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Abstract: Concrete is a material used in building construction, consisting of a 

hard, chemically inert substance, known as aggregate usually made from different 

type of sand and gravel that is bonded together by element and water. The word 

concrete comes from the Latin word “Concreters‟ the past participle of 

“Concrescere”. “Con” means together and “crescere” means to grow [4]. Concrete 

was used for construction in many ancient structures. The wide spread use of 

concrete in many Roman structures has ensured that many survive to the present 

day. Concrete is a composition of many material composed primarily of 

aggregates, cement and water. The aggregate is generally a coarse gravel or 

crushed rock such as limestone or granite along with fine aggregate. Cement 

concrete is the most extensively used material for construction of different types 

of structural components such as buildings, bridges and shell roofs and also for 

pre-cast products such as pipes, poles, sleepers, etc. Concrete is defined as any 

solid mass made with the use of a cementing medium, the ingredients generally 

comprise sand, gravel, cement and water. Concrete has been in use as a building 

material for more than two hundred years. The volume of concrete consumed by 

the construction industry is very large. About 35% volume of concrete is 

comprised of sand. The fine aggregates or sand used is usually obtained from 

natural sources specially river beds or river banks. Now-a-days due to scarcity of 

river sand the only option to this problem is the use of artificial sand or M-Sand. 
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The material is obtained by crushing the rocks. The M-Sand is easily available 

and has shown better results as compared to the natural sand. Cost vice M-sand is 

better than normal river sand. One of the other alternatives for natural sand is 

Quarry dust. Many researchers are finding different materials to replace sand and 

one of the major materials is quarry stone dust. Using different proportion of these 

quarry dust along with sand the required concrete mix can be obtained. 

Manufactured Sand and Quarry dust is the best alternative material for 

replacement of natural sand. The properties of the M-Sand and Quarry dust has to 

obtained by replacing different variations by reducing of natural sand[2]. So that 

the strength and durability of the concrete mix can be evaluated. The High 

Strength Concrete (HSC) is mandatory to reduce the size of structural member, 

and to increase the utility space to carry heavier load. In this study M50 grade 

concrete mix was designed with partial replacement of natural sand by 

manufactured sand and Quarry dust[3].  

Keywords: Natural Sand, alternative materials, M-Sand, Quarry dust, high 

strength concrete, design mix, water-cement ratio, super plasticizer. 

 

1. INTRODUCTION 
 

Cement, Fine aggregate and Coarse aggregate are an essential elements of 

construction industry.  Sand played a major role in filling the voids in concrete 

and it is very important in mixing the concrete. As there is an increased 

construction activities in developing masons the requirement of concrete and the 

mortar is very humongous. Due to this the natural sand is used extensively. As the 

ground water table has continuously decreasing, there is a shortage of natural 

sand. Specifically in India to fulfill the shortage, the sand mining activity has been 

increasing at an alarming rate. This will spell a death knell on the rivers. Leading 

to ecological disaster, the other implications of this illegal sand mining will kill 

the agriculture, aggravate food shortage and drinking water supply. The physical 

and chemical properties of the alternatives of different when compare with the 

sand. Hence researches and engineers use them by increasing the strength by 
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adding chemical admixtures after considering workability and durability of those 

alternatives. Normally 75% to 80% of river sand and coarse aggregate are used to 

make the concrete and mortar[5]. Due to the high dependence on sand for 

construction activities the shortage of it has escalated the cost of sand resulting in 

overall increasing in the construction cost. 

Even though alternatives like fly ash, Quarry dust, Lime stone, Silica, 

Stone, Copper slag are in use. The switch over to these alternatives is still 

negligible and needs to the encouraged to revive construction business and the 

natural environment. In India specifically in Tamil Nadu sand mining in Cauvery 

and Thamirabharani has been banned by the Chennai High Court and temporary 

banned the sand mining activities in other river sand beds [1]. This has lot of 

debate amongst researchers and engineers to give more important to use 

alternatives like Manufactured sand (M-sand), Quarry dust, Slag, Robot silica or 

sand, Stone crusher dust, Filler sand treated and sieved silt from reservoirs, dams 

besides sand from other water bodies. Taking care from the above discussion and 

debates of industry experts the major players of the of the construction industry 

are enormously pressuring the other players to use this easily available and cost 

effective either fully or partially as the sand is not a renewable resource[6]. 

2. USE OF AVAILABLE TECHNOLOGY 

  The world is resting over a landfill of waste hazardous materials which may 

substitutes for natural sand. Irrespective of position, location, scale, type of any 

structure, concrete is the base for the construction activity. In fact, concrete is the 

second largest consumable material after water, with nearly three tonnes used 

annually for each person on the earth. India consumes an estimated 450 million 

cubic meter of concrete annually and which approximately comes to One tonne 

per Indian[7]. We still have a long way to go by global consumption levels but do 

we have enough sand to make concrete and mortar. Bureau of Indian Standards, 

the National Standards Body of the country, considering the scarcity of sand from 

natural sources, has evolved number of alternatives which are ultimately aimed at 
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conservation of natural resources apart from promoting use of various waste 

materials without compromising in quality[8]. Use of these alternative materials 

such as M-sand, Quarry dust not only help in conserving our precious natural 

resources but also improve the durability of structures made using these.  

 

Materials available 

Following are the different alternate materials [1] locally available for the 

replacement of natural sand which is used in concrete.  

i). Manufactured Sand (M-sand). 

ii). Copper Slag 

iii). Granulated Blast Furnace Slag (GBFS). 

iv). Quarry Dust 

v). Washed Bottom Ash (WBA) 

vi). Foundry Sand 

vii). Construction and Demolition waste 

viii). Spent Fire Bricks (SFB) 

ix). Sheet Glass Powder (SGP) 

From the above various materials, most and best alternative material has to 

be decided. Easy to available, Quantity, Cost, bonding with other materials, 

compressive strength, shrinkage etc., are the main factors to choose the alternative 

material for natural sand[12]. Considering the various factors M-sand and Quarry 

dust has been taken for experimental investigations. Before choosing the 

alternative material physical and mechanical properties of the materials have to be 

determined.  

3. NEED FOR THE STUDY 
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Concrete is the most undisputable material being used in infrastructure 

development throughout the world. It is a globally accepted construction material 

in all types of Civil Engineering structures[10]. Natural sand is a prime material 

used for the preparation of concrete and also plays an important role in Mix 

Design. Now a day’s river erosion and other environmental issues have led to the 

scarcity of river sand. The reduction in the sources of natural sand and the 

requirement for reduction in the cost of concrete production has resulted in the 

increased need to find new alternative materials to replace river sand so that 

excess river erosion is prevented and high strength concrete is obtained at lower 

cost[9]. Partial replacement of natural sand by the other alternative materials like 

Quarry dust, M-sand and others are being researched from past two decades, in 

view of conserving the ecological balance. The experiments and tests conducted 

for the properties of high strength of concrete like strength, durability etc.  

4. HIGH STRENGTH CONCRETE 

High strength concrete is a type of high performance concrete generally 

with a specified compressive strength of 6,000 psi (40 MPa) or greater than that. 

The production High strength concrete requires more research and more attention 

to quality control than conventional concrete. High strength concrete is required in 

engineering projects that have concrete components that must resist high 

compressive loads. High-strength concrete is typically used in the erection of 

high-rise structures. It has been used in components such as columns, shear walls 

and foundations. HSC are also occasionally used in bridge applications as well. 

Not only has special concrete made such projects feasible due to load capacity, it 

has also allowed for the reduction of column and beam dimensions[11]. Lower 

dead loads result, reducing the loads associated with foundation design. Also, 

owners benefit economically since the amount of rentable floor space, primarily 

on the lower floors, increases as the space occupied by the columns decreases.  
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5. OBJECTIVES 

Major objective of the study was to examine the suitability of M-sand and 

quarry dust is the partial replacement as fine aggregate in High strength concrete. 

Apart from characterizing the properties of M-sand and quarry dust, tests were 

performed on the High strength concrete using M-sand and quarry dust[13]. 

1. To Study the properties of the M-Sand and Quarry dust.  

2. To study the compressive strength of the specimens which is replaced by 

the M-Sand and Quarry dust up to 50%  

3. To prepare the design mix for M50 grade concrete. 

4. To cast the concrete specimens of cubes with various percentage of 

replacement of M-sand and quarry dust. 

5. To find the compressive strength of HSC after 7 days and 14 days of 

curing. 

6. To compare the compressive strength of HSC with partial replacement 

of M-sand versus Quarry dust in various percentage of replacement. 

6. SCOPE 
 

1. The mechanical properties of the High strength concrete are enhanced 

with partial replacement of M-sand and quarry dust. 

2. Compare the HSC with partial replacement of M-sand and Quarry 

different ranges of 30%, 40% and 50%. 

3. Optimizing the use of natural resources (natural sand) due to shortage 

and limitations on natural sand beds. 

7. PROPERTIES OF MATERILS        

  The physical and mechanical properties of the alternative materials such as 

Manufactured sand (M-sand) and Quarry dust has been studied and analyzed. For 

studying those properties tests and procedures are followed as per IS codal 

provisions. 
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Properties of M-sand : 

Characteristics Value 

Specific gravity 2.60 

Water absorption 6.4% 

Fineness modulus 4.60 

Surface texture Smooth 

Table 1: Properties of M-Sand 

Properties of Quarry dust : 

Tests Results IS Codes 

Specific gravity 2.60 IS-2386 (Part III)-1963 

Water absorption 1.30% IS-2386 (Part III)-1963 

Bulk density 1750 Kg/m³ IS-2386 (Part III)-1963 

Fine particles less than 0.075mm 14% IS-2386 (Part I)-1963 

Sieve analysis Zone III IS-383- 1970 

Table 2 : Properties of quarry dust 

8. MIX DESIGN 

The concrete mix is designed as per IS : 10262 (1982), IS : 456 (2000) and 

SP 23 for the conventional concrete and finally river sand has been partially 

replaced by M–Sand and Quarry dust by volume[14]. The water cement ratio is 

0.38.  

The design mix proportions of M50 concrete are 1:1.616:3.192 

Volume of chemical admixture is 5.064 Kg. 
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Water Cement Fine Aggregate Coarse Aggregate 

0.38 399.75 646 1276 

147.6 1 1.616 3.192 

Table 3: mix ratio M50 

9. EXPERIMENTS AND RESULTS 

The fresh concrete was subjected to the slump test followed by casting of 

concrete in moulds for further investigations. All the mixes were prepared by 

mixing the concrete in laboratory mixer along with water and super plasticizer. 

For compressive strength studies 28 cube specimens of size 

150mmx150mmx150mm were prepared. All the specimens were cast and cured 

for 7 days and 14 days as per standard curing methods. 

 

Cube FA (%)  

sand:M-sand 

FA (Kg)  

sand:M-sand 

FA (%)  

sand:quarry dust 

FA (Kg)  

sand:quarry dust 

CA (Kg) w/c 

ratio 
20mm 10m

m A1 100:0 646:0 100:0 646:0 702 574 0.38 

A2 30:70 452.20:193.80 70:30 452.20:193.80 702 574 0.38 

A3 60:40 387.6:258.4 60:40 387.6:258.4 702 574 0.38 

A4 50:50 323:323 50:50 323:323 702 574 0.38 

Table 4: Replacement of M-sand and quarry dust 

Cube FA (%)  

sand:M-sand 

Comp. strength 

(N/mm2)  

FA (%)  

sand:quarry 

dust 

 

Comp. strength 

(N/mm2)  
Slump 

(mm) 

7 days 14 days 7 days 14 days 

A1 100:0 38.26 43.02 100:0 38.26 43.02 45 

A2 30:70 39.02 44.18 70:30 37.60 41.96 48 

A3 60:40 39.91 45.87 60:40 38.76 42.49 55 

A4 50:50 42.57 46.27 50:50 40.22 43.29 60 

Table 5 Test results without admixture 
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Cube FA (%)  

sand:M-sand 

Comp. strength 

(N/mm2)  

FA (%)  

sand:quarry 

dust 

 

Comp. strength 

(N/mm2)  
Slump 

(mm) 

7 days 14 days 7 days 14 days 

A1 100:0 39.02 43.91 100:0 39.02 43.91 50 

A2 30:70 40.22 46.26 70:30 38.57 42.62 55 

A3 60:40 40.93 46.93 60:40 39.64 43.67 65 

A4 50:50 43.37 48.04 50:50 41.24 44.18 70 

Table 6 : Test results with admixture 

 

10. CONCLUSION 

All among the alternative materials for replacing of natural sand M-sand is the 

best alternative in concrete. 

 The partial replacement of M-sand in the concrete gives the compressive strength 

7% more than the partial replacement of quarry dust.  

 The addition of super plasticizer increases the strength of concrete slightly as 

3.62%.  

 In the same manner the strength of concrete has also finding out after 28 days and 

56 days of curing. 

 Split tensile test and flexural strength of concrete to be calculated for better results 

in partial replacement of natural sand. 

 Among the various percentage variations, 50% of partial replacement of natural 

sand by manufactured sand (M-sand) gives better compressive strength. 
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