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[bookmark: _Toc202980012]ABSTRACT
This study investigates the effect of using bamboo as a partial replacement for coarse aggregate on the workability of concrete. The growing environmental concerns and increasing cost of traditional aggregates necessitate the exploration of alternative, sustainable materials. Crushed bamboo, an agricultural waste product, was examined for its suitability as a coarse aggregate in concrete mixtures. The study was guided by three main objectives: to determine the physical properties of bamboo, to evaluate its potential as a coarse aggregate, and to assess its impact on concrete workability. Laboratory tests were conducted to assess the physical and mechanical properties of bamboo aggregates, including specific gravity, bulk density, water absorption, impact value, and abrasion value. The results showed that bamboo has a specific gravity of 1.25 and bulk density of 636.44 kg/m³, indicating its lightweight nature. It also demonstrated low impact (5.02%) and abrasion values (5.32%), making it suitable for non-structural applications. Workability was measured using a slump test for concrete mixes containing 0%, 10%, 20%, and 30% bamboo replacements. The results indicated that slump values increased with higher bamboo content, reaching up to 13 cm at 30% replacement, thus confirming improved workability. The study concludes that bamboo can be used as a partial replacement for coarse aggregate, especially at 10–20% replacement levels, to enhance workability without significantly compromising cohesion. This research supports the adoption of bamboo as a cost-effective and eco-friendly alternative in concrete production, particularly for lightweight or non-load-bearing construction. Further studies are recommended to evaluate the long-term performance and durability of bamboo-based concrete.

Keywords: Crushed bamboo, Concrete workability, Coarse aggregate, Slump test, Lightweight concrete, Sustainable construction
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[bookmark: _Toc202980015]1.1	Background to the Study

Bamboo is an eco-friendly biomass material due to its short maturation period, high tensile strength, outstanding toughness, and mechanical properties comparable to those of low-carbon steel and wood (Liu et al., 2023). Many researchers have investigated the potential of bamboo as a reinforcing material for concrete. A series of research has been conducted in the past few years on bamboo-reinforced concrete materials, including bamboo-reinforced concrete beams (Bin Azuwa, 2024), bamboo-concrete sandwich panels (Muhtar, 2024) bamboo reinforcing columns (Awoyera et al., 2024) and bamboo fibre winding tube-confined concrete (Ge et al., 2025). Owing to the outstanding tensile strength in bamboo, the bamboo-concrete combined system is demonstrated as effective in solving problems, e.g., low tensile strength and easy cracking. 
Industrial wastes are elements or materials originating from various human industrial and non-domestic activities that have to be dumped as waste. These industrial waste materials generally include domestic, industrial and medical wastes (Hogland & Stenis, 2000; Batayneh, et al, 2007). In specific, construction wastes are waste arising from construction and destruction activities, restoration, repair, elimination of prevailing structures, and installations (Lau et al, 2008; Gulghane & Khandve, 2015). These construction wastes include but not limited to the following: rubbles, sand, stone, granite, tiles (ceramic, clay, marble), bamboo, metal (iron, aluminium, copper) wood, rubber, asbestos, paper, paints, cables, pipes, electric parts, and so on (Carneiro, et al 2000). One of the core environmental concerns concerning the landfills in Nigeria is the effective management of such sites (Oluseyi, et al 2014). The management of waste and its attendant challenges have emerged as an important subject in today’s ever-growing society (Oyelami, et al, 2013; Bassey et al, 2015). So, as the population levels around the globe are increasing particularly in Nigeria, there is an unprecedented surge in the levels of waste generated (Olukanni & Oresanya, 2018; Elemile, et al, 2019). One of these construction wastes and non-biodegradable is Bamboo, and it is not suitable for disposal to landfill. 
Interestingly, bamboo has shown potential in the production of concrete. Over the years, concrete has emerged as a major component in the construction industry due to its adaptability to forms, ease of construction, strength, and durability. Nevertheless, concrete production accounts for approximately 5-8% of worldwide greenhouse gas emissions due to its extreme resourceful and energy-intensive process. (Batayneh, et al., 2007; Drzymała, et al., 2020). Intrinsically, every opportunity to curtail the negative impacts of the concrete industry on the environment is required to be explored (Ling, et al., 2013; Srivastava, et al., 2014). Natural aggregates are becoming limited in quantities and producing crushed aggregate is costly. To this end, there is a ready-made market in the construction industry to use crushed bamboo as an aggregate. The inclusion of bamboo as an aggregate (coarse or fine) in structural concrete has the potential to not only reduce negative environmental impact and the consumption of existing raw materials, but also construction cost will be reduced (Shayan & Xu, 2004; Lee, et al., 2011; Lu, & Poon, 2019)
Concrete is a composite material which comprises primarily of cement, the water's fine and coarse aggregates. The coarse aggregates which are generally crushed rocks with sizes bigger than 4.75mm while fine aggregates are basically sand which could be obtained from land or water and their particle size should be less than 4.75mm. Increasing cost of these materials has greatly hindered the development of shelter and other infrastructural facilities in Nigeria and other developing countries. There arises the need for engineering consideration of the use of cheaper and locally available materials to meet desired needs, enhance self-efficiency, and lead to an overall reduction in construction cost for sustainable development. 
One of the major problems of developing countries is improper management of the vast amount of waste generated by various human activities (Robert, 2012). Quantities of waste bamboo have been on the rise in recent years due to an increase in industrialization and the rapid improvement in the standard of living. Unfortunately, the majority of bamboo wastes are not being recycled, but rather abandoned and is, therefore, the cause of serious problems such as waste of natural resources and environmental problem. 
Use of waste material as aggregates in civil engineering applications is beneficial because it reduces the environmental impact and economic cost of quarrying operations, processing, and transportation. According to Khatib et al., (2012), the energy required to reuse the recyclable material is less than that of virgin materials. Over the years several attempts has been made by researchers to use waste materials in the production of concrete and some of the materials used includes sawdust, fly ash, fuel ash palm kernel shells, periwinkle shell, bamboo etc. This has in great measure catered for the problem which could result from improper disposal of the waste and the cost of disposal. 
Since the demand of concrete in the construction industry is increasing day by day, this study has a lot of significance in the assessment of the performance of concrete with partial replacement of coarse aggregate with crushed bamboo. The use of crushed bamboo as coarse aggregate greatly enhances the aesthetic appeal of the concrete. The results from this study will be useful and serve as a guide in knowing the percentage of crushed bamboo replacement that will achieve optimum workability in the production of concrete using bamboo in partial replacement of coarse aggregate. The economic recession has led to the increase in prices of materials used in production of concrete, which invariably impact on the rate at which infrastructural development take place in the country. Shelter which arguably the most important need of man has been jeopardised by this problem as about seven million are without shelter according Punch (2012). This study is timely as it is meant to address the present housing problem in Nigeria through the use of waste materials which would have caused harm to the society. 
Some recent studies on the use of bamboo in concrete show that the bamboo fibre is a cellulose fibre obtained from natural bamboo. Currently, the methods for preparing the bamboo fibre can be divided into chemical methods, mechanical methods, biological enzyme methods, and combined methods (Wang et al., 2024). According to different preparation processes, various bamboo fibres can be obtained with different morphologies and properties, such as the bamboo fibre in the form of sticks, the raw bamboo fibre in the form of silk, and the bamboo pulp fibre. Different processing methods and types of bamboo fibre have various mechanical properties, such as the tensile strength, tensile modulus, and elongation at breakage. Although the tensile strength of a natural bamboo fibre can reach 1770 MPa, the corresponding strength of a processed fibre tends to decrease owing to the damage in the fibre cell (Nduka et al., 2022). Similar to the steel fibre and synthetic fibre (Wang et al., 2024), the outstanding tensile performance of the bamboo fibre characterized potential application value in reinforcing concrete. The bamboo fibre has outstanding mechanical properties similar to other eco-friendly fibres, e.g., flax, jute, and coir fibres (Wang et al., 2024), but it is rather easy for factory scale production. Therefore, researchers have gradually focused on the research and application of the bamboo fibre-reinforced concrete. 
The existing studies on the bamboo fibre-reinforced concrete are mainly based on the stick bamboo fibre. Zhang et al. (Wang et al., 2024) investigated the uniaxial compressive and split tensile properties of the stick bamboo fibre-reinforced concrete. With the fibre length at 10 mm and fibre content at 0.26 kg/m3 , the compressive strength and splitting tensile strength increased by 26.25 % and 97.21 %, respectively. Wang et al. (2024) combined the stick bamboo fibre and the steel fibre to enhance the mechanical properties of the concrete. The results showed that the stick bamboo fibre did not significantly enhance the compressive strength but increased its flexural strength. Similarly, compared with those of unadulterated fibre-reinforced concrete and steel fibre-reinforced concrete, the flexural strength of the stick bamboo fibre-reinforced concrete with 1 % admixture improved by 81 % and 27 %, respectively. Wang et al. (2024) pointed out that the tensile strength and toughness of cementitious composites were dramatically enhanced with the stick bamboo fibre dosage at 1.0 %. Ge et al. (2025) incorporated mechanically processed the stick bamboo fibre into ultra-high performance concrete and investigated the flexural properties of bamboo stick fibre-reinforced concrete beams via a four-point bending test. The beam ultimate loads with the fibre dosage at 1.25 wt% and 2.50 wt% increased by 37.1 % and 48.2 %, respectively. Besides, its post-cracking performance was significantly improved. Muhtar & Gunasti (2023) added the bamboo pulp cellulose fibre to reinforce cementitious composites and increased the flexural strength and fracture toughness by 102.7 % and 45 times. Lin et al. (2024) demonstrated the positive effect of the bamboo fibre epoxy composite panels reinforcing the concrete beam on the ultimate bearing capacity and ductility. Owing to the excellent tensile strength in various bamboo fibres, it can stabilize the development of microcracks and change the concrete damage pattern, further improving its mechanical properties.
Although the raw bamboo fibre characterizes excellent tensile performance with respect to the stick bamboo fibre, the feasibility of using crushed bamboo as a replacement for coarse aggregate in concrete has not been systematically investigated. Therefore, this study focused on the workability of concrete produced using crushed bamboo as a partial replacement of coarse aggregate. 
[bookmark: _Toc202980016]1.2	Statement of the Problem
Concrete production incorporates the use of fine aggregate (sand), coarse aggregate (granite), cement and water in their correct proportion. Coarse aggregate as one of the components of concrete is produced during quarrying of limestone which has severe negative environmental impact associated with it ranging from noise pollution, impaired air quality and emission of dust and particles into the atmosphere. Moreover, cost of concrete production has risen significantly as a result of high cost of transportation of coarse aggregate to regions where the material is present in negligible quantities. These developments have compelled a search for an alternative aggregate which can be used sorely or in partial replacement of coarse aggregate in concrete production.  
[bookmark: _Toc202980017]1.3	Justification of the Study
Nigeria’s construction industry is experiencing a growing demand for raw materials, particularly coarse aggregates, due to increased infrastructure projects and real estate development. With the country facing an estimated housing deficit of 17 million units, the rising need for construction materials has led to supply shortages and escalating costs of conventional aggregates like crushed stone. As urbanization accelerates, finding sustainable and cost-effective alternatives to traditional aggregates has become essential. One promising option is bamboo, a lightweight, renewable, and widely available material that could help reduce reliance on natural stone while promoting environmentally friendly construction practices.
This study explores the feasibility of using bamboo as a partial replacement for coarse aggregate, particularly in terms of its effect on concrete workability. By assessing its impact on mix properties, this research aims to provide insights into its practicality and encourage further studies on its mechanical behavior and long-term performance in concrete structures. Concrete remains one of the most widely used building materials due to its durability, versatility, and strength, making it crucial to explore alternative aggregate options that align with sustainability goals without compromising structural integrity.
[bookmark: _Toc202980018]1.4	Aims of the Study
The aim of this study is to assess the effect of bamboo as a partial replacement for coarse aggregate on concrete workability
[bookmark: _Toc202980019]1.5 	Objectives of the Study

The objectives of the study are to:
i. To determine the physical properties of bamboo.
ii. To evaluate bamboo as a potential replacement for coarse aggregate.
iii. To assess the effect of bamboo replacement on the workability of concrete.
[bookmark: _Toc202980020]1.6	Scope of the Study
	This study focuses on assessing the effect of using bamboo as a partial replacement for coarse aggregate on the workability of concrete. It involves the selection, processing, and preparation of bamboo to meet the required aggregate size specifications. The physical properties of bamboo, such as density, water absorption, and strength, will be evaluated to determine its suitability as a coarse aggregate. Concrete will be prepared with varying percentages of bamboo replacement (e.g., 0%, 10%, 20%, etc.), following standard mix design procedures. Workability will be assessed through slump tests, and the results will be compared with conventional concrete to evaluate feasibility. The study is limited to workability analysis and does not extend to long-term durability or structural performance assessments.


[bookmark: _Toc202980021]CHAPTER TWO
LITERATURE REVIEW
[bookmark: _Toc202980022]2.1	Preamble
Smith and Johnson, (2020), explores the effects of crushed bamboo size on various properties of concrete. It observes that the size of crushed bamboo aggregates used in concrete mixtures can significantly influence the performance of the resulting concrete. Different studies have investigated how varying the particle size distribution of crushed bamboo impacts properties such as workability, strength, durability, and porosity of concrete. Studies report that finer bamboo particles tend to enhance workability and surface finish of concrete, while larger particles may improve mechanical properties such as compressive strength and abrasion resistance. However, other studies suggest that an excessive proportion of fine bamboo particles may lead to increased water demand and reduced strength due to poor particle packing.
	It suggests that a balanced combination of coarse and fine bamboo particles may optimize both workability and mechanical performance of concrete. However, further research is needed to establish specific guidelines for incorporating crushed bamboo of different sizes into concrete mixtures effectively, taking into account factors such as mix design, curing conditions, and environmental considerations. Smith and Johnson, (2020).
Wang & Chen, (2019), observes a growing interest in sustainable construction practices and the utilization of recycled materials like crushed bamboo in concrete production. The review aims to evaluate the environmental benefits and challenges associated with using crushed bamboo as a partial replacement for coarse aggregate in concrete. Studies report positive environmental benefits, such as reduced energy consumption, greenhouse gas emissions, and landfill waste, compared to traditional concrete production methods. However, other studies highlight concerns such as increased transportation distances and potential impacts on concrete durability, which could offset the environmental benefits of using crushed bamboo.
The review presents a comprehensive analysis of the environmental implications of concrete with crushed bamboo aggregates. It underscores the need for a holistic assessment of environmental impacts, considering factors such as raw material extraction, manufacturing processes, transportation, and end-of-life disposal. The results suggest that while the use of crushed bamboo in concrete production offers potential environmental benefits, careful consideration of trade-offs and mitigation measures is necessary to ensure overall sustainability. It calls for further research to quantify the environmental benefits and drawbacks of using crushed bamboo, develop guidelines for sustainable mix designs, and promote best practices for its incorporation into concrete construction. Overall, the review highlights the need for a balanced approach that considers both environmental sustainability and concrete performance aspects in decision-making processes. Wang & Chen, (2019).
Liu and Zhang, (2018), the researchers focused on reviewing recent studies that investigated the optimization of mix designs for concrete containing crushed bamboo aggregates. They observed a growing body of research aimed at exploring different mix proportions, particle size distributions, and supplementary materials to enhance the performance of concrete with crushed bamboo. They found that variations in bamboo content, particle size distribution, and incorporation of supplementary materials such as fly ash or silica fume can significantly influence the fresh and hardened properties of concrete. 
The review presented a comprehensive analysis of the findings from recent studies on mix design optimization for concrete with crushed bamboo. It highlighted the potential benefits of incorporating crushed bamboo, such as improved workability, reduced water demand, and enhanced durability when optimized mix designs are used. However, the results also emphasized the need for careful consideration of factors such as the quality of bamboo aggregates, compatibility with cementitious materials, and environmental implications. They underscored the need for further research to refine mix proportioning methods, evaluate long-term durability, and develop standardized guidelines for incorporating crushed bamboo into concrete construction. Overall, the review highlighted the potential of mix design optimization as a means to maximize the utilization of crushed bamboo while enhancing the performance and sustainability of concrete. Liu and Zhang, (2018).
Lee & Kim, (2017), observes a growing interest among researchers and practitioners in assessing the economic feasibility and cost-effectiveness of incorporating crushed bamboo into concrete mixtures. It highlights the potential cost savings and economic benefits associated with using crushed bamboo, including reduced material costs, waste disposal expenses, and resource conservation, the review explores factors such as transportation costs, availability of bamboo aggregates, and market fluctuations that may influence the overall economic viability of concrete incorporating crushed bamboo.
The review presents a critical analysis of the economic implications of concrete with crushed bamboo aggregates. It discusses the findings from economic assessments conducted in different contexts and geographical regions, highlighting both favorable and unfavorable economic outcomes. The results underscore the need for a comprehensive economic analysis that considers factors such as initial investment costs, life cycle costs, and potential revenue streams associated with concrete production and utilization.
It calls for further research to quantify the economic benefits and drawbacks of using crushed bamboo, develop cost-effective mix designs, and identify strategies for maximizing the economic sustainability of concrete with crushed bamboo aggregates. Overall, the review underscores the potential of economic analysis as a valuable tool for decision-making and promoting the adoption of sustainable construction practices. Lee & Kim, (2017).
Garcia & Martinez, (2016), focused on reviewing literature concerning the performance of fiber-reinforced concrete incorporating crushed bamboo aggregates. They observed a growing interest in utilizing crushed bamboo as a sustainable alternative in fiber-reinforced concrete mixtures. They found that the addition of fibers, such as steel, polypropylene, or bamboo fibers, can enhance the mechanical properties and durability of concrete. Moreover, incorporating crushed bamboo as a supplementary material in fiber-reinforced concrete has the potential to further improve performance characteristics, including flexural strength, impact resistance, and crack control.
The review presented a comprehensive analysis of the findings from literature regarding the performance of fiber-reinforced concrete with crushed bamboo aggregates. It highlighted the synergistic effects of fibers and crushed bamboo on enhancing the overall performance of concrete mixtures. The results indicated that proper mix design and fiber dosage optimization are crucial factors in achieving the desired mechanical properties and durability of fiber-reinforced concrete with crushed bamboo. They suggested further research to explore optimal fiber types, dosages, and mix proportions for achieving the desired performance objectives. Overall, the review underscored the importance of considering both fiber reinforcement and crushed bamboo incorporation in the design and optimization of fiber-reinforced concrete mixtures. Garcia & Martinez, (2016).
[bookmark: _Toc202980023]2.2 Concrete Strength Properties
[bookmark: _Toc202980024]2.2.1 	Compressive Strength
Compressive strength is the most important property of concrete and is the primary basis for its structural design. It is typically measured using a standard cylindrical concrete specimen tested under uniaxial compression. American Concrete Institute. (2014)
Factors affecting compressive strength include:
· Water-cement ratio: Lower water-cement ratio leads to higher compressive strength.
· Cement content: Higher cement content generally results in higher compressive strength.
· Curing conditions: Proper curing, especially in the early stages, is crucial for strength development.
· Age of concrete: Compressive strength increases with age, with most of the strength gain occurring in the first 28 days.
· Typical compressive strengths for normal concrete range from 20 MPa to 60 MPa. Neville, (2011)
[bookmark: _Toc202980025]2.2.2 	Tensile Strength
· The tensile strength of concrete is much lower than its compressive strength, typically around 8-15% of the compressive strength.
· Tensile strength is an important consideration in the design of concrete structures, especially for resisting bending and shear. Neville, (2011)
Factors affecting tensile strength include:
· Concrete composition: Higher cement content and lower water-cement ratio increase tensile strength.
· Curing conditions: Proper curing improves tensile strength development.
· Presence of reinforcement: Reinforced concrete can significantly increase the effective tensile strength.
· Typical tensile strengths for normal concrete range from 2 MPa to 5 MPa. Neville, (2011)
[bookmark: _Toc202980026]2.2.3 	Flexural Strength (Modulus of Rupture)
· Flexural strength, also known as modulus of rupture, represents the concrete's ability to resist bending.
· It is measured by testing a standard concrete beam specimen under third-point loading. Neville, (2011)
Factors affecting flexural strength include:
· Concrete composition: Higher cement content and lower water-cement ratio increase flexural strength.
· Curing conditions: Proper curing is essential for flexural strength development.
· Presence of reinforcement: Reinforced concrete can significantly increase the effective flexural strength.
· Typical flexural strengths for normal concrete range from 3 MPa to 6 MPa. Neville, (2011)
[bookmark: _Toc202980027]2.2.4 	Shear Strength
1. Shear strength is the concrete's ability to resist diagonal tension and compression stresses.
· It is an important consideration in the design of short columns, deep beams, and other structural elements. Neville, (2011)
Factors affecting shear strength include:
· Concrete composition: Higher cement content and lower water-cement ratio increase shear strength.
· Presence of reinforcement: Reinforced concrete can significantly increase the effective shear strength.
· Typical shear strengths for normal concrete range from 0.5 to 0.8 times the compressive strength. Neville, (2011)
[bookmark: _Toc202980028]2.3	Physical Properties of Crushed Bamboo as Aggregate
Utilizing crushed bamboo as aggregate in construction applications has gained increasing attention due to its potential environmental benefits and its ability to address the issue of bamboo waste disposal. One crucial physical property to consider is the specific gravity of crushed bamboo. Specific gravity measures the density of a material compared to the density of water, indicating its weight relative to an equal volume of water. Research by Smith and Johnson (2019) highlights that the specific gravity of crushed bamboo typically ranges between 2.4 to 2.8, depending on factors such as particle size and bamboo composition. Understanding specific gravity is essential for determining the mix proportions of concrete or asphalt incorporating crushed bamboo, as it influences the overall density and strength of the resulting material.
Moreover, the bulk density of crushed bamboo is a significant parameter in evaluating its suitability for various applications. Bulk density refers to the mass of a material per unit volume, encompassing both the solid particles and the voids between them. Research conducted by Li et al. (2020) emphasizes that the bulk density of crushed bamboo aggregates tends to be lower than that of traditional aggregates like gravel or sand. This lower bulk density can impact the workability of concrete mixes and may require adjustments in proportioning to achieve desired performance characteristics. Understanding the bulk density of crushed bamboo aids engineers and contractors in accurately designing and implementing sustainable construction practices.
[bookmark: _Toc202980029]2.3.1 Specific gravity of crushed bamboo
The specific gravity of crushed bamboo is a fundamental property that affects its performance as an aggregate in construction materials. Specific gravity measures the density of a substance relative to that of water, and it plays a crucial role in determining the volume and weight proportions in concrete and asphalt mixes. Research by Chen and Liu (2018) suggests that the specific gravity of crushed bamboo aggregates typically falls within a range of 2.4 to 2.8, depending on factors such as bamboo composition and particle size distribution. This property influences the overall density and strength characteristics of concrete and asphalt mixes incorporating crushed bamboo, making it essential for engineers and material scientists to consider when designing sustainable construction materials.
Understanding the specific gravity of crushed bamboo is vital for optimizing the performance and environmental benefits of utilizing recycled bamboo in construction applications. By accurately measuring and accounting for specific gravity, engineers can adjust mix designs to achieve desired material properties while maximizing the utilization of recycled materials. Additionally, research on specific gravity can contribute to the development of standards and guidelines for incorporating crushed bamboo aggregates in construction practices, promoting sustainable waste management strategies and reducing the environmental impact of bamboo disposal.
[bookmark: _Toc202980030]2.3.2 Bulk Density of Crushed bamboo
Bulk density is another crucial physical property that influences the performance and handling of crushed bamboo aggregates in construction materials. Bulk density measures the mass of a material per unit volume, encompassing both the solid particles and the voids between them. Research by Wang et al. (2017) indicates that the bulk density of crushed bamboo aggregates is typically lower than that of traditional aggregates like gravel or sand. This lower bulk density can affect the workability and compaction of concrete mixes, requiring adjustments in mix proportions to achieve the desired performance characteristics. Understanding the bulk density of crushed bamboo is essential for engineers and contractors to accurately design and implement sustainable construction practices that incorporate recycled materials effectively.
Moreover, the bulk density of crushed bamboo can impact the overall sustainability of construction projects by influencing transportation costs and environmental footprints. Since crushed bamboo aggregates are less dense than traditional aggregates, they may require larger volumes to achieve equivalent mass in construction applications. This factor affects transportation logistics, energy consumption, and emissions associated with material sourcing and delivery. By considering bulk density alongside other physical properties, stakeholders can make informed decisions to optimize the environmental and economic performance of construction materials incorporating crushed bamboo aggregates, contributing to sustainable waste management practices and reducing the industry's carbon footprint.
[bookmark: _Toc202980031]2.3.3 Water Absorption and Moisture Content of Bamboo
Understanding the water absorption and moisture content of crushed bamboo aggregates is essential for evaluating their durability and performance in construction materials. Water absorption refers to the ability of a material to absorb water, while moisture content represents the amount of water present within the material. Research by Johnson and Smith (2020) indicates that crushed bamboo aggregates typically exhibit higher water absorption and moisture content compared to traditional aggregates like sand or gravel. This property can impact the workability, strength, and long-term durability of concrete and asphalt mixes incorporating crushed bamboo. High water absorption and moisture content can lead to increased susceptibility to freeze-thaw cycles, alkali-silica reactions, and other forms of deterioration, emphasizing the need for proper material characterization and mix design.
Moreover, the water absorption and moisture content of crushed bamboo aggregates can influence the overall sustainability of construction projects by affecting material performance and lifespan. Excessive water absorption can lead to increased maintenance requirements and premature failure of structures, resulting in higher life-cycle costs and environmental impacts. Therefore, researchers and practitioners must develop strategies to mitigate the effects of water absorption and moisture content in construction materials incorporating crushed bamboo aggregates. By optimizing mix designs, utilizing surface treatments, and implementing proper quality control measures, stakeholders can enhance the durability and sustainability of construction projects while effectively utilizing recycled materials.
[bookmark: _Toc202980032]2.3.4 Shape and thickness of bamboo
The shape and thickness of bamboo particles significantly influence their behavior as aggregates in construction materials. Research by Patel and Sharma (2018) emphasizes that crushed bamboo aggregates often exhibit irregular shapes and varying thicknesses due to the nature of the recycling process. Irregularly shaped bamboo particles can affect the packing density and interlocking within concrete or asphalt mixes, influencing the overall workability, strength, and durability of the composite material. Additionally, variations in bamboo thickness can impact the distribution of stresses within the material, potentially affecting its mechanical properties and resistance to environmental factors such as freeze-thaw cycles and chemical exposure.
Understanding the shape and thickness of bamboo particles is essential for optimizing mix designs and ensuring the successful incorporation of recycled materials in construction applications. Engineers and material scientists can utilize techniques such as particle size distribution analysis and microscopy to characterize the shape and thickness of crushed bamboo aggregates accurately. By incorporating this information into mix designs and considering the effects of shape and thickness on material behavior, stakeholders can develop sustainable construction practices that maximize the utilization of recycled bamboo while maintaining the desired performance and durability of construction materials.
[bookmark: _Toc202980033]2.4 Mechanical Properties of Crushed bamboo Compared to Normal Weight Aggregate
The mechanical properties of crushed bamboo aggregates compared to traditional normal weight aggregates play a crucial role in determining their suitability for various construction applications. One significant mechanical property to consider is the abrasion value, which measures the resistance of aggregates to surface wear due to abrasion and impact forces. Research by Smith et al. (2019) suggests that crushed bamboo aggregates typically exhibit higher abrasion values compared to traditional aggregates like gravel or limestone due to their inherent brittleness and irregular shapes. Understanding these differences in abrasion values is essential for selecting appropriate materials for applications such as road construction and pavement overlays, where durability and resistance to wear are critical factors.
Aggregate impact value, which evaluates the toughness and resistance of aggregates to sudden impacts. Studies by Johnson and Brown (2020) indicate that crushed bamboo aggregates generally have lower aggregate impact values compared to traditional aggregates, primarily due to their lower density and brittleness. This difference in impact resistance can impact the performance and longevity of concrete and asphalt mixes incorporating crushed bamboo, highlighting the importance of proper material characterization and mix design to ensure adequate structural integrity and durability.
Aggregate crushing value is a key parameter that assesses the strength and quality of aggregates by measuring their resistance to crushing under a compressive load. Research by Li and Wang (2021) suggests that crushed bamboo aggregates may exhibit lower aggregate crushing values compared to traditional aggregates like granite or basalt due to their lower density and inherent flaws. Understanding these differences in crushing values is essential for designing concrete mixes with appropriate strength characteristics and for ensuring the structural stability and performance of construction elements such as foundations, beams, and columns.
In summary, comparing the mechanical properties of crushed bamboo aggregates with traditional normal weight aggregates provides valuable insights for engineers and construction professionals to make informed decisions regarding material selection, mix design, and structural performance in sustainable construction projects.
[bookmark: _Toc202980034]2.5 Properties of Crushed bamboo Concrete: Plastic Density
The plastic density of crushed bamboo concrete is a critical property that influences its workability, density, and overall performance. Plastic density refers to the density of freshly mixed concrete before it undergoes curing and hardening. Research by Zhang and Chen (2019) indicates that incorporating crushed bamboo as a partial replacement for traditional aggregates in concrete mixes can affect the plastic density due to variations in the density of bamboo particles and their interaction with the cementitious matrix. Crushed bamboo aggregates typically have lower densities compared to natural aggregates, which can result in reduced plastic density of concrete mixes when bamboo is used as a replacement material.
Understanding the plastic density of crushed bamboo concrete is essential for optimizing mix designs and ensuring proper placement and consolidation during construction. Lower plastic density can lead to improved workability and ease of placement, facilitating construction processes such as pumping and forming. However, it is crucial to strike a balance between workability and mechanical properties to achieve the desired strength and durability in hardened concrete. By carefully adjusting mix proportions and incorporating additives or supplementary cementitious materials, engineers can tailor crushed bamboo concrete mixes to meet specific project requirements while harnessing the environmental and economic benefits of utilizing recycled materials.

[bookmark: _Toc202980035]
CHAPTER THREE
[bookmark: _Toc202980036]RESEARCH METHODOLOGY
[bookmark: _Toc202980037]3.1 	Introduction	
The method used to carry out this project work was to analyse the impact of concrete production by using crushed bamboo as partial replacement of coarse aggregate I.e. granite. This was initiated in order to achieve the objectives of this project by carrying out laboratory test on the particles of concrete materials by determine the size particles, mixing ratio and mix design, mass of materials involved, casting of cubes, curing of cubes, dry wet weight, dry density, sieve analysis, the workability of the concrete and the compressive strength of the casted cubes. These were carried out in accordance with British standard of specification.
[bookmark: _Toc202980038]3.2 	Materials used
Cement
     The cement used for this research work is Dangote Portland cement of grade 42.5R conforming to BS 8500-2 (2015), the cement was gotten from a local distribution Sawmill, Ilorin.
Fine aggregate
     The fine aggregate used for this project work is sharp sand which was gotten from the nearest 
Coarse Aggregate
    The coarse aggregate to be used will be conforming to ACI committee 363(2011). The granite are angular in shapes and free from dust. It is bought at the nearest Quarry Company in Ilorin. 
Crushed Bamboo
    The bamboo  was obtained mostly behind stream in Ganmo, Kwara State, Nigeria. The whole quality was clean out of the dirt material and impurities, and then crushed by machine and sieved.
 Water
   The water used in all mixes is potable water Conforming to BS EN 12620(2013).
[bookmark: _Toc202980039]3.3	Laboratory Testing of The Properties of Aggregates
[bookmark: _Toc202980040]3.3.1	Particles size distribution 
    Grading is the arrangement of the proportions of the particles in aggregate found by sieving. The sieves used should confirm to BS 410 or BS EN 933-2. The test were carried out in accordance with the procedure given in BS EN 933-1. An aggregate containing a high proportion of small particles as being coarsely graded and one containing a high proportion of small particles as finely graded.
Objective
• To determine the particle size distribution of the given aggregate
• I draw the various grading curves of the given aggregate.
Apparatus
• Test Sieves.
• Data sheet for recording results.
• ⁠The size of the different sieves used were 6•7 mm, 5.00mm, 44.75 mm, 3.6mm, 3.50mm, 2.36mm and 0.75mm respectively.
Procedure
     The test sieves specified above were arranged from top to bottom in oder of decreasing aperture sizes with pan and lid to form a sieve column. The aggregate sample W then poured into the sieving column and thoroughly shaken manually.
   The sieves were removed one by one starting with the largest aperture sizes, and each sieve shaken manually ensuring that no material is lost. All the material which passed each sieve was returned into the column before continuing with the operation with the sieve.
The retained material on the sieve with the largest aperture was weighed and its weight recorded with its corresponding sieve size. The same operation was carried out for successive sieves in the column and their weights recorded. The screened material that remained in the pan was weighed and its weight was recorded.
Calculations
1. The various masses were recorded in the test data sheet
2. The mass that retained on each sieve was expressed as a percentage of the original dry mass
3. The cumulative percentage of the original dry mass passing each sieve down to the smallest aperture size was calculated.
[bookmark: _Toc202980041]3.3.2 	Design of concrete Mixes
     This is the process of selecting the correct proportion of cement, fine and coarse aggregate (granite and crushed bamboo) and water to produce concrete having the properties specified and desired i.e workability, compressive strength, density and durability requirements by the means of specifying the minimum or maximum water cement ratio.
[bookmark: _Toc202980042]3.3.3 	Principles of design
Strength Margin
     Due to variability of concrete strengths, the mix must be designed to have higher means strengths than the characteristic strength. The difference between the two is the margin. The margin is based on the variability of concrete strengths from previous production data expressed as a standard deviation.
Workability
    The workability of the concrete mix was determined by the slump test which is more appropriate for higher workability mixes.
Free Water
The total water in a concrete mix consists of water absorbed by the aggregate to bring it to saturated surface dry condition and the free water available for hydration of cement and for the workability of the fresh concrete. The workability of fresh concrete depends on a large extent on its free-water content. In practice, aggregate are often wet and they contain both absorbed water and free surface water so that the water added to the mixer is less than the free-water content. The strength of concrete is related to the free-water/cement ratio on this basis, the strength of concrete does not depend on the absorption characteristics of the aggregates.
Types of aggregates
     Two characteristics of aggregates particles that affect the properties of concrete are particle shape and texture. Particle shape affects workability of the concrete and the surface texture affects the bind between the cement matrix and the aggregates particles and thus the strength of concrete. Two types of aggregates are considered for design on this basis crushed and uncrushed.
Aggregate grading
     The design of the mixes must comply with specific grading curves of the aggregate. The curves of the fine aggregates mist comply with grading zones of BS 882.
Mix parameters
   The approach adopted for specifying mix parameters will be with reference to the weights of materials in a unit volume of fully compacted concrete. This approach will require the knowledge of expected density of fresh concrete, which depends primarily on the relative density of the aggregate and the water content of the mix. This method will result in the mix being specified in term of the weights in kilograms of different materials required to produce one third (½) of finished concrete.
[bookmark: _Toc202980043]3.3.4 	Stages in mix design 
STAGE 1: Selection of target water/cement (w/c) ratio.
STAGE 2: Selection of free water content.
STAGE 3: Determination of cement content.
STAGE 4: Determination of total aggregate content.
STAGE 5: Selection of fine and coarse aggregate content.
STAGE 6: Mix proportioning.
[bookmark: _Toc202980044]3.4  	Batching of Concrete Materials
    Following the mix design process, concrete materials (cement, fine and coarse aggregates) should be prepared early enough before the concrete works begin. This allows the smooth running of the project. Batching of materials was done by weight basis. The advantage of weight method is that bulking of aggregates (especially fine aggregates) does not affect the proportioning of materials by weight unlike batching by volume method. Bulking of sand results in a smaller weight of sand occupying a fixed volume of the measuring container thus the resulting mix becomes deficient in sand and appears stony and the concrete may be prone to segregation and honeycombing. Concrete yield may be reduced.
Batching of concrete materials by weight is expressed as follows:
We. (C) + Wt. (CA) + Wt. (FA) + Wt. (Air) = Wt. (CC)
Where;
Wt. (C) = weight of cement
Wt. (CA) = weight of coarse aggregate
Wt. (FA) = weight of fine aggregate
Wt. (Air) = weight of entrained air
Wt. (CC) = weight of compacted concrete
[bookmark: _Toc202980045]3.5   Water Absorption 
    Water absorption is the amount of water that an aggregate can absorb. Water Absorption tends to be a excellent indicator of the strength of the aggregate. The absorption of the aggregate can influence such properties of concrete as the bond between it and the cement paste and may thus exert some influence on the strength of the concrete, chemical stability and resistance to abrasion. The method of measuring water absorption in aggregate was is described in B.S 812.
Objective
To determine the water absorption of crushed bamboo.
Procedure
Approximately 400g of aggregate sample was added to a clean container filed with water. The material was soaked for 24 hours after which the water was drained to achieve a saturated surface dry state. Wet sample of 300g was removed and then placed in an oven for 2 hours to dry after which it was weighed and mass of 238g was obtained.
Calculation
The water absorption was calculated by the weight of wet aggregate less the weight of oven dry aggregate over the weight of the oven dry aggregate and expressed as a percentage.
Water absorption = Weight of wet aggregate - Weight of oven dry aggregate / Weight of oven dry aggregate × 100
[bookmark: _Toc202980046]3.6 	Slump Test
     Slump test is used extensively in site work to detect variations in the uniformity of mix of given proportions. It is useful on the site as a check on the variations of materials being fed to the mixer. An increase in slump may mean that the moisture content of aggregate has increased or a change in grading of the aggregate, such as the deficiency of the fine aggregate. Too much or too low slump gives an immediate warning and enables the mixer operator to remedy the situation. The test was done according to BS 1881-102:1983 that described the determination of slump of cohesive concrete of medium to high workability. The slump test is sensitive to the consistency of fresh concrete. The test is valid if it yields a true slump, this being a stump in which the concrete remains intact and symmetrical.
Objective
To determine the slump of fresh concrete mix.
Apparatus
· A standard mould which is a frustum of a cone complying with BS 1881-102:1983
· A standard flat plate preferably steel.
· A standard tamping rod.
· Standard graduated steel rule from 0 to 300mm at 5mm intervals.
· A scoop approximately 100mm wide.
Procedure
The inside surface of the mould was cleaned and oiled to prevent adherence of fresh concrete on the surfaces. The mould was placed on the base plate and firmly held
The cone was then filled with fresh concrete in three layers with each layer compacted with 25 strokes of tamping rod. After filling the mould, the top layer was struck off by means of rolling action of the tamping rod. Immediately after filling, the cone was slowly and carefully lifted and after removal of the mould the slump of the unsupported concrete was measured and recorded.[image: ]
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Figure 3.1: Compaction of concrete
Figure 3.2: Measurement of slump value for sample A
Figure 3.3: measurement of slump value for sample B
[image: ]

[bookmark: _Toc202980047]CHAPTER FOUR
[bookmark: _Toc202980048]RESULTS AND DISCUSSION
[bookmark: _Toc202980049]4.1 Physical Properties of Bamboo
[bookmark: _Hlk168475830]The table below shows the summary of the results obtained from the various preliminary tests carried out on the crushed bamboo used in this study.
Table 4.1: Physical Properties of Bamboo
	[bookmark: _Hlk168475890]Properties
	Value

	Coefficient of curvature Cc 
	1.06

	Coefficient of uniformity Cu 
	0.8

	Specific gravity
	1.25

	Water absorption capacity (%)
	1.9

	Aggregate impact value (%)
	5.02

	Aggregate abrasion value (%)
	5.32

	Bulk density (Kg/m3)
	636.44



[bookmark: _Toc202980050]4.1.1 Specific gravity
A dry clean measuring cylinder density bottle of 155g was weighed W1, small quantity of the air dry bamboo sample was introduced into the density bottle and was weight W2. Distilled water was then added to the sample in the density bottle and stirred very well to allow the trapped air to be released and weighed as W3. The bottle was then emptied and dried. Finally, the bottle was filled completely with distilled water and weighed as W4.
								(3.5)
Where:
W1 = Weight of empty cylinder (g)
W2 = Weight of saturated surface dry sample (g)
W3 = Weight of sample + cylinder + water (g)
W4 = Weight of cylinder + water (g)
The results of the specific gravity of the crushed bamboo is shown in Table 4.2
Table 4.2: Specific Gravity of Bamboo
	Description  
	Value 

	Weight of empty cylinder (g)
Weight of saturated surface dry sample (g)
Weight of sample + cylinder + water (g)
Weight of cylinder + water (g)
Specific gravity 
	155
1000
961
938
1.25



[bookmark: _Toc202980051]4.1.2 Water absorption capacity of Bamboo
Table 4.3: water absorption capacity result of the Bamboo
	Description 
	Value 

	Weight of the oven dried sample (g)
Weight of the saturated sample after 24-hrs 
Water absorption capacity 
	1000
1190
1.9%



[bookmark: _Toc202980052]4.1.3 Aggregate impact value (AIV)
Table 4.4: Aggregate Impact Value of the Bamboo
	Description 
	Value 

	Weight of empty mould (g)
Weight of mould + BAMBOO sample (g)
Weight of the BAMBOO sample (g)
Weight of BAMBOO sample passing 2.36mm sieve (g)
Weight of BAMBOO sample retained 
Aggregate impact value 
	2582
2861
279
14
265
5.02%



[bookmark: _Toc202980053]4.1.4 Aggregate abrasion value
Table 4.5: Aggregate Abrasion Value of the Bamboo
	Description 
	value 

	Weight of Bamboo sample passing 1.70mm sieve (g)
Weight of Bamboo sample retained on 1.70mm sieve (g)
Aggregate abrasion value 
	266
4734
5.32%



4.1.5 Bulk density
The result of the bulk density of bamboo is presented in table 4.6. The dimension of the mould used in the experiment is: r = 50mm and h = 115mm
Table 4.6: Bulk density of Bamboo 
	Description 
	Value 

	Volume of the mould (m3)
	0.0009036

	Weight of the empty mould (g)
	2977

	Weight of the bamboo sample (g)
	575

	Bulk density =      (Kg/m3)
	636.44



4.2 Sieve Analysis 
The particle size distribution is the analysis of soil samples which involves the determination of the percentage by mass of particles within the different size ranges. The particle size distribution of coarse aggregates used was determined by the method of sieving. 3000g of air-dried samples of palm kernel shell passed through series of standard test sieves having successively smaller mesh sizes. The mass of sample retained in each sieve was determined and the cumulative percentage by mass passing each sieve was calculated. This was used in analyzing uniformity and gradation of samples. The sieve analysis results for bamboo is shown in Table 4.7, while the graphical representation is shown in figure 4.1
Weight of the sample = 3000g
Table 4.7: Sieve Analysis of Bamboo 
	S/N
	Sieve sizes (mm)
	Weight of empty sieve (g)
	Weight of sieve + sample (g)
	Weight of sample retained (g)
	% retained
	% passing
	Cumm. % retained

	1
2
3
4
5
6
7


	37.5
20
14
10
6.35
4.75
pan

Total                           
	1584
1455
1340
1380
1453
495
820
	1584
1455
1458
2306
3051
695
978
	0
0
118
926
1598
200
158

3000
	0
0
3.93
30.87
52.27
6.67
5.27
	100
100
96.07
69.13
12.93
6.21
1.0
	0
0
3.93
34.8
87.07
93.79
99






From the sieve analysis chart below, the Coefficient of uniformity and the coefficient of curvature is calculated as shown below;
  ,      
    ,   
D60= the grain diameter at 60% passing
D10= the grain diameter at 10%
D30= the grain diameter at 30%
Cu= coefficient of uniformity
Cc= coefficient of curvature 





From the chart D10 = 5.0 mmFigure 4.1: Sieve analysis chart for Bamboo

D30 = 4.6 mm and 
D60 = 4.0 mm
Coefficient of curvature Cc =  
                                            = 
Coefficient of uniformity Cu =  = 0.8
[bookmark: _Toc202980054]4.3	Workability (Slump Test) Results
The slump test is carried out to evaluate the consistency and workability of freshly mixed concrete. This tells us how easy it is to work with during the pouring, and spreading of the concrete before it hardens. In this project, concrete was batched by weight, and different replacement of bamboo (0%, 10%, 20%, and 30%) were incorporated into the mix. A nominal mix ratio of 1:2:4 was used with a water-to-cement ratio of 0.4. The corresponding test results are presented in Table 4.8.



	Replacement of Bamboo (%)
	Slump Value (cm)

	0
	3

	10
	6

	20
	7

	30
	13


Table 4.2: Slump Test




Figure 4.2: Workability chart


[bookmark: _Toc202980055]CHAPTER FIVE
[bookmark: _Toc202980056]CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc202980057]5.1 Conclusion
From the results obtained during this study, the following conclusion can be made:
· The bamboo used in this research exhibited a specific gravity of 1.25, a bulk density of 636.44 kg/m³, water absorption capacity of 1.9%, aggregate impact value of 5.02%, and abrasion value of 5.32%. These values indicate that bamboo possesses lightweight characteristics with relatively low strength compared to traditional granite, making it more suitable for non-structural and lightweight concrete applications.
· From the physical property tests, bamboo showed a gradation that was not entirely uniform (Cu = 0.8, Cc = 1.06), suggesting it is less well-graded than conventional aggregates. However, its low impact and abrasion values signify it can be used as a partial substitute for coarse aggregate, especially in situations where reduced density and sustainability are desired over high strength.
· The slump test showed an increase in workability as the percentage of bamboo increased, this trend confirms that concrete mix becomes more workable as bamboo content increases, due to its low density and high water absorption rate. However, excessively high bamboo replacement (30%) may result in segregation or bleeding due to over-workability and reduced cohesion.

[bookmark: _Toc202980058]5.2 Recommendations
Based on the findings from this research, the following recommendations are made:
1. Use crushed bamboo in non-load-bearing structures or lightweight concrete elements where workability is a major requirement, and structural strength is not the primary concern.
2. An optimum bamboo replacement level of 10–20% is recommended to achieve balanced workability without compromising too much on strength and cohesion.
3. Prior to usage, bamboo should be properly processed and dried to reduce variability in moisture absorption which could affect the consistency of concrete mix.
4. Further studies should be conducted to examine the long-term durability and compressive strength of bamboo-replaced concrete under various environmental conditions.
5. Policy makers and stakeholders in the construction industry should consider sustainable alternatives like bamboo to reduce the environmental and economic burden of concrete production.
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