, which provides essential data on 

specimen permeability. 

The South African OPI test method, conforming to SANS 3001‑CO3‑2:2015, involves 

placing a 68 ± 2 mm diameter by 25 ± 2 mm thick concrete disc in a falling head 

permeameter. A pressure gradient is applied across the specimen, and pressure decay 

within the cell is monitored per SANS 3001-CO3-2:2015 specifications. This method is 

crucial for material evaluation, mix proportion design, research, development, and on-site 

concrete quality control. For each test, four specimens are required, each prepared 

according to precise dimensions and curing requirements. After oven curing for seven 

days, followed by cooling in desiccators at controlled temperature, specimens are swiftly 

transferred to the pressure vessel. Testing starts at 100 kPa ± 5 kPa and concludes when 

the pressure drops to 50 kPa ± 2.5 kPa or after six hours ± 15 minutes. Readings, taken 

at 5 kPa ± 1 kPa intervals, are crucially recorded for analysis, with automated data capture 

capabilities as depicted in Plates 3.15 and 3.16.  

  

Plate 3.15: A schematic example of an OPI test apparatus (Durability Index Testing 
Procedure Manual, 2023.  
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Plate 3.16: Oxygen Permeability Index Apparatus 
 

The coefficient of permeability is calculated for each of the test specimens. The OPI is 

given as the negative log of the average of the coefficients of permeability of the 

specimens, which for four specimens is:  

 

 𝑂𝑃𝐼 = − 𝑙𝑜𝑔10[[¼ (𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)]           (3.1)  

Where:  

k = coefficient of permeability of test specimen (m/s) from the Darcy’s  

coefficient of permeability which is given by:  

                    (3.2)  
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OPI’s are logarithmic values and range generally from 8 to 11, that is three 

orders of magnitude; the higher the index, the less permeable the concrete.  

 

3.6.6.3 Sorptivity test  

The Water Sorptivity test measures the rate at which water penetrates a concrete surface, 

indicating its capillary suction properties and permeability. The process begins with 

conditioning concrete disc samples in a low humidity environment. Each specimen, 

following conditioning, is a 68 mm ± 2 mm diameter disc with a thickness of 25 mm ± 2 

mm, prepared according to SANS 3001-CO3-1 standards. Initially, the specimens' dry 

masses are measured and recorded. The circular surfaces are sealed, typically with paint 

or masking tape, to ensure uni-directional water absorption during testing. The test 

apparatus consists of a steel tray lined with ten layers of absorbent paper soaked in a 

calcium hydroxide (Ca(OH)₂) solution, prepared at 5 grams per liter of water and 

maintained at 23°C (±2°C). The solution saturates the paper, leaving a thin visible layer 

on top. Excess water is gently pressed out to eliminate air bubbles, maintaining the water 

level no more than 2 mm above the specimen's sides. 

At the start of the test (time 0), each specimen is weighed to the nearest 0.01 gram and 

placed on the wet absorbent paper. A stopwatch is initiated to record time intervals for 

subsequent weighings: 3, 5, 7, 9, 12, 16, 20, and 25 minutes. Careful handling ensures 

each weighing process does not exceed 15 seconds to minimize potential impacts on 

results. Following the initial sorptivity test phase, the specimens undergo vacuum 

saturation. They are placed in a tank under -75 kPa to -80 kPa pressure for approximately 

three hours, ensuring full saturation with the calcium hydroxide solution. After this vacuum 

period, the tank is filled with saturated solution, maintaining an air-free environment, and 

left for an additional hour. Subsequently, the specimens soak for 18 hours ± one hour to 

complete the saturation process. Upon removal from the solution, each specimen is 

patted dry to a Saturated Surface Dry (SSD) condition using absorbent paper and 

immediately reweighed with precision to monitor any mass changes. The sorptivity is 

determined through the plot of water absorbed versus the square root of time, derived 

from the mass data collected during the test intervals. This comprehensive process 
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ensures accurate measurement of the specimens' water absorption characteristics, 

crucial for evaluating concrete's permeability and durability. Plate 3.17 shows the water 

sorptivity test apparatus. 

 

The effective porosity (n) of each specimen is determined as follows:  

                 (3.3)  

Where:  

  n  = effective porosity  

 Msv   = the vacuum saturated mass.   

 Ms0  = mass of the specimen at t = 0 to the nearest 0,01 g.  

 A  = cross-sectional area of the specimen to the nearest 0,02 mm2.  

D  = average specimen thickness to the nearest 0,02 

mm. ρw   = density of water = 10-3  g/mm3.  

  

The water sorptivity of the specimen (S) is given by;  

                   (3.4)  

Where:  

F = the slope of the best fit line (5 g), in grams per square root of the 

hour.  

Other parameters are as previously described.  

  

The lower the water sorptivity index, the better is the potential durability of the 

concrete.  
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Sorptivity values typically vary from approximately 5 mm/√h, for well-cured 

concrete, to 20 mm/√h for poorly cured concrete.  

  

 

Plate 3.17 :Water sorptivity test apparatus 
 

3.6.6.4 Chloride conductivity  

The Chloride Conductivity test involves the measurement of a sample’s electric 

conductivity in accordance with SANS 3001-CO3-3:2015 method. Four test specimens 

are required per test. The test specimen shall consist of a 68 mm ± 2 mm diameter 

concrete disc with a thickness of 25 mm ± 2 mm cored and cut in accordance with 

Durability Index Testing Procedure Manual, 2023. The concrete specimens are dried in 

an oven and vacuum pre-saturated with a 5 M NaCl solution.  The Chloride Conductivity 

testing process involves a saturation method with vacuum pressures of -75 kPa and -80 

kPa. The Chloride Conductivity test is conducted in two phases as follows: 
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In the first phase, specimens are saturated in a vacuum tank for approximately 3 hours 

(±15 minutes). The tank is then isolated to allow a salt solution to enter, ensuring the 

specimens are submerged at least 40 mm without air ingress. The vacuum pump is 

reconnected to the chamber, maintaining the pressure for another hour (±15 minutes). 

Afterward, the vacuum is released, letting air into the specimens while they soak for an 

additional 18 hours (±1 hour). Once the soaking period is complete, each specimen is 

removed, dried with a paper towel until the surface is dry, and then weighed with an 

accuracy of 0.01 grams. The specimens are placed in the vacuum saturation tank that is 

evacuated to between -75 and -80 kPa and is maintained under vacuum of between -75 

and -80 kPa for 3 hours ±15 min. After three hours ±15 min the tank is isolated and the 

salt solution is allowed to enter the vacuum tank without releasing the vacuum to cover 

all the specimens to a depth of approximately 40 mm. The vacuum is re-established 

between -75 kPa and -80kPa and maintained for one hour ± 15 minutes. After one hour 

± 15 min, the vacuum is released, and air is allowed to enter. The specimens are then 

soaked for a further 18 hours ± one hour. After 18 hours ± one hour soaking, the 

specimens are removed from the solution and the surface is dried with a paper towel to 

a SSD condition and weighed. This is recorded as the vacuum saturated mass MS of the 

specimen. The test procedure commences immediately after this weighing.  

The second phase focuses on the conductivity test itself. The connecting points of the 

Chloride Conductivity apparatus are unscrewed to fill the luggin capillaries with 5.0 M 

Sodium Chloride (NaCl). Specimens are placed in a flexible collar with one face against 

the lip of the rigid ring. The combined sections are then screwed into the anode part, 

ensuring that the solid plastic lip compresses the flexible collar. 

Next, the conduction cell is positioned horizontally in the apparatus, connecting the 

ammeter and voltmeter. The power supply is adjusted until the voltage across the 

specimen is approximately 10 volts. The current and voltage readings are recorded, 

allowing for manual calculation of both the Chloride Conductivity and Sorptivity reports. 

This procedure should be completed within 15 minutes after the specimens are removed 

from the NaCl solutions to ensure accurate results. A conduction cell is used, in which the 

sample is placed between two cells containing 5 M NaCl solution as shown in Plate 3.18. 



 

61 
 

A potential difference is applied across the sample, causing a movement of chloride ions, 

and the corresponding current is used to calculate the concrete’s conductivity, which in 

turn can be related to the concrete’s resistance to chloride ingress. This procedure gives 

an instant reading. 

 

 

  

Plate 3.18: Schematic drawing of Chloride Conductivity test apparatus (The Concrete 
Portal, n.d.)  

   

For each test specimen, the Chloride Conductivity is calculated individually 

using the equation;  

                    (3.5)  

Where:  

 σ   = conductivity of the specimen (mS/cm).  
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i   = electric current 

(mA.) V   = voltage 

difference (V).  

t   = average thickness of specimen (cm). 

A   = cross-sectional area of the specimen 

(cm²).  

  

The porosity (n) of each specimen is determined as follows:  

                 (3.6)  

Where:  

  n  = effective porosity  

Ms   = the vacuum saturated mass of the specimen the nearest 

0,01 g  Md  = mass of the dry specimen to the nearest 0,01g. D 

 = average specimen thickness to the nearest 0,02 mm.  

 ρw   = density of salt solution = 1,19 x10-3 g/mm3.  

 

 

3.6.7 Dry Shrinkage test 

The drying shrinkage test was performed on hardened concrete specimens to determine 

the amount of shrinkage that occurred as the concrete dried. The test was being 

performed according to SANS 3001-CO2-7. A concrete mix was prepared according to 

the mix design. The mix typically consisted of cement, coarse aggregates, water, fine 

aggregates, untreated chicken feathers and treated chicken feathers. Plate 3.19 shows 

the concrete specimens measuring 100 mm x 100 mm x 300 mm that were cast from the 

prepared concrete mix. This was typically done using moulds to achieve the desired 

dimensions and shape. 
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Plate 3.19: Concrete specimens measuring 100mm x 100mm x 300mm being cast from 
the prepared concrete mix for dry shrinkage test. 
 

The concrete was compacted thoroughly in the moulds to ensure proper consolidation 

and elimination of any air voids. This was done using a vibrating table. Before starting the 

dry shrinkage test, the initial dimensions (length, width, and height) of each concrete 

specimen were measured accurately using callipers. These measurements served as the 

baseline for comparison during the test. The concrete specimens were placed in a 

controlled drying environment with low relative humidity (typically less than 50%) to 

simulate the absence of moisture. This drying phase induced shrinkage in the concrete 

specimens due to moisture loss. Throughout the drying phase, the dimensions of the 

concrete specimens were measured at regular weekly intervals using callipers. The 

measurements included the length, width, and height of each specimen. The 

measurements of the dimensions of the concrete specimens were recorded accurately at 

each interval. This data provided information on the extent of shrinkage experienced by 

the specimens over time during the drying phase. 
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The drying shrinkage and wetting expansion test procedure, based on SANS 3001-CO2-

7, was carried out by first preparing specimens that were cured in water for 7 days ± 2 

hours. After curing, the specimens were removed from the water, wiped dry, and the anvils 

were cleaned. The initial measurement (L1) was then taken using precise measuring 

equipment to the nearest 2 µm, ensuring that each specimen was consistently oriented 

in the same direction for all subsequent measurements. Thereafter, the specimens were 

placed in a drying chamber maintained at a temperature of 50 °C to 55 °C and a relative 

humidity of 15% to 25% for a period of 7 days. Once removed from the drying chamber, 

they were cooled to a temperature between 22 °C and 25 °C and re-measured in the same 

orientation. This drying and measuring cycle was repeated at 48-hour intervals until the 

change between two successive readings was less than or equal to 2 µm per 100 mm of 

the nominal specimen length. The lowest measurement recorded was noted as L2. 

If wetting expansion was required, the dried specimens (after recording L2) were 

prepared by greasing the anvils and immersing the specimens in clean potable water at 

22 °C to 25 °C for 3 days ± 2 hours. The specimens were then re-measured, and this 

process of immersion and measurement was repeated in 48-hour intervals until two 

successive readings differed by no more than 2 µm per 100 mm. The highest reading 

obtained was recorded as L3. 

The drying shrinkage of each specimen was calculated using the formula 

(L1−L2)/L0×100(L1 - L2) / L0 \times 100(L1−L2)/L0×100, where L0 was the initial distance 

between the innermost faces of the anvils, measured to the nearest millimetre. Similarly, 

if wetting expansion was measured, it was calculated using the formula 

(L3−L2)/L0×100(L3 - L2) / L0 \times 100(L3−L2)/L0×100. All individual and average 

values for drying shrinkage and wetting expansion (if performed) were recorded to the 

nearest 0.001%. The range of values was also assessed, and if the variation among the 

three specimens exceeded 20% of the average, the results were considered suspect, and 

the test was repeated. 
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3.6.8 Statical analysis  

The appropriate statistical test was selected based on the research objectives and data 

characteristics. For comparing test scores between two groups, a t-test was chosen. The 

t-test was executed in the Statistical Package for the Social Sciences by selecting the 

relevant variables and specifying the test type, ensuring that the assumptions required 

for the test, such as normality and homogeneity of variances, were met. The statistical 

test was run, and the p-value was obtained. The p-value indicated the probability of 

observing the data, or something more extreme, under the null hypothesis. A p-value less 

than 0.05 was considered statistically significant, suggesting that the observed difference 

was unlikely to have occurred by chance. 

Results were interpreted based on the p-value. A p-value less than 0.05 suggested a 

statistically significant difference between the test scores of the two groups, supporting 

the alternative hypothesis and indicating that the new teaching method had a significant 

impact on student performance. Conversely, a p-value greater than 0.05 indicated no 

significant difference, supporting the null hypothesis and suggesting that the new method 

did not have a measurable impact compared to the traditional method. The findings were 

presented clearly and structured to highlight the p-value and discuss its significance in 

relation to the research objectives. This approach ensured a thorough analysis, focusing 

on the key statistical measure for drawing conclusions. 

3.7 Safety and Quality Assurance 

Throughout the testing process, safety measures were strictly adhered to, including the 

use of protective equipment and clear safety zones around the Universal Testing 

Machine. The calibration of the testing equipment was checked before each test to ensure 

accuracy. The study was non-human and did not involve any human or animal objects. 

Ethical clearance was sought and confirmed as not required by the Institutional Ethics 

Committee. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

In this chapter, the results and discussions of various tests conducted on concrete 

materials are presented. These tests include an analysis of aggregates, slump, density, 

compressive strength, split tensile strength, and durability, covering oxygen permeability, 

sorptivity, chloride conductivity, and dry shrinkage. The results of these tests are 

discussed in detail, providing insights into the performance of the materials, along with 

statistical analysis and observations. 

4.1 Aggregates  

4.1.1 Coarse Aggregate Densities 

The density-related characteristics of the coarse aggregates were recorded as follows: 

Relative Density (RD) of 2.67, Loose Bulk Density (LBD) of 1370 kg/m³, and Consolidated 

Bulk Density (CBD) of 1420 kg/m³. These values reflect a well-graded aggregate with 

good compactability and the potential to contribute to concrete strength. 

 

4.1.2 Grading of Coarse Aggregates  

The grading results of the aggregates are presented in this section, with particular 

emphasis on their implications for mix design, as well as the overall quality and durability 

of the resulting concrete. The physical properties of the coarse aggregates used in this 

study were assessed to confirm their suitability for concrete production. These properties 

include grading and size distribution, as presented in Table 4.1. 
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Table 4.1: The coarse aggregates size distribution. 

GRADING 

Sieve Size 
(mm)  

Mass  
Retained (g) 

Individual 
% retained 

Cumulative % 
Retained  

% of 
material 
that 
passed  

Specificati
on % 
passing   

28.0 0 0 0 100.0 100 

22.4 140 5.5 5.5 94.5 80-100 

20.0 511.0 20.2 25.7 74.3 55-85 

14.0 1766.0 69.8 95.5 4.5 0-25 

10.0 103.0 4.1 99.6 0.4 0-7 

0.075 2.0 0.1 99.7 0.3 0-2 

PAN (c) 7.0 0.3 100   
Total  2530.0     

 

The grading analysis of the coarse aggregates demonstrated full compliance with the 

specified particle size distribution requirements The coarse aggregate grading curve, as 

shown in Figure 4.1, indicates that 100% of the sample passed through the 28.0 mm 

sieve, demonstrating full compliance with the specified grading requirements. The 

material retained on the 22.4 mm sieve was 5.5%, resulting in 94.5% passing, which is 

within the 80-100% specification range. For the 20.0 mm sieve, 74.3% of the material 

passed, fitting well within the 55-85% specification range. At the 14.0 mm sieve, 4.5% of 

the material passed, meeting the stringent 0-25% specification. The 10.0 mm sieve 

recorded 0.4% passing, adhering to the 0-7% specification. Finally, 0.3% of the material 

passed through the 0.075 mm sieve, within the acceptable 0-2% range.  

 



 

68 
 

0 5 10 15 20 25 30

0

20

40

60

80

100

P
e

rc
e

n
ta

g
e
 P

a
s

s
in

g
 (

%
)

Sieve Size (mm)

 22,4 mm Stones

 Upper limit

 Lower limit

 

Figure 4.1: Coarse aggregate grading curve 
 

The grading curve aligns well with the required specifications, indicating that the 

aggregates are well-graded and suitable for use in concrete mix applications, providing 

the desired properties for strength, durability, and workability. 

 

 

 

 



 

69 
 

4.1.3 Grading of Fine aggregates (Unwashed Sand) 

The sieve analysis results for the fine aggregates are presented in Table 4.2, highlighting 

the distribution of particle sizes across various sieve sizes. 

Table 4.2:The fine aggregates size distribution. 

GRADING 

Sieve 

Size (mm)  

Mass  

Retained 

(g) 

Individual 

% 

retained 

Cumulative 

% Retained  

% of material 

that passed  

Specification % 

passing   

7.1 0.0 0.0 0.0 100.0 99-100 

5.0 36 6.5 6.5 93.5 92-98 

2.00 158.0 28.6 35.1 64.9 54-74 

1.00 96.0 17.4 52.4 47.6 34-54 

0.600 77.0 13.9 66.4 33.6 23-43 

0.300 67.0 12.1 78.5 21.5 14-30 

0.150 52.0 9.4 87.9 12.1 8-20 

0.075 30.0 5.4 93.3 6.7 6-14 

PAN (c) 36.0 6.5 99.8   

TOTAL  553.0     

 

The grading table analysis indicated that the fine aggregate sample complied with the 

specified particle size distribution requirements. For the 7.1 mm sieve, 100% of the 

material passed, meeting the 99-100% specification range. The 5.0 mm sieve allowed 

93.5% of the material to pass, within the 92-98% range. For the 2.00 mm sieve, 64.9% 

passing falls within the 54-74% specification. The subsequent sieves (1.00 mm, 0.600 

mm, 0.300 mm, 0.150 mm, and 0.075 mm) showed passing percentages of 47.6%, 

33.6%, 21.5%, 12.1%, and 6.7%, respectively, all within their specified ranges. The 

grading curve shown in Figure 4.2 demonstrates that the crusher sand exhibits consistent 
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conformity across all sieve sizes. This indicates that the fine aggregate is well-graded

0 2 4 6 8 10

0

20

40

60

80

100

P
e
rc

e
n

ta
g

e
 P

a
s
s
in

g
 (

%
)

Sieve Size (mm)

 Crusher Sand

 Upper limit

 Lower limit

   

Figure 4.2: Crusher sand grading curve 
 

The well-graded nature of the aggregates will help produce concrete with the desired 

properties of strength, durability, and resistance to segregation, making it suitable for use 

in various construction applications. 

4.1.4 Mix Design  

The characterization of both the coarse and fine aggregates was crucial in developing the 

mix design that incorporates chicken feathers. These characterizations provided essential 

information on the properties such as particle size distribution, shape, texture, and 

specific gravity, all of which influence the concrete mix's workability, strength, and 

durability. Table 4.3 presented the finalized mix design for 1m³ of concrete, outlining the 
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specific proportions of cement, water, aggregates, and chicken feathers used across all 

testing scenarios. This detailed mix design ensured consistency in the experimental 

procedure and allows for accurate comparisons of the effects of varying chicken feather 

content on concrete properties. 

 

Table 4.3: Mix design for 1m3 concrete for all the tests 

Mix ID  Chicken 

feathers 

Content 

(kg/m3) 

Water  

Content  

(kg/m3)  

Premia 310 

(plasticizer) 

(ml) 

Cement 

Content 

(kg/m3)   

Fine 

content  

 (kg/m3)  

Coarse  

content  

(kg/m3)  

Mix 1- 0% CF  - 200.5 0 385.513 787.338 909.62 

Mix 2- 1% UCF  22.829 237.526 20 385.513 787.338 886.791 

Mix 3 -1% TCF  22.829 200.5 0 385.513 787.338 886.791 

Mix 4- 0.75% TCF  17.122 200.5 0 385.513 787.338 892.498 

Mix 5 -1.25% TCF  28.537 200.5 0 385.513 787.338 881.083 

 

4.2 Slump Test 

4.2.1 Analysis of Slump Test Results 

This section presents the slump test results for various concrete mixes incorporating both 

untreated and treated chicken feathers, as shown in Figure 4.3. Higher slump values 

generally indicate greater fluidity and workability, while lower slump values suggest a 

stiffer mix, which might be more difficult to work with but potentially offers different 

structural characteristics. Figure 4.4 shows the initial mix with untreated chicken feathers 

resulted in a dry mixture with no slump, as the feathers absorbed all the water. After 

adding a plasticizer, a workable mixture with a noticeable slump was achieved. The 

superplasticizer reduced the surface tension of the water, allowing for better flow and 

cohesion between the aggregates and binder. This adjustment, along with careful 

modifications to the water-to-cement ratio, helped optimize the mixture's performance, 
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ensuring that the concrete could maintain sufficient workability despite the water-

absorbing nature of the untreated chicken feathers.  

 

Figure 4.3: Slump test results for all mixes 

 

Figure 4.4: Untreated chicken feathers caused no slump, while adding a plasticizer 
achieved a noticeable slump 
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Mix 1- 0% CF– 55 mm Slump: The control mix, has a slump of 55mm. This value serves 

as the baseline for comparison and represents a moderate level of workability, which is 

typically suitable for general-purpose concrete applications. 

Mix 2- 1% UCF – 55 mm Slump: Shows the same slump as the control mix at 55 mm. 

This suggests that the inclusion of untreated chicken feathers at this percentage does not 

significantly alter the concrete's workability compared to the standard mix. This could be 

due to the fibers lacking sufficient cohesion to significantly interfere with the mix's flow. 

Mix 3- 1% TCF – 45 mm Slump: Reduces the slump to 45 mm, indicating decreased 

workability compared to the control. The treatment process likely enhances the binding 

properties of the feathers, making the mix stiffer. The specific nature of this treatment may 

involve chemical modifications that increase the surface roughness or reactivity of the 

feathers, thereby influencing the interaction with the cement matrix. 

Mix 4- 0.75% TCF– 60 mm Slump: Results in the highest observed slump of 60 mm. This 

increased workability may be attributed to the lower volume of fibers, which allows better 

flow and dispersion within the mix. This suggests an optimal balance where treated 

feathers provide some reinforcement without overly compromising fluidity. 

Mix 5- 1.25% TCF– 40 mm Slump: Exhibits the lowest slump value of 40mm, indicating 

significant stiffness and reduced workability. This finding implies that higher 

concentrations of treated fibers can lead to increased internal friction and reduced fluidity, 

potentially due to more extensive bonding or entanglement within the mix. 

The results indicate that incorporating chicken feathers—particularly when treated—

affects the slump values and, consequently, the workability of the concrete mix. Notably, 

1% untreated chicken feathers do not significantly alter workability compared to the 

control, whereas 1% treated feathers reduce it. This suggests that the treatment process 

modifies the physical or chemical characteristics of the feathers, increasing their 

interaction with the cement matrix and resulting in a stiffer mix. Supporting this, Toumi 

(2024) noted that adding less than 2% chicken feather fibers maintains adequate 

workability, while Sutarno et al. (2021) observed improvements in the mixing process and 

overall workability with feather addition. Among all mixes, Mix 4 (0.75% treated chicken 
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feathers) achieved the highest workability, evidenced by a 60 mm slump. This indicates 

an optimal balance between fiber reinforcement and ease of placement, making it suitable 

for applications requiring both structural performance and practical workability. 

The observed reduction in workability of concrete with both treated and untreated chicken 

feathers aligns with findings from previous studies on natural fiber-reinforced composites. 

Abrar (2021) reported a significant decrease in slump values when banana fibers were 

added to concrete, attributing this to the fibers’ high water absorption, which reduces the 

water available for the cement matrix. Similarly, Onuaguluchi and Banthia (2016) noted 

that plant-based fibers such as sisal, coir, and bamboo decrease workability due to their 

hydrophilic nature and the presence of hydroxyl groups that enhance moisture absorption. 

These studies suggest that the decreased fluidity observed in the current work is related 

to the fibers’ surface chemistry, structure, and tendency to form networks that hinder flow. 

Differences in slump values between treated and untreated fibers may further be 

explained by fiber treatment, which can alter surface roughness, porosity, and water 

absorption, thereby influencing interaction with the cement paste. Overall, these 

comparisons indicate that fiber type, treatment, and dosage are critical factors in 

determining workability, emphasizing the importance of selecting and preparing fibers 

carefully to maintain desirable fresh concrete properties. 

4.3 Water Absorption 

4.3.1 Analysis of Water Absorption Results 

The water absorption results for all five concrete mixes, as presented in Figure 4.5, 

highlight the influence of incorporating both treated and untreated chicken feathers on the 

curing behaviour and overall performance of the concrete. Measurements were taken at 

7, 14, 28, 56, and 90 days to track variations in water absorption over time and to evaluate 

the long-term effects of feather inclusion on the material’s porosity and durability. 
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Figure 4.5: Water Absorption results for all mixes. 
 

Mix 1- 0% CF, showed a gradual rise in water absorption, increasing from 24.79 on Day 7 

to 31.25 by Day 90. This steady progression is typical of well‑hydrated concrete, as curing 

advances, free water leaves the matrix, pores tighten, and the rate of additional 

absorption slows. The modest overall gain points to low residual porosity and good 

impermeability—both hallmarks of durable concrete. 

Mix 2- 1% UCF, registered the highest absorption values of all five blends, climbing from 

65.57 on Day 7 to 91.47 on Day 90. Untreated feathers retain their natural hydrophilic 

surfaces and hollow shafts, drawing in and holding water. The persistently elevated 

absorption indicates a highly porous interfacial transition zone around the fibres, which 

can invite water ingress, accelerate freeze‑thaw damage, and reduce resistance to 

chemical attack over time. 

Mix 3- 1% TCF, the early‑age absorption started much lower—28.40 on Day 7—and rose 

to 36.13 by Day 90. Treatment reduces the feathers’ ability to wick water, resulting in a 

denser interfacial transition zone and a more controlled moisture profile. The moderate 
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uptake suggests sufficient internal moisture for hydration while keeping total porosity in 

check, supporting both strength development and durability. 

Mix 4- 0.75% TCF, absorption values moved from 26.20 on Day 7 to 40.87 on Day 90. 

The slightly larger increase (relative to Mix 3- 1% TCF) points to an optimal balance: fewer 

fibres mean better dispersion and less chance of forming continuous pore channels, yet 

enough surface area remains to retain curing water. The result is good workability, 

efficient hydration, and an overall tight pore structure. 

Mix 5- 1.25% TCF, this higher‑fibre blend opened at 30.47 on Day 7 and reached 38.17 

by Day 90. Although its final absorption is comparable to Mix 3- 1% TCF, the higher fibre 

count can hinder flow and consolidation, potentially leaving isolated voids. Even so, the 

treated feathers kept long‑term absorption in a moderate range, suggesting acceptable 

durability provided adequate compaction is ensured. 

Concrete reinforced with untreated chicken feathers exhibited significantly higher water 

absorption compared to the control, consistent with Sutarno et al. (2021), who reported 

that raw keratin fibers are hydrophilic and porous. The poor bonding between untreated 

feathers and the cement matrix likely promotes microvoid formation, increasing water 

uptake. In contrast, surface treatment of the feathers substantially reduced absorption, in 

line with Pavithra et al. (2021), who noted that modified keratin fibers display a dual 

hydrophilic–hydrophobic nature that improves matrix compatibility. Among the treated 

mixes, Mix 4 (0.75% TCF) showed the lowest early-age absorption and a balanced long-

term profile, indicating an optimal combination of workability, hydration, and 

impermeability. Elevated absorption in Mix 2 (1% UCF) underscores the risk of higher 

permeability and reduced durability if untreated fibers are used. These results are further 

supported by Jamshaid et al. (2022), who found that treated natural fibers reduce water 

absorption while untreated fibers increase it. Overall, the findings demonstrate that fiber 

treatment—not merely fiber content—is the key factor governing water absorption, 

allowing treated chicken feathers to be safely incorporated into concrete without 

compromising durability. 
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4.4 Compressive Strength  

4.4.1 Analysis of Compressive Strength Test Results 

The compressive strength results for all five concrete mixes, tested at 7, 14, 28, 56, and 

90 curing days, are shown in Figure 4.6. The figure illustrates the effect of varying 

amounts of treated and untreated chicken feathers on the strength development of 

concrete over time. 

 

Figure 4.6: Compression Strength results for all mixes 
As the control mix, Mix 1- 0% CF displayed a steady increase in compressive strength 

from 56.44 MPa at 7 days to 72.13 MPa at 90 days. This consistent growth signified 

effective curing and optimal hydration, which are crucial for achieving high strength. Mix 

1- 0% CF maintained the highest compressive strength throughout the test period, 

demonstrating that the absence of added organic materials results in superior strength 

development. 

Mix 2- 1% UCF showed the lowest compressive strength, beginning at 26.82 MPa and 

increasing to 48.58 MPa by 90 days. The low strength observed may be due to the 

untreated chicken feathers, which can decay over time, leading to voids or weakened 

concrete structure. This decay process can interfere with cement hydration, adversely 
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affecting strength development. The presence of untreated organic material may also 

introduce byproducts that further compromise concrete performance. 

Mix 3- 1% TCF exhibited improved compressive strength compared to Mix 2- 1% UCF, 

with values increasing from 52.00 MPa at 7 days to 65.50 MPa at 90 days. The treatment 

of the chicken feathers likely reduced the negative impact of organic decomposition, 

enhancing the mix's strength. The treatment process could include methods that stabilize 

the feathers, preventing decay and improving their interaction with the cement matrix. 

Mix 4- 0.75% TCF showed slightly lower compressive strength than Mix 3- 1% TCF, 

starting at 51.06 MPa and reaching 64.39 MPa by 90 days. The reduced feather content 

compared to Mix 3- 1% TCF might account for the marginally lower strength, although it 

still outperformed Mix 2- 1% UCF. The results suggest that while treated feathers improve 

strength, there is an optimal concentration for achieving the best results. 

Mix 5- 1.25% TCF’s compressive strength was comparable to Mix 3- 1% TCF, beginning 

at 52.17 MPa and increasing to 67.22 MPa by 90 days. The higher feather content, 

although treated, seemed to positively impact strength, demonstrating better performance 

than Mix 4- 0.75% TCF. This suggested that increasing the proportion of treated feathers 

can enhance strength, although care must be taken to avoid potential negative effects 

from excessively high concentrations. 

This study investigated the effects of untreated and treated chicken feathers on the 

compressive strength of concrete. Results showed that untreated chicken feathers 

significantly reduced early-age compressive strength due to their organic nature, which 

leads to decay, void formation, and disruption of the cement hydration process. Mix 2- 

1% UCF, containing untreated feathers, recorded an initial strength of 26.82 MPa, which 

increased to 48.58 MPa at 90 days—indicating some delayed strength recovery, yet still 

underperforming compared to the control mix. In contrast, Mix 1- 0% CF, which excluded 

chicken feathers, consistently achieved the highest strength at 57.12 MPa, underscoring 

the integrity of traditional concrete formulations. 
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The results of this study align closely with trends reported in the natural-fiber concrete 

literature. Untreated chicken feathers significantly reduced early-age compressive 

strength, with Mix 2 – 1% UCF showing the lowest values (26.82 → 48.58 MPa), 

consistent with findings that untreated organic fibers can decay, form voids, and disrupt 

cement hydration, thereby weakening the concrete structure (Sutarno et al., 2021). In 

contrast, treated chicken feathers improved performance, as observed in Mix 3 – 1% TCF, 

Mix 4 – 0.75% TCF, and Mix 5 – 1.25% TCF, which recorded higher compressive 

strengths relative to the untreated mix. This improvement supports literature evidence 

that fiber treatment enhances fiber–matrix bonding and reduces degradation, allowing 

better stress transfer and mitigating strength losses (Jamshaid et al., 2022). Optimal fiber 

content effects were observed, with moderate feather dosages (around 1–1.25%) yielding 

the best performance, in agreement with reports that low-to-moderate natural-fiber 

content can maintain or modestly enhance compressive strength, while higher or poorly 

dispersed contents may reduce strength (Vijayalakshmi et al., 2023). Conventional 

concrete without added organic fibers (Mix 1 – 0% CF) consistently achieved the highest 

compressive strength (56.44 → 72.13 MPa), reinforcing observations that natural-fiber 

concretes rarely surpass the performance of standard mixes, particularly at early ages 

(Vijayalakshmi et al., 2023). Overall, these findings underscore the importance of proper 

material treatment and careful mix design when incorporating organic fibers into concrete 

and highlight the potential for treated fibers to provide acceptable performance within a 

defined optimal range. 

4.4.2 Statistical Analysis for Compressive Strength 

To determine whether the differences in compressive strength between Mix 1- 0% CF 

(the baseline) and the other mixes were statistically significant, an Analysis of Variance 

(ANOVA) was performed at a 95% confidence level. As shown in Table 4.4, a p-value 

less than 0.05 was considered statistically significant, indicating that the observed 

differences in compressive strength were unlikely to have occurred by chance. 

Conversely, p-values equal to or greater than 0.05 suggested that the differences were 

not statistically significant. 
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Table 4.4:  Statistical Analysis of Compressive Strength Comparison Across Different 
Mixes at Various Curing Periods 

Curing 

Period 

Mix Comparison p-value Significance Status 

7 Days Mix 1- 0% CF vs Mix 2- 1% UCF 0.004 Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.03 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.50 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.02 Significant 

14 

Days  

Mix 1- 0% CF vs Mix 2- 1% UCF 0.0001 Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.09 Not Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.045 Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.032 Significant 

28 

Days  

Mix 1- 0% CF vs Mix 2- 1% UCF 0.12 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.04 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.30 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.06 Not Significant 

56 

Days  

Mix 1- 0% CF vs Mix 2- 1% UCF 0.20 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.04 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.50 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.02 Significant 

90 

Days  

Mix 1- 0% CF vs Mix 2- 1% UCF 0.17 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.01 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.20 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.03 Significant 

 

The significant differences observed between Mix 1- 0% CF and Mix 2- 1% UCF (at 7 and 

14 days) highlighted that the 1% untreated material in Mix 2- 1% UCF results in a 

considerable decrease in strength compared to the control mix (Mix 1- 0% CF), 

demonstrating its less effective impact. On the other hand, significant differences between 

Mix 1- 0% CF and Mix 3- 1% TCF (across all curing periods) suggest that the 1% treated 

material in Mix 3- 1% TCF consistently enhances strength, showing a beneficial effect 

over time. Additionally, significant results for Mix 1- 0% CF versus Mix 5- 1.25% TCF at 

56 and 90 days indicate that the 1.25% treated material in Mix 5- 1.25% TCF leads to 

improved strength in the long term. Overall, the significant results reveal that higher 
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treatment percentages, particularly 1% and 1.25%, contribute to increased strength, with 

notable improvements especially at early curing stages. 

In contrast, the absence of significant differences between Mix 1- 0% CF and Mix 4- 

0.75% TCF at 7 and 28 days indicated that the 0.75% treated material in Mix 4- 0.75% 

TCF does not offer a notable improvement in strength compared to the control mix, 

particularly in the early and mid-curing stages. Similarly, the lack of significant difference 

between Mix 1- 0% CF and Mix 2- 1% UCF at 28, 56, and 90 days suggests that the 

untreated mix (Mix 2- 1% UCF) does not show lasting strength improvements over time. 

These not significant results suggest that lower treatment levels (such as 0.75%) and 

untreated mixes provide little to no long-term strength enhancement. 

4.5 Split Tensile Strength Test 

4.5.1 Analysis of Tensile Strength Results 

The data provided in Figure 4.7 summarized the tensile strength results (in MPa) of five 

different concrete mixes, measured at intervals of 7, 14, 28, 56, and 90 curing days.  

 

Figure 4.7: Tensile strength results for all mixes  
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Mix 1- 0% CF, showed a consistent increase in tensile strength over time. It had the 

highest tensile strength at each interval, reaching 8.47 MPa at 90 days. Mix 2- 1% UCF, 

had the lowest tensile strength among all mixes. Its progression was slower, ending at 

4.75 MPa after 90 days. Treated chicken feathers appeared to offer improved tensile 

strength over untreated feathers. Mix 3- 1% TCF, with 1% treated chicken feathers, 

performed better than Mix 2- 1% UCF, with a final tensile strength of 7.09 MPa at 90 days. 

Mix 4- 0.75% TCF, containing 0.75% treated chicken feathers, had steady growth, 

reaching 6.42 MPa by 90 days. Mix 5- 1.25% TCF, exhibited similar results to Mix 3- 1% 

TCF, with a final tensile strength of 7.54 MPa. The results indicated that untreated chicken 

feathers led to a significant reduction in tensile strength, suggesting an adverse impact 

on the concrete matrix's integrity. Conversely, the use of treated chicken feathers 

demonstrated promising outcomes, with Mix 3- 1% TCF exhibiting tensile strength results 

close to the baseline concrete at 90 days. Furthermore, Mix 5- 1.25% TCF, which 

contained a higher percentage of treated feathers, also showed satisfactory strength 

development over time. 

In this study, the tensile strength results demonstrated clear trends related to the 

presence and treatment of chicken feathers in concrete. The control mix, Mix 1-0% CF, 

consistently exhibited the highest tensile strength at all intervals, reaching 8.47 MPa at 

90 days, aligning with literature that unmodified concrete generally achieves superior 

tensile performance due to the absence of organic materials that might interfere with 

cement hydration and compromise matrix integrity (Momoh et al., 2022). In contrast, Mix 

2-1% UCF, which contained untreated chicken feathers, recorded the lowest tensile 

strength, ending at 4.75 MPa after 90 days. This reduction corresponds with findings in 

previous studies where untreated natural fibers negatively affected tensile strength, 

primarily due to organic decay, void formation, and weak fiber–matrix interactions that 

impede effective stress transfer (Shah et al., 2022). Treated chicken feathers, however, 

showed a marked improvement in tensile performance. Mix 3-1% TCF and Mix 5-1.25% 

TCF reached 7.09 MPa and 7.54 MPa at 90 days, respectively, suggesting that proper 

treatment stabilizes the feathers, mitigates decay, and enhances fiber–matrix bonding, 

allowing for better load transfer and crack-bridging, consistent with literature emphasizing 
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the role of fiber treatment in tensile enhancement (Momoh et al., 2022). Mix 4-0.75% TCF, 

containing a lower percentage of treated feathers, achieved 6.42 MPa, indicating that 

while treated fibers improve strength, there is an optimal content for maximizing tensile 

benefits, as excessively low or high contents can limit crack-bridging efficiency or reduce 

workability (Lumingkewas et al., 2017). Overall, the results highlight that treated chicken 

feathers can effectively reinforce concrete, with tensile strength outcomes approaching 

that of the control mix, demonstrating the potential for properly processed natural fibers 

to serve as viable sustainable additives in concrete applications. 

4.5.2 Statistical Analysis for Tensile Strength 

Statistical analysis was conducted to compare the tensile strength of various concrete 

mixes (Mix 1- 0% CF, Mix 2- 1% UCF, Mix 3- 1% TCF, Mix 4- 0.75% TCF, and Mix 5- 

1.25% TCF) at different curing periods (7, 14, 28, 56, and 90 days). The objective was to 

assess whether the differences in tensile strength among the mixes were statistically 

significant, thereby identifying the mix formulation that provides the best performance 

over time. The results are presented in Table 4.5. 
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Table 4.5:  Statistical Analysis of Tensile Strength Comparison Across Different Mixes at 
Various Curing Periods 

Curing Period Mix Comparison p-value Significance Status 

7 Days Mix 1- 0% CF vs Mix 2- 1% UCF 0.0045 Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.04 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.52 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.03 Significant 

14 Days  Mix 1- 0% CF vs Mix 2- 1% UCF 0.0002 Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.092 Not Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.044 Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.034 Significant 

28 Days  Mix 1- 0% CF vs Mix 2- 1% UCF 0.14 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.042 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.33 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.062 Not Significant 

56 Days  Mix 1- 0% CF vs Mix 2- 1% UCF 0.21 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.042 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.50 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.022 Significant 

90 Days  Mix 1- 0% CF vs Mix 2- 1% UCF 0.17 Not Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.01 Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.25 Not Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.032 Significant 

 

The results of the mix comparisons across various curing periods revealed insights into 

the statistical differences in performance between Mix 1- 0% CF and the other mixes, 

which were formulated with varying amounts of chicken feathers. Mix 1- 0% CF served 

as the reference mix with 0% chicken feathers, while the other mixes incorporated treated 

and untreated chicken feathers at different percentages: 1% untreated chicken feathers, 

1% treated chicken feathers, 0.75% treated chicken feathers, and 1.25% treated chicken 

feathers. 

At the 7-day curing period, Mix 1- 0% CF demonstrated significant differences with Mix 2- 

1% UCF, Mix 3- 1% TCF, and Mix 5- 1.25% TCF. This suggested that the incorporation 

of untreated and treated chicken feathers affected the early properties of the mix, 

particularly the treated feathers. However, no significant difference was observed 
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between Mix 1- 0% CF and Mix 4- 0.75% TCF, indicating that the performance of the mix 

with a moderate amount of treated chicken feathers closely resembled that of the 

reference mix during the initial curing phase. 

As curing progressed to 14 days, significant differences persisted between Mix 1- 0% CF 

and Mix 2- 1% UCF, Mix 4- 0.75% TCF, and Mix 5- 1.25% TCF. This highlighted the 

continued influence of both untreated and treated chicken feathers on the mix's 

properties, with Mix 3- 1% TCF showing no significant difference from Mix 1- 0% CF. This 

suggested that the treated feathers in this proportion might have begun to develop similar 

characteristics to the reference mix after two weeks of curing, whereas higher amounts 

of treated feathers (Mix 5- 1.25% TCF) and untreated feathers (Mix 2- 1% UCF) continued 

to show distinct properties. 

At the 28-day curing period, the number of significant differences decreased, and Mix 1- 

0% CF only showed a significant difference with Mix 3- 1% TCF. Comparisons with Mix 

2- 1% UCF, Mix 4- 0.75% TCF, and Mix 5- 1.25% TCF were not significant, implying that 

the mixes were becoming more comparable in performance. The effect of the chicken 

feathers, particularly at moderate levels of treated chicken feathers (Mix 4- 0.75% TCF), 

had diminished, allowing the mixes to stabilize. By the 56-day curing period, Mix 1- 0% 

CF retained significant differences with Mix 3- 1% TCF and Mix 5- 1.25% TCF, while Mix 

2- 1% UCF and Mix 4- 0.75% TCF showed no significant difference from Mix 1- 0% CF. 

This suggested that mixes with higher amounts of treated chicken feathers still exhibited 

distinct characteristics after prolonged curing, while those with moderate or lower 

amounts of treated feathers converged with the reference mix. Finally, at the 90-day 

curing period, Mix 1- 0% CF again showed significant differences with Mix 3- 1% TCF 

and Mix 5, consistent with earlier findings. The comparisons with Mix 2- 1% UCF and Mix 

4- 0.75% TCF remained not significant, indicating that these mixes with moderate or lower 

chicken feather content had fully stabilized and now performed similarly to Mix 1- 0% CF 

after extended curing. 

The analysis revealed significant differences between mixes incorporating chicken 

feathers and a reference mix, particularly at higher feather content. Notably, mixes with 

1% untreated and 1.25% treated chicken feathers (Mix 2- 1% UCF and Mix 5- 1.25% 
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TCF) demonstrated persistent performance differences across all curing periods, 

suggesting that feather type and content influence early curing behavior. Conversely, 

mixes with moderate levels of treated chicken feathers (Mix 3- 1% TCF and Mix 4- 0.75% 

TCF) showed a convergence with the reference mix over time, indicating that the 

treatment and quantity of chicken feathers had a more pronounced effect in the early 

stages of curing but became less influential as curing progressed. These findings point to 

the potential for optimizing treated chicken feather content in concrete mixtures to meet 

specific performance objectives. Supporting research by Pavithra et al. (2021) 

corroborated these findings, demonstrating that the inclusion of chicken feather fibers can 

positively affect the mechanical properties of concrete, particularly split tensile strength. 

The study highlighted the importance of fiber content optimization for enhancing 

concrete’s mechanical performance. 

4.6 Durability Test Results  

The durability of concrete reinforced with chicken feathers remains an under-researched 

area, with no available literature specifically addressing this topic. While many studies 

have focused on the durability of fiber-reinforced concrete, including various types of 

natural and synthetic fibers, none appear to address the inclusion of chicken feathers as 

a reinforcement material. The unique properties of chicken feathers, such as their organic 

nature and potential for degradation over time, make it difficult to directly draw 

comparisons or cite studies from other types of fiber-reinforced concrete. As a result, the 

lack of existing research on the specific durability tests for chicken feather-reinforced 

concrete means there is no available literature to reference in relation to its long-term 

behavior under various environmental conditions. 

The results of the durability indexes tests (Oxygen Permeability Index (OPI), sorptivity, 

and chloride ion penetration) were analyzed and discussed based on the indicators 

presented in Table 4.6. When the OPI was excellent, it indicated very low permeability to 

oxygen, suggesting that the concrete was dense and well-compacted. Concrete with good 

durability typically shows a high Oxygen Permeability Index (OPI), which is associated 

with low sorptivity, and low chloride penetration.  
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Table 4.6:  Classification of Durability Indicators (Alexander et al., 2001) 

 

4.6.1 Oxygen permeability index 

Table 4.7 summarized the Oxygen Permeability Index (OPI) results at 28, 56, and 90 

days for concrete mixes incorporating varying percentages and treatments of chicken 

feathers. 

Table 4.7: The Oxygen Permeability Index (OPI) results for concrete mixes at 28, 56, and 
90 days. 

OPI 

Mix Description 28 Days 56 Days 90 Days 

Mix 1- 0% CF  10.07 Excellent  10.06 Excellent  10.19 Excellent  

Mix 2- 1% UCF  Invalid  Invalid  Invalid  Invalid  Invalid  Invalid  

Mix 3 -1% TCF  9.9 Good 9.84 Good 9.95 Good 

Mix 4- 0.75% TCF  9.89 Good 9.71 Good 9.73 Good 

Mix 5 -1.25% TCF  10.14 Excellent  10.3 Excellent  10.05 Excellent  

 

4.6.1.1 Oxygen Permeability Index results (28 Days) 

Mix 1- 0% CF, achieved an OPI of 10.07, establishing a baseline for comparison. Mix 2- 

1% UCF, produced an invalid result, indicating possible inconsistencies in the mixture or 

testing procedure. In contrast, Mix 3- 1% TCF and Mix 4- 0.75% TCF, demonstrated 

strong performance with OPI scores of 9.9 and 9.89. Significantly, Mix 5- 1.25% TCF, 

attained the highest OPI of 10.14, suggesting that higher proportions of treated feathers 

may further enhance concrete performance when carefully controlled. 
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These findings underscore the potential of treated chicken feathers as a sustainable fibre 

reinforcement that improves concrete strength and durability. The invalid outcome for the 

untreated mix emphasizes the necessity of appropriate treatment to ensure material 

reliability. 

4.6.1.2 Oxygen Permeability Index results  (56 Days) 

The base concrete mix without additives (Mix 1- 0% CF) demonstrated excellent 

performance with a high OPI score of 10.06, affirming its robustness and consistency 

over time. Conversely, Mix 2- 1% UCF consistently yielded invalid OPI results at both 28 

and 56 days. This suggests significant compatibility challenges with untreated feathers, 

likely due to poor integration or disruptive interactions within the concrete matrix. 

Mixes incorporating treated chicken feathers——exhibited valid and favorable OPI 

results. Mix 3- 1% TCF and Mix 4- 0.75% TCF recorded OPI scores of 9.84 and 9.71, 

respectively, indicating good durability despite a slight decrease from earlier 

measurements. Notably, Mix 5- 1.25% TCF achieved the highest OPI score of 10.3, 

suggesting that a higher proportion of treated feathers may enhance or sustain concrete 

durability over extended curing periods. These findings underscore the potential of treated 

chicken feathers as a viable additive for improving concrete performance, while 

simultaneously addressing environmental sustainability through the utilization of poultry 

by-products.  

4.6.1.3 Oxygen Permeability Index (90 Days) 

Mix 1- 0% CF performed excellently, achieving an OPI score of 10.19, confirming the 

reliability and stability of the standard mix over an extended curing period. Mix 2- 1% UCF, 

consistently produced invalid results, highlighting ongoing issues with untreated fibres. 

This suggests that untreated feathers may be incompatible or inconsistent in the concrete 

mix, affecting the material's overall performance. 

Mix 3- 1% TCF and Mix 4- 0.75% TCF, demonstrated good performance with OPI scores 

of 9.95 and 9.73, respectively. Although these results were slightly lower than the 56-day 

tests, they still indicated the beneficial impact of treated fibres. The minor decline in 

performance over time could reflect the concrete's maturation or other long-term factors 
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influencing the fibre’s effect. Mix 5- 1.25% TCF, maintained an excellent OPI score of 

10.05, suggesting that higher percentages of treated feathers can sustain or even 

enhance concrete performance, offering long-term benefits. 

4.6.1.4 Oxygen Permeability Index results (28,56 and 90 Days) 

28-Day Results: The mix with 1.25% treated chicken feathers demonstrated strong early 

strength, achieving an OPI score of 10.14. In contrast, the mix with 1% untreated feathers 

produced invalid results, likely due to poor adhesion or hydration issues. 

56-Day Results: The 1.25% treated feathers mix continued to show excellent 

performance, with an OPI score of 10.3, reflecting continued strength and durability. The 

mix with untreated feathers remained invalid, confirming the negative impact of untreated 

fibres on concrete quality. 

90-Day Results: The 1.25% treated feathers mix maintained an OPI score of 10.05, 

demonstrating sustained performance over time. The baseline mix (0% feathers) also 

showed excellent performance, underscoring its inherent strength. 

Treated chicken feathers, particularly at a 1.25% concentration, positively influence 

concrete's strength and durability. The treatment process enhances the compatibility of 

the feathers with the concrete matrix, improving bonding and hydration. In contrast, 

untreated chicken feathers consistently resulted in invalid results, highlighting the 

importance of proper treatment. 

The study revealed that the incorporation of coconut fibres significantly influenced the 

transport properties of concrete, with both fibre treatment and dosage playing crucial 

roles. The control mix (0% CF) exhibited very low sorptivity and excellent oxygen 

permeability index (OPI) across all ages, consistent with literature indicating that plain 

concrete with a dense microstructure minimizes water ingress and oxygen diffusion (Chen 

et al., 2017). In contrast, the 1% untreated coconut fibre (UCF) mix performed very poorly, 

showing high sorptivity and invalid OPI readings, which aligns with studies reporting that 

untreated natural fibres increase porosity and create microchannels that compromise 

transport properties (Luo et al., 2021). Treated coconut fibres (TCF) showed improved 

performance: the 1% TCF and 0.75% TCF mixes exhibited moderate sorptivity and 
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slightly reduced OPI compared to the control, reflecting the beneficial effects of fibre 

treatment in reducing interfacial transition zone (ITZ) porosity and limiting water and 

oxygen pathways (Valcuende et al., 2021). Interestingly, the 1.25% TCF mix 

demonstrated excellent sorptivity and high OPI, surpassing the 1% TCF mix, which 

suggests an optimal fibre dosage can enhance durability by bridging microcracks and 

minimizing connected porosity while the treatment ensures good fibre–matrix bonding 

(Lim et al., 2018). Overall, the findings underscore that untreated natural fibres can 

severely compromise concrete durability, while treated fibres, particularly at appropriate 

dosages, can maintain or even improve transport-related properties. 

4.6.2 Sorptivity Test Results 

The 28-day Sorptivity test results for concrete mixes incorporating varying percentages 

and treatments of chicken feathers are presented in Table 4.8. These results provide 

insights into the performance of the concrete over 28, 56, and 90 days, showcasing the 

effects of chicken feather inclusion and treatment on the sorptivity of the mixes.  

 

Table 4.8: The 28-day Sorptivity test results for concrete mixes 

Sorptivity test results 

Mix Description 28 Days 56 Days 90 Days 

Mix 1- 0% CF  5.03 Excellent  4.32 Excellent  4.65 Excellent  

Mix 2- 1% UCF  21.73 Very Poor  17.95 Very Poor 24.92 Very Poor 

Mix 3 -1% TCF  8.4 Good 9.25 Good 6.8 Good 

Mix 4- 0.75% TCF  9.79 Good 6.3 Good 9.27 Good 

Mix 5 -1.25% TCF  3.91 Excellent  4.12 Excellent  3.89 Excellent  

 

4.6.2.1 Sorptivity test results (28 Days) 

Upon analyzing the 28-day Sorptivity test results for the five concrete mixes containing 

varying percentages and treatments of chicken feathers, several significant observations 

and conclusions can be made. Mix 1- 0% CF, serving as the control without any chicken 

feathers (0% additive), exhibited an excellent Sorptivity value of 5.03. This low sorptivity 

indicated effective resistance to water penetration, highlighting the inherent quality of the 

base concrete mixture in preventing moisture ingress. 
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Mix 2- 1% UCF, recorded a significantly higher Sorptivity value of 21.73, categorized as 

very poor. This result underscored the detrimental effect of untreated feathers on concrete 

performance, as evidenced by increased water absorption rates, potentially 

compromising the material's durability and longevity. Mix 3- 1% TCF and Mix 4- 0.75% 

TCF, demonstrated Sorptivity values of 8.4 and 9.79, both classified as good. These 

results suggested that treated chicken feathers contribute positively to reducing water 

absorption compared to the untreated mix, although there is a slight variance in 

performance depending on the percentage used. Mix 5- 1.25% TCF, exhibited the lowest 

Sorptivity value of 3.91, indicating excellent resistance to water penetration. This 

suggested that higher percentages of treated feathers further enhance the concrete's 

ability to repel moisture, potentially improving its durability and resistance to 

environmental factors. 

Mix 1- 0% CF’s excellent Sorptivity value confirmed the effectiveness of the base concrete 

mix in preventing water ingress, serving as a reliable benchmark for comparison. The 

extremely high Sorptivity value for Mix 2- 1% UCF highlights the adverse impact of 

untreated chicken feathers, emphasizing the necessity of proper treatment to maintain 

concrete performance. Mix 3- 1% TCF and Mix 4- 0.75% TCF showed good performance 

in Sorptivity tests, indicating that treated chicken feathers can mitigate water absorption 

to a reasonable extent, although not as effectively as the control mix. Mix 5- 1.25% TCF 

demonstrated the best performance in reducing Sorptivity, suggesting that higher 

percentages of treated feathers offer superior water resistance benefits. 

The Sorptivity test results underscored the importance of treating additives like chicken 

feathers to enhance concrete performance. Treated feathers show potential in reducing 

water absorption and improving durability compared to untreated counterparts. While 

higher percentages of treated feathers contribute to better water resistance, there may 

be optimal ranges that balance performance improvements with cost-effectiveness. 

Future research could focus on refining treatment methods, optimizing additive 

percentages, and evaluating long-term durability under various environmental conditions 

to further enhance the sustainability and resilience of concrete mixes using poultry by-
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products. These findings provide valuable insights into advancing construction materials 

towards more efficient and environmentally friendly solutions. 

4.6.2.2 Sorptivity test (56 Days) 

Upon analyzing the 56-day Sorptivity test results for the five concrete mixes containing 

varying percentages and treatments of chicken feathers, several important observations 

and conclusions emerge. Mix 1- 0% CF, maintained an excellent Sorptivity value of 4.32. 

This low sorptivity indicates effective resistance to water penetration, highlighting the 

durability and quality of the base concrete mixture in preventing moisture ingress over an 

extended period. 

Mix 2- 1% UCF, recorded a Sorptivity value of 17.95, categorized as very poor. This result 

underscored the detrimental impact of untreated additives on concrete performance, 

significantly increasing water absorption rates and potentially compromising the material's 

long-term durability. Mix 3- 1% TCF and Mix 4- 0.75% TCF, demonstrated Sorptivity 

values of 9.25 and 6.3, both classified as good. These results suggested that treated 

chicken feathers contribute positively to reducing water absorption compared to untreated 

mixes, albeit with some variation in performance depending on the treated feather 

percentage used. Mix 5- 1.25% TCF, showed the lowest Sorptivity value of 4.12, 

indicating excellent resistance to water penetration. This suggests that higher 

percentages of treated feathers further enhance the concrete's ability to repel moisture, 

potentially improving its durability and resilience against environmental factors. 

Mix 1- 0% CF’s consistent excellent Sorptivity value reaffirmed the base concrete mix's 

effectiveness in preventing water ingress, providing a stable benchmark for comparison. 

The very poor Sorptivity value for Mix 2- 1% UCF highlights the severe impact of untreated 

chicken feathers on concrete performance, emphasizing the critical need for proper 

treatment to maintain structural integrity. Mix 3- 1% TCF and Mix 4- 0.75% TCF 

demonstrated good performance in Sorptivity tests, indicating that treated chicken 

feathers effectively mitigate water absorption, though not as effectively as the control mix. 

Mix 5- 1.25% TCF continued to show the best performance in reducing Sorptivity, 

suggesting that higher percentages of treated feathers offer superior water resistance 
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benefits, potentially enhancing the concrete's durability under various environmental 

conditions. 

The Sorptivity test results underscore the significant role of treated chicken feathers as a 

beneficial additive for improving concrete performance, particularly in terms of water 

resistance. Treated feathers are promising in reducing water absorption and enhancing 

durability compared to untreated counterparts. Future research could explore further 

optimization of treatment methods, fine-tuning additive percentages, and evaluating long-

term performance to maximize the sustainability and resilience of concrete mixes 

incorporating poultry by-products. These findings contribute valuable insights into 

advancing construction materials towards more efficient and environmentally friendly 

solutions, potentially reducing maintenance costs and extending the lifespan of 

infrastructure. 

4.6.2.3 Sorptivity test (90 Days) 

Upon analyzing the 90-day Sorptivity test results for the five concrete mixes containing 

varying percentages and treatments of chicken feathers, several important insights can 

be drawn. Mix 1- 0% CF, maintained an excellent Sorptivity value of 4.65. This low 

sorptivity indicated strong resistance to water penetration, highlighting the durability and 

effectiveness of the base concrete mixture in preventing moisture ingress over an 

extended curing period. Mix 2- 1% UCF, exhibited a Sorptivity value of 24.92, categorized 

as very poor. This result underscored the detrimental impact of untreated additives on 

concrete performance, significantly increasing water absorption rates and potentially 

compromising the material's long-term structural integrity. Mix 3- 1% TCF and Mix 4- 

0.75% TCF, demonstrated Sorptivity values of 6.8 and 9.27, both classified as good. 

These results indicated that treated chicken feathers contributed positively to reducing 

water absorption compared to the untreated mix, though there is some variation in 

performance depending on the treated feather percentage used. Mix 5- 1.25% TCF, 

recorded the lowest Sorptivity value of 3.89, indicating excellent resistance to water 

penetration. This suggested that higher percentages of treated feathers further enhance 

the concrete's ability to repel moisture, potentially improving its long-term durability and 

resilience against environmental factors. 
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Mix 1- 0% CF consistently demonstrated excellent Sorptivity values across all time points, 

reinforcing the reliability and effectiveness of the base concrete mix without additives. Mix 

2- 1% UCF's very poor Sorptivity value highlighted the critical importance of proper 

treatment of additives like chicken feathers to maintain concrete performance and 

durability. 

Mix 3- 1% TCF and Mix 4- 0.75% TCF showed good performance in Sorptivity tests, 

indicating that treated chicken feathers effectively mitigate water absorption, albeit with 

varying degrees of effectiveness compared to the control mix. Mix 5- 1.25% TCF 

continued to exhibit the best performance in reducing Sorptivity, suggesting that higher 

percentages of treated feathers offer superior water resistance benefits and enhanced 

long-term durability. 

The Sorptivity test results underscored the significant impact of treated chicken feathers 

as a beneficial additive for improving concrete performance, particularly in terms of water 

resistance and durability. Treated feathers is promising in reducing water absorption and 

enhancing the concrete's resilience against moisture, compared to untreated 

counterparts which significantly compromise performance. Future research could focus 

on further optimizing treatment methods, refining additive percentages, and evaluating 

the material's performance under diverse environmental conditions to maximize 

sustainability and extend infrastructure lifespan. These findings contribute valuable 

insights into advancing construction materials towards more efficient and environmentally 

friendly solutions, potentially reducing maintenance costs and improving infrastructure 

longevity. 

4.6.2.4 Sorptivity test (28,56 and 90 Days)  

Based on the sorptivity test results of the concrete mixes over 28, 56, and 90 days, several 

observations can be made regarding the impact of adding untreated and treated chicken 

feathers as additives. Firstly, looking at the 28-day results, the mix without chicken 

feathers exhibited excellent sorptivity, indicating minimal water absorption, which is 

desirable for concrete durability. In contrast, the mix containing 1% untreated chicken 

feathers showed very poor sorptivity, significantly increasing water absorption. This 

suggested that untreated feathers may adversely affect concrete performance in terms of 
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water ingress and potentially long-term durability. However, when the feathers were 

treated, the results varied. The 1% treated chicken feather mix showed good sorptivity, 

similar to the 0.75% treated mix, which also performed well. Interestingly, the 1.25% 

treated chicken feather mix exhibited excellent sorptivity, even outperforming the control 

mix without feathers. This indicated that properly treated feathers can potentially enhance 

concrete performance by reducing water permeability, especially at higher 

concentrations. Moving to the 56-day results, similar trends were observed. The control 

mix maintained excellent sorptivity, while the 1% untreated feather mix continued to show 

very poor performance. Treated feather mixes generally performed better, with the 1.25% 

concentration again demonstrating excellent sorptivity, suggesting sustained benefits 

over time. By the 90-day mark, the patterns remained consistent. The control mix and the 

1.25% treated feather mix consistently showed excellent sorptivity, emphasizing their 

potential for long-term durability enhancement. Conversely, the 1% untreated feather mix 

continued to perform poorly, reinforcing concerns about using untreated feathers in 

concrete mixes. 

In conclusion, the sorptivity test results highlighted that while untreated chicken feathers 

can detrimentally affect concrete properties, properly treated feathers can offer beneficial 

effects, particularly at higher concentrations (1.25%). These findings suggested a 

potential avenue for utilizing treated chicken feathers as sustainable additives in concrete 

mixes, provided they are processed effectively to mitigate water absorption. These 

observations align with literature on natural fibres in concrete, which generally report that 

untreated fibres increase sorptivity due to higher porosity and weaker fibre–matrix 

interfaces, while treated or optimized fibres can limit water ingress and improve durability 

indicators (Murthi et al., 2020). 

4.6.3 Chloride conductivity results 

The results shown in Table 4.9, offer insight into the performance of each mix over a 90-

day period, highlighting the impact of chicken feathers on chloride conductivity. 
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Table 4.9: Chloride Conductivity Results for Concrete Mixes (28, 56, and 90 Days) 

Chloride Conductivity Results 

Mix Description 28 Days 56 Days 90 Days 

Mix 1- 0% CF  0.59 Excellent  0.67 Excellent  0.6 Excellent  

Mix 2- 1% UCF  2.73 Very Poor 2.61 Very Poor 2.55 Very Poor 

Mix 3 -1% TCF  1.26 Good 1.25 Good 0.89 Good 

Mix 4- 0.75% TCF  1.3 Good 1.27 Good 0.82 Good 

Mix 5 -1.25% TCF  0.72 Excellent  0.76 Excellent  0.62 Excellent  

 

4.6.3.1 Chloride conductivity results (28 Days) 

The results revealed significant differences in performance. Mix 1- 0% CF, demonstrated 

excellent chloride conductivity resistance (0.59), highlighting the effectiveness of the base 

concrete mix in preventing chloride ingress. In contrast, Mix 2- 1% UCF, showed a very 

poor result (2.73), emphasizing the detrimental effect of untreated additives on concrete's 

performance. Mix 3- 1% TCF and Mix 4- 0.75% TCF, exhibited good results (1.26 and 

1.3, respectively), indicating that treated feathers improved resistance to chloride 

penetration compared to the untreated mix. The best performance was observed in Mix 

5- 1.25% TCF, which achieved an excellent chloride conductivity value (0.72), suggesting 

that higher percentages of treated feathers further enhance the concrete’s resistance to 

chloride ingress. The findings demonstrated the potential of treated chicken feathers as 

a viable additive to improve concrete's durability, particularly in reducing chloride ion 

permeability.  

4.6.3.2 Chloride conductivity results (56 Days) 

Mix 1- 0% CF, demonstrated excellent chloride conductivity (0.67), indicating strong 

resistance to chloride ion penetration. In contrast, Mix 2- 1% UCF, showed a significant 

increase in chloride conductivity (2.61), classified as very poor. This result highlights the 

detrimental effect of untreated additives on concrete performance, accelerating chloride 

permeability and compromising the material's durability. 

Mix 3- 1% TCF and Mix 4- 0.75% TCF, exhibited good chloride conductivity values (1.25 

and 1.27), indicating that treated feathers reduce chloride ion penetration compared to 

untreated feathers, though not to the extent of the control mix. Finally, Mix 5- 1.25% TCF, 
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demonstrated an excellent chloride conductivity value (0.76), suggesting that higher 

percentages of treated chicken feathers further enhance concrete's resistance to chloride 

ingress, improving its long-term durability. 

Treated feathers were found to significantly reduce chloride conductivity and enhance 

concrete's resistance to corrosion, contributing to improved long-term durability compared 

to untreated feathers. These results suggest that treated chicken feathers hold promise 

as a sustainable fiber reinforcement to improve the performance of concrete in chloride-

rich environments.  

4.6.3.3 Chloride conductivity results (90 Days) 

Mix 1- 0% CF, demonstrated excellent chloride conductivity (0.6), indicating strong 

resistance to chloride ion penetration and high durability. In contrast, Mix 2- 1% UCF 

showed a significantly higher chloride conductivity value (2.55), categorizing it as very 

poor, which highlights the negative impact of untreated feathers on concrete performance. 

Mix 3- 1% TC and Mix 4- 0.75% TCF, exhibited good chloride conductivity values (0.89 

and 0.82, respectively), demonstrating that treated feathers enhanced resistance to 

chloride penetration, though slightly less effectively than the control mix. Mix 5- 1.25% 

TCF, recorded the best performance with an excellent chloride conductivity value of 0.62, 

suggesting that higher percentages of treated feathers offer superior protection against 

chloride ingress. The study concluded that treated chicken feathers improve concrete's 

ability to resist chloride-induced corrosion, enhancing its long-term durability compared 

to untreated feathers. These findings emphasized the importance of proper treatment of 

additives to optimize concrete performance. Further research is recommended to explore 

treatment methods, additive percentages, and environmental influences to maximize 

sustainability and extend infrastructure lifespan. 

4.6.3.4 Chloride conductivity (28,56 and 90 Days) 

Based on the chloride conductivity test results for the concrete mixes at 28, 56, and 90 

days, several insights can be drawn regarding the influence of untreated and treated 

chicken feathers as additives. At 28 days, the control mix without feathers consistently 

demonstrated excellent chloride conductivity, indicating minimal permeability to chloride 

ions, which is crucial for concrete durability in aggressive environments. In contrast, the 
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mix containing 1% untreated chicken feathers exhibited very poor conductivity, 

suggesting increased vulnerability to chloride penetration. This highlighted a potential 

drawback of using untreated feathers in concrete, likely due to their organic nature 

contributing to higher permeability. When feathers were treated, the results showed 

improvement. The mixes with 1% treated feathers and 0.75% treated feathers both 

displayed good chloride conductivity, comparable to the control mix. Notably, the mix with 

1.25% treated feathers even showed excellent conductivity, suggesting a potential benefit 

of enhanced chloride resistance with higher feather concentrations. Moving to the 56-day 

results, similar trends were observed. The control mix maintained excellent chloride 

conductivity, while the mix with 1% untreated feathers continued to exhibit very poor 

performance. Treated feather mixes generally performed well, with variations across 

concentrations but consistently demonstrating good to excellent chloride resistance. By 

the 90-day mark, the patterns remained consistent with the earlier findings. The control 

mix and the mix with 1.25% treated feathers consistently showed excellent chloride 

conductivity, indicating sustained resistance to chloride penetration over time. In contrast, 

the mix with 1% untreated feathers continued to perform poorly, underscoring the 

persistent risk associated with untreated organic additives in concrete. 

In conclusion, the chloride conductivity test results suggested that while untreated chicken 

feathers can increase chloride permeability and potentially compromise concrete 

durability, properly treated feathers can mitigate these effects. Specifically, higher 

concentrations of treated feathers (1.25%) showed promising results in enhancing 

chloride resistance, comparable to or even better than the control mix. This underscored 

the importance of proper treatment and concentration when considering chicken feathers 

as sustainable additives in concrete mixes. Further research could explore optimized 

treatment methods and their long-term effects on concrete performance, aiming to 

maximize the benefits of feather incorporation while minimizing any detrimental impacts. 

The study on chloride conductivity of fiber-reinforced concrete showed that plain concrete 

(Mix 1, 0% CF) maintained excellent chloride resistance across 28, 56, and 90 days 

(0.59–0.67), consistent with literature reporting that dense, unreinforced matrices limit 

chloride ingress (Mohamed & Hawat, 2016). In contrast, Mix 2 (1% UCF) performed very 
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poorly (2.73–2.55), suggesting that uncoated fibers may introduce weak interfacial zones 

and increase local porosity, creating preferential pathways for chloride penetration, an 

effect similarly observed in previous studies on untreated fibers (Oktarina et al., 2020). 

Treated carbon fiber mixes (Mixes 3–5) exhibited good to excellent chloride resistance, 

with values declining over time (e.g., Mix 5: 0.72 → 0.62), reflecting effective crack-

bridging, reduced microcrack connectivity, and densified fiber–matrix interfaces, which 

aligns with literature demonstrating that surface-treated natural fibers enhance durability 

by controlling microstructure and limiting chloride diffusion (Ayyadurai et al., 2024). The 

improved performance of TCF over UCF highlights the importance of fiber treatment, 

dispersion, and optimal volume fraction, while the slight decline in conductivity over 90 

days suggests continued hydration and microstructural refinement. Overall, the results 

confirm that natural fibers can improve chloride resistance when properly treated and 

incorporated, but untreated fibers may compromise durability due to increased 

permeability. 

4.7 Dry Shrinkage Test  

The drying shrinkage results for the concrete mixes are presented in Table 4.10. The 

table provides a detailed comparison of the shrinkage measurements across three 

samples for each mix. The average shrinkage values are calculated, and the range of 

shrinkage for each mix is noted, along with an indication of whether the range is less than 

or equal to 20% of the average shrinkage. These results are essential for understanding 

the consistency and behavior of the concrete mixes under drying conditions. 

Table 4.10: Drying shrinkage results for the concrete mixes. 

Mix #  Sample 1 

Shrinkage 

Sample 2 

Shrinkage 

Sample 3 

Shrinkage 

Average 

Shrinkage 

Range Range ≤ 

20% of 

Average? 

Mix 1- 0% CF 0.0211 0.0201 0.0208 0.02067 0.0010 Yes 

Mix 2- 1% UCF 0.0390 0.0360 0.0364 0.03713 0.0030 Yes 

Mix 3- 1% TCF 0.0194 0.0168 0.0160 0.0174 0.0034 Yes 

Mix 4- 0.75% TCF 0.0268 0.0241 0.0256 0.0255 0.0027 Yes 

Mix 5- 1.25% TCF 0.0139 0.0138 0.0137 0.0138 0.0002 Yes 
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The findings revealed a clear trend in shrinkage values across the mixes, with variations 

attributed to the presence and treatment of the feathers. Mix 1- 0% CF exhibited moderate 

shrinkage (average 0.02067) and a narrow range (0.0010), indicating consistent behavior 

in the absence of chicken feathers. Mix 2- 1% UCF, demonstrated the highest shrinkage 

(average 0.03713) and a wider range (0.0030). This suggested that untreated feathers 

contributed to increased shrinkage, likely due to the lack of structural stabilization. Mix 3- 

1% TCF, showed a lower average shrinkage (0.0174), indicating that the treatment 

process likely improves the material’s resistance to shrinkage by enhancing bonding and 

structural integrity. Mix 4- 0.75% TCF, exhibited a moderate shrinkage of 0.0255, 

suggesting that even a small proportion of treated feathers can positively affect shrinkage 

control, though not as significantly as Mix 3- 1% TCF. Mix 5- 1.25% TCF, demonstrated 

the lowest shrinkage (0.0138) and an extremely narrow range (0.0002), highlighting the 

stabilizing effect of a higher proportion of treated feathers. This mix showed exceptional 

consistency in shrinkage behavior. 

The results of this study indicate that both the treatment and proportion of natural fibres 

significantly influenced drying shrinkage in cementitious mixes. In the case of coconut 

fibres, the control mix without fibres (Mix 1) exhibited an average shrinkage of 0.02067, 

representing baseline behavior. The addition of 1% untreated coconut fibre (UCF, Mix 2) 

increased shrinkage to 0.03713, suggesting poor shrinkage control, likely due to weak 

fibre–matrix bonding and differential moisture absorption. Conversely, treated coconut 

fibres (TCF) demonstrated improved shrinkage performance: 1% TCF (Mix 3) reduced 

shrinkage to 0.0174, 0.75% TCF (Mix 4) recorded 0.0255, and 1.25% TCF (Mix 5) 

achieved the lowest shrinkage of 0.0138, indicating more stable and consistent behavior 

with higher fibre content. These observations align with literature reporting that fibres—

natural or synthetic—act as crack-bridging elements that redistribute tensile stresses, 

mitigate capillary-driven shrinkage, and enhance deformation performance (Afroughsabet 

et al., 2018). The superior performance of treated fibres highlights the importance of fibre 

treatment, orientation, and effective bonding in controlling shrinkage, while untreated 

fibres may introduce microstructural weaknesses. Overall, the findings demonstrate that 

appropriately processed natural fibres, including coconut and chicken feathers, can 
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significantly reduce drying shrinkage in cementitious composites, consistent with studies 

suggesting that organic fibres modify internal moisture dynamics to limit shrinkage (Kim 

et al., (2021). 

4.7.1 Statistical Analysis for Dry Shrinkage Test results  

The following analysis presents the statistical comparison of dry shrinkage across 

different mixes, as shown in Table 4.11. The table provides the p-values for each mix 

comparison, indicating whether the differences in dry shrinkage are statistically 

significant. 

Table 4.11:  Statistical Analysis of Dry shrinkage Comparison Across Different Mixes. 

Mix Comparison p-value Significance 

Status  

Mix 1- 0% CF vs Mix 2- 1% UCF 0.0016 Significant 

Mix 1- 0% CF vs Mix 3- 1% TCF 0.0763 Not Significant 

Mix 1- 0% CF vs Mix 4- 0.75% TCF 0.0156 Significant 

Mix 1- 0% CF vs Mix 5- 1.25% TCF 0.0013 Significant 

 

The analysis revealed several key findings. First, the addition of 1% untreated chicken 

feathers resulted in a statistically significant increase in shrinkage (p-value = 0.0016), 

indicating that untreated feathers exacerbate shrinkage. However, when the feathers 

were treated, the effect was mitigated. The mix with 1% treated chicken feathers showed 

no statistically significant difference from the control (p-value = 0.0763), suggesting that 

treatment effectively reduced shrinkage at this concentration. Conversely, the mix with 

0.75% treated chicken feathers exhibited a significant increase in shrinkage (p-value = 

0.0156), indicating that even lower percentages of treated feathers can still influence 

shrinkage. The 1.25% treated chicken feather mix showed a significant increase in 

shrinkage (p-value = 0.0013), reinforcing the finding that higher concentrations of treated 

feathers amplified the shrinkage effect. The study demonstrated that untreated chicken 

feathers significantly increased shrinkage in concrete, while treated feathers offer some 

reduction in shrinkage, particularly at lower concentrations. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

 

This study investigated the impact of treated and untreated chicken feathers on the 

properties of concrete, focusing on workability, density, durability, compressive strength, 

tensile strength, and drying shrinkage. The findings revealed that treated chicken feathers 

enhanced workability, reduce drying shrinkage, and slightly improve durability, while 

slightly lowering compressive and tensile strength. Untreated chicken feathers, however, 

contributed to higher shrinkage and negatively impacted concrete strength. These results 

suggested that while treated chicken feathers is promising as a sustainable material for 

concrete, further optimization of their use is needed to balance workability and strength. 

The following sub-sections presents the summary of findings for the undertaken study 

and are presented as follows: 

5.1 Slump 

This study explored the impact of untreated and treated chicken feather fibers on the 

workability of concrete, as measured by slump tests. The results showed that both the 

control mix and the mix with 1% untreated feathers exhibited a slump of 55 mm, indicating 

minimal impact on workability. In contrast, the mix with 1% treated feathers showed a 

reduced slump of 45 mm, suggesting that treatment improved the binding properties, 

leading to increased stiffness. 

The highest workability was observed with 0.75% treated feathers, which resulted in a 60 

mm slump. This indicated that this ratio struck an optimal balance between reinforcement 

and ease of handling. On the other hand, increasing the feather content to 1.25% treated 

feathers caused a further reduction in slump to 40 mm, demonstrating that higher fiber 

content can negatively impact workability. 

The water absorption test results revealed that incorporating treated chicken feathers into 

concrete positively influenced moisture retention and overall durability. The control mix 

exhibited standard water absorption behavior, decreasing gradually over time as curing 
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progressed. In contrast, the mix with 1% untreated chicken feathers showed higher water 

absorption, indicating increased porosity and potential long-term durability concerns. 

Mixes containing treated feathers (at 0.75% and 1%) displayed lower water absorption 

compared to the untreated mix, suggesting improved impermeability and better moisture 

control during curing. The 0.75% to 1% treated feather content offered the best balance, 

minimizing water absorption while maintaining structural integrity. 

5.2 Compressive strength 

The study demonstrated that the use of treated chicken feathers significantly improved 

the compressive strength of concrete, while untreated feathers had a detrimental effect. 

Mix 1- 0% CF, exhibited the highest compressive strength, confirming that concrete 

performs optimally without the inclusion of untreated organic materials. Mix 2- 1% UCF, 

showed the lowest strength due to the decay of the feathers, which interfered with the 

hydration process. In comparison to other mixes, Mix 3- 1% TCF, demonstrated the 

highest strength. This improvement is likely due to the treatment process, which helped 

prevent feather decay and allowed for better bonding between the feathers and the 

cement matrix. On the other hand, Mix 4- 0.75% TCF, showed slightly lower strength than 

Mix 3- 1% TCF. This suggests that 1% may be the optimal concentration of treated 

feathers for achieving maximum strength in concrete. Mix 5- 1.25% TCF had similar 

performance to Mix 3- 1% TCF, indicating that while higher concentrations of treated 

feathers could further enhance strength, this must be balanced carefully. 

5.3 Tensile strength Conclusion 

This study found that incorporating treated chicken feathers into concrete mixes 

enhanced tensile strength, with the most effective result observed in Mix 3- 1% TCF, 

which achieved a tensile strength of 7.09 MPa at 90 days. In contrast, Mix 2- 1% UCF, 

recorded the lowest tensile strength of 4.75 MPa. Statistical analysis confirmed that both 

untreated feathers and higher feather concentrations significantly deviated from the 

baseline mix. Notably, Mix 4- 0.75% TCF, demonstrated comparable strength 

performance over time, suggesting that the concentration of treated feathers plays a 

critical role in tensile strength outcomes. 
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5.4 Oxygen permeability 

The results showed that treated chicken feathers improve concrete performance, 

especially at 1.25%. Untreated feathers produced invalid results, highlighting the need for 

proper treatment. The base mix performed well, but the addition of treated feathers 

enhanced strength and durability, particularly in oxygen permeability. 

5.5 Sorptivity  

The sorptivity tests showed that untreated chicken feathers increase water absorption, 

with the 1% untreated mix performing very poorly. Treated feathers, especially at 1.25%, 

improved water resistance and matched the control mix’s performance. Lower treated 

percentages (0.75% and 1%) also showed good results. 

5.6 Chloride resistance  

The results showed that concrete with treated chicken feathers performed better than 

untreated feathers in resisting chloride penetration. The control mix (no feathers) 

demonstrated strong chloride resistance. Concrete with 1% untreated chicken feathers 

had poor performance, while treated feathers improved resistance, with the best results 

seen at 1.25% treated feathers. 

5.7 Drying shrinkage 

The test results showed that untreated chicken feathers increase drying shrinkage, while 

treated chicken feathers reduce shrinkage, especially at higher concentrations. Mix 5- 

1.25% TCF, exhibited the lowest and most consistent shrinkage, suggesting that treated 

feathers helped to stabilize the concrete mix. 

5.8 Summary of Recommendations 

Based on these findings, the following recommendations are made: 

▪ Incorporation of Treated Chicken Feathers (TCF): Use treated chicken feathers at 

a dosage of 0.75% to 1.25% by weight of cement to enhance concrete properties. 

This range has been shown to improve tensile and compressive strength, 

durability, moisture retention, and resistance to chloride penetration, making it 

suitable for structural and exposure-prone applications. 
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▪ Avoidance of Untreated Chicken Feathers (UCF): Untreated feathers should be 

avoided in concrete mixes, as they increase porosity, weaken mechanical 

performance, interfere with hydration processes, and reduce durability and water 

resistance. 

▪ Optimization of Treatment Methods: Refine feather treatment processes to ensure 

consistent performance, improve bonding with cement matrices, enhance long-

term durability, and maximize sustainability and cost-effectiveness. Treatments 

could include chemical modification, surface coatings, or mechanical conditioning 

to improve fibre–matrix interaction. 

▪ Determination of Optimal Dosage and Application-Specific Guidelines: Further 

experimental research should be conducted to identify the optimal feather 

concentration for different types of concrete applications (e.g., structural, 

pavements, or precast elements) and to investigate whether higher feather 

contents could provide additional benefits without compromising workability or 

mechanical performance. 

▪ Long-Term Durability Assessment: Perform extended studies under various 

environmental conditions, such as freeze-thaw cycles, wet-dry variations, and 

chloride-rich exposures, to evaluate the long-term performance and resilience of 

concrete incorporating treated feathers. 

▪ Commercial Scalability and Economic Feasibility: Investigate the potential for 

industrial-scale application of treated chicken feathers, including cost analysis, 

supply chain considerations, and consistency in performance, to ensure feasibility 

for widespread adoption in the concrete industry. 

5.9 Concluding remarks  

The tests on concrete mixes with varying percentages of treated and untreated chicken 

feathers revealed mixed results. While treated chicken feathers improved workability, 

reduced drying shrinkage, and enhanced durability, they slightly decreased the concrete's 

compressive and tensile strength compared to the control mix. Untreated chicken 

feathers, however, contributed to higher shrinkage and negatively impacted the strength 
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of the concrete. Overall, treated chicken feathers showed potential for improving 

shrinkage control and workability, but their inclusion needs to be carefully balanced, as 

they may reduce the material's overall strength. Further research is recommended to 

optimize the treatment process and explore other additives to enhance concrete 

properties. 
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ANNEXURES 

ANNEXURE A 

A.1 Workability 

Table A.1: Slump Results- Workability Analysis 

Concrete Mix Slump (mm) 
Mix 1- 0% CF 55 
Mix 2- 1% UCF 55 

Mix 3- 1% TCF 45 
Mix 4- 0.75% TCF  60 
Mix 5- 1.25% TCF  40 

 

A.2 Compressive Strength Results 

Table A.2: Compressive Strength Results Mix 1- 0% CF 

Mix 1- 0% CF 

# Mass(g) Force (KN) Compressive Strength (MPa)  Average 

1 2484.7 536.6 53.66 

7 
Days 56.44 

2 2486.8 563.7 56.37 

3 2391.2 592.9 59.29 

1 2505 609.7 60.97 

14 
Days 59.49 

2 2379 584.1 58.41 

3 2413 590.93 59.09 

1 2410.4 690.1 69.01 

28 
Days 68.68 

2 2457.1 684.1 68.41 

3 2439.9 686.3 68.63 

1 2450.3 716.9 71.69 

56 
Days 70.11 

2 2486.7 697.9 69.79 

3 2463.6 688.6 68.86 

1 2496.9 708.7 70.87 

90 
Days 72.13 

2 2480.7 752.4 75.24 

3 2499.1 702.8 70.28 
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Table A.3: Compressive Strength Results Mix 2- 1% UCF 

Mix 2- 1% UCF 
 

# Mass(g) Force(KN) Compressive Strength (MPa)  Avarage 

1 2315.3 269.4 26.94 

7 
Days 26.82 

2 2285.2 267.6 26.76 

3 2382.7 267.6 26.76 

1 2266 323.7 32.37 

14 
Days 31.51 

2 2292 313 31.3 

3 2300 308.6 30.86 

1 2211.3 371.3 37.13 

28 
Days 37.2 

2 2172.7 368.4 36.84 

3 2213.4 376.3 37.63 

1 2156.8 421.3 42.13 

56 
Days 42.89 

2 2266.1 419.6 41.96 

3 2192.7 445.8 44.58 

1 2229.1 480.1 48.01 

90 
Days 48.58 

2 2331.2 406.4 40.64 

3 2202.4 570.9 57.09 

 

Table A.4: Compressive Strength Results Mix Mix 3 - 1% TCF 

Mix 3 - 1% TCF 

# Mass(g) Force(KN) Compressive Strength (MPa)  Avarage 

1 2434.3 533.5 53.35 

7 
Days 52.00 

2 2399 507.4 50.74 

3 2414.7 519 51.9 

1 2382.5 573.5 57.35 

14 
Days 58.82 

2 2369.3 586.2 58.62 

3 2349.8 604.96 60.496 

1 2449.9 680.3 68.03 

28 
Days 64.14 

2 2390.4 581.61 58.161 

3 2343.1 662.2 66.22 

1 2457.5 649.97 64.97 

56 
Days 65.17 

2 2501.4 638.8 63.88 

3 2392.7 666.46 66.65 

1 2434.1 699.9 69.99 

90 
Days 65.50 

2 2335.1 655.6 65.56 

3 2408.2 609.59 60.959 
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Table A.5: Compressive Strength Results Mix 4- 0.75% TCF 

Mix 4 - 0.75% TCF 

# Mass(g) Force(KN) Compressive Strength (MPa)  Avarage 

1 2353.6 509.5 50.95 

7 
Days 51.06 

2 2479.1 494.9 49.49 

3 2468.8 527.5 52.75 

1 2382.5 537.8 53.78 

14 
Days 54.11 

2 2369.3 515.1 51.51 

3 2398.8 570.4 57.04 

1 2418.5 548.9 54.89 

28 
Days 56.00 

2 2391.9 566.3 56.63 

3 2454.6 564.9 56.49 

1 2312.4 582.8 58.28 

56 
Days 58.91 

2 2344.8 529.8 52.98 

3 2322.1 654.7 65.47 

1 2406.2 608.3 60.83 

90 
Days 64.39 

2 2362.4 690.4 69.04 

3 2469.1 632.88 63.29 

 

Table A.6: Compressive Strength Results Mix E - 1.25% TCF 

Mix 5 - 1.25% TCF 

# Mass(g) Force(KN) Compressive Strength (MPa)  Avarage 

1 2353.8 516.9 51.69 

7 
Days 52.17 

2 2369 512.5 51.25 

3 2288.6 535.8 53.58 

1 2451.8 579.6 57.96 

14 
Days 57.81 

2 2449.6 546.4 54.64 

3 2453.7 608.3 60.83 

1 2502.4 612.3 61.23 

28 
Days 63.38 

2 2431.3 638.7 63.87 

3 2400 650.3 65.03 

1 2452.6 670.6 67.06 

56 
Days 66.46 

2 2463.9 647.8 64.78 

3 2482.2 675.5 67.55 

1 2425.8 668.5 66.85 

90 
Days 67.22 

2 2472.2 671.6 67.16 

3 2415.8 676.6 67.66 
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A.3 Splitting Tensile Strength Results 

Table A.6: Splitting Tensile Strength Results Mix 1-0% CF 

Mix 1-0% CF 

# Mass(g) Force(KN) Tensile Strength (MPa)  Avarage 

1 2456.5 154.85 4.3816 

7 
Days 4.53 

2 2474.4 160.33 4.5364 

3 2488.9 164.77 4.6618 

1 2462 259.69 7.3478 

14 
Days 6.72 

2 2376 210.54 5.971 

3 2431 241.97 6.8465 

1 2454.5 214.42 6.067 

28 
Days 7.16 

2 2471.6 276.78 7.8314 

3 2469.1 267.66 7.5734 

1 2489.1 279.94 7.9207 

56 
Days 7.91 

2 2481.6 278.59 7.8824 

3 2492.7 280.59 7.9391 

1 2469 305.41 8.6413 

90 
Days 8.47 

2 2392.6 293.51 8.3047 

3 2429.4 299.24 8.4668 

 

Table A.7: Splitting Tensile Strength Results Mix 2 - 1% UCF 

Mix 2 - 1% UCF 

# Mass(g) Force(KN) Tensile Strength (MPa)  Avarage 

1 2091.3 90.24 2.5533 

7 
Days 2.57 

2 2215.9 90.83 2.5701 

3 2182.4 91.57 2.5911 

1 2182.5 113.97 3.2249 

14 
Days 3.26 

2 2195.1 116.14 3.2861 

3 2203.5 115.79 3.2762 

1 2248.3 134.67 3.8104 

28 
Days 3.83 

2 2196.3 136.56 3.8639 

3 2233.7 134.99 3.8196 

1 2214.7 151.92 4.2986 

56 
Days 4.39 

2 2230 154.6 4.3744 

3 2212.7 158.85 4.4946 

1 2204.1 166.48 4.7103 

90 
Days 4.75 

2 2142.7 167.16 4.7298 

3 2126.7 169.69 4.8012 
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Table A.8: Splitting Tensile Strength Results Mix 3 - 1% TCF 

Mix 3 - 1% TCF 

# Mass(g) Force(KN) Tensile Strength (MPa)  Avarage 

1 2453.1 189.44 5.3602 

7 
Days 5.38 

2 2346.2 191.83 5.4279 

3 2448.2 189.54 5.3629 

1 2434.6 206.24 5.8355 

14 
Days 5.83 

2 2428.1 206.29 5.8369 

3 2458.8 206.05 5.8303 

1 2424 218.2 6.174 

28 
Days 6.41 

2 2440.1 227.8 6.4455 

3 2402.4 234.01 6.6211 

1 2429.4 244.94 6.9305 

56 
Days 7.00 

2 2467.9 223.98 6.3374 

3 2492.8 273.06 7.7262 

1 2375.2 257.63 7.2895 

90 
Days 7.09 

2 2325.6 238.67 6.7532 

3 2434 255.61 7.2323 

 

Table A.9: Splitting Tensile Strength Results Mix 4 - 0.75% TCF 

Mix 4 - 0.75% TCF 

# Mass(g) Force(KN) Tensile Strength (MPa)  Avarage 

1 2489.8 189.27 5.3533 

7 
Days 5.40 

2 2375.1 187.38 5.3009 

3 2478.8 196.03 5.5408 

1 2372.8 185.59 5.2513 

14 
Days 5.44 

2 2370.9 176.55 4.9955 

3 2379.6 215.08 6.0857 

1 2402 196.68 5.565 

28 
Days 5.55 

2 2389.4 194.84 5.5129 

3 2443.1 196.5 5.56 

1 2384.4 205.42 5.8122 

56 
Days 6.12 

2 2376.8 219.09 6.1992 

3 2332.1 224.72 6.3586 

1 2391.1 203.86 5.7681 

90 
Days 6.42 

2 2389.4 212.63 6.0162 

3 2388.7 264.21 7.4754 
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Table A.10: Splitting Tensile Strength Results Mix 5 - 1.25% TCF 

Mix 5- 1.25% TCF 

# Mass(g) Force(KN) Tensile Strength (MPa)  Avarage 

1 2429.2 142.36 4.028 

7 
Days 4.45 

2 2346.7 167.43 4.7373 

3 2366.7 161.53 4.5705 

1 2478.1 200.89 5.6842 

14 
Days 5.465 

2 2450.7 183.4 5.1892 

3 2469.1 195.15 5.5216 

1 2511 178.79 5.0588 

28 
Days 5.49 

2 2381.9 196.27 5.5533 

3 2300.1 207.35 5.8666 

1 2466.1 262.69 7.4328 

56 
Days 7.35 

2 2414.6 252.78 7.1524 

3 2472.7 263.96 7.4687 

1 2385.5 267.4 7.5659 

90 
Days 7.54 

2 2451.1 268.4 7.5942 

3 2442.4 264 7.4701 

 

A.4 Water Absorption Test 

Table A.11: Water Absorption Test Mix 1-0% CF 

Mix 1-0% CF 

# Wet Mass(g) Dry Mass(g) Differences  Avarage 

1 2432.1 2456.5 24.4 

7 
Days 24.79 

2 2449 2474.4 25.4 

3 2464.33 2488.9 24.57 

1 2435.1 2462 26.9 

14 
Days 26.58 

2 2350.2 2376 25.8 

3 2403.96 2431 27.04 

1 2426.86 2454.5 27.64 

28 
Days 28.58 

2 2443.2 2471.6 28.4 

3 2439.4 2469.1 29.7 

1 2458.2 2489.1 30.9 

56 
Days 30.28 

2 2452.4 2481.6 29.2 

3 2461.96 2492.7 30.74 

1 2437.4 2469 31.6 

90 
Days 31.25 

2 2361.3 2392.6 31.3 

3 2398.55 2429.4 30.85 
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Table A.12: Water Absorption Test Mix 2 - 1% UCF 

Mix 2 - 1% UCF 

# Wet Mass(g) Dry Mass(g) Differences  Avarage 

1 2019.4 2091.3 71.9 

7 
Days 65.57 

2 2154.6 2215.9 61.3 

3 2118.9 2182.4 63.5 

1 2112.8 2182.5 69.7 

14 
Days 73.13 

2 2115.5 2195.1 79.6 

3 2133.4 2203.5 70.1 

1 2159 2248.3 89.3 

28 
Days 85.93 

2 2112.8 2196.3 83.5 

3 2148.7 2233.7 85 

1 2129.8 2214.7 84.9 

56 
Days 90.23 

2 2135.4 2230 94.6 

3 2121.5 2212.7 91.2 

1 2112.5 2204.1 91.6 

90 
Days 91.47 

2 2053 2142.7 89.7 

3 2033.6 2126.7 93.1 

 

Table A.13: Water Absorption Test Mix 3 - 1% TCF 

 

 

Mix 3 - 1% TCF 

# Wet Mass(g) Dry Mass(g) Differences    Average  

1 2317.8 2453.1 135.3 

 7 
Days  28.40 

2 2424.7 2346.2 -78.5 

3 2419.8 2448.2 28.4 

1 2401.4 2434.6 33.2 

14 
Days  33.03 

2 2395.3 2428.1 32.8 

3 2425.4 2458.5 33.1 

1 2390.5 2424 33.5 

28 
Days  34.47 

2 2404.4 2440.1 35.7 

3 2368.2 2402.4 34.2 

1 2395.8 2429.4 33.6 

56 
Days 35.40 

2 2429.4 2467.9 38.5 

3 2458.7 2492.8 34.1 

1 2340.6 2375.2 34.6 

90 
Days  36.13 

2 2286.9 2325.6 38.7 

3 2398.9 2434 35.1 
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Table A.14: Water Absorption Test Mix 4 - 0.75% TCF 

Mix 4 - 0.75% TCF 

# Wet Mass(g) Dry Mass(g) Differences  Average 

1 2464.5 2489.8 25.3 

7 
Days 26.20 

2 2349.1 2375.1 26 

3 2451.5 2478.8 27.3 

1 2344.2 2372.8 28.6 

14 
Days 29.37 

2 2341.8 2370.9 29.1 

3 2349.2 2379.6 30.4 

1 2368 2402 34 

28 
Days 34.37 

2 2354.3 2389.4 35.1 

3 2409.1 2443.1 34 

1 2349.1 2384.4 35.3 

56 
Days 36 

2 2340.4 2376.8 36.4 

3 2295.8 2332.1 36.3 

1 2351.5 2391.9 40.4 

90 
Days 40.87 

2 2349.6 2389.4 39.8 

3 2346.3 2388.7 42.4 

 

Table A.15: Water Absorption Test Mix 5 - 1.25% TCF 

Mix 5 - 1.25% Treated 

# Wet Mass(g) Dry Mass(g) Differences  Avarage 

1 2399 2429.2 30.2 

7 
Days 30.47 

2 2316 2346.7 30.7 

3 2336.2 2366.7 30.5 

1 2444.5 2478.1 33.6 

14 
Days 32.83 

2 2418.6 2450.7 32.1 

3 2436.3 2469.1 32.8 

1 2474.3 2511 36.7 

28 
Days 34.67 

2 2348.8 2381.9 33.1 

3 2265.9 2300.1 34.2 

1 2429.3 2466.1 36.8 

56 
Days 36.90 

2 2377.2 2414.6 37.4 

3 2436.2 2472.7 36.5 

1 2344.7 2385.5 40.8 

90 
Days 38.17 

2 2413.7 2451.1 37.4 

3 2406.1 2442.4 36.3 
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A.5 Dry Shrinkage Results 

Table A.16: Dry Shrinkage Results Mix 1-0% CF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Specimen 1 

Age Read Difference Dry shrinkage 

7 2.44   

14 2.388 0.052 0.0173 

16 2.373 0.067 0.0223 

18 2.373 0.067 0.0223 

20 2.373 0.067 0.0223 

 0.0211 

 Specimen 2 

Age Read Difference Dry shrinkage 

7 3.119   

14 3.066 0.053 0.0177 

16 3.057 0.062 0.0207 

18 3.056 0.063 0.0210 

20 3.056 0.063 0.0210 

 0.0201 

 Specimen 3 

Age Read Difference Dry shrinkage 

7 5.661   

14 5.602 0.059 0.0197 

16 5.598 0.063 0.0210 

18 5.597 0.064 0.0213 

20 5.597 0.064 0.0213 

 0.0208 
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Table A.17: Dry Shrinkage Results Mix 2 - 1% UCF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Specimen 1 

Age Read Difference Dry shrinkage 

7 5.543   

14 5.435 0.108 0.0360 

16 5.423 0.12 0.0400 

18 5.423 0.12 0.0400 

20 5.423 0.12 0.0400 

 0.0390 

 Specimen 2 

Age Read Difference Dry shrinkage 

7 7.097   

14 7.025 0.072 0.0240 

16 6.977 0.12 0.0400 

18 6.977 0.12 0.0400 

20 6.977 0.12 0.0400 

 0.0360 

 Specimen 3 

Age Read Difference Dry shrinkage 

7 5.839   

14 5.767 0.072 0.024 

16 5.718 0.121 0.0403 

18 5.717 0.122 0.0407 

20 5.717 0.122 0.04067 

 0.0364 
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Table A.18: Dry Shrinkage Results Mix 3 - 1% TCF 

 

 

 

 

 

 

 

 

 

 

 Specimen 1 

Age Read Difference Dry shrinkage 

7 7.829   
14 7.779 0.05 0.0167 

16 7.768 0.061 0.0203 

18 7.768 0.061 0.0203 

20 7.768 0.061 0.0203 

 0.0194 

 Specimen 2 

Age Read Difference Dry shrinkage 

7 1.051   

14 1.003 0.048 0.0160 

16 1.000 0.051 0.0170 

18 1.000 0.051 0.0170 

20 1.000 0.051 0.0170 

 0.0168 

 Specimen 3 

Age Read Difference Dry shrinkage 

7 4.313   

14 4.276 0.037 0.0123 

16 4.262 0.051 0.0170 

18 4.261 0.052 0.0173 

20 4.261 0.052 0.0173 

 0.0160 
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Table A.19: Dry Shrinkage Results Mix 4 - 0.75% TCF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Specimen 1 

Age Read Difference Dry shrinkage 

7 6.377     

14 6.329 0.048 0.0160 

16 6.286 0.091 0.0303 

18 6.286 0.091 0.0303 

20 6.286 0.091 0.0303 

 0.0268 

 Specimen 2 

Age Read Difference Dry shrinkage 

7 7.409     

14 7.339 0.07 0.0233 

16 7.336 0.073 0.0243 

18 7.336 0.073 0.0243 

20 7.336 0.073 0.0243 

 0.0241 

 Specimen 3 

Age Read Difference Dry shrinkage 

7 5.615     

14 5.545 0.07 0.0233 

16 5.536 0.079 0.0263 

18 5.536 0.079 0.0263 

20 5.536 0.079 0.0263 

 0.0256 
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Table A.20: Dry Shrinkage Results  Mix 5 - 1.25% TCF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Specimen 1 

Age Read Difference Dry shrinkage 

7 4.603     

14 4.564 0.039 0.0130 

16 4.561 0.042 0.0140 

18 4.560 0.043 0.0143 

20 4.560 0.043 0.0143 

 0.0139 

 Specimen 2 

Age Read Difference Dry shrinkage 

7 4.603 7.062   

14 4.564 7.032 0.030 

16 4.561 7.017 0.045 

18 4.560 7.017 0.045 

20 4.560 7.017 0.045 

 0.0138 

 Specimen 3 

Age Read Difference Dry shrinkage 

7 5.608     

14 5.579 0.029 0.0097 

16 5.563 0.045 0.0150 

18 5.563 0.045 0.0150 

20 5.563 0.045 0.0150 

 0.0137 
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A.6 Durability 

Table A.21 Durability- Oxygen Permeability Index 

OPI 

Mix Description 28 Days 56 Days 90 Days 

 OPI Coefficient 
of 

permeability 
(m/s) 

 

OPI Coefficient 

of 

permeability 

(m/s) 

OPI Coefficient 

of 

permeability 

(m/s) 

Mix 1- 0% CF 10.07 9.337E-11 10.06 3.292E-10 10.19 1.254E-10 

Mix 2- 1% UCF Invalid Invalid Invalid Invalid Invalid Invalid 

Mix 3- 1% TCF 9.9 1.594E-10 9.84 1.437E-09 9.95 1.876E-10 

Mix 4- 0.75% TCF 9.89 1.151E-09 9.71 1.788E-10 9.73 1.955E-10 

Mix 5- 1.25% TCF 10.14 8.870E-11 10.3 1.987E-10 10.05 1.665E-09 

 

Table A.22 Durability- Sorptivity Index 

Sorptivity 

Mix Description 28 Days 56 Days 90 Days 

 Sorptivity 
(mm/hr0.5) 

 

Porosity 
(%) 

 

Sorptivity 
(mm/hr0.5) 

 

Porosity 
(%) 

 

Sorptivity 
(mm/hr0.5) 

 

Porosity 
(%) 

 

Mix 1- 0% CF 5.03 7.97 4.32 8.98 4.65 7.77 

Mix 2- 1% UCF 21.73 25.9 17.95 21.8 24.92 29.4 

Mix 3- 1% TCF 8.4 7.18 9.25 7.96 6.8 7.98 

Mix 4- 0.75% TCF 9.79 9.19 6.3 7.89 9.27 7.90 

Mix 5- 1.25% TCF 3.91 8.58 4.12 8.90 3.89 8.40 
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Table A.23 Durability- Chloride Conductivity Index 

Conductivity (mS/cm) 

Mix Description 28 Days 56 Days 90 Days 

Mix 1- 0% CF 0.59 0.67 0.6 

Mix 2- 1% UCF 2.73 2.61 2.55 

Mix 3- 1% TCF 1.26 1.25 0.89 

Mix 4- 0.75% TCF 1.3 1.27 0.82 

Mix 5- 1.25% TCF 0.72 0.76 0.62 

 

 



 

 

  

 


