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Common river sand is expensive due to excessive cost of transportation from natural sources. Also large-scale depletion of these sources creates environmental problems. As environmental transportation and other constraints make the availability and use of river sand less attractive, a substitute or replacement product for concrete industry needs to be found. River sand is most commonly using fine aggregate in the production of concrete poses the problem of acute shortage in many areas. Whose continued use has started posing serious problems with respect to its availability, cost and environmental impact. In such a situation the Quarry rock dust can be an economic alternative to the river sand. Quarry Rock Dust can be defined as residue, obtained waste material after the extraction and processing of rocks of less than 4.75mm. Usually, Quarry Rock Dust is used in large scale in the highways as a surface finishing material and also used for manufacturing of hollow blocks and lightweight concrete prefabricated Elements. Use of Quarry rock dust as a fine aggregate in concrete draws serious attention of researchers and investigators. This paper presents the feasibility of the usage of Quarry Rock Dust as hundred percent substitutes for Natural Sand in concrete.  Tests were conducted on cubes to study the strength of concrete made of Quarry Rock Dust and the results were compared with the Natural Sand Concrete. An attempt has also been made to durability studies on Quarry Rock Dust when compared with the Natural Sand concrete. It is found that the compressive, flexural strength and Durability Studies of concrete made of Quarry Rock Dust are nearly 10% more than the conventional concrete.
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[bookmark: _Toc203368774]CHAPTER ONE
[bookmark: _Toc203043314][bookmark: _Toc203368775]1.0	INTRODUCTION
[bookmark: _Toc203368776]1.1 	BACKGROUND TO STUDY
Concrete is a composite material that has been used for centuries in construction due to its strength, durability, and versatility. The primary components of concrete include cement, water, coarse aggregates (such as gravel or crushed stone), and fine aggregates (typically sand). The quality of concrete is heavily influenced by the properties of its constituent materials, especially the fine aggregate used in the mix (Mehta & Monteiro, 2014). Fine aggregates typically make up 25-40% of the total volume of concrete, contributing to the mix's workability, durability, and strength (Neville, 2011).
Traditionally, sand has been used as the fine aggregate in concrete production. However, the increasing demand for natural sand has led to the depletion of riverbeds and coastal areas, causing environmental degradation and an unsustainable supply of this resource (Poon et al., 2004). As a result, the construction industry has begun exploring alternative materials for fine aggregates, one of which is chipping dust.
Chipping dust is a by-product of stone crushers used in producing coarse aggregates. It is composed of finer particles of crushed stone and can be considered an economical and readily available substitute for natural sand. However, concerns regarding its use in concrete production have been raised due to its potential effect on the material’s mechanical properties, specifically its compressive strength (Sivakumar & Prakash, 2014). The compressive strength of concrete is crucial for its performance in construction applications, and any negative impact from the use of alternative fine aggregates could limit the viability of such materials.
This study focuses on comparing the compressive strength of concrete made with sand and chipping dust as fine aggregates, with the goal of evaluating the potential for chipping dust to replace natural sand in concrete production.
[bookmark: _Toc203043049]Concrete is a mixture of water, cement or binder and aggregates (fine and coarse aggregate) and is a commonly used material for construction (Barritt, 1984). Unfortunately, the effect of quarry dust content in aggregates on properties of fresh and hardened concrete are not well known (Tahir and Khaled, 1999). A huge amount of quarry dust produced during the crushing of quarry stones in the quarry industries is often considered as waste and is often used as landfills (Rashid, at el, 2013). 
[bookmark: _Toc203043050]The construction industries in the developing world is looking for alternative materials that can replace the demand for natural sand, thereby reduce environmental load and waste management lost, reduction of production cost as well as augmenting the quality of concrete (Lohan, et al 2012). Compressive strength is the criterion for the determination of the quality of concrete (Troxel, et al 1968) and as such it becomes necessary that for a concrete to be used, its compressive strength has to be determined. So here comparison is made between the compressive strength of concrete made with quarry dust as fine aggregate in the production of concrete.
[bookmark: _Toc203368777]1.2 	PROBLEM STATEMENT
The construction industry faces significant challenges due to the unsustainable extraction of natural sand, which is a finite resource. As natural sand reserves deplete, the industry is exploring alternative materials such as chipping dust. However, despite its potential benefits, the impact of chipping dust on the compressive strength of concrete has not been extensively studied. Existing research on the use of chipping dust in concrete is limited, and the results are often inconclusive, with some studies suggesting a reduction in strength while others indicate no significant difference (Dinesh et al., 2016). 
Without a clear understanding of the effect of chipping dust on concrete’s compressive strength, its widespread adoption in concrete production remains uncertain. This study seeks to fill this gap by conducting a controlled comparison of the compressive strength of concrete made with sand versus chipping dust as fine aggregates.
[bookmark: _Toc203368778]1.3 	AIMS AND OBJECTIVES
Aim
The primary aim of this study is to compare the compressive strength of concrete made with sand and chipping dust as fine aggregates. 
The specific objectives are as follows:
1. To determine the compressive strength of concrete made with sand as the fine aggregate.
2. To determine the compressive strength of concrete made with chipping dust as the fine aggregate.
3. To analyze the differences in compressive strength between concrete mixtures with sand and chipping dust.
4. To assess the suitability of chipping dust as a replacement for sand in concrete production based on compressive strength results.
5. To explore the feasibility of utilizing chipping dust as a sustainable, cost-effective alternative to natural sand in concrete mixes.
[bookmark: _Toc203368779]1.4 	JUSTIFICATION
The use of chipping dust as a fine aggregate in concrete production could have several benefits. First, it could help alleviate the environmental and economic challenges posed by the over-extraction of natural sand (Ganguly & Awasthi, 2013). Second, it could provide a cost-effective alternative, particularly in regions where natural sand is in short supply.
 However, the adoption of chipping dust in concrete production is contingent upon its ability to meet the strength requirements of construction materials, particularly the compressive strength of concrete. By evaluating and comparing the compressive strength of concrete made with sand and chipping dust, this study will provide essential data on whether chipping dust can serve as a viable and sustainable alternative to sand, thereby benefiting the construction industry and contributing to more sustainable building practices.
Furthermore, with the construction industry’s growing focus on sustainability, this research could play a key role in driving the adoption of alternative materials, thus contributing to a more sustainable future (Kumar et al., 2012).
[bookmark: _Toc203043051][bookmark: _Toc203368780]1.5 	SCOPE OF STUDY
This study is focused on the comparison of compressive strength between two types of fine aggregates used in concrete production: natural sand and chipping dust. The study will be conducted through a series of laboratory tests using standardized mix designs to ensure consistency and reliability. The scope of the study includes:
1. The preparation of concrete mixes using both sand and chipping dust as the fine aggregate.
2. The casting of standard concrete cubes and their curing under controlled conditions.
3. The determination of compressive strength through standard testing methods at different curing ages (7, 14, and 28 days).
4. A comparison of the compressive strength results to assess the viability of chipping dust as an alternative fine aggregate in concrete production.
The study will not examine other properties of concrete, such as workability, shrinkage, or durability, nor will it investigate the impact of chipping dust from different sources. Therefore, while the results will provide valuable insights into the comparative compressive strength of the two aggregates, further research may be required to explore other performance characteristics and the long-term effects of using chipping dust in concrete.


[bookmark: _Toc203368781]CHAPTER TWO
[bookmark: _Toc203368782]2.0					LITERATURE REVIEW
[bookmark: _Toc203368783]2.1 	INTRODUCTION
Concrete is an assemblage of cement, aggregate and water, hence it is a composite material. The most commonly used fine aggregate is sand derived from river banks. The global consumption of natural sand is too high due to its extensive use in concrete. The demand for natural sand is quite high in developing countries owing to rapid infrastructural growth which results supply scarcity. Therefore, construction industries of developing countries are in stress to identify alternative materials to replace the demand for natural sand.
 On the other hand, the advantages of utilization of by-products or aggregates obtained as waste materials are pronounced in the aspects of reduction in environmental load & waste management cost, reduction of production cost as well as augmenting the quality of concrete (Lohani et al; 2012).
 In this context, fine aggregate has been replaced by quarry dust, a by-product of stone crushing unit, in other to make a comparative analysis for different parameters which are tested in the laboratories in other to determine the suitability of the replacement in accordance to the British Standard of Specifications for its strength.
 Quarry dust has been used for different activities in the construction industry such as road construction and manufacture of building materials such as light weight aggregates, bricks, and tiles. Crushed rock aggregates are more suitable for the production of high strength concrete compared to natural gravel and sand (Lohani et al; 2012).
Concrete is one of the most widely used materials in construction, valued for its versatility, strength, and durability. The properties of concrete are primarily influenced by the quality and characteristics of its constituent materials, including cement, coarse aggregates, fine aggregates, and water. Fine aggregates, which typically consist of natural sand, play a crucial role in determining the strength and durability of concrete (Mehta & Monteiro, 2014). However, due to the depletion of natural sand reserves and environmental concerns related to its extraction, researchers have begun exploring alternative fine aggregates, such as chipping dust, a by-product of stone crushing. This chapter reviews existing literature on the use of chipping dust as a fine aggregate in concrete, with a specific focus on its impact on the compressive strength of concrete.
Furthermore, a group of science and engineering researchers, in their work titled “strength of concrete containing different types of fine aggregate “ determined the strength of concrete made with various fine aggregates, such as natural sand ,artificial sand, quarry dust and the combination of both natural and artificial sands. The results they obtained and concluded was that among the above four fine aggregate samples; Grit or chipping dust gives the maximum compressive strength (Sachin et al; 2012). 
Though grit and chipping dust gives nearly same results, grit is more preferable than chipping dust as it’s more economical. Grits of various types obtained from various sources affects the strength and durability of concrete while comparatively more uniqueness is achieved in case of chipping dust.
 The use of chipping dust in the construction industry helps to prevent unnecessary damages to the environment and provide optimum exploitation of the resources. Chipping dust are made by crushing aggregate to sizes appropriate for use as a fine aggregate. 
During the crushing process the manufactured sand have irregular shapes and more fine particles contributing to improved compressive strength, compared to natural sand control mix. Due to the irregular particle shape of the manufactured sand, in addition to the reduced amount of water cement ratio, manufactured sand is more important for high strength concrete mixes. Manufactured sand like quarry dust offers important economic advantages in regions where the availability of natural sand is scarce or in cities where transportation cost is high. 
The use of manufactured sand in the construction industry helps to prevent unnecessary damages to the environment and provide optimum exploitation of the resources.
[bookmark: _Toc203368784]2.2 	COMPARATIVE STUDIES ON SAND AND ALTERNATIVE FINE AGGREGATES
Natural sand has been the conventional fine aggregate used in concrete for centuries due to its workability, ease of availability, and relatively consistent properties (Neville, 2011). However, excessive extraction of sand has led to environmental degradation, prompting researchers to investigate sustainable alternatives (Poon et al., 2004). Chipping dust, a by-product of stone crushing, has emerged as one such alternative. Chipping dust is often considered an inexpensive and locally available material that can potentially reduce the dependence on natural sand in concrete production (Sivakumar & Prakash, 2014).
A number of studies have examined the impact of various alternative fine aggregates, including chipping dust, on concrete’s mechanical properties, including compressive strength. Some studies have found that concrete made with chipping dust as a fine aggregate can exhibit comparable or even superior compressive strength compared to conventional concrete made with sand (Dinesh et al., 2016). On the other hand, other research suggests that chipping dust may have an adverse effect on the compressive strength due to its higher angularity and rough texture, which can negatively affect the bonding between the aggregate and the cement paste (Ganguly & Awasthi, 2013).
[bookmark: _Toc203368785]2.3 	PROPERTIES OF CHIPPING DUST AND SAND AS FINE AGGREGATES
[bookmark: _Toc203368786]2.3.1 	Physical Properties of Chipping Dust
Chipping dust is a fine material produced during the crushing of large stones, typically in quarries or stone crushers. Its physical properties, including particle size distribution, shape, and texture, vary depending on the type of rock being crushed (Sivakumar & Prakash, 2014). Chipping dust generally has a higher percentage of angular particles and rougher surfaces compared to natural sand. This angularity and roughness can influence the workability and strength of concrete (Dinesh et al., 2016).
The fineness modulus of chipping dust is typically higher than that of natural sand, indicating that it has a greater proportion of finer particles. This can lead to increased water demand and reduced workability in concrete mixes if not appropriately adjusted (Sivakumar & Prakash, 2014). Additionally, the specific gravity of chipping dust is usually higher than that of natural sand, which can affect the density of the concrete and its overall mechanical performance (Ganguly & Awasthi, 2013).
[bookmark: _Toc203368787]2.3.2 	Properties of Natural Sand
Natural sand, typically sourced from riverbeds or coastal regions, has a rounded particle shape, which contributes to better workability and reduced water demand in concrete mixes (Mehta & Monteiro, 2014). The specific gravity and fineness modulus of natural sand are generally lower than those of chipping dust, resulting in more uniform distribution of particles within the concrete mix (Neville, 2011). This helps ensure better packing and bonding of the aggregates, leading to higher compressive strength in the final concrete product.
However, the extraction of natural sand has led to environmental concerns, including the depletion of riverbeds and loss of biodiversity in aquatic ecosystems. In some regions, natural sand is also becoming increasingly expensive due to over-exploitation, which has pushed the construction industry to look for viable alternatives (Poon et al., 2004).
[bookmark: _Toc203368788]2.4 	IMPACT OF CHIPPING DUST ON COMPRESSIVE STRENGTH
Several studies have investigated the effects of using chipping dust as a fine aggregate on the compressive strength of concrete. The results of these studies have been varied, depending on factors such as the characteristics of the chipping dust, the mix design, and the curing conditions.
[bookmark: _Toc203368789]2.4.1 	Positive Effects on Compressive Strength
Some studies have shown that concrete made with chipping dust can achieve compressive strengths similar to or even higher than those made with natural sand. For instance, a study by Dinesh et al. (2016) found that concrete made with chipping dust exhibited higher compressive strength than concrete made with natural sand when tested at 28 days of curing. The researchers attributed this improvement to the higher specific gravity of chipping dust, which contributed to a denser concrete mix, enhancing the overall strength.
Similarly, a study by Sivakumar and Prakash (2014) observed that when the mix was properly adjusted to account for the increased water demand of chipping dust, the compressive strength of the concrete was comparable to that of concrete made with natural sand. This suggests that the key to achieving good strength with chipping dust lies in optimizing the mix proportions and compensating for its water demand.
[bookmark: _Toc203368790]2.4.2 	Negative Effects on Compressive Strength
In contrast, other studies have highlighted the potential negative effects of chipping dust on the compressive strength of concrete. For example, Ganguly and Awasthi (2013) found that concrete made with chipping dust had lower compressive strength compared to concrete made with natural sand. This reduction in strength was attributed to the angularity and rough texture of chipping dust particles, which led to poor bonding between the aggregate and the cement paste, ultimately weakening the concrete.
Moreover, Poon et al. (2004) noted that while chipping dust could be a viable alternative, its higher fineness modulus and angularity often resulted in reduced workability, which required additional water to maintain the same consistency as mixes with sand. This increased water content could further reduce the strength of the concrete due to the dilution of the cement paste and the formation of excess voids.
[bookmark: _Toc203368791]2.5 	OTHER FACTORS AFFECTING THE USE OF CHIPPING DUST IN CONCRETE
[bookmark: _Toc203368792]2.5.1 	Environmental and Economic Benefits
The use of chipping dust as a fine aggregate offers several environmental and economic advantages. By utilizing a by-product that would otherwise be discarded or underused, the construction industry can reduce its reliance on natural sand, mitigating the environmental impact associated with sand extraction (Sivakumar & Prakash, 2014). Additionally, chipping dust is often more affordable than natural sand, making it an attractive option for cost-conscious construction projects (Dinesh et al., 2016).
[bookmark: _Toc203368793]2.5.2	Durability Considerations
While the compressive strength of concrete made with chipping dust is an important factor, the durability of the resulting concrete is also crucial. Some studies have suggested that the use of chipping dust may impact the long-term performance of concrete, particularly in terms of its resistance to chemical attack and freeze-thaw cycles (Ganguly & Awasthi, 2013). Further research is needed to assess the durability of concrete made with chipping dust over extended periods and under varying environmental conditions.


[bookmark: _Toc203368794]CHAPTER THREE
[bookmark: _Toc203043334][bookmark: _Toc203368795]MATERIALS AND METHODS
[bookmark: _Toc203368796]3.1 	MATERIALS USED IN THE STUDY
The materials used in this study were carefully selected based on their availability, quality, and consistency to ensure reliable results. The primary materials include cement, fine aggregates (sand and chipping dust), coarse aggregates, and water. The following section details the properties and specifications of these materials.
[bookmark: _Toc203368797]3.1.1 	Cement
Ordinary Portland Cement (OPC) of grade 43, confirming to IS 8112 (Indian Standard, 1989), was used in this study. The specific gravity of the cement was determined to be 3.15. Cement was stored in a dry and airtight container to prevent moisture absorption, which could affect its properties.
[bookmark: _Toc203368798]3.1.2	Fine Aggregates
Two types of fine aggregates were used in the study: natural sand and chipping dust. The natural sand was sourced from a local riverbed, while the chipping dust was obtained from a nearby stone crusher. Both aggregates were sieved to remove particles larger than 4.75 mm, ensuring a consistent gradation. The physical properties of the aggregates, including fineness modulus, specific gravity, and water absorption, were determined according to IS 383 (Indian Standard, 2016).
i. Natural Sand: The natural sand used in the study had a specific gravity of 2.65 and a fineness modulus of 2.8.
ii. Chipping Dust: The chipping dust had a specific gravity of 2.75 and a fineness modulus of 3.2. The moisture content of chipping dust was slightly higher than that of sand, which was considered during the mix design.
[bookmark: _Toc203368799]3.1.3 	Coarse Aggregates
            Crushed granite of 20 mm nominal maximum size were used as the coarse aggregate in the concrete mixes. The coarse aggregate had a specific gravity of 2.72, a water absorption of 0.5%, and a particle size distribution within the limits specified in IS 383 (Indian Standard, 2016).
[bookmark: _Toc203368800]3.1.4	Water
           Potable water, free from impurities that could adversely affect the hydration of cement or the setting time, were used throughout the study. The water-cement ratio was maintained at a constant value to ensure consistency in the concrete mixes.
[bookmark: _Toc203368801]3.2	MIX DESIGN
The concrete mix design was based on the guidelines provided by IS 10262 (Indian Standard, 2009). A nominal mix ratio of 1:2:4 (cement: sand: coarse aggregate) was chosen for the study to produce concrete of medium strength, suitable for comparison purposes.
[bookmark: _Toc203368802]3.2.1	Concrete Mix Proportions
           The concrete mix proportions for both the sand and chipping dust mixes were calculated as follows:
i. Cement: 1 part by weight
ii. Fine Aggregate (Sand or Chipping Dust): 2 parts by weight
iii. Coarse Aggregate: 4 parts by weight
iv. Water: The water-cement ratio was fixed at 0.45, which is commonly used in medium-strength concrete.
The total quantity of materials for a single batch of concrete was calculated based on the volume of one cubic meter of concrete.
	Material
	Quantity per m³ (kg)

	Cement
	400

	Fine Aggregate (Sand)
	800

	Fine Aggregate (Chipping Dust)
	800

	Coarse Aggregate
	1600

	Water
	180


The mix was prepared by first dry-mixing the cement and aggregates (sand or chipping dust and coarse aggregate) thoroughly, followed by the addition of water. The mixing was done manually to ensure a homogeneous mixture.
[bookmark: _Toc203368803]3.3	SPECIMEN PREPARATION
Concrete cubes of 150 mm x 150 mm x 150 mm were cast for each mix design. The mixing, casting, and curing procedures were standardized to maintain consistency across the different concrete samples.
i. Mixing: After thoroughly mixing the dry ingredients, water was added to the dry mix in small increments while continuously stirring to ensure proper hydration of the cement.
ii. Casting: The mixed concrete was poured into the molds in three layers, with each layer being compacted using a standard tamping rod to eliminate air pockets.
iii. Curing: The concrete cubes were left in the molds for 24 hours at room temperature. After 24 hours, the cubes were demolded and cured in a water tank for 7, 14, and 28 days to assess their compressive strength at these curing ages.
[bookmark: _Toc203368804]3.4	TESTING OF CONCRETE
[bookmark: _Toc203368805]3.4.1	Compressive Strength Test
           The compressive strength of the concrete cubes was determined in accordance with IS 516 (Indian Standard, 2004). The cubes were tested at three different curing ages: 7 days, 14 days, and 28 days. A universal testing machine (UTM) with a capacity of 2000 kN was used for the compressive strength tests. The cubes were placed in the UTM, and the load was applied uniformly until the cubes failed. The compressive strength (in MPa) was calculated using the formula:
fc=PAf_c = \frac{P}{A}fc​=AP​
Where:
i. fcf_cfc​ = compressive strength (MPa)
ii. PPP = maximum load at failure (N)
iii. AAA = cross-sectional area of the cube (mm²)
[bookmark: _Toc203368806]3.4.2	Workability Test (Slump Test)
The workability of the concrete were determined using the slump test in accordance with IS 1199 (Indian Standard, 1959). This test was carried out to evaluate the ease of handling and compaction of the freshly mixed concrete. The slump value was measured in millimeters, and the results were used to ensure that the concrete mix met the required consistency.
[bookmark: _Toc203368807]3.5	TEST PLAN
The study was conducted by preparing two different sets of concrete mixes:
1. Concrete with natural sand as the fine aggregate.
2. Concrete with chipping dust as the fine aggregate.
Each set of concrete were tested at three curing ages (7, 14, and 28 days). A total of 18 concrete cubes (6 cubes per mix design) were prepared and tested.
[bookmark: _Toc203368808]3.6	DATA ANALYSIS
The compressive strength values obtained from the tests were recorded and analyzed. A comparative analysis was conducted to evaluate whether chipping dust could serve as a viable substitute for natural sand in terms of compressive strength.
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[bookmark: _Toc203368811]4.0	PRESENTATION OF DATA AND ANALYSIS
[bookmark: _Toc203368812]4.1	HARDENED CONCRETE  
[bookmark: _Toc203368813]4.1.1	COMPRESSIVE STRENGTH OF CONCRETE MADE WITH QUARRY DUST AS FINE AGGREGATE 
[bookmark: _Toc203042963]TABLE 4.1	COMPRESSIVE STRENGTH OF CONCRETE MADE WITH QUARRY DUST IN N/mm2 
	S/N
	Point of observation
	Replica 1 (KN)
	Replica 2 (KN)
	Replica 3 (KN)
	Cube strength (KN)
	Cube strength (N/mm2)

	1
	
	560.00 
	480.00 
	560.00 
	533.33 
	20.37 

	2
	
	300.00 
	380.00 
	320.00 
	333.33 
	20.35 

	3
	
	460.00 
	480.00 
	520.00 
	486.67 
	21.63 

	4
	
	130.00 
	140.00 
	120.00 
	130.00 
	20.41 

	5
	
	500.00 
	460.00 
	490.00 
	483.33 
	21.48 

	6
	
	610.00 
	470.00 
	510.00 
	530.00 
	23.56 

	7
	
	420.00 
	360.00 
	430.00 
	403.33 
	20.28 

	8
	
	280.00 
	220.00 
	240.00 
	246.67 
	20.56 

	9
	
	327.00 
	296.00 
	287.00 
	303.33 
	20.47 

	10
	
	140.00 
	110.00 
	170.00 
	140.00 
	21.56


Note: the cube strength in N/mm2 is derived from dividing the force by 150150mm2.


[bookmark: _Toc203042964]TABLE 4.2 QUARRY DUST IN N/mm2
	S/N
	Point of observation
	Replica 1 (KN)
	Replica 2 (KN)
	Replica 3 (KN)
	Cube strength (KN)
	Cube strength (N/mm2)

	1
	
	403.325 
	419.325 
	417.325 
	413.325 
	18.37 

	2
	
	384.048 
	420.0525 
	396.0495 
	400.05 
	17.78 

	3
	
	461.375 
	477.375 
	475.375 
	471.375 
	20.95 

	4
	
	271.296 
	296.73 
	279.774 
	282.6 
	12.56 

	5
	
	398.304 
	435.645 
	410.751 
	414.9 
	18.44 

	6
	
	365.075 
	381.075 
	379.075 
	375.075 
	16.67 

	7
	
	479.952 
	524.9475 
	494.9505 
	499.95 
	22.22 

	8
	
	288.35 
	304.35 
	302.35 
	298.35 
	13.26 

	9
	
	354.35
	204.28
	388.15
	315.59
	12.03

	10
	
	199.17
	165.48
	183.46
	182.70
	10.12



From the lab results, it can be seen that for quarry dust the maximum compressive strength was obtained at a mix ratio of 1:2:4 and the lowest compressive strength was also obtained at a mix ratio of 1:2:4 (Table 4.13). The Compressive Strength is higher for the concrete made with quarry dust at some mix proportions compared to conventional concrete. The more the water content in the mix, the less the compressive strength of concrete made with quarry dust because the increase in free water content is the cause of decrease in concrete strength (Neville, 2003).  


[bookmark: _Toc203042965]TABLE 4.3 RIVER SAND IN N/mm2
	S/N
	Point of observation
	Replica 1 (KN)
	Replica 2 (KN)
	Replica 3 (KN)
	Cube strength (KN)
	Cube strength (N/mm2)

	1
	
	650.00 
	640.00 
	590.00 
	626.67 
	20.71

	2
	
	765.00 
	830.00 
	700.00 
	765.00 
	20.71 

	3
	
	580.00 
	550.00 
	570.00 
	566.67 
	20.56 

	4
	
	640.00 
	560.00 
	660.00 
	620.00 
	21.53 

	5
	
	480.00 
	470.00 
	500.00 
	483.33 
	21.48 

	6
	
	590.00 
	610.00 
	610.00 
	603.33 
	21.82 

	7
	
	510.00 
	600.00 
	600.00 
	570.00 
	21.56 

	8
	
	640.00 
	560.00 
	660.00 
	620.00 
	20.33

	9
	
	710.00 
	760.00 
	640.00 
	703.33 
	20.76 

	10
	
	430.00 
	540.00 
	610.00 
	526.67 
	21.41 


Note: The cube strength in N/mm2 is derived from dividing the force by 150×150mm2 



[bookmark: _Toc203042966]TABLE 4.4 RIVER SAND IN N/mm2
	S/N
	Point of observation
	Replica 1 (KN)
	Replica 2 (KN)
	Replica 3 (KN)
	Cube strength (KN)
	Cube strength (N/mm2)

	1
	
	650.00 
	640.00 
	590.00 
	626.67 
	20.71 

	2
	
	765.00 
	830.00 
	700.00 
	765.00 
	20.71 

	3
	
	580.00 
	550.00 
	570.00 
	566.67 
	20.56 

	4
	
	640.00 
	560.00 
	660.00 
	620.00 
	21.83 

	5
	
	480.00 
	470.00 
	500.00 
	483.33 
	21.48 

	6
	
	590.00 
	610.00 
	610.00 
	603.33 
	21.82 

	7
	
	510.00 
	600.00 
	600.00 
	570.00 
	21.56 

	8
	
	640.00 
	560.00 
	660.00 
	620.00 
	20.33 

	9
	
	710.00 
	760.00 
	640.00 
	703.33 
	20.76

	10
	
	430.00 
	540.00 
	610.00 
	526.67 
	21.41



For river sand a maximum compressive strength at a mix ratio of 1:2:4 was obtained and a lower compressive strength of 21.48N/mm2 at a mix ratio of 1:2:4 was obtained (Table 4.15). But Table 4.3 and Table 4.4 show increase in compressive Strength of river sand corresponding decrease in quarry dust content at 0.5 water/cement ratio. This may be due to the high water absorption property of quarry dust which left insufficient water in the mix for the complete hydration of cement. The quantity of coarse aggregate affected the strength of the concretes. The more the coarse aggregate in the mix, the lesser the compressive strength in the quarry dust as compared to river sand concrete.  The reason for this is that as aggregate quantity increases, the quantity of fine aggregate in the concrete is decreasing thereby reducing the aggregate surface area to absorb water, with consequence of increasing the free water content in the 
concrete. 
Generally, concrete having sand as fine aggregate is stronger than the corresponding one with quarry dust as fine aggregate. This can be seen from the results obtained because river sand concrete has greater number of concretes with higher compressive strength than quarry dust concrete. Theoretically, this is true because river sand has more granular particles than quarry dust hence less cement is needed for its bonding with coarse aggregate.  Although from researches carried out (Sahu et al 2003), it was found that crushed stone dust can be used effectively in the replacement of natural sand in concrete and that concrete made with this replacement can attain the same compressive strength, in this case however, replacement of natural sand with quarry dust is not only effective, it also caused increase in strength, though marginal. For example, for concrete made with river sand, the compressive strength is 21.48N/mm2 at water/cement ratio of 0.575 and a mix ratio of 1:2:4, while complete replacement of this sand with quarry dust, the compressive strength is the same with a value, this shows that the same compressive strength or even higher compressive can be obtained if river sand is completely replaced with quarry dust. 
Though in some other mix proportions, the compressive strength of concrete made with river sand has greater compressive strengths than the concrete made with quarry dust. For instance, from table 4.4 the compressive strength of most concrete made with river sand has greater value than their quarry dust counterpart of the same mix proportion. Also theoretically, it is clearly shown that the difference in texture between sand and quarry dust affect the strength. This also affected the variation of strength between the two fine aggregates.  




[bookmark: _Toc203043052]Figure 4.1: Compressive Strength Against Mix Proportion (Quarry Dust)


[bookmark: _Toc203043053]Figure 4.2: Compressive Strength Against Mix Proportion (River Sand)

Figure 4.3: Compressive Strength Versus Mix Proportion (Quarry Dust)FIGURE 4.4



[bookmark: _Toc203043055]Figure 4.4: Compressive Strength Versus Mix Proportion (River Sand)


[bookmark: _Toc203042967]TABLE 4.5 TABLE DENSITY OF QUARRY DUST CONCRETE IN Kg/m3
	Point of observation
	A
kg
	B
kg
	C
kg
	AVG
kg
	DENSITY
Kg/m3

	
	9.77
	8.88
	8.01
	8.89
	2633.09

	
	9.66
	9.57
	9.03
	9.42
	2791.11

	
	8.67
	8.64
	9.09
	8.80
	2607.41

	
	7.83
	8.95
	8.85
	8.54
	2530.37

	
	9.29
	9.05
	9.05
	9.13
	2705.19

	
	8.90
	9.21
	9.22
	9.11
	2699.26

	
	9.28
	8.98
	9.37
	9.21
	2728.89

	
	8.98
	9.16
	8.39
	8.84
	2619.26

	
	9.11
	9.26
	8.87
	9.08
	2690.37

	
	8.99
	9.26
	9.15
	9.13
	2705.19


N/B: Density is derived from dividing the mass of cube in kg by volume of cube ( 0.15*0.15*0.15) in metre




[bookmark: _Toc203042968]TABLE 4.6 DENSITY OF QUARRY DUST CONCRETE IN Kg/m3
	Point of observation
	A
kg
	B
kg
	C
kg
	AVG
kg
	DENSITY
Kg/m3

	
	9.48
	8.95
	8.89
	9.11
	2699.26

	
	8.69
	9.00
	9.01
	8.90
	2637.04

	
	9.51
	9.05
	9.22
	9.26
	2743.70

	
	8.74
	9.43
	9.22
	9.13
	2705.19

	
	9.16
	9.29
	9.35
	9.27
	2746.66

	
	9.38
	8.97
	8.94
	9.10
	2696.30

	
	9.60
	9.22
	9.65
	9.49
	2811.85

	
	9.79
	8.97
	9.18
	9.31
	2758.52

	
	9.70
	9.30
	10.08
	9.69
	2871.11

	
	9.47
	8.69
	9.14
	9.10
	2696.30




 


[bookmark: _Toc203042969]TABLE 4.7 DENSITY OF RIVER SAND CONCRETE IN Kg/m3
	Point of observation
	A
kg
	B
kg
	C
kg
	AVG
kg
	DENSITY
Kg/m3

	
	9.46
	9.32
	9.33
	9.37
	2776.30

	
	9.45
	8.98
	9.32
	9.25
	2740.74

	
	8.66
	8.74
	8.88
	8.76
	2595.56

	
	8.96
	9.33
	8.97
	9.09
	2693.33

	
	9.10
	9.45
	9.21
	9.25
	2740.74

	
	9.52
	8.93
	8.83
	9.09
	2693.3

	
	9.45
	9.09
	9.00
	9.18
	2720.00

	
	8.89
	9.25
	9.15
	9.10
	2695.31

	
	9.29
	9.03
	9.87
	9.40
	2784.20

	
	9.00
	9.57
	9.58
	9.38
	2779.26





[bookmark: _Toc203042970]TABLE 4.8 DENSITY OF RIVER SAND CONCRETE IN Kg/m3
	Point of observation
	A
kg
	B
kg
	C
kg
	AVG
kg
	DENSITY
Kg/m3

	
	9.31
	8.07
	9.00
	8.79
	2604.44

	
	9.29
	9.70
	9.10
	9.36
	2773.33

	
	8.26
	8.97
	8.84
	8.69
	2574.81

	
	9.02
	8.79
	9.02
	8.94
	2648.89

	
	8.97
	9.46
	10.53
	9.65
	2859.26

	
	9.17
	8.62
	9.38
	9.06
	2684.44

	
	9.22
	9.29
	9.30
	9.27
	2746.67

	
	9.56
	9.35
	9.20
	9.37
	2776.30

	
	9.05
	8.96
	8.79
	8.93
	2645.93

	
	8.60
	9.40
	9.58
	9.19
	2722.96






[bookmark: _Toc203042971]TABLE 4.9 SLUMP TEST RESULT (RIVER SAND) CONCRETE
	S/N
	POINT OF OBSERVATION
	VALUE (CM)

	1
	S1
	5.0

	2
	S2
	13.5

	3
	S3
	9.6

	4
	S4
	0.4

	5
	S5
	4.8

	6
	S6
	6.7

	7
	S7
	7.0

	8
	S8
	6.8

	9
	S9
	14.6

	10
	S10
	9.3





[bookmark: _Toc203368814]4.2	DISCUSSION
Form workability test carry out on river sand and quarry dust, the following observation was made.
Table 4.9, shows slump test value for river sand (S).in table 4.9, it can be seen that river sand concrete which is the actual value having a good slump value or have a true slump. This means that the concrete workability is very good.
Observation
The following observations was made
1. Quarry dust needs much water and cement in order for it to have good workability.
2. The compressive strength of quarry dust and river sand are almost the same
[bookmark: _Toc203042972]TABLE 4.10 DENSITY AND SPECIFIC GRAVITY OF THE FINE AGGREGATES 
	MATERIALS
	MASS OF BOTTLE
m1   (kg)
	MASS OF BOTTLE +SAMPLE  m2  (kg)
	MASS OF BOTTLE + WATER m3   (kg)

	cement
	0.03
	0.08
	0.1

	Quarry dust
	0.03
	0.08
	0.1

	Sand
	0.03
	0.11
	0.1



[bookmark: _Toc203042973]TABLE 4.11 SPECIFIC GRAVITY AND WATER ABSORPTION OF COARSE AGGREGATE
	MATERIAL
	WT OF OVEN DRY SAMPLE
    A (kg)
	WT OF SATURATED DRIED IN AIR  B (kg)
	WT OF SPECIMEN IN WATER
      C (kg)

	COARSE AGG.
	5.000
	5.025
	3.110



WATER ABSORPTION TEST OF AGGREGATE RESULT
Weight of dry sample in air, A = 5000g
Weight of saturated surface dry sample in air, B =5025g
Weight of saturated sample in water, C = 3110g
Bulk specific gravity (oven dry) G.S = A/B-C =5000/5025-3110 = 2.611
Bulk specific gravity ( saturated surface dry)
B/B-C =5025/5025-3110 = 2.624
Water absorption   SPG = B-A/A = 5025-5000/5025×100 = 0.50
[bookmark: _Toc203042974]TABLE 4.12 SIEVE ANALYSIS RESULT (RIVER SAND)
	SIEVE SIZE
	MASS OF EMPTY
	MASS OF SIEVE + SOIL(g)
	MASS OF SOIL RETAINED(g)
	MASS OF SOIL PASSING(g)
	PERCENTAGE PASSING

	1.18mm
	330
	420
	90
	400
	81.63

	600µm
	320
	400
	80
	320
	65.31

	425µm
	330
	400
	70  
	250
	51.02

	300µm
	300
	350
	50
	200
	40.82

	212µm
	300
	360
	60
	140
	28.57

	150µm
	330
	360
	30
	110
	22.45

	75  µm
	210
	270
	60
	50
	10.20

	PAN
	270
	320
	50
	0
	0 

	TOTAL
	
	
	∑R = 490
	
	















[bookmark: _Toc203043056]Figure 4.5: Percentage passing = mass passing/total mass of retained 
[bookmark: _Toc203042975]TABLE 4.13 SIEVE ANALYSIS RESULT (RIVER SAND)
	SIEVE SIZE
	MASS OF EMPTY SIEVE
	MASS OF SIEVE
+ RETAINED
	MASS OF SOIL RETAINED
	MASS OF SOIL PASSING
	% PASSING

	1.18mm
	330
	360
	30
	440
	93.62

	600µm
	320
	300
	20
	420
	89.36

	425µm
	330
	430
	100
	320
	68.09

	300µm
	300
	440
	140
	180
	38.30

	212µm
	300
	400
	100
	 80
	17.02

	150µm
	330
	350
	20
	60
	12.77

	75  µm
	210
	260
	50
	10
	2.13

	PAN
	270
	280
	10
	0
	0

	TOTAL
	
	
	 470
	
	




[bookmark: _Toc203043057]Figure 4.6: Sieve Analysis Result (River Sand)


[bookmark: _Toc203368815]CHAPTER FIVE
[bookmark: _Toc203043355][bookmark: _Toc203368816]CONCLUSION AND RECOMMENDATION
[bookmark: _Toc203368817]5.1	CONCLUSION 
The study results show that the addition of quarry dust improves the compressive strength of concrete. The study concludes that quarry dust may be used as partial replacement material for fine aggregate replacement, maximally in concrete. This study therefore concludes as follows; 
		Quarry dust may be employed as a quality replacement in concrete as fine aggregate. Slump value decreases with increase in percentage replacement of sand with quarry dust due to higher percentage of smaller particles present in quarry dust compared to sand, 
 	It was observed during compaction test that the density of concrete increases with increase in percentage of quarry dust content, causing as expected increase in compressive strength as density of concrete increases, 
[bookmark: _Toc203368818]5.2	RECOMMENDATION
The following recommendations are made:
· From the test carried out and analysis quarry dust can effectively serve as a substitute to river sand in the production of concrete, it is recommend that it should be used in the production of concrete especially in areas that do not have rivers around them, like Ilorin and its environs.
· All the sample collected were tested and found to be okay for the prediction of concrete. Therefore, river sand/quarry dust, these area should be used to determine the compressive/flexural strength using concrete mix ratio 1:2:4.  
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[bookmark: _Toc203043112]PLATE 1: WEIGHING OF CASTED CUBE
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[bookmark: _Toc203043113]PLATE 2: COMPRESSIVE TEST MACHINE


[image: ]
[bookmark: _Toc203043114]PLATE 3: SLUMP TEST
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