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Abstract 

Allowing the waste materials to the environment directly without proper treatment can cause environmental hazards. Hence as far 

as possible reuse or proper recycling of waste material has been emphasized. Waste can be used to produce new products or can 

be used as admixtures so that natural resource scan be used more efficiently and the environment is protected from waste deposits 

& other hazards. Marble stone industry generates both solid waste and stone slurry as their by-products Whereas solid waste 

materials are the materials which are rejected at the mine sites or at the processing units & stone slurry is a semi liquid substance 

consisting of particles originating from the sawing and the polishing processes of marble including water which is used to cool and 

lubricate the sawing and polishing machines. Stone slurry generated during processing corresponds to around 40% of the final 

product from stone industry. Therefore the scientific and industrial community must commit towards more sustainable practices 

of disposal of marble wastes without affecting the environment. In the present study the marble dust with varying proportions are 

mixed with concrete materials & analyzed for its physical and engineering properties, with the further analysis an introduction of 

marble waste in a proper proportions will lead to increase in the compressive strength of the concrete cubes which are being tested 

for 7 days & 28 days strength.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Advancement of concrete technology can reduce the consumption of natural resources and energy sources and will lessen the 

burden of pollutants on environment. Presently large amounts of marble dust are generated in natural stone processing plants which 

cause an important impact on environment and humans. The feasibility of using the marble sludge dust as an admixture in concrete 

production as partial replacement of cement will lead to further increase in proper utilisation & disposal of sludge keeping the 

environment away from the hazards.  

 In India, marble processing is one of the most thriving industry with the effects of varying marble dust contents in concrete will 

lead to variation in the physical and engineering properties of fresh and hardened concrete. These materials participate in the 

hydraulic reactions contributing significantly to the composition and microstructure of hydrated product with the use of 

replacement materials as an admixture for a concrete material will offer in cost reduction, energy savings, arguably superior 

products with minimal hazards to the environment. 

II. REVIEW OF LITERATURE 

Limestone powder can physically improve the density of hardened Portland cement paste due to its filling effect. The optimum use 

of limestone powder as a supplementary material to Portland cement has therefore technical benefits such as improved workability, 

bleeding control, lower sensibility to the lack of curing, and a little bit increased early strengths. On the other hand, loss of strength 

at later ages due to incorporation of limestone has also been reported calcite or crystalline CaCO3 has proven to be an effective 

partial replacement for OPC & has two functions: it acts as a relatively inert calcareous filler and a limited participant in the 

hydration process.  

 The increase in the strength of mortar can be attributed to the calcium carbonate content of Marble Powder & the additional 

surface area provided by the calcium carbonate in Marble Powder may provide sites for the nucleation and growth of hydration 

products that leads to further increase in strength [1]. 

 On the other hand, a high volume of marble production has generated a considerable amount of waste materials; almost 70% of 

this mineral gets wasted in the mining, processing and polishing stages which have a serious impact on the environment. The 

processing waste is dumped and threatening the aquifer. Therefore, it has become necessary to reuse these wastes particularly in 

the manufacture of concrete products for construction purposes. The main goal of this study is to demonstrate the possibility of 

using marble wastes as a substitute rather than natural aggregates in concrete production. The paper presents the study 

methodology, the characterization of waste marble aggregates and various practical formulations of concrete. This experimental 

investigation was carried out on three series of concrete mixtures: sand substitution mixture, gravel substitution mixture and a 

mixture of both aggregates (sand and gravel). The concrete formulations were produced with a constant water/cement ratio. The 

results obtained show that the mechanical properties of concrete specimens produced using the marble wastes were found to 
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conform with the concrete production standards and the substitution of natural aggregates by waste marble aggregates up to 75% 

of any formulation is beneficial for the concrete resistance [2]. 

 There are several wastes being released from the industries which leads to many environmental and health problems and so it 

becomes necessary to find an appropriate solution to the emission of these wastes. Marble powder is an inert material which is 

procured as an industrial by-product during sawing, grinding, and polishing of marble is a cause to various environmental problems. 

These wastes can be used as the constituents of concrete by partially replacing the cement which makes it economical and also 

conserves our natural resources. The possibility of utilizing marble powder in concrete production which includes different types 

of concrete mixes of M25 by replacing the cement with marble powder in various proportions(0%, 5%, 10% & 15%) by weight to 

determine the optimum percentage of replacement. The testing for Compressive strength of these Concrete mixes is done at 7 and 

28 days and the results are then compared with the normal conventional Concrete[3]. 

In marble quarries, the stones are being cut as blocks via different methods & are being moved to processing plants. In these plants, 

the blocks with 15–20 tons weight are being cut to size as decorative tiles and being polished. During the cutting process, the dust 

of the marble and water mixes together and become waste marble mud. The material that become dry mud after being refined 

within the refinement facilities are too big for stocking and becoming harmful for the environment day by day. 

During the cutting process 20–30% of the marble block become dust, these type solid waste materials should be inactivated 

properly without polluting the environment. The most suitable inactivating method nowadays is recycling. Recycling provides 

with some advantages such as protecting the natural resources, contributing to economy, decreasing the waste materials and 

investing for the future [4]. 

 Aggregates are locally available. 50% of the aggregate used are of 10-12 mm size and remaining 50% are of 20mm size. The 

coarse aggregate was also tested for various properties like impact value test, crushing value test, elongation and flakiness index 

test to check their suitability for the experiment.  

 Natural sand which is easily available and low in price was used in the work. It has cubical or rounded shape with smooth surface 

texture. Being cubical, rounded and smooth texture it give good workability & Particles of this sand have smooth texture and are 

blackish. Sieve analysis was done to find out fineness modulus which comes out to be 3.14% which is under limit as per IS 383-

1970. 

 Marble powder was collected from the dressing and processing unit & is initially in wet form (i.e. slurry); after that it is dried 

by exposing in the sun and finally sieved by IS-90 micron sieve before mixing in concrete[5].  

 Huge amounts of solid wastes are generated every day from marble and granite industry. Up to now, most of these wastes are 

landfilled causing serious environmental problems. With increasing the environmental awareness, it is essential to explore 

alternative solutions to waste disposal problem. The first phase was the preliminary investigation to optimize the amount of the 

used mineral additives to cement content at which the highest compressive strength is achieved with acceptable flowability. In the 

second phase, the fresh and hardened properties of SCC were investigated. Slump flow, V-funnel, and J-ring tests were conducted 

to assess the self-compatibility properties of fresh concrete, while compression, splitting tensile, flexural, water absorption and 

sulphate attack tests in addition to microscopic investigations were conducted to evaluate its hardened characteristics. The results 

indicated that high volumes of the investigated waste powders (up to 50% by weight of 400 kg/m3 cement content) could be used 

successfully as mineral additives in the production of SCC. In general, SCC incorporating mixed powder showed the superior 

performance followed by granite powder mixes, while marble powder has a marginal effect on the performance of hardened 

concrete. However, silica fume could be used for the enhancement of marble powder performance[6]. 

specimens containing diatomite and waste marble powder (WMP) by partially replacing 5% cement content by weight with WMP 

in one case and by replacing 5% cement by weight as well as 10% diatomite by weight with WMP in the other and found better 

compressive and flexural strength and came to the conclusion that the mechanical properties of concrete could be improved by 

reducing cement and diatomite content and by adding equal amount of WMP as a super plasticising admixture.  

To carry out the proposed study cubes of mortar (1:3) with varying partial replacement of cement with the same amount of WMP 

were cast and tested at three different intervals of 7 days. Also cubes of (1:3) mortar with partial replacement of sand with the same 

amount of WM Granules were cast and their strength was evaluated after 7, 14, and 28 days in different lots. Their results were 

compared with those of standard (1:3) mortar and concrete cubes [9].  

 Presently large amounts of marble dust are generated in natural stone processing plants with an important impact on environment 

and humans. Slump and air content of fresh concrete and absorption and compressive strength of hardened concrete were also 

investigated. Test results show that this industrial bi product is capable of improving hardened concrete performance up to 10%, 

Enhancing fresh concrete behaviour and can be used in architectural concrete mixtures containing white cement. The compressive 

strength of concrete was measured for 7 and 28 days. In order to evaluate the effects of marble dust on mechanical behaviour, 

many different mortar mixes were tested leaving the waste materials to the environment directly can cause environmental problem. 

Hence the reuse of waste material has been emphasized. Waste can be used to produce new products or can be used as admixtures 

so that natural resources are used more efficiently and the environment is protected from waste deposits. Marble stone industry 

generates both solid waste and stone slurry. Whereas solid waste results from the rejects at the mine sites or at the processing units, 

stone slurry is a semi liquid substance consisting of particles originating from the sawing and the polishing processes and water 

used to cool and lubricate the sawing and polishing machines. Stone slurry generated during processing corresponds to around 

40% of the final product from stone industry [10]. 
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III. MATERIALS & METHODOLOGY 

 Materials 

1) Ordinary Portland cement of 53 Grade.  

2) Aggregates of pertaining Sieve size (<20mm) as per IS standards. 

3) Sand of pertaining Sieve size as per IS standards.  

4) Marble dust of pertaining Sieve size (90 microns) as per IS standards. 

 Methodology 

Preliminary tests were conducted on the concrete materials as per IS standards & specifications for its physical & engineering  

properties, cubes were casted in the standard metallic moulds & vibrated to obtain the required sample size of specimen. The 

moulds were cleaned initially and oiled on all the sides before concrete sample is poured in to it. Thoroughly mixed concrete is 

poured into the moulds in three equal layers and compacted using vibrating table for a small period of 5 minutes. The excess 

concrete is removed out of the mould using trowel and the top surface is finished with smooth surface. After 24 hours the samples 

were demoulded and put in curing tank for the respective periods of 7and 28 days a set of 3 samples were prepared for each stage 

of curing. The temperature of curing tank was maintained about 25 degree during the analysis of compressive strength were 

tabulated. 

The main aim of the methodology is to- 

 To calculate the compressive strength of M25 grade plain concrete by laboratory experiments as per IS specifications. 

 To find the percentage of marble powder replaced in concrete with marble dust as an admixture that gives maximum 

characteristic compressive strength. 

 Tests (physical properties) Conducted on Concrete Materials 

 Test on Cement 

 Fineness of cement. 

 Normal Consistency of cement. 

 Soundness test. 

 Specific gravity. 

 Initial setting time of cement. 

 Final setting time of cement. 
Table - 1 

Test on Cement 

Si no Test Method of test Average Result Permissible value 

1 Fineness of cement IS 269-1976 5% Max 10% 

2 Normal consistency IS:4031-Pt-4 29% 26 to 33% 

3 Soundness IS:4031-Pt-3 4 mm < 10mm 

4 Specific gravity IS:2720-Pt-3 3.15 3.12 to 3.19 

5 Initial setting time IS 4031-1968 40 mins Min 30 mins 

6 Final setting time IS 4031-1968 262 mins Max 600 mins 

 Tests on Coarse Aggregates 

 Sieve analysis. 

 Specific gravity.  

 Water absorption. 

 Aggregate shape test. 

 Aggregate crushing test. 

 Aggregate impact test. 

 Los Angeles abrasion test. 
Table - 2 

Test on Coarse Aggregates 

Si no Test Method of test Average Result Permissible value 

1 Sieve analysis IS:2720-Pt-4 Fineness modulus = 2.80 2.3 to 3.1 

2 Specific gravity IS:2386-Pt-3 
Bulk specific gravity = 2.61 

2.5 to 3.2 
Apparent specific gravity = 2.5 

3 Water absorption IS:2386-Pt-3 0.51 <2% 

4 

Aggregate shape test 

IS 2386-1 (1963) 
18% 

<30% Flakiness index 

Elongation index 21% 

5 Aggregate crushing test IS:2386-Pt-4 16.44% <30% 
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6 Aggregate impact test IS:2386-Pt-4 12% <24% 

7 Los Angeles abrasion test IS: 2386- (Part IV) – 1963 18% <30% 

 Test on Fine Aggregates (Size <4.75mm) 

 Specific gravity and Water absorption test 
Table - 3 

Test on Fine Aggregates 

Si no Test Method of test Average Result Permissible value 

1 

 

Specific gravity 

 

IS:2720-Pt-3 

Bulk specific gravity = 2.60 

2.53 to 2.67 
Apparent specific gravity = 2.48 

2 Water absorption IS:2386-Pt-3 0.6 <2% 

 Tests (Engineering properties) conducted on Concrete 

 Test on concrete 

 Slump test. 

 Compaction factor. 

 Vee Bee consistometer. 

 Compressive strength of concrete. 
Table - 4 

Test on Concrete 

Si no Test Method of test Average Result Permissible value 

1 Slump test IS-7320-1974 True slump for 0.6 water cement ratio -- 

2 Compaction factor IS-1199-1959 0.9 -- 

3 Vee Bee consistometer IS-10510-1983 20 seconds -- 

4 Compressive strength of plain concrete (3 days) IS 1489-1991 18.43 N/mm2 Min 16 N/mm2 

5 Compressive strength of plain concrete (7 days) IS 1489-1991 25.34 N/mm2 Min 22 N/mm2 

 Experimental Design  

 Mix Design 

Volumetric batching is done for the material mix to analyse the amount of quantity required for casting each cube specimen 

considering the design mix as M25 grade (cement: fine aggregate: coarse aggregate) is 1: 1: 2  as per IS 383-1970 & IS 456-2000 
specifications. The aggregates with cement mix are varied up to 35% of porosity by varying the materials having minimal or zero 

number of fine aggregates & is mixed with cement to cast the moulds for analysing the compressive strength of 7 & 28 days 

strength for an average of 5 specimens. 

The percentage of marble dust is varied from 0 % to 20% & is added to the concrete mix as an admixture & is tested for its 

compressive strength for varying 7 & 28 days strength & the obtained results are tabulated as a comparison of characteristic 

strength between plain concrete mix & marble as an admixture for the concrete mix of M25 grade for an average of 5 specimens. 

IV. RESULTS & DISCUSSION 

 Relation between Characteristic Compressive Strength for the Plain Concrete Mix for 7 & 28 Days  

With the volumetric batching for the plain concrete material mix is done to analyse the amount of quantity required for casting 

each cube specimen considering the design mix as M25 grade (cement: fine aggregate: coarse aggregate) is 1: 1: 2  as per IS 383-

1970 & IS 456-2000 specifications & tested for its strength for 7 & 28 days strength in which the compressive strength by testing 

under compressive testing machine has given an average values of 18.43 N/mm2 & 25.34 N/mm2 which are more than permissible 

limits as per specifications respectively. 
Table - 5 

Comparison of Compressive Strength in Concrete Specimens for 7 Days & 28 Days in N/mm2 

Si no Average strength at 7 days (N/mm2) Average strength at 28 days (N/mm2) 

1 18.4 24.38 

2 18.55 26.98 

3 18.54 25.50 

4 18.10 24.40 

5 18.60 25.45 
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Fig. 1: Comparison between Compressive Strength of Plain Cement Concrete for 7 Days & 28 Days 

 Relation between Characteristic Compressive Strength for the Concrete Mix & Marble Dust as an Admixture for 7 & 28 

Days  

With the inclusion of Marble powder the strength of concrete gradually increases up to a certain limit but the gradually decreases. 

By the experimental analysis with the inclusion of Marble powder up to 10% by its weight as a filler material will lead to increase 

in the initial compressive strength of the concrete blocks. 

At 5% to 10% increase in initial compressive strength for 7 days & also at 5% to 10% increase in initial compressive strength 

for 28 days also initial & final characteristic compressive strength gradually decreases from 15% increase in marble dust powder. 
Table - 6 

Comparison of Compressive Strength for Various Specimens with varying % In Marble Dust for 7 Days & 28 Days in N/mm2 

Si no % OF 

MARBLE 

DUST 

Average strength at 7 

days (N/mm2) 

Average strength at 

28 days (N/mm2) 

1 0 18.38 23.38 

2 5 18.60 26.98 

3 10 20.90 28.50 

4 15 18.10 20.40 

5 20 14.98 19.45 

 

 
Fig. 2: Comparison between Compressive Strength of Plain Cement Concrete with Marble Dust as Admixture for 7 Days 
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Fig. 3: Comparison between Compressive Strength of Plain Cement Concrete with Marble Dust as Admixture for 28 Days 

V. CONCLUSION 

Based on the various laboratory tests as per IS standards for the porous concrete by varying the composition the following 

conclusions are drawn: 

1) Mechanical behavior of concrete cubes prepared without chemical admixtures were studied for compressive strength test with 

curing time of 7 days and 28 days which shows characteristic increase in its strength behavior.  

2) It can be noticed that 10% replacement of cement with marble dust in mild condition are showing increase in compressive 

strength for 28 days & with the 15% replacement of cement with marble dust in mild condition are showing decrease in its 

compressive strength. 

3) Due to the presence of marble dust as an admixture, it has been concluded that it can be very effective in assuring good 

cohesiveness between mortar and concrete. 

4) From the above study, it can be concluded that the marble dust can be used as a replacement material for filler material and 

up to 10% replacement will give an excellent results both in strength & quality aspects. 

5) Also with increase in percentage of marble dust up to 10% will lead to the improvement in properties related to durability of 

concrete. 
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