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Abstract— Concrete has the largest production of all 

manmade materials. It is a composite mixture containing 

cement paste and aggregates as its main components. 

Nowadays, common river sand is quite expensive so the main 

emphasis of this study is to find an alternative of sand. The 

various studies have been done using either stone dust or 

marble powder as a replacement of sand. To reduce the solid 

waste minimization and waste recovery, a combination of 

stone dust and marble powder has been attempted in this 

study. Further, cement has been partially replaced by silica 

fume. To achieve the aim of the project, necessary and 

essential tests on cement, stone dust, marble powder, coarse 

aggregate and concrete of different mix need to be carried out. 

These tests required to ascertain the variation, in the behavior 

of concrete when stone dust and marble powder replaces fine 

aggregate, in different proportions, while keeping the 

quantities of all the ingredients in the concrete mix constant, 

fine aggregate used for this comparative study are 60% stone 

dust and 40% marble powder. In the present study cement 

concrete cubes of different mix proportions are taken. Mix T0 

is the controlled concrete using stone dust and marble powder 

(60% stone dust and 40% marble powder) as fine aggregate. 

Mix T1, T2, T3 contains 5%, 10%, 15% silica fume 

respectively as partially replacement of cement in concrete 

mix. The water / cement ratio in all mixes was kept constant 

at 0.31 by weight. Water reducing admixture was used to 

improve the workability and its dose was fixed as 1.5% by 

weight of cement. Each proportionate mix has been casted 

and the compressive and split tensile strength also tested as 

per IS code specifications for 7, 14, 28 days. It was found that 

concrete made of stone dust and marble powder with silica 

fume at 5% gave high compressive and tensile strength. 

Key words: Compressive Strength, Split Tensile Strength, 
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I. INTRODUCTION 

Plain concrete is made by mixing cement, fine aggregate, 

coarse aggregate, water, and admixture. The economy, 

efficiency, durability and rigidity of reinforced concrete make 

it an effective material for a wide range of structural 

applications. Fine aggregate is one of the important 

constituents affects the strength of concrete. The gaps of the 

coarse aggregate are filled by the fine aggregate and the gaps 

of the fine aggregate are filled by the binding materials. 

Stone Dust can be defined as residue, tailing or other 

non-valuable waste material after the extraction and 

processing of rock to form fine particles, stone 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 stone dust as a fine 

aggregate in concrete has drawn serious attention of 

researchers and investigators. 

Marble as a building material especially in palaces 

and monuments has been in use for ages. However, to get the 

desired form and sizes, marble generates a lot of its wastage 

at quarry or at the sizing industry.  These results in 40% of 

total marble quarried reaching millions of tons as wastage. 

This huge un attended mass of marble waste consisting of 

very fine particles is one of the environmental problems 

around the world. One of the logical means for reduction of 

the waste marble masses calls for utilizing them in building 

industry itself. Some attempts have been made to find and 

assess the possibilities of using waste marble powder in 

mortars and concretes and results about strength and 

workability were compared with control samples of 

conventional cement sand mortar/ concrete. 

II. LITERATURE REVIEW 

Gulden Cagin Ulubeyli and Recep Artir (2015), showed that, 

replaced waste marble with cement or aggregate in typical 

concrete was improved properties of hardened concrete. But, 

using of waste marble in self-compacting or polymer concrete 

wasn't affected absolutely on the properties of hardened 

concrete [1]. 

Kishan P. Pala and Krunal J Dhandha (2015), 

studied, fresh property like filling ability and passing ability 

is increase by use of 10% waste Marble Powder and 25% fly 

ash by replacement by cement in binder material. In 

Hardened property like Flexural strength, Compressive 

strength and Split strength would be taken into consideration; 

Marble powder may be used up to 10% and fly ash 25% [2]. 

Ranjodh Singh et.al, (2013), investigated that smart 

hardened properties were achieved for the concretes with 

25% marble powder which may be considered because the 

optimum content for prime compressive strength.. try has 

been created to replace fine aggregate with brick dust and 

marble powder. Both brick kiln dust and marble powder are 

waste products and are dumped as waste, inflicting land 

deficiency and environmental pollution. Using these kinds of 

waste product for concrete may be a larger step towards 

sustainable infrastructure development [3]. 

M. Sahul Hameed et.al, (2012), illustrated that it's 

attainable to utilize each marble sludge powder (MSP) and 

crushed rock dust (CRD) wastes for the production of Self 

compacting concrete (SCC). This utilization of wastes 

improves the physical and mechanical properties. Recycling 

and using waste to produce a SCC might then be the most 

effective choice to sustain future economy. It's suggested that 

the replacement of natural sand with 85% CRD (Crushed 

Rock Dust) and 15% marble sludge powder (MSP), as 

replacement in SCC [4]. 
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Omar et.al., (2012), studied the compressive 

strength is also because of that the active SiO2 in waste 

marble powder will react with the Ca(OH)2 in concrete to 

form secondary calcium silicate hydrate and build it 

chemically stable and structurally dense [5]. 

Bouziani et.al., (2011), showed that the rise of 

Marble powder (MP) dose in self-compacting sand concrete 

(SCSC) will increase each of the mini slump flow and also 

the V-funnel flow time. SCSC have the highest values of 

consistency index and lowest values of flow index with 250 

kg/m3 of MP. This is appropriate for SCSC, due to that it 

permits to the mixture to possess good fluidness throughout 

the flow (up to 30 rpm) while presenting a enough 

viscousness at the end of the flow that permits to avoid the 

segregation [6]. 

Ergun (2011), used the waste marble powder in 

concrete showed as a filler impact. The reason may be said as 

that the filler is an inert addition and it will be assumed as 

ultrafine aggregates filling voids in concrete. The usage of 

waste marble powder reduces the porousness in concrete mix 

physically, and has a very important binding property that is 

formed by hydration of calcite and C3A chemically. The 

concrete containing waste marble powder as partial 

replacement by weight for cement with a brilliant plasticizing 

admixture had higher compressive strength than that of the 

control concrete samples. Consequently, the replacement of 

cement with diatomite and waste marble powder individually 

or along may be used to improve the mechanical properties 

of the conventional concrete mixtures [7]. 

Divakar Y., et al., (2012), highlighted the 

compressive strength has increased by 22% with the use of 

35% replacement of fine aggregates with granite fines. With 

increase of granite fines up to 50% increasing compressive 

strength will limit to 4% only. The split tensile strength 

remains same for 0%, 25% and 35%. For 5% replacement 

there is an increase of 2.4% of strength and for 15% 

replacement there is a reduction of tensile Strength by 8%. 

However we can conclude that with the replacement of 35% 

granite fines the test results shows no decrease in strength 

compared with the conventional mix using fully sand as fine 

aggregates. The flexural strength of prism of 10cm x 10cm x 

50cm without reinforcement, we can conclude that, there is 

5.41% increase in flexural strength with 5 % replacement, and 

there is a small decrease up to 5% in flexural strength at 15%, 

25% and 35% replacement with granite fines and further 

reduction in strength (i.e. 6%) at 50% replacement of granite 

fines in comparison with test results of nominal concrete mix 

of 1:1.5:3 (M20) without granite fines. However there is no 

much change in flexural strength test conducted of all the 

variations [8]. 

Joseph O. et al., (2012), concluded that the flexural 

and tensile strength properties were found to compare closely 

with those for normal concrete. Hence, concrete with 

mixtures of lateritic sand and quarry dust can be used for 

structural construction provided the proportion of lateritic 

sand content is kept below 50%. Both flexural and tensile 

strengths were found to increase with increase in laterite 

content. Further work is required to get data for long term 

deformation characteristics and other structural properties of 

the experimental concrete. These include shear strength, 

durability, resistance to impact, creep, etc. Also, it may be 

necessary to investigate the optimum contents of lateritic 

sand and quarry dust in relation to the structural properties of 

the concrete. These will assist engineers, builders and 

designers when using the materials for construction works 

[9]. 

Felixkala.T et al., (2010), concluded that the study 

on the performance concrete made with granite powder as 

fine aggregate and partial replacement of cement with 7.5% 

Silica fume, 10% fly ash, 10% slag and 1% superplasticiser 

subjected to water curing is conducted for finding the 

characteristic mechanical properties such as compressive 

strength, split tensile strength, modulus of elasticity, plastic 

and drying shrinkage strains of concrete mixtures at 26o C 

(±2o C) and 38o C (±2o C) for 1, 7, 14, 28, 56 and 90 days of 

curing for 0.40 water-cement ratio. The test results show 

clearly that granite powder as a partial sand replacement has 

beneficial effects of the mechanical properties of high 

performance concrete. Of all the 6 mixtures considered, 

concrete with 25% of granite powder (GP25) was found to be 

superior to other mixtures as well as GP0 and NA100 for all 

operating conditions. Therefore the conclusions are made 

based on a comparison of GP25 with the conventional 

concrete with 0% of granite powder, GP0. Mechanical 

Experimental Study on Partial Replacement of Fine 

Aggregate by Granite Powder in concrete  properties such as 

compressive strength, split tensile strength and modulus of 

elasticity, particularly in all the ages at both curing 

temperature of 26o C and 38o C higher than that of the 

reference mix, GP0. There was an increase in strength as the 

days of curing increases and decreases as the curing 

temperature increases. The plastic shrinkage strain was 

primarily affected by the type of admixtures or other 

cementitious material used. Plastic shrinkage strain in the 

GP25 specimens was more than that in the CC specimens. 

The plastic shrinkage strain in the GP25 specimens was on an 

average 60% more than that in the CC specimens. The drying 

shrinkage strain in the granite powder concrete specimens 

was more than those in the CC specimens [10]. 

Kanmalai Williams C. et al., (2008), concluded that 

the compressive strength, split tensile strength, modulus of 

elasticity, particularly in all the ages higher than that of the 

reference mix (GP0). There was an increase in strength as the 

days of curing increases. The water penetrability was about 

5% less than the conventional concrete mixture. This result 

suggests that the proper use of the granite powder can 

produce high strength in concrete. In general, the behaviour 

of granite aggregates with admixtures in concrete possesses 

the higher properties like concrete made by river sand. Thus 

granite aggregates performance the concrete. The drying 

shrinkages of all the five concretes were very similar with a 

maximum value of 420 micro strain after 90 days. As regards 

shrinkage performance, these concretes are high performance 

[11]. 

III. MATERIALS USED IN THE PRESENT STUDY 

A. Cement 

Ordinary Portland cement Zuari-53 grade conforming to IS: 

12269-1987 [12] was used in concrete. 

The physical properties of the cement are listed in 

Table 1. 
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S. No. 1 2 3 4 5 

Properties Specific Gravity 
Normal 

Consistency 
Initial Setting Time Final Setting Time Compressive Strength (MPa) 

Values 3.15 32% 60 min 320 min 
3 days 7 days 28 days 

29.4 44.8 56.5 

Table 1: Physical Properties of Zuari-53 Grade Cement

B. Coarse Aggregate 

Locally available coarse aggregate having the maximum size 

of 20 mm was used in our work. The specific gravity of coarse 

aggregate is 2.76. Aggregates were washed to remove dust 

and dirt and were dried to surface dry condition. The 

aggregates were tested as per Indian Standard Specifications 

IS: 383-1970 [13]. 

C. Granite Stone Dust 

Granite is one among the most plentiful rocks on earth. 

Granite belongs to igneous rock family. When granite rock 

was quarried then it undergoes several kinds of fabrication 

phases that produces large amount of slurry, dust, trailing etc. 

The density of granite is between 2.65 to 2.75 gm/cm3 and 

compressive strength will be greater than 200 MPa. Granite 

powder obtained from the polishing units and the properties 

were found. Since the granite powder was fine, hydrometer 

analysis was carried out on the powder to determine the 

particle size distribution. From the hydrometer analysis it was 

found that coefficient of curvature as 1.95 and coefficient of 

uniformity was 7.82. The specific gravity of granite powder 

was found to be 2.77- 2.82. The chemical composition of 

granite stone dust is listed in Table 2. 

S. No Chemical Composition Test values% 

1. SiO2 72.04 

2. Al2O3 14.42 

3. K2O 4.12 

4. Na2O 3.69 

5. CaO 1.82 

6. FeO 1.68 

7. Fe2O3 1.22 

8. MgO 0.71 

9. TiO2 0.30 

10. P2O5 0.12 

11. MnO 0.05 

Table 2: Chemical Composition of Granite Stone Dust 

D. Marble Powder 

Waste marble powder is generated as a by-product during 

cutting of marble. The waste is approximately in the range of 

20% of the total marble handled. The amount of waste marble 

powder generated at the study site every year is very 

substantial being in the range of 200-400 tones. The marble 

cutting plants are dumping the powder in any nearby pit or 

vacant spaces, this leads to serious environmental and dust 

pollution. This also may leads to contamination of 

underground water reserves traditionally. 

Marble powder was obtained in wet form directly 

taken from deposits of marble factories. Wet marble sludge 

powder was dried before the sample preparation. Marble dust 

was sieved from 1mm sieve. Specific gravity of marble 

sludge powder is 2.47. The physical composition and 

chemical composition of Marble Powder are listed in Table 3 

and Table 4. 

Physical Composition Test values 

Bulk density(gm/cc) 1.25-1.65 

Specific Gravity 2.75-2.98 

Particle size <343.2µ 

Table 3: Physical Composition of Marble Powder 

Chemical Composition Test values% 

Loss on ignition 39.66 

Silica 1.58 

Alumina 0.99 

Iron oxide 0.22 

Lime 54.17 

Magnesia 3.87 

Soda <.015 

Potash <.015 

Table 4: Chemical Composition of Marble Powder 

E. Silica Fume 

The silica fume used in the experimentation was obtained 

from M/s.Elkem Laboratory, Navi Mumbai. The chemical 

composition of silica fume is shown in Table 5. 
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Table 5: Chemical Composition of Silica Fume 

F. Water 

As water is used for mixing all the ingredients used for 

preparation of cubes for proper workability and water should 

be free from sewage, oil, acid, strong alkalis. The water used 

in this experiment is potable, and is satisfactory to use. So 

optimum amount of water must be used. 

G. Superplasticizer 

Varaplast PC 432 has been primarily developed for 

applications in the ready mixed and precast concrete 

industries where the highest durability and performance is 

required. 

Superplasticizing action of Varaplast PC 432 is 

different superplasticizers based on sulfonated melamine and 

naphthalene formaldehyde condensate, which create 

electrostatic repulsion of particles. Varaplast PC 432 initially 

creates the same electrostatic repulsion and further stabilizes 

the mixes due to static repulsion of long lateral chains linked 

to the polymer backbone. The physical and chemical 

Properties of superplasticizer are listed in Table 6. 

Characteristics Superplasticizer 

Calcium chloride 

content 
Nil 

Specific gravity 1.08 
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Air entrainment 
Less than 1% additional air is 

entrained 

Setting time 
1-4hours retardation depending on 

dosage and climatic condition 

Chloride content Nil to BS 5075 

Table 6: Physical and Chemical Properties of 

Superplasticizer 

IV. RESULTS AND DISCUSSIONS 

A. Mix Proportions 

In the present work, the mix proportion for M40 grade 

concrete was carried out according to IS: 10262-2009 [14] 

recommendations. The mix proportions are presented in 

Tables 7. 

Water Cement Fine Aggregate Coarse Aggregate 

140 385 501.19 929.09 

0.364 1.0 1.30 2.41 

Table 7: Mix Proportion for M40 Concrete 

B. Compressive Strength 

The tests were carried out as per IS: 516-1959 [15]. The 

150mm size cubes of various concrete mixtures were cast to 

test compressive strength. The cubes specimens after de-

moulding were stored in curing tanks and on removal of 

cubes from water the compressive strength were conducted at 

7days, 14 days & 28days. The results are represented in 

Tables 8 and Fig 1. The test results were compared with 

controlled concrete. 

Trail Mix 
Compressive  Strength N/mm2 

7   Days 14 Days 28 Days 

T0 32.51 40.87 49.26 

T1 36.00 45.34 54.50 

T2 34.54 43.52 52.34 

T3 32.98 41.43 49.98 

Table 8: Compressive Strength for Different Trail Mixes 

 
Fig. 1: Variation of Compressive Strength for different trail 

mixes 

C. Split Tensile Strength 

The tests were carried out as per IS 5816: 1999[16]. The test 

specimens for split tensile strength test were made of 

cylinders having a size of 100mm diameter and 300mm high 

cast iron moulds were used. For each mix proportion three 

numbers of cylinders were cast and tested at 7 days, 14 days 

and 28 days. The results are represented in Tables 9 and Fig 

2. The test results were compared with controlled concrete. 

Trail Mix 
Split Tensile  Strength N/mm2 

7   Days 14 Days 28 Days 

T0 2.58 3.24 3.91 

T1 3.00 3.78 4.56 

T2 2.77 3.48 4.20 

T3 2.62 3.30 3.98 

Table 9: Split Tensile Strength for Different Trail Mixes 

 
Fig. 2: Variation of Split Tensile Strength for different trail 

mixes 

V. CONCLUSIONS 

Following are the conclusions can be made based upon the 

studies made: 

1) The standard concrete produced by adding different 

mineral admixtures may increase the strength of concrete 

which are partially replaced in cement concrete like silica 

fume. 

2) The experimental results reveals that the maximum 

compressive strength achieved for 7,14 and 28 days are 

36.00, 45.34 and 54.50 MPa by 5 % of silica fume 

replaced in cement & 60 % of granite stone dust and 40% 

marble powder in fine aggregate. 

3) The experimental results depicts that the maximum split 

tensile strength achieved for 7,14 and 28 days are 3.0, 

3.78 and 4.56 MPa by 5 % of silica fume replaced in 

cement & 60 % of granite stone dust and 40%  marble 

powder in fine aggregate. 

4) The replacement of fine aggregate with 40% marble 

powder and 60% granite stone dust gives a good result in 

strength aspect and quality aspect. . 

5) The constant dosage of superplasticizer was adopted in 

all the trail mixes to maintain required degree of 

workability. 

6) All the experimental data shows that the addition of the 

industrial wastes improves the physical and mechanical 

properties. These results are of great importance because 

these kind of innovative concrete requires large amounts 

of fine particles. Due to high fineness of the marble 

powder it provided to be effective in assuring very good 

cohesiveness of concrete. From the above study, it is 

concluded that the stone dust and marble powder may be 

used as replacement material for fine aggregate. 
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