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ABSTRACT
The increasing cost and environmental impact of cement production have prompted the exploration of alternative, sustainable materials for construction. This study investigates the potential of cassava peel ash (CPA), an agricultural by-product rich in silica, as a partial replacement for cement in the production of sandcrete blocks. The main objectives were to produce sandcrete blocks by substituting cement with 10% and 20% CPA, evaluate the compressive strength and water absorption of the modified blocks, and determine the optimal replacement level that ensures structural integrity and durability.Standard mix design procedures were followed, and samples were tested after 7, 14, and 28 days of curing. The results showed that sandcrete blocks with 10% CPA exhibited improved compressive strength and lower water absorption compared to the control, meeting standard requirements for load-bearing applications. In contrast, the 20% CPA replacement level resulted in a reduction in both strength and durability, attributed to decreased cementitious bonding and increased porosity. The findings confirm that a 10% CPA replacement is optimal, providing a balance between mechanical performance and sustainability. This study highlights the feasibility of utilizing CPA as a supplementary cementitious material, contributing to environmental conservation, cost reduction, and waste management in the construction industry.
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CHAPTER ONE
INTRODUCTION
1.1 	Background of the Study
Cement plays a vital role in the construction industry as the main binder in the production of concrete and sandcrete blocks. However, the global surge in infrastructure development has driven up the demand for cement, thereby increasing its cost and exacerbating its environmental impacts. Cement manufacturing is associated with high carbon dioxide (CO₂) emissions, energy consumption, and resource depletion (Raheem & Sulaiman, 2013). In response, researchers and construction professionals have turned to sustainable alternatives that can partially replace cement in building materials, especially agricultural and industrial waste products, which are abundant and often underutilized.
One such promising substitute is cassava peel ash (CPA), a by-product derived from the widespread processing of cassava roots—a staple crop in Nigeria and many parts of Africa. Nigeria, being one of the largest cassava producers in the world, generates a significant amount of cassava waste. This waste, when properly processed into ash through controlled burning and sieving, can be reused as a pozzolanic material. Pozzolanic materials contain siliceous and aluminous compounds that, when finely divided and in the presence of moisture, react with calcium hydroxide to form compounds possessing cementitious properties (Ettu et al., 2013). The reuse of CPA could help minimize waste disposal issues while contributing to sustainable construction practices.
The integration of agricultural waste in construction is not novel, but it has gained increased attention in recent years due to environmental awareness and the pursuit of cost-effective building solutions. Previous studies have assessed the use of additives such as rice husk ash, cow dung ash, and sawdust ash in the manufacture of stabilized bricks and sandcrete blocks. Results have shown varying effects on the mechanical and physical properties of the resulting units. For instance, Uche and Joseph (2004) discovered that incorporating cow dung ash in cement blends can achieve acceptable compressive strength for partition walls. Similarly, Michael (1994) and Mbiminah (1992) highlighted the trade-offs between strength and workability when rice husk ash is used, noting increased porosity but decreased strength in some cases.
Despite these variations, the common consensus remains that the partial substitution of cement with agro-waste ash can reduce construction costs and offer a more sustainable alternative. However, the challenge lies in identifying the optimum replacement level that achieves a balance between strength, durability, and cost. In the case of cassava peel ash, more research is required to determine its chemical composition, pozzolanic activity, and effect on the compressive strength and water absorption of sandcrete blocks. Preliminary studies suggest that CPA contains sufficient quantities of silica and alumina to act as a binder when combined with cement in appropriate proportions (Ettu et al., 2013).
The scarcity of affordable, durable, and environmentally friendly construction materials continues to widen the housing deficit in Nigeria and other developing countries. Sandcrete blocks, though widely used due to their low cost and ease of manufacture, are still heavily reliant on cement for strength development. This reliance further increases the financial burden on low-income communities seeking adequate shelter (Olutuah, 2008). Exploring CPA as an alternative or supplementary binder can contribute significantly to reducing construction expenses and making housing more accessible.
Moreover, incorporating CPA in sandcrete blocks promotes waste-to-wealth initiatives by transforming agricultural residues into value-added construction materials. This aligns with global sustainability goals and local government policies aimed at reducing greenhouse gas emissions and promoting circular economies. Using CPA in this manner would not only reduce the environmental burden of cassava waste disposal but also decrease the dependency on imported or commercially produced cement (Raheem & Sulaiman, 2013).
In addition to its environmental and economic implications, the technical viability of CPA in construction needs to be empirically evaluated. This includes understanding how CPA affects the workability, setting time, compressive strength, and water absorption of sandcrete blocks at different curing periods. Such information is crucial for construction professionals and policy makers to make informed decisions about integrating CPA into local building practices, particularly in rural and peri-urban settings where cassava production is high and cement affordability is low.
The study of cassava peel ash as a partial replacement for cement in sandcrete block production represents a critical step toward sustainable construction in Nigeria. It has the potential to address the dual challenge of managing agro-waste and improving access to affordable housing. By rigorously investigating the mechanical properties of CPA-modified sandcrete blocks, this research aims to contribute to the broader goal of environmental sustainability, economic feasibility, and innovation in building material science.


1.2 	Statement of the Problem
The disposal of agro-wastes such as cassava peels often contributes significantly to environmental pollution. In most cases, these wastes are either left to rot or burned, contributing to greenhouse gas emissions. However, if these waste materials can be processed and utilized in construction, particularly as a partial replacement for cement, their impact on the environment can be significantly minimized (Onyelowe et al., 2016).
Moreover, while cement is effective as a binder in sandcrete blocks, its cost and carbon footprint pose serious sustainability concerns. Sandcrete blocks also face limitations in terms of low tensile strength and susceptibility to water absorption, which compromises durability (Daramola, 2005). By incorporating cassava peel ash, there is potential not only to improve sustainability but also to enhance or at least maintain the strength and absorption properties required for quality construction.
1.3 	Aim of the Study
This study aims to examine the influence of cassava peel ash as a partial substitute for cement on the compressive strength and water absorption of sandcrete blocks.
1.4 	Objectives of the Study
To achieve the stated aim, the study will pursue the following objectives:
1. To produce sandcrete blocks by partially replacing cement with 0%,5%,10% and 20% cassava peel ash.
2. To evaluate the compressive strength and water absorption capacity of the CPA-modified sandcrete blocks.
3. To determine the optimal percentage replacement of cement with cassava peel ash that provides acceptable strength and durability.
1.5 	Methodology
The research will begin with a comprehensive review of existing literature, focusing on the use of agricultural waste as partial cement replacements. Based on the findings, an experimental design will be implemented.
Sandcrete blocks will be produced using a standard mix ratio of 1:6 (cement:sand), with cement partially replaced by cassava peel ash at 0%,5%,10% and 20% proportions. A control mix with 100% cement will also be produced. Each batch will include blocks of uniform dimensions (e.g., 450 mm × 225 mm × 150 mm), which will be cured for 7, 14, and 28 days respectively.
Physical and mechanical properties of the blocks will be assessed, focusing on compressive strength (using a universal testing machine) and water absorption (following BS 1881-122). Preliminary tests such as sieve analysis, specific gravity, and bulk density will also be carried out on the sand and cassava peel ash to determine their suitability for block production.
1.6 	Scope and Limitations of the Study
This study is restricted to the investigation of the mechanical and physical properties of sandcrete blocks produced with cassava peel ash as partial cement replacement 0%,5%,10% and 20% —will be examined. The focus will be on compressive strength and water absorption characteristics of the blocks.
The cassava peel ash used in the study will be prepared under controlled conditions to ensure consistency. Limitations include the unavailability of advanced testing facilities for chemical analysis, which may restrict the ability to fully characterize the mineral composition of the ash.
CHAPTER TWO
LITERATURE REVIEW
2.1 	Introduction
The growing concerns over environmental degradation and sustainability in the construction industry have sparked interest in the use of alternative and eco-friendly materials in concrete production. Ordinary Portland Cement (OPC), the most commonly used binder in sandcrete blocks, contributes significantly to environmental pollution through greenhouse gas emissions. According to the Intergovernmental Panel on Climate Change (IPCC, 2014), cement production is responsible for about 0%,5%,10% and 20% of global carbon dioxide (CO₂) emissions. Additionally, the depletion of natural resources and the increasing cost of cement have necessitated the search for sustainable and economically viable substitutes, particularly in developing countries like Nigeria where construction demand is high but access to building materials remains a challenge.
One promising avenue in sustainable construction is the utilization of agricultural waste products as partial cement replacements. This approach not only helps reduce the dependence on OPC but also provides an effective waste management strategy. Among various agro-waste materials investigated, cassava peel ash (CPA), a by-product of cassava processing, has shown notable potential due to its chemical composition and pozzolanic characteristics (Odetoyan et al., 2019). Cassava is one of Nigeria’s major crops, and its processing generates large volumes of peels, which are typically discarded, causing environmental issues. Converting this waste into ash through controlled combustion can transform it into a value-added resource in construction applications.
CPA contains reactive silica (SiO₂), alumina (Al₂O₃), and iron oxide (Fe₂O₃), which are key components for pozzolanic activity. These oxides, when combined with calcium hydroxide from the hydration of cement, react to form additional calcium silicate hydrate (C-S-H), the main compound responsible for strength in cement-based materials (ASTM C618, 2012). Studies by Obilade (2014) and Oyekan and Kamiyo (2008) have confirmed that such pozzolanic reactions can enhance the strength and durability of sandcrete blocks when CPA is used in appropriate proportions. This positions CPA as a potential solution to mitigate the high cost and environmental impact of traditional cement.
In terms of economic benefits, the use of CPA significantly reduces construction costs. According to Adesanya and Raheem (2009), incorporating up to 0%,5%,10% and 20% CPA in sandcrete blocks can result in a notable cost reduction without compromising structural integrity. For low-cost housing schemes and rural development projects, this presents a major advantage, making housing more affordable for low-income earners. Furthermore, utilizing locally available agricultural waste reduces the need for transportation and lowers the carbon footprint associated with the importation of industrial additives.
Despite its promising features, the incorporation of CPA into cementitious materials must be approached with caution. The chemical composition and physical properties of the ash can vary depending on the method and temperature of combustion, affecting the reactivity and strength performance of the final product (Awoyera & Adesina, 2020). High carbon content in poorly burnt ash can inhibit proper bonding, while excessive replacement levels may reduce strength and increase porosity. Therefore, standardization of processing methods is critical to ensure consistency in the quality of CPA used in sandcrete block production.
The mechanical performance of CPA-blended sandcrete blocks has been investigated in various studies, with results indicating that partial replacement of cement with CPA—typically within the range of 0%,5%,10% and 20% —can enhance or maintain compressive strength and water resistance when compared to conventional blocks (Raheem et al., 2018). These findings are consistent with pozzolanic theory, which suggests that moderate substitution can result in beneficial reactions, while higher replacement levels may dilute the cement matrix and weaken the structure. This underscores the need for optimal mix design tailored to specific project requirements.
Furthermore, environmental sustainability is a major consideration in the use of CPA. Its application contributes to the circular economy by turning agricultural waste into a functional building material. As noted by Aigbodion et al. (2012), incorporating agro-waste ashes in construction supports sustainable development goals (SDGs), particularly SDG 11 (Sustainable Cities and Communities) and SDG 12 (Responsible Consumption and Production). The reduction in landfill waste, greenhouse gas emissions, and natural resource depletion aligns with global efforts to create more sustainable built environments.
In conclusion, the utilization of cassava peel ash as a partial replacement for cement in sandcrete block production presents a multifaceted opportunity for cost-effective, environmentally friendly, and sustainable construction, especially in developing nations. By leveraging the pozzolanic potential of CPA, it is possible to produce quality sandcrete blocks while simultaneously addressing environmental concerns and agricultural waste management. The subsequent sections of this chapter will delve deeper into the chemical and physical properties of CPA, existing empirical studies, and the performance implications for sandcrete block applications.
2.2 	Cassava Peel Ash: Composition and Characteristics
2.2 	Cassava Peel Ash: Composition and Characteristics
Cassava peel ash (CPA), derived from the combustion of cassava processing waste, has emerged as a sustainable supplementary cementitious material (SCM) due to its chemical composition, which includes a high content of reactive silica (SiO₂). When cassava peels are burned under controlled temperatures, the resulting ash becomes rich in pozzolanic oxides such as silica, alumina (Al₂O₃), and iron oxide (Fe₂O₃). These oxides are crucial for pozzolanic reactions, which occur when the silica-rich material reacts with calcium hydroxide [Ca(OH)₂] in the presence of water to form calcium silicate hydrate (C-S-H), the primary compound responsible for strength development in cementitious systems (ASTM C618, 2012; Oyetola & Abdullahi, 2006).
The pozzolanic behavior of CPA depends significantly on its oxide composition. According to Raheem et al. (2018), CPA obtained at combustion temperatures between 600–700°C contains silica levels exceeding 50%, along with appreciable amounts of alumina and iron oxide, thereby meeting the minimum requirement for pozzolanic materials as prescribed by ASTM C618. The chemical reaction involving these oxides contributes not only to strength but also to the long-term durability of the binder matrix by filling voids and reducing porosity.
Combustion parameters such as temperature, duration, and air supply play a crucial role in determining the quality and reactivity of CPA. Higher combustion temperatures (above 700°C) tend to increase the crystallinity of silica, which reduces its reactivity, whereas lower or uncontrolled temperatures may result in incomplete combustion, leaving unburnt carbon that negatively affects bonding (Awoyera & Adesina, 2020). As such, controlled incineration at optimal temperatures ensures the production of amorphous silica, which has superior pozzolanic activity due to its reactive surface area.
Furthermore, the physical characteristics of CPA—such as fineness, specific surface area, and bulk density—affect its suitability as a cement replacement. Finer particles increase the surface area for chemical reactions, thereby enhancing the pozzolanic performance. According to Aigbodion et al. (2012), sieving CPA to a particle size below 75 microns significantly improves its integration with cement and facilitates homogeneous mixing. This fine texture also assists in densifying the paste matrix, leading to better mechanical properties in sandcrete blocks.
In addition to its pozzolanic potential, CPA contributes to environmental conservation. The reuse of agricultural waste in the form of ash reduces the ecological burden associated with open dumping or incineration of cassava peels, which can emit methane and other greenhouse gases (Ettu et al., 2013). Moreover, substituting cement with CPA in sandcrete blocks reduces the carbon footprint associated with cement production, thereby aligning with global sustainability goals such as the UN's Sustainable Development Goal 12 on responsible production and consumption.
Empirical studies support the effectiveness of CPA as a partial cement replacement. For instance, Obilade (2014) observed that replacing cement with up to 0%,5%,10% and 20% CPA resulted in comparable compressive strength values for sandcrete blocks when tested after 28 days of curing. Similarly, Adesanya and Raheem (2009) demonstrated that a 0%,5%,10% and 20% CPA replacement range yielded blocks with improved durability and adequate strength, suitable for non-load bearing applications. These findings underscore the importance of determining optimal replacement levels that balance performance and sustainability.
The presence of alkalis such as potassium oxide (K₂O) and sodium oxide (Na₂O) in CPA can also influence its interaction with cement. While moderate alkali content may assist in early strength gain, excessive amounts can trigger alkali-silica reactions (ASR), leading to microcracks and long-term deterioration (Neville, 2011). Therefore, characterization and standardization of CPA are essential to ensure its safe and effective use in construction materials. Pre-treatment processes like washing or acid leaching may be adopted to control alkali levels when necessary.
The composition and characteristics of cassava peel ash make it a promising eco-friendly material for use in cementitious applications. Its high silica content, fine particle size, and ability to undergo pozzolanic reactions enable it to enhance the strength, density, and durability of sandcrete blocks when used appropriately. However, to fully harness its potential, careful control of processing conditions and quality assurance through chemical and physical characterization are imperative. The subsequent sections of this study will explore how these properties translate into performance metrics in practical applications.

2.3 	Effects of CPA on Sandcrete Block Properties
The incorporation of supplementary cementitious materials (SCMs) such as cassava peel ash (CPA) into construction practices has gained significant attention due to their potential to enhance sustainability and reduce construction costs. CPA, derived from the controlled combustion of cassava peels, is particularly rich in silica, which imparts pozzolanic characteristics. When used as a partial replacement for cement, CPA can contribute to the hydration process by reacting with calcium hydroxide to form additional calcium silicate hydrate (C-S-H), thereby improving the overall performance of cement-based materials like sandcrete blocks.
Understanding the influence of CPA on sandcrete block properties is essential to determining its viability in construction applications. This section explores the specific effects of CPA on key characteristics of sandcrete blocks, including compressive strength, density, workability, durability, water absorption, and setting time. By examining these properties, researchers and engineers can evaluate the structural integrity, long-term performance, and practical considerations involved in incorporating CPA into sandcrete block production.
2.3.1 	Compressive Strength
The compressive strength of sandcrete blocks is a fundamental indicator of their structural performance, especially in load-bearing applications. Incorporating cassava peel ash (CPA) as a partial cement replacement has been widely researched with promising outcomes. The pozzolanic nature of CPA, rich in silica, enables it to participate in the secondary hydration process, forming additional calcium silicate hydrate (C-S-H), which is responsible for strength development in concrete and sandcrete blocks (Raheem et al., 2018; ASTM C618, 2012).
Several studies have shown that CPA can enhance or maintain compressive strength when used in moderate proportions. For example, Obilade (2014) found that a 0%,5%,10% and 20% replacement of cement with CPA in sandcrete blocks resulted in compressive strengths nearly equivalent to those made with 100% ordinary Portland cement (OPC). The ash particles act as micro-fillers, reducing the pore structure within the matrix and contributing to a denser, more compact structure.
Moreover, Raheem et al. (2018) reported that blocks containing 0%,5%,10% and 20% CPA demonstrated compressive strengths within the Nigerian Industrial Standards (NIS) requirements for non-load-bearing walls. This suggests that CPA not only replaces part of the cement but actively participates in strength development, especially during the later curing periods due to its slower pozzolanic reaction compared to the rapid hydration of OPC.
However, when the replacement level exceeds 0%,5%,10% and 20%, a decline in compressive strength is typically observed. Aigbodion et al. (2012) noted that sandcrete blocks with 0%,5%,10% and 20% CPA replacement exhibited a reduction in compressive strength by as much as 0%,5%,10% and 20% compared to the control samples. This reduction is attributed to the dilution effect, where the amount of primary cementitious material is insufficient to sustain high early strength, compounded by potential issues in particle bonding and mix workability.
The water-to-cement ratio and curing regime also play crucial roles in determining the compressive strength of CPA-blended blocks. Adewuyi et al. (2015) emphasized that optimal curing—especially prolonged moist curing—significantly enhances strength outcomes, as pozzolanic reactions continue beyond the initial setting phase. Poor curing conditions can lead to incomplete hydration and reduced strength in CPA-containing mixes.
In terms of practical implications, the use of 0%,5%,10% and 20% CPA is advisable for maintaining adequate structural integrity, particularly in regions where cassava waste is readily available and the aim is to reduce cement consumption for economic or environmental reasons. The Nigerian Building and Road Research Institute (NBRRI) has also acknowledged the potential of agro-waste materials like CPA in promoting sustainable construction (NBRRI, 2014).
It is also worth noting that CPA’s contribution to strength is not limited to pozzolanic activity. Its fine particle size helps improve particle packing density, leading to fewer voids and better load transfer across the block matrix (Ettu et al., 2013). This densification effect compensates, to an extent, for the lower cement content, particularly at early curing stages.
In summary, while cassava peel ash can be beneficial for improving the compressive strength of sandcrete blocks at low replacement levels, caution must be exercised when increasing the dosage beyond 0%,5%,10% and 20% Further research into admixture compatibility, particle refinement, and pre-treatment of CPA may expand its effective usage range in structural block production.
2.3.2 	Workability
Workability refers to the ease with which a concrete or sandcrete mix can be mixed, placed, compacted, and finished without segregation. It is a key property that influences the quality and durability of the final product. The incorporation of cassava peel ash (CPA) as a partial cement replacement can significantly influence the workability of sandcrete blocks due to its distinct physical and chemical properties. Several studies have indicated that CPA, when used in optimal proportions, can enhance mix workability, particularly due to its fine particle size and morphology (Raheem et al., 2018).
The fineness of CPA particles allows them to act as micro-fillers within the cementitious matrix. These fine particles fill the voids between cement grains and aggregates, thereby reducing internal friction and improving the flow characteristics of the mix (Obilade, 2014). Additionally, some studies have suggested that the ash particles have a near-spherical shape, which can promote a "ball-bearing" effect that aids in reducing resistance during mixing and placing (Ettu et al., 2013). This phenomenon contributes to better compaction and surface finish of the blocks.
Moreover, the porous nature of CPA may help in water retention, thereby reducing bleeding and segregation, which are common issues in poorly graded mixes. According to Raheem and Adeyemi (2018), a 0%,5%,10% and 20%  CPA replacement improved the cohesiveness of the sandcrete mix, leading to better moldability and finishability. This property is particularly beneficial in manual block production processes, where consistent mix behavior is critical to maintaining product quality.
However, the positive effect on workability is not linear with increasing CPA content. When the CPA proportion exceeds 10%,0%,5%,10% and 20%, studies have observed a notable decline in workability. This is largely due to the high surface area and absorptive capacity of the ash, which increases the water demand of the mix (Adewuyi et al., 2015). Excessive CPA can lead to stiffer mixes that are difficult to mold or compact, resulting in poorly formed blocks with honeycombing or voids.
To mitigate this decline in workability at higher CPA levels, adjustments in the water-to-binder ratio or the use of plasticizers or superplasticizers may be necessary. However, increasing water content can lead to a reduction in strength and durability, thereby offsetting the benefits of using CPA. Therefore, it becomes imperative to find a balance between the amount of CPA and the mix’s workability demands (Aigbodion et al., 2012).
Furthermore, environmental conditions, such as ambient temperature and humidity, can influence the workability of CPA-modified mixes. In regions with high temperatures, rapid evaporation of water can worsen workability, necessitating additional water or retarders. As such, site-specific adaptations are crucial for consistent performance in real-world applications (NBRRI, 2014).
It is also worth noting that the source and processing of CPA significantly influence its impact on workability. CPA derived from controlled combustion at consistent temperatures tends to produce finer and more reactive ash, while uncontrolled burning may yield coarser particles with unburnt residues, which can impair workability and overall performance (Covenant University Journals, 2020).
In conclusion, while CPA can positively influence the workability of sandcrete mixes at low replacement levels, excessive use without mix optimization can lead to challenges in mixing, placing, and finishing. Thus, for practical applications, maintaining CPA content within 0%,5%,10% and 20% is recommended to achieve a workable mix while preserving structural performance and durability.
2.3.3 	Durability
Durability is a crucial factor in assessing the long-term performance of sandcrete blocks, particularly when exposed to varying environmental conditions. It refers to the material's ability to resist weathering, chemical attacks, abrasion, and other forms of degradation over time. The inclusion of cassava peel ash (CPA) as a partial replacement for cement has drawn attention in recent years not only for its environmental and economic benefits but also for its potential to enhance or affect the durability of sandcrete blocks (Raheem et al., 2018).
One of the principal contributors to concrete and sandcrete deterioration is the presence of free calcium hydroxide, which is susceptible to leaching and carbonation. Pozzolanic materials like CPA have the ability to consume this calcium hydroxide in a secondary hydration reaction, forming additional calcium silicate hydrate (C-S-H), which is denser and contributes to improved durability (Ettu et al., 2013). This pozzolanic reaction reduces porosity, increases resistance to aggressive agents, and generally improves the durability of sandcrete blocks.
Several studies have indicated that the durability of sandcrete blocks containing CPA can be enhanced, particularly at replacement levels between 0%,5%,10% and 20%. For example, Raheem and Adeyemi (2018) found that blocks with 10% CPA exhibited lower water absorption rates than the control sample. Lower water absorption implies reduced permeability, which enhances the block’s resistance to moisture-related deterioration such as freeze-thaw cycles or sulfate attack.
In regions with high humidity or exposure to seasonal rainfall, blocks are particularly vulnerable to moisture ingress. CPA-modified blocks have demonstrated a denser microstructure, which impedes water penetration and thus contributes to better weather resistance. The reduced porosity of such blocks not only enhances compressive strength but also prevents the ingress of deleterious salts and ions, making them more durable in marine or saline environments (Aigbodion et al., 2012).
However, it is important to note that durability improvements are not guaranteed at all replacement levels. When CPA content exceeds 0%,5%,10% and 20%, the dilution of cementitious material can lead to reduced binder availability, increased porosity, and hence, higher permeability. This can compromise the material’s resistance to aggressive environments such as acid rain or industrial pollutants (Adewuyi et al., 2015). As such, CPA must be used within optimal proportions to achieve both economic and structural benefits.
Durability is also influenced by the quality and processing of the CPA. Proper calcination (at 600–700°C) and sieving to ensure fine particle size are necessary to produce a reactive ash. Uncontrolled burning may lead to incomplete combustion, leaving carbon residues that negatively affect strength and durability by introducing voids and inconsistent bonding in the matrix (Obilade, 2014). Hence, quality control during CPA production is essential to maximize its benefits in sandcrete block production.
Long-term tests such as accelerated aging, sulfate resistance, and carbonation depth measurements further support the potential of CPA in improving durability. In one study by Ettu et al. (2013), CPA-based sandcrete blocks exhibited superior sulfate resistance compared to conventional blocks after 28 and 56 days of exposure, confirming the protective role of pozzolanic materials in aggressive environments.
In conclusion, CPA, when processed and applied appropriately, can enhance the durability of sandcrete blocks by refining the pore structure, reducing permeability, and minimizing harmful reactions like leaching and chemical attack. However, exceeding the optimal dosage or using poorly processed ash can lead to the opposite effect. Therefore, careful mix design and standardization of CPA quality are essential for ensuring the durability of blocks intended for long-term structural use.
2.3.4 	Water Absorption
Water absorption is a critical property that reflects the porosity and permeability of sandcrete blocks. It indicates the capacity of a block to absorb moisture, which has direct implications on its durability, structural integrity, and resistance to weathering. Sandcrete blocks with high water absorption tend to be more susceptible to cracking, shrinkage, and attack by aggressive agents such as salts and sulfates (Raheem & Adenuga, 2013).
The incorporation of cassava peel ash (CPA) as a partial cement replacement has been shown to significantly influence the water absorption characteristics of sandcrete blocks. CPA’s pozzolanic nature contributes to secondary hydration reactions, producing additional calcium silicate hydrate (C-S-H) gels that fill pores in the cement matrix. This pore refinement leads to a denser and less permeable structure, thereby reducing the block’s capacity to absorb water (Ettu et al., 2013).
Studies have consistently demonstrated that CPA additions of up to 10% tend to reduce water absorption in sandcrete blocks. For instance, Aigbodion et al. (2012) reported that sandcrete blocks with 10% CPA replacement recorded a reduction in water absorption compared to control blocks without CPA. This improvement is attributed to the enhanced microstructure resulting from the pozzolanic reaction, which blocks capillary pores and minimizes voids.
However, as CPA replacement levels increase beyond the optimal threshold, typically 0%,5%,10% and 20%, water absorption begins to rise. This is due to the reduction in the amount of cement available for hydration, leading to incomplete binding and the formation of microcracks and voids within the matrix. Such conditions increase porosity and allow more water to infiltrate the block (Adewuyi et al., 2015). This highlights the importance of maintaining CPA replacement within optimal limits to ensure water-resistant properties.
The particle size and fineness of CPA also play a significant role in its effect on water absorption. Finer CPA particles act as micro-fillers that effectively occupy voids in the matrix, thereby enhancing packing density and reducing permeability. On the other hand, coarser CPA particles may introduce more voids and lead to inconsistent bonding, increasing water uptake (Raheem et al., 2018). Therefore, proper sieving and controlled calcination are essential during CPA processing.
Water absorption is also influenced by the curing conditions. CPA-blended sandcrete blocks tend to show improved water resistance when properly cured for at least 28 days. Extended curing enhances pozzolanic reactions and allows the formation of additional binding phases, further reducing porosity. Inadequate curing, on the other hand, weakens the hydration process and may result in higher absorption values, even for mixes with low CPA content (Ettu & Ibearugbulem, 2013).
Moreover, reduced water absorption has implications beyond just structural integrity. It also contributes to better thermal insulation, lower susceptibility to mold growth, and improved indoor air quality in buildings constructed with such blocks. These additional benefits make CPA-modified sandcrete blocks particularly suitable for construction in humid tropical environments, such as those found in many parts of Nigeria.
Water absorption is a key performance indicator for sandcrete blocks, and CPA, when used appropriately, can significantly improve this property. Optimal replacement levels (typically between 0%,5%,10% and 20%) lead to reduced porosity and improved moisture resistance. However, exceeding these levels can negate the benefits due to insufficient cement content and weak bonding. Therefore, careful mix design, proper processing of CPA, and adequate curing are essential for optimizing the water absorption performance of CPA-modified sandcrete blocks.

2.3.5 	Setting Time
Setting time is a crucial parameter in assessing the performance of cementitious materials, as it defines the period within which concrete or sandcrete transitions from a plastic to a hardened state. It is generally categorized into initial and final setting times. The initial setting time marks the period when the paste begins to stiffen, while the final setting time indicates when the paste has fully hardened. These properties significantly affect the handling, placing, and finishing operations during construction (Neville, 2011).
The inclusion of cassava peel ash (CPA) as a partial cement replacement has been found to influence the setting time of sandcrete mixes. Research indicates that the setting time generally increases with higher CPA replacement levels. This delay is attributed to the reduced clinker content and the presence of organic compounds in CPA, which slow down the hydration process (Ettu et al., 2013). The reduction in calcium silicates due to partial substitution with CPA means fewer reactive components to initiate early hydration, resulting in extended setting periods.
For instance, studies conducted by Raheem and Adenuga (2013) revealed that a 0%,5%,10% and 20% replacement of cement with CPA slightly extended both the initial and final setting times, but within acceptable limits as specified by standards such as ASTM C191. These slight delays can be advantageous in hot climates where rapid setting could cause poor compaction or premature stiffening of the mix before placement is completed.
However, excessive CPA content—typically above 0%,5%,10% and 20% —may result in a significant delay in setting times, which could adversely affect construction schedules and structural performance. Delays in setting could also affect the early strength gain of sandcrete blocks, leaving them vulnerable to deformation or cracking during demoulding or curing processes (Adewuyi et al., 2015). Hence, setting time is a critical consideration when optimizing CPA proportions in a mix.
Another important factor influencing setting time is the fineness of CPA particles. Finer particles tend to react faster due to their larger surface area, thus partially compensating for the dilution of cementitious material. Conversely, coarser particles may exacerbate the delay in setting time due to reduced reactivity (Aigbodion et al., 2012). Therefore, particle size control during CPA processing is essential to manage the setting characteristics effectively.
Moisture content and curing conditions also influence the setting time of CPA-modified sandcrete blocks. Inadequate moisture during mixing or accelerated drying due to environmental conditions may lead to inconsistent setting. Proper water-cement ratio, adequate curing, and protective measures such as covering with wet sacks or plastic sheets can help ensure uniform setting across the block surface and interior (Neville, 2011).
Importantly, the delay in setting time observed with CPA incorporation may also provide extended workability periods, which can be beneficial in large-scale block production where prolonged handling time is required. This increased open time can reduce waste, improve surface finish, and facilitate better compaction and bonding between successive layers of material (Raheem et al., 2018).
Cassava peel ash affects the setting time of sandcrete blocks depending on its replacement level, fineness, and mix conditions. While moderate CPA additions (up to 0%,5%,10% and 20%) may extend the setting time beneficially, excessive quantities can cause undesirable delays. For optimal performance, proper mix design and process control must be maintained to harness the advantages of CPA without compromising construction efficiency and product quality.
2.4 	Optimal Replacement Levels
Identifying the optimal level of cassava peel ash (CPA) replacement in sandcrete block production is essential to ensure that the structural and durability requirements are met without compromising the economic and environmental benefits. Studies in sustainable construction materials consistently highlight the importance of determining a threshold beyond which the addition of pozzolanic materials like CPA begins to adversely affect concrete performance (Neville, 2011). For CPA, this threshold generally lies between 50%,5%,10% and 20%  by weight of cement.
Several experimental investigations have demonstrated that partial replacement of cement with 0%,5%,10% and 20% CPA improves or maintains compressive strength comparable to that of conventional sandcrete blocks. Raheem and Adenuga (2013) observed that sandcrete blocks with 0%,5%,10% and 20% CPA substitution attained compressive strengths of up to 3.45 N/mm² after 28 days, which falls within acceptable limits for non-load-bearing wall units as recommended by the Nigerian Industrial Standard (NIS 87:2004). This suggests that a 0%,5%,10% and 20%  CPA replacement can meet strength requirements while offering sustainability benefits.
On the other hand, increasing CPA replacement beyond 0%,5%,10% and 20% often leads to a decline in mechanical performance. Ettu et al. (2013) reported a notable reduction in compressive strength at 0%,5%,10% and 20% CPA replacements, attributing it to insufficient calcium silicate hydrate (C-S-H) formation due to the dilution of Portland cement. The drop in early strength development becomes more evident with higher ash content because of slower pozzolanic activity and lower clinker availability for hydration.
Durability aspects also correlate closely with optimal replacement levels. While a 0%,5%,10% and 20%  CPA replacement can improve resistance to sulfate attack and reduce permeability due to pore refinement, excessive substitution (beyond 0%,5%,10% and 20%) may cause porous microstructures that increase water absorption and reduce resistance to aggressive environments (Aigbodion et al., 2012). This reinforces the need for balance between ash content and performance criteria.
The particle fineness and chemical composition of CPA also influence the optimum replacement level. Finer CPA particles promote better dispersion and reactivity, facilitating improved strength development even at slightly higher replacement levels (Raheem et al., 2018). However, inconsistencies in combustion methods and raw material quality often limit the uniform performance of CPA across various studies, making it advisable to adhere to conservative replacement ranges during practical application.
Workability and setting time are also key considerations in optimizing CPA replacement. As seen in earlier studies, moderate inclusion of CPA may enhance workability and extend setting time beneficially. Still, these effects must be carefully managed to avoid excessive retardation, especially in high-volume CPA mixes (Adewuyi et al., 2015). Thus, when considering on-site applications or block production, CPA content should be chosen to align with the specific project needs and climate conditions.
Economically, a 0%,5%,10% and 20% CPA replacement results in notable cost savings by reducing the amount of Portland cement used. Given that CPA is derived from agricultural waste and incurs minimal processing costs, it significantly reduces material expenditure in sandcrete production while contributing to environmental sustainability through waste valorization (Ettu et al., 2013).
The optimal replacement level of CPA lies between 5% and 10%. At these proportions, CPA delivers satisfactory mechanical properties, improved durability, and enhanced sustainability. Exceeding this range often introduces trade-offs in strength, durability, and workability. Therefore, this replacement band is widely accepted as the most effective for integrating CPA into sandcrete block production, particularly for non-load-bearing applications.
2.5 	Environmental and Economic Implications
The integration of cassava peel ash (CPA) as a partial replacement for cement in sandcrete block production contributes significantly to environmental sustainability. One of the primary environmental benefits is the reduction in the use of Portland cement, a material whose production accounts for nearly 8% of global CO₂ emissions due to the calcination of limestone and high energy consumption during manufacturing (Andrew, 2018). By substituting even a portion of cement with CPA, a marked decrease in the carbon footprint of construction activities can be achieved, aligning with global efforts to mitigate climate change.
In addition to lowering CO₂ emissions, CPA utilization also aids in the management of agricultural waste. Cassava peels, typically discarded as waste, pose a serious disposal challenge, especially in cassava-producing regions like Nigeria, Brazil, and Thailand. Transforming this biomass waste into a useful construction material not only reduces environmental pollution but also promotes a circular economy by recycling waste into valuable inputs (Ettu et al., 2013). This dual-purpose approach enhances both environmental cleanliness and resource efficiency.
Another key environmental advantage of CPA lies in its pozzolanic characteristics, which contribute to concrete durability. When CPA is incorporated in appropriate proportions, it can reduce permeability, thereby improving the longevity of concrete structures and minimizing the need for repairs and replacements (Raheem & Adenuga, 2013). This indirectly reduces the environmental impact of maintenance activities, which often require additional material and energy inputs.
From an economic standpoint, the substitution of cement with CPA offers substantial cost savings. Cement is often one of the most expensive components in concrete production. Since cassava peels are readily available and usually treated as waste, converting them into ash for construction use incurs minimal cost, especially when locally processed. The reduction in the volume of cement required per block or per project directly lowers material costs (Adewuyi et al., 2015). For low-income communities or affordable housing projects, this cost reduction can make a critical difference in accessibility.
The economic benefit extends to job creation and local enterprise development. Setting up small-scale CPA processing units—such as controlled burning facilities and sieving stations—can provide employment opportunities for rural populations. This promotes economic inclusion and local capacity building, particularly in areas with high cassava farming activity (Aigbodion et al., 2012). Moreover, the added value derived from waste conversion strengthens the agricultural-construction supply chain.
In developing countries, where the demand for low-cost housing continues to rise, the use of CPA presents a practical solution. By lowering the cost of sandcrete block production while maintaining acceptable structural performance, CPA-blended blocks can contribute to the development of more affordable housing units. This aligns with national and international development goals focused on housing for all, especially in urbanizing regions across Africa and Southeast Asia (UN-Habitat, 2020).
Furthermore, the reduced demand for cement contributes to foreign exchange savings in countries that import cement or clinker. Local governments and policy makers can leverage this by promoting CPA and other agro-waste materials through subsidies or standardization frameworks, encouraging innovation in sustainable building practices (Raheem et al., 2018). This also lessens the dependency on imported materials, thus enhancing the resilience of the local construction industry.
In summary, the environmental and economic implications of using CPA in sandcrete block production are profound. Not only does it support the reduction of carbon emissions and effective waste management, but it also lowers production costs, supports local economies, and makes housing more accessible. The adoption of CPA therefore aligns with sustainable development principles by addressing ecological, social, and financial dimensions of construction.


CHAPTER THREE
RESEARCH METHODOLOGY
3.1	Introduction
This chapter outlines the methodology employed in the study to assess the effects of cassava peel ash (CPA) as a partial replacement for cement on the strength properties of sandcrete blocks. It provides a detailed description of the research design, material collection and preparation, mix proportions, experimental procedures, and methods of data analysis. The methodology was designed to ensure reliable, replicable, and valid outcomes that reflect the influence of CPA on the mechanical performance of sandcrete blocks.
3.2 	Research Design
This study adopted an experimental research design. The experimental method is appropriate for this investigation because it involves systematic manipulation of variables—in this case, varying percentages of CPA in the mix—and observing the corresponding effects on compressive strength and other properties of sandcrete blocks. The blocks were cast, cured, and tested under controlled laboratory conditions in line with relevant standards.
3.3 	Materials and Their Sources
The major materials used in this study include:
· Cement: Ordinary Portland Cement (OPC) conforming to ASTM C150 standard.
· Cassava Peel Ash (CPA): Cassava peels were collected from local cassava processing centers in Sabo-Oke, Ilorin, sun-dried, and subjected to controlled combustion.
· Fine Aggregates: Sharp river sand, free from clay, silt, and organic impurities.
· Water: Clean, potable water suitable for concrete mixing and curing.
3.4 	Preparation and Processing of Cassava Peel Ash
The cassava peels were washed to remove dirt and foreign matter and then sun-dried for 3 to 5 days. The dried peels were incinerated in a muffle furnace situated at University of Ilorin at a temperature range of 600°C–700°C for 6 hours. The resulting ash was allowed to cool, sieved through a 75-micron sieve to obtain fine particles, and stored in airtight containers for use in mix preparation.
3.5 	Mix Proportioning and Block Production
The sandcrete mix ratio adopted was 1:6 (binder to sand) by weight. Cement was partially replaced with CPA at the following proportions: 0%, 5%, 10%, 15%, and 20%. The water-cement ratio used was 0.5, and it was kept constant for all mixes. For each mix proportion, standard 450mm x 225mm x 150mm sandcrete blocks were produced using a manual vibrating block machine. The blocks were demoulded after 24 hours and cured in water for 7, 14, and 28 days.
3.6 	Tests and Testing Procedures
3.6.1 	Compressive Strength Test
Compressive strength tests were conducted on the cured blocks using a universal testing machine situated at Civil Engineering Lab, University of ilorin in accordance with BS EN 12390-3:2009. The maximum load at failure was recorded and the compressive strength was calculated as:
				Load at Failure
Compressive Strength = ____________________
			      Cross-sectional Area


3.6.2 	Water Absorption Test
Water absorption was determined by drying the sandcrete blocks in an oven at 105°C until constant weight, then immersing them in water for 24 hours. The percentage of water absorbed was calculated by:
Wet Weight – Dry Weight
Water Absorption (%) = ____________________
			     	 Dry Weight

3.6.3 	Workability (Slump Test)
The slump test was conducted for each mix in accordance with ASTM C143/C143M to evaluate the workability of fresh concrete.
3.6.4 	Setting Time Test
Initial and final setting times of the CPA-cement paste were tested using a Vicat apparatus according to ASTM C191.
3.7 	Data Analysis
Data collected from the laboratory experiments were analyzed using descriptive statistics such as means and standard deviations. Results were presented using tables and graphs. Comparative analysis was carried out to evaluate the performance of different CPA mix ratios against the control mix. ANOVA (Analysis of Variance) was used to determine the statistical significance of the differences observed in compressive strength at various replacement levels.




CHAPTER FOUR
4.0 	Results and Discussion 
4.1	Specific Gravity test on Cassava Peel ash 
Table 4.1: Results of the specific gravity and silt content of Cassava Peel ash
	Materials
	Specific Gravity
	Silt Content (%)

	Cassava Peel ash
	2.10
	0.00

	Sand
	2.68
	3.75



4.1.1 Discussion of the Results 
The specific gravity of a material is a measure of its density compared to the density of water. In this study, the specific gravity of Cassava Peel ash is determined to be 2.10. These values indicate that both Cassava Peel ash have lower specific gravities compared to sand. The relatively lower specific gravity of the ash materials suggests that they are lighter in weight compared to sand, which can be advantageous in certain applications where weight reduction is desired, such as lightweight concrete or fill materials.
The silt content of a material refers to the percentage of fine particles (silt) present in the material. In this study, both Cassava Peel ashexhibit a silt content of 0.00%, indicating the absence of fine particles in these ash materials. On the other hand, sand has a silt content of 3.75%, indicating the presence of a certain amount of fine particles in the sand sample. The absence of silt content in the ash materials suggests that they have a relatively cleaner composition compared to sand, which can be beneficial in applications where partiele size distribution and purity are critical, such as in the production of high- quality concrete or mortar. 
4.2: Slump test 
Table 4.2: Variation of water/binder ratio with percentage replacement of Ordinary Portland cement with Cassava Peel ash.
	Percentage of Cassava Peel ash
	0
	5
	10
	20

	Water/Binder Ratio
	0.52
	0.55
	0.56
	0.57

	Slump (mm)
	15
	30
	0.56
	20

	Percentage of Sawdust Ash
	0
	5
	10
	20

	Water/Binder Ratio
	0.25
	0.55
	0.56
	0.57

	Slump (mm)
	20
	35
	30
	25






Figure 4.1: this chart shows the slump value of different percentage replacement of cement with CPA


4.3.1 Discussion of the Result
 For the Cassava Peel ash replacement, as the percentage of ash replacement increases from 0% to 20%, the water/binder ratio shows a gradual increase. At 0% replacement, the water/binder ratio is 0.52, and it gradually increases to 0.57 at 20% replacement. This indicates that a higher amount of water is needed to achieve the desired workability as the ash content increases. The slump, which measures the consistency and flow ability of the mixture, shows a slightly fluctuating trend. The slump values are 15 mm, 30 mm. 25 mm. and 20 mm for 0%, 5%, 10%, and 20% Cassava Peel ash replacements, respectively Overall, these results suggest that increasing the percentage of Cassava Peel ash replacement requires a higher water/binder ratio to maintain workability, and it has a minor influence on the slump. 
Similarly, for the sawdust ash replacement, the water binder ratio increases with the increase in ash content. The water/binder ratio progresses from 0.52 at 0% replacement to 0.57 at 20% replacement. This indicates that a higher water content is necessary to achieve the desired workability as the sawdust ash content increases. The slump values show a consistent increasing trend. The slump values are 20 mm, 35 mm, 30 mm, and 25 mm for 0%, 5%, 10%, and 20% sawdust ash replacements, respectively. This suggests that as the content increases, the workability of the mixture improves, resulting in higher slump values. 
The test results demonstrate that both Cassava Peel ash replacements affect the water/binder ratio and slump of the cementitious mixtures. The increase in ash content leads to a higher water/binder ratio, indicating the need for more water to achieve the desired workability. The slump values generally show an increasing trend with ash replacement, indicating improved flow ability and workability of the mixtures.
4.4: Setting time 
Table 4.4. Variation of setting time with increase in Cassava Peel ash replacement
	Cassava Peel ash Replacement 0 of Cement (%)
	
	5
	10 
	20

	Initial Setting Time (minutes)
	95
	185
	197
	 312 

	Final Setting Time (minutes) 
	155
	330
	530
	692 

	Initial Setting Time (minutes)
	96
	188
	200
	315 

	Final Setting Time (minutes)
	160
	340
	530
	320
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Figure 4.3: this chart shows the final setting time of cement with CPS and replacement. 

Figure 4:3 this chart shows the final setting time of cement with CPA and replacement
4.4.1: Discussion of the Result
 For the Cassava Peel ash replacement, it is evident that as the percentage of ash replacement increases, both the initial and final setting times significantly lengthen. The initial setting time shows a steady increase from 95 minutes (0% replacement) to 312 minutes (20% replacement), indicating a delayed onset of the setting process. Similarly, the final setting time exhibits a substantial increase from 155 minutes (0% replacement) to 692 minutes (20% replacement), indicating an extended duration required for complete setting and hardening of the material. These results suggest that the inclusion of Cassava Peel ash has a retarding effect on the setting properties of the cementitious mixture. On the other hand, when used as a replacement for cement, the initial setting time also shows an increasing trend with the increase in ash content. The initial setting time progresses from 96 minutes (0% replacement) to 315 minutes (20% replacement), indicating a gradual delay in the onset of the setting process as more sawdust ash is incorporated. However, the final setting time exhibits a somewhat unexpected pattern. It increases from 160 minutes (0% replacement) to 530 minutes (10% replacement), suggesting a prolonged duration for the completion of the setting process. Surprisingly. the final setting time decreases to 320 minutes when the ash content reaches 20%. This irregular trend may be attributed to various factors, such as the specific properties of sawdust ash or the complex interactions within the cementitious system.




4.5 Water absorption 
Table 4.5: Result of Water Absorption Rate of Sanderete Blocks
	Specimen
	Surface Area (450x225)
	% replacement
	Weight of block after soak
	Average weight of block
	Average weight of water absorbed
	Average% of water absorption capacity

	24 hours
	101250
	0% (control)
	17941
	16923
	1018
	6.0%

	
	101250
	5%
	18049
	16751
	1298
	7.7%

	
	101250
	10%
	19026
	17352 
	1674
	9.6%

	
	101250
	20%
	19120
	17415
	1705
	13.7%



4.5.1 Discussion of the Results 
The water absorption capacities for all the blocks reveal that almost all the sanderete blocks at all percentages fall within the minimum requirement recommended in ASTM (140) of 240kg/m3 As the replacement of and CPS  increases, the water absorption rate increases. 
4.6 COMPRESSIVE STREGNTH RESULTS 
Table 4.6: Compressive strength test of the quality control 
	% Replacement (OPC)
	Age of Curing (days)
	Average Crushing Load (KN)
	Compressive strength (N/mm2)

	Quality control
	7
	309
	4.56 

	
	28
	 354
	5.24 



Table 4.7: Compressive Strength Test of Cassava Peel ash
	% Replacement (OPC)
	Age of Curing (days)
	Average Crushing Load (KN)
	Compressive strength (N/mm2)

	5%
	7
	140
	2.07

	
	28
	170
	251

	10%
	7
	138
	2.04

	
	28 
	199
	2.95

	20%
	7 
	132
	1.96 

	
	28
	165
	2.45 






Figure 4.5: This chart shows the Cassava Peel ash Compressive Strength 
Comparing the mean strengths at 28th days, GSA possess a mean strength of 2.95N/mm2 for a block (450mmx225mmx225mm) weighing 6.95kg while possess a mean strength of 3.08N/mm2 for a block (450mmx225mmx225mm) weighing 6.76kg Therefore, we can say that 10% Sawdust Ash (SDA) when mixed with Ordinary Portland Cement (OPC) to mold block, possesses more strength on the 28th days curing than CPA Although, the two pozzolanics strengths are of the same range and the strength required was not reached.


CHAPTER FIVE
5.0 CONCLUSIONS AND RECOMMENDATIONS 
5.1 CONCLUSIONS 
The study was an experimental attempt to determine and compare the Compressive strength of CPA. Sanderete blocks using local aggregates investigated at 7 and 28 days curing age. The entire data collected during the tenure of the study can be summed up as follows: 
i. Effect on Compressive Strength Both Cassava Peel ashas partial replacements of cement have an impact on the compressive strength of sanderete blocks. As the percentage of ash replacement increases, there is generally a decrease in compressive strength compared to the control (0% replacement). This indicates that the strength of the sanderete blocks is influenced by the type and amount of ash used. The compressive strength increases with increase in percentage of Cassava Peel ashup to a certain limit with 10% at 28 days for CPA giving us 2 95N/mm2 while had 3.08N/mm2. 
ii. Cassava Peel ash(CPA) as materials are very much similar to Cement in physical properties and are cheaply available as it is a waste by-product from the extraction of Groundnut. Cost of both materials is 10% of the cost of cement.
iii. Optimum Replacement Level: The study suggests that a replacement level of up to 10% for both Cassava Peel ashcan be considered without significantly compromising the compressive strength of the sanderete blocks. Beyond this level, the compressive strength tends to decrease further. The compressive strength of the Sanderete blocks tends to decrease by the use of Cassava Peel ash which is witnessed from the results of the various experiments conducted. The maximum compressive strength was obtained by replacing 10% of cement with sawdust ash and Cassava Peel ashbut it was less than the strength shown by the conventional sandcrete block sample. But as the cost of Cassava Peel ashis very less, it can be seen as an effective and optimistic alternative for the replacement of cement in sanderete blocks. In summary, the use of CPA in Civil Engineering works will reduce environmental pollution, improve eco-friendly blocks, improve thequality of blocks and reduce its cost of production as well as solving the problem of agro-waste management by putting into use this locally found additive (CPA The study also shows that Ordinary Portland Cement could be partially substituted with CPA to a level of 10% using locally sourced aggregates which could be casily accessed by rural dwellers. 
5.2  RECOMMENDATIONS
 Based on the conclusions drawn from the comparative analysis, the following recommendations can be made: 
i. The Cassava Peel ashmay be used as partial replacement of cement in sandcrete block to achieve a satisfactory compressive strength at about 10% percentage of the binder quantity.
ii. Sanderete block with Cassava Peel ashcan be used for light construction works where high strength is not major requirement but where durability is a major concern. 
iii. For use of Cassava Peel ash(CPA) as a structural material, it is necessary to investigate the behaviour of reinforced Ash under flexure, shear, torsion and compression. 
iv. Quality control measures and standards should be established for the production of sanderete blocks using ash as a partial replacement. This includes ensuring consistent ash characteristics, proper mixing procedures, appropriate curing techniques, and adherence to relevant standards to guarantee the quality and performance of the blocks. 
v. Further Investigations should be conducted to assess other properties of sandcrete blocks, such as thermal insulation, sound absorption, and environmental impact, when using Cassava Peel ashas partial replacements. This will provide a comprehensive understanding of the overall suitability and sustainability of these materials in sanderete block production.
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