CHAPTER TWO
LITERATURE REVIEW
2.1 Preamble
The construction industry has increasingly focused on sustainable and environmentally friendly materials due to growing concerns about ecological degradation and the rapid depletion of natural resources (Mehta & Monteiro, 2021). Conventional concrete production is a major contributor to carbon dioxide emissions and resource depletion, prompting researchers to investigate alternative materials that are both sustainable and efficient (Liew et al., 2019). Among these alternatives, bamboo has gained recognition for its abundance, renewability, and superior mechanical properties, making it a promising candidate for use as a replacement for conventional aggregates in concrete (Singh et al., 2019).
Bamboo has been a traditional construction material, particularly in tropical and subtropical regions, owing to its fast growth rate, high strength-to-weight ratio, and widespread availability (Chung et al., 2021). With recent technological advancements, researchers have examined the potential of hardened bamboo as a substitute for coarse aggregates in concrete, aiming to reduce dependency on natural stone aggregates such as gravel and crushed rock (Musa et al., 2022). This interest is primarily driven by bamboo’s lightweight characteristics, high tensile strength, and sustainability, which offer the potential for cost-effective and eco-friendly construction solutions (Tam et al., 2020).
Despite its promising attributes, bamboo as a coarse aggregate presents various challenges that must be addressed before it can be widely adopted in construction. Its high water absorption capacity, susceptibility to biological degradation, and relatively lower compressive strength compared to traditional aggregates pose significant concerns (Prusty et al., 2020). To mitigate these issues, researchers have explored various treatment methods, including chemical, thermal, and mechanical processing, to enhance the durability and compatibility of bamboo within concrete mixtures (Hossain et al., 2020). These treatments aim to improve water resistance, reduce swelling, and increase the bonding capacity of bamboo aggregates within the cement matrix, ensuring better overall performance.
Moreover, the application of bamboo aggregates in concrete aligns with global efforts toward green building practices and carbon footprint reduction (Mehta & Monteiro, 2021). Its rapid regeneration cycle and lower embodied energy compared to traditional materials make it an attractive option for sustainable construction (Liew et al., 2019). However, further research is needed to optimize the mix design, assess long-term durability, and establish appropriate construction standards for bamboo-based concrete (Singh et al., 2019).

2.2 Properties of Bamboo as an Aggregate Material
Bamboo is a natural, fibrous material with a unique combination of properties that make it a potential alternative to conventional aggregates in concrete. Its high strength-to-weight ratio, rapid growth, and renewability have positioned it as a promising material for sustainable construction (Janssen, 2000). The mechanical, physical, and chemical properties of bamboo play a crucial role in determining its suitability as an aggregate in concrete. Understanding these properties is essential for optimizing its performance in cementitious applications (Sharma et al., 2015). 2.3.	Physical and Mechanical Properties of Bamboo
Bamboo has gained attention as a sustainable alternative to traditional construction materials due to its favorable physical and mechanical properties. These properties, when utilized as coarse aggregate in concrete, can significantly impact the overall performance of the material.
2.3.1	Density
Bamboo has a lower density compared to conventional coarse aggregates like gravel or crushed stone. Typically, the density of bamboo ranges from approximately 0.575 g/cm³, whereas traditional coarse aggregates have densities ranging between 2.5 to 3.0 g/cm³ (Zhang et al., 2016). This reduced density can contribute to a reduced concrete weight, which is an advantage in applications where lightweight concrete is required, such as in high-rise buildings or structures where the load-bearing capacity of the foundation is a critical consideration. The lower density also enhances the workability of bamboo-based concrete, as it results in lighter, more manageable mixes.
2.3.2.	Water Absorption
One of the distinctive features of bamboo as a material is its relatively high water absorption rate compared to traditional aggregates. Bamboo’s porous nature allows it to absorb moisture from the mix, which can significantly affect the workability and durability of the resulting concrete. Excess water absorption by bamboo may lead to variations in the water-to-cement ratio, which could affect the strength and long-term performance of bamboo-based concrete. It is crucial to treat or dry bamboo aggregates properly before mixing them with concrete to mitigate this effect (Mohammad et al., 2019).
2.3.3.	Tensile Strength
Bamboo’s tensile strength is one of its key strengths. With tensile strength values reaching up to 300 MPa, bamboo surpasses traditional coarse aggregates, which typically have low tensile strength (Zhang et al., 2016). This exceptional tensile strength can be beneficial for improving the tensile properties of concrete, contributing to enhanced flexural strength and resilience. The higher tensile strength of bamboo can potentially allow bamboo-based concrete to better withstand tensile stresses and cracking under load, making it a suitable alternative for structural applications that require improved flexibility and durability.
2.3.4.	Compressive Strength
On the other hand, bamboo's compressive strength is relatively lower compared to traditional aggregates. The compressive strength of bamboo typically ranges from 10-20 MPa, which is significantly lower than that of conventional coarse aggregates, which often exceed 30 MPa (Zhang et al., 2016). This lower compressive strength of bamboo may impact the overall compressive strength of concrete made with bamboo aggregates, especially if a high replacement ratio is used. However, studies have shown that partial replacement of coarse aggregates with bamboo (such as 20% or 30%) can still result in adequate compressive strength for certain construction applications, especially where lightweight concrete is a priority.
2.4.	Compressive Strength and Workability of Bamboo-Concrete
2.4.1.	Compressive Strength
Studies have investigated the use of bamboo as a partial replacement for coarse aggregates in concrete. The compressive strength of bamboo-based concrete varies depending on the proportion of bamboo used in place of traditional aggregates.
· Research indicates that concrete incorporating hardened bamboo as a replacement for coarse aggregates can achieve comparable compressive strength to traditional concrete, especially when the bamboo replacement rate is kept at a moderate level, such as up to 20% (Mohammad et al., 2019). At higher replacement rates (e.g., above 40%), the compressive strength typically reduces, likely due to the lower compressive strength of bamboo itself compared to conventional aggregates. Despite this reduction, bamboo-concrete can still offer acceptable performance for non-load-bearing applications or as a lightweight alternative.
2.4.2.	Workability
Workability is another important property affected by the use of bamboo as an aggregate. Bamboo’s lower density and higher water absorption capacity contribute to improved workability. When used as a partial replacement for coarse aggregates, bamboo helps create a more fluid mix, which is easier to handle and place. This can be especially advantageous in projects that require intricate molds or in areas with complex geometries. Concrete containing bamboo aggregates often exhibits a higher slump value, indicating improved flow ability and ease of mixing (Olivier et al., 2019). The improved workability can also reduce the need for additional water or plasticizers, which could otherwise affect the strength and durability of concrete.
2.5.	Partial Replacement of Coarse Aggregate with Bamboo
2.5.1	Replacement Ratios
Several studies have explored the impact of varying the replacement ratio of traditional coarse aggregates with bamboo aggregates. Typical replacement ratios range from 20% to 40%, with different outcomes in terms of strength and durability. For example:
· Up to 20% replacement: Replacing 20% of coarse aggregates with bamboo generally leads to improved compressive strength and workability. The mix maintains a relatively strong concrete that can be used for structural applications (Kou et al., 2011).
· Up to 30%-40% replacement: Beyond 20%, the compressive strength of the concrete tends to decline. However, it still remains functional for non-structural applications, such as lightweight panels, flooring, or decorative elements (Zhang et al., 2016).
The precise effect of the bamboo replacement ratio depends on the specific characteristics of the bamboo used, such as species, processing, and treatment, as well as the mix design and curing conditions.
2.5.2.	Compressive Strength
The compressive strength of bamboo-based concrete decreases as the replacement ratio of bamboo increases. At low replacement rates (up to 20%), the strength is generally maintained or slightly improved due to the lightweight nature of bamboo, which can help optimize the mix's density. However, when the replacement rate exceeds 40%, the reduction in compressive strength becomes more evident. This is due to the lower inherent compressive strength of bamboo compared to traditional aggregates, as well as potential issues with the bond between bamboo and the cement matrix (Zhang et al., 2016).
2.5.3.	Workability
One of the consistent findings across studies is that bamboo, regardless of the replacement ratio, improves the workability of concrete. The lower density and higher water absorption characteristics of bamboo aggregates contribute to a smoother mix, which is easier to handle and place. This improvement in workability can make bamboo-based concrete more suitable for applications requiring ease of placement and mold ability, such as precast elements or complex shapes in green buildings.
2.6 Methods of Processing Bamboo for Use as an Aggregate
The successful application of bamboo as an aggregate in concrete depends on proper processing methods that enhance its physical, mechanical, and chemical properties. Various techniques have been developed to address issues such as high water absorption, susceptibility to biological degradation, and low compressive strength.
Processing typically begins with harvesting mature bamboo culms, usually after three to five years of growth, as younger bamboo contains excessive starch, making it prone to insect attacks and degradation (Liese & Köhl, 2015). The harvested bamboo is then cut into smaller sections and mechanically crushed or chipped to obtain aggregate-sized particles (Sulastiningsih & Nurwati, 2009). This stage is crucial to achieving appropriate particle size distribution for concrete applications (Ghavami, 2005).
Once cut, bamboo undergoes drying processes to reduce moisture content and minimize shrinkage. Air drying and kiln drying are commonly used methods, with kiln drying being preferable for speeding up moisture removal and preventing fungal growth (Sharma et al., 2015). Some researchers suggest carbonization (partial burning in a low-oxygen environment) to increase bamboo's resistance to biodegradation and improve its durability in concrete (Hidalgo-Lopez, 2003).
To address bamboo’s high water absorption, various treatments such as boiling, soaking in water-repellent solutions, or applying polymer coatings are used (Hossain et al., 2020). Chemical treatments, including alkali soaking (using sodium hydroxide or calcium hydroxide) and boron salt treatments, have been found effective in improving bamboo's resistance to fungal and insect attacks (Correal et al., 2010). Additionally, silane-based coatings have been investigated for reducing water absorption while maintaining adequate bond strength with the cement matrix (Prusty et al., 2020).
Further mechanical treatments, such as surface roughening or coating with pozzolanic materials, can enhance the bond between bamboo aggregates and cement paste (Ghavami, 2005). Research suggests that combining bamboo aggregates with mineral admixtures like fly ash or silica fume can improve overall performance and mitigate strength-related challenges (Mehta & Monteiro, 2021).
2.7 Challenges Associated with Using Bamboo as a Coarse Aggregate in Concrete
Despite its numerous benefits, the use of bamboo as a coarse aggregate in concrete presents several challenges. One of the major issues is its high water absorption capacity, which can affect the water-cement ratio and lead to inconsistent concrete performance (Prusty et al., 2020). Proper treatment methods such as boiling, chemical soaking, and resin coating have been suggested to mitigate this issue (Hossain et al., 2020).
Another challenge is bamboo’s susceptibility to biological degradation, as it is an organic material prone to fungal and insect attacks (Sulastiningsih & Nurwati, 2009). To enhance durability, researchers have explored various chemical preservation techniques, including boron treatment, alkaline soaking, and carbonization, which help increase its resistance to decay (Correal et al., 2010).
[bookmark: _GoBack]Furthermore, bamboo’s lower compressive strength compared to traditional aggregates presents concerns regarding its structural performance in load-bearing applications (Ghavami, 2005). This limitation necessitates careful mix design optimization and the possible combination of bamboo with other materials to improve overall strength and stability (Sharma et al., 2015). Finally, standardization issues pose another obstacle, as there are currently no widely accepted guidelines for the use of bamboo as a coarse aggregate in concrete, requiring further research and regulatory framework development (Liese & Köhl, 2015).



