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ABSTRACT 

Sustainability in Concrete Production can be achieved by innovations in substitutions of materials used. Use of a Marble Waste 
Powder is not very usual though it has no behavioral problem and there has been little research work done on the waste. 
Marble waste is a solid waste material generated from the marble processing and can be used either as a filler material in 
cement or fine aggregates while preparing concrete. It has been used as a replacement of fine aggregates in many literature 
works but this paper presents the feasibility of the substitution of marble waste for cement to achieve economy and environment 
saving. The Compressive strength and Split Tensile strength of Concrete can be increased with addition of waste marble powder 
up to 10% replace by weight of cement. Earlier research also indicate that the effects of blending marble waste on the 
properties of cement such as consistency, setting times, insoluble residue, and soundness remain within the acceptable ranges 
of different standards. The production of cheaper and more durable concrete using this waste can solve to some extent the 
ecological and environmental problems. Therefore this paper provides a scope for more research which is required to design 
consistent and durable concrete with this waste. 
Keywords: Experimental , Study, Recycled, Industrial Waste, Concrete  

1.INTRODUCTION 
Marble is a metamorphic rock resulting from the transformation of a pure limestone. The purity of the marble is 
responsible for its color and appearance: it is white if the limestone is composed solely of calcite (100% CaCO3). 
Marble is used for construction and decoration; marble is durable, has a noble appearance, and is consequently in great 
demand. Chemically, marbles are crystalline rocks composed predominantly of calcite, dolomite or serpentine minerals. 
The other mineral constituents vary from origin to origin. Quartz, muscovite, tremolite, actinolite, micro line, talc, 
garnet, osterite and biotite are the major mineral impurities whereas SiO2, limonite, Fe2O3, manganese, 3H2O and 
FeS2 (pyrite) are the major chemical impurities associated with marble. The main impurities in raw limestone (for 
cement) which can affect the properties of finished cement are magnesia, phosphate, leads, zinc, alkalis and sulfides. A 
large quantity of powder is generated during the cutting process. The result is that the mass of marble waste which is 
20% of total marble quarried has reached as high as millions of tons. Leaving these waste materials to the environment 
directly can cause environmental problem. The advancement of concrete technology can reduce the consumption of 
natural resources and energy sources which in turn further lessen the burden of pollutants on the environment. 
Presently, large amount of marble dust are generated in natural stone processing plants with an important impact on 
the environment and humans. In India, marble dust is settled by sedimentation and then dumped away which results n 
environmental pollution, in addition to forming dust in summer and threatening both agriculture and public health. 
Therefore, utilization of the marble dust in various industrial sectors especially the construction, agriculture, glass and 
paper industries would help to protect the environment. 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. There are several reuse and recycling solutions for this industrial 
by-product, both at an experimental phase and in practical applications. On the other hand, recycling waste without 
properly based scientific research and development can result in environmental problems greater than the waste itself. 
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 cements and 
mortar/concrete. Marble powder can be used as filler in concrete and paving materials and helps to reduce total void 
content in concrete. Marble powder can be used as an admixture in concrete, so that strength of the concrete can be 
increased. Marble dust is mixed with concrete, cement or synthetic resins to make counters, building stones, sculptures, 
floors and many other objects. Marble powder is not available in all the places. Despite this fact, concrete production is 
one of the concerns worldwide that impact the environment with major impact being global warming due to CO2 
emission during production of cement. In addition to this, due to fineness of the marble powder, it will easily mix with 
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aggregates so that perfect bonding is possible. Marble powder will fill the voids present in concrete and will give 
sufficient compressive strength when compared with the ordinary concrete. India is among the top world exporters of 
marble stone. The Indian marble industry has been growing steadily at an annual rate of around 10% per year. Cutting 
of stones produces heat, slurry, rock fragments and dust. 20 to 30% of marble blocks are converted in to powder. 3,172 
thousand tons of marble dust was produced in year 2009-10. Waste Marble dust (WMD) can be used to improve the 
mechanical and physical properties of the conventional concrete. The possibility of utilizing WMD as an alternative 
very fine aggregate in the production of concrete will also induce a relief on waste disposal issues. Now-a-days the cost 
of material is increasing so if we use the waste material in the production of the concrete so we decrease the price. In 
India, million tons of wastes from marble industries are being released from marble cutting, polishing, processing and 
grinding. If the waste is disposed on soils, the porosity and permeability of topsoil will be reduced, the fine marble dust 
reduces the fertility of the soil by increasing its alkalinity. When the waste is dumped and dried out, the fine marble 
dust suspends in the air and slowly spread out through wind to the nearby area. When dumped along a catchment area 
of natural rainwater, it results in contamination of over ground water reservoir and also cause drainage problem. 
Exposing the waste material to the environment directly can cause environmental problems. Therefore, many countries 
have still been working on how to re-use the waste materials. 

2 MATERIALS USED 
In this project waste materials were utilized to produce building bricks. The following materials were used in this 
investigation 
2.1 Cement 
Cement is one of the binding materials in this project. Cement is the important building material in today’s 
construction world 53 grade Ordinary Portland Cement (OPC) conforming to IS: 8112-1989. Table 2.1 and Figure 2.1 
gives the properties of cement used. 

Table 2.1 : Properties of cement 

 
 

 
 

       Figure.2. 1 Cement 
2.2 Marble Powder 
Marble powder was collected from the dressing and processing unit in Jalgaon. It was 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 is shown 
in Fig 2.2 
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Figure.2.2 Marble Powder 

2.3 Quarry Dust 
Getting good Quarry dust free from organic impurities and salts is very difficult in now a day. While adding the Quarry 
dust to the mix. And the Quarry dust should be in uniform size i.e., all the Quarry dust particles should be fine. The 
Quarry Dust obtained from local resource was used in concrete to cast test bricks. The physical and chemical properties 
of Quarry Dust obtained by testing the samples as per Indian Standards are listed in Table 2.2. and Fig.2.3 

Table 2.2:  Properties of Quarry dust 

 
 
 

 
Figure 2.3 Quarry Dust 
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2.4 WATER 
Water is an important ingredient of papercrete as it actively participates in the chemical reaction with cement. It should 
be free from organic matter and the pH value should be between 6 to 7.  

3 MATERIAL CHARACTERISTICS 
3.1 Cement 
The type of cement used was Portland Pozzalona Cement and given in Table 2.3  

Table.2.3: Test results of cement 
S.NO DESCRIPTION RESULT 
1. Specific gravity 3.15 
2. Fineness (by sieve analysis) 2% 
3. Consistency 31% 

4. Initial setting time 110 minutes 

 
 
 
 
 
 

 

 
3.1.1 Specific Gravity 
The density bottle was used to determine the specific gravity of cement. The bottle was cleaned and dried. The weight 
of empty bottle with brass cap and washerW1 was taken. Then bottle was filled by 200 to 400g of dry cement and 
weighed as W2.The bottle was filled with kerosene and stirred thoroughly for removing the entrapped air which was 
weighed as W3.It was emptied, cleaned well, filled with kerosene and weighed as W4. 
 

Specific gravity of Cement (G) =          (W2-W1) 
                                                                            (W2-W1) - (W3-W4) 

W1 = Weight of empty density bottle with brass cap and washer in gm. 
W2 = Mass of the density bottle & cement in gm. 
W3 = Mass of the density bottle, cement & kerosene in gm. 
W4 = Mass of the density bottle filled with kerosene in gm. 
3.1.2 Fineness (By Sieve Analysis) 
The fineness of cement has an important bearing on the rate of hydration and hence on the rate of gain of strength and 
also on the rate of evolution of heat. Finer cement offers a greater surface area for hydration and hence faster 
development of strength.100 grams of cement was taken on a standard IS SieveNo.9(90 microns). The air-set lumps in 
the sample were broken with fingers. The sample was continuously sieved giving circular and vertical motion for 15 
minutes. The residue left on the sieve was weighed. 
3.1.3 Consistency 
The objective of conducting this test is to find out the amount of water to be added to the cement to get a paste of 
normal consistency. 500 grams of cement was taken and made into a paste with a weighed quantity of water (% by 
weight of cement) for the first trial. The paste was prepared in a standard manner and filled into the vicat mould 
plunger, 10mm diameter, 50mm long and was attached and brought down to touch the surface of the paste in the test 
block and quickly released allowing it to sink into the paste by its own weight. The depth of penetration of the plunger 
was noted. Similarly trials were conducted with higher water cement ratios till such time the plunger penetrates for a 
depth of 33-35mm from the top.  
That particular percentage of water which allows the plunger to penetrate only to a depth of 33-35mm from the top is 
known as the percentage of water required to produce a cement paste of standard consistency. 
3.1.4 Initial Setting Time 
The needle of the Vicat apparatus was lowed gently and brought in contact with the surface of the test block and 
quickly released. It was allowed to penetrate into the test block. In the beginning, the needle completely pierced through 
the test block. But after sometime when the paste starts losing its plasticity, the needle penetrated only to a depth of 33-
35mm from the top. The period elapsing between the time when water is added to the cement and the time at which the 
needle penetrates the test block to a depth equal to 33-35mm from the top was taken as the initial setting time. 
3.2 Coarse Aggregate 
20mm down size aggregate was used. Test results of coarse aggregate given in Table.2.4 

Table 2.4: Test results of coarse aggregate 
 

S.No Description       Values 

1 Specific gravity         2.68 
2 Bulk density         1642.45   
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3 Surface moisture         0.08% 

4 Water absorption         1% 
 3.2.1 Specific Gravity 
A pycnometer was used to find out the specific gravity of coarse aggregate. The empty dry pycnometer was weighed 
and taken as W1. Then the pycnometer is filled with 2/3 of coarse aggregate and it was weighed as W2. Then the 
pycnometer was filled with part of coarse aggregate and water and it weighed as W3.  The pycnometer was filled up to 
the top of the bottle with water and weighed it as W4. 
Specific gravity of Cement (G) =                       (W2-W1)  
                                                                     (W2-W1) - (W3-W4) 
 W1 = Mass of empty pycnometer in gm. 
 W2 = Mass of pycnometer& coarse aggregate in gm.  
 W3 = Mass of the pycnometer, coarse aggregate & water in gm. 
 W4 = Mass of the pycnometer filled with water in gm. 

3.2.2 Bulk Density 
Bulk density is the weight of a material in a given volume. It is expressed in Kg/m3.A cylindrical measure of nominal 
diameter 250mm and height 300mm was used. The cylinder has the capacity of 1.5 liters with the thickness of 4mm. 
The cylindrical measure was filled about 1/3 each time with thoroughly mixed aggregate and tampered with 25 strokes. 
The measure was carefully struck off level using tamping rod as straight edge. The net weight of aggregate in the 
measure was determined. Bulk density was calculated as follows. 
Bulk density = (Net weight of coarse aggregate in Kg)/ (Volume) 
3.2.3 Surface Moisture 
100g of coarse aggregate was taken and their weight was determined, say W1. The sample was then kept in the oven for 
24 hours. It was then taken out and the dry weight is determined, says W2. The difference between W1 and W2 gives the 
surface moisture of the sample. 
3.2.4 Water Absorption 
100g of nominal coarse aggregate was taken and their weight was determined, say W1. The sample was then immersed 
in water for 24 hours. It was then taken out, drained and its weight was determined, says W2. The difference between 
W1 and W2 gives the water absorption of the sample. 
3.2.5 Fineness Modulus 
The sample was brought to an air-dry condition by drying at room temperature. The required quantity of the sample 
was taken (3Kg). Sieving was done for 10 minutes. The material retained on each sieve after shaking, represents the 
fraction of the aggregate coarser then the sieve considered and finer than the sieve above. The weight of aggregate 
retained in each sieve was measured and converted to a total sample. Fineness modulus was determined as the ratio of 
summation of cumulative percentage weight retained (F) to 100.  
3.3 Properties Of Water 
Water used for mixing and curing shall be clean and free from injurious amounts of Oils, Acids, Alkalis, Salts, Sugar, 
Organic materials Potable water is generally considered satisfactory for mixing concrete Mixing and curing with sea 
water shall not be permitted. The pH value shall not be less than 6. 
3.4 Properties Of Plastic 
Pieces Polyethylene bag shown in Figure.2.4, which are commonly used for the packaging and carrying goods are used 
in concrete. Physical Properties of sand and the plastic waste Table 2.5 

Table 2.5: Physical Properties of sand and the plastic waste 
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Figure.2.4   Pieces Polyethylene bag 

3.5 Properties Of Marble 
Physical Properties of Marble given in Table 3.4 

Table 3.4: Physical Properties of Marble 
 

Oxide compounds (mass %) Marble Dust (Cherry) 

SiO2 28.35 

Al2O3 0.42 

Fe2O3 9.70 

CaO 40.45 

MgO 16.25 

Density 2.80 

4.EXPERIMENTAL PROCEDURE 
4.1 Introduction 
This chapter describes the experimental work. First, the material, mix proportions, manufacturing and curing of the 
specimens are explained. This is then followed by description of types of specimens used, test parameters, and test 
procedures. Development of the process of making Marble Powder, Quarry dust, Plastic Waste based Recycle Industrial 
waste concrete. 
4.2 Mixing, Casting & Curing 
The Recycled Industrial Waste concrete is manufactured by as similar to the classical concrete. Initially the dry 
materials Fly ash, Aggregates & Sand are mixed (Figure 4.1). The liquid component of the mixture was then added to 
the dry materials and the mixing continued for further about 4 minutes to manufacture the fresh concrete. 
The fresh concrete was cast into the moulds immediately after mixing, in three layers for cube specimens. For 
compaction of the specimens, each layer was given 60 to 80 manual strokes using a rodding bar, and then vibrated for 
12 to 15 seconds on a vibrating table. Before the fresh concrete was cast into the moulds, the slump value of the fresh 
concrete was measured.(Figure.4.2) 
               

      
Figure 4.1    Mixing                            Figure 4.2   Casting                                          Figure 4.3  Curing 

 
The Recycled Industrial Waste concrete specimens should be wrapped during curing at elevated temperature in a dry 
environment to prevent excessive evaporation. Extensive trails revealed wrapping of concrete specimens by using 
vacuum bagging film is effective for temperature up to 100c for several days of curing (Figure.4.3). To tighten the film 
to the concrete moulds, a quick lock seal or a twist tie wire was utilized. The later was used in all further experimental 
work due to its simplicity and economics. Preliminary test also revealed that Marble Powder, Quarry dust, Plastic 
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Waste -based Recycled Industrial Waste concrete did not harden immediately at room temperature. When the room 
temperature was less than 30c, the harding did not occur (rather than setting time used in the case of OPC concrete ) 
for Marble Powder, Quarry dust, Plastic Waste -based Recycled Industrial Waste. 

5.TESTING PROCEDURE 
5.1 General Procedure 
Within the experimental research program concerning the development of mechanical properties of a Recycled 
industrial waste concrete of grade M30 (REF) was considered with the following composition, accordingly. The w/c-
ratio is 0.43. Coarse aggregates were chosen, having a particle size mainly varying between 12 mm and 20 mm. In 
order to mitigate this and to prevent early-age cracking, additional internal curing water will be provided by means of 
SAP.  An intensive experimental program is performed to study the effect of internal curing on different types of 
concrete properties: (i) fresh properties (slump and density); (ii) mechanical properties (compressive strength, flexural 
strength, splitting tensile strength). 
5.2 Compressive Strength Test 
At the time of testing, each specimen must keep in compressive testing machine. The maximum load at the breakage of 
concrete block will be noted(Figure.5.1). From the noted values, the compressive strength may calculated by using 
below formula. 
Compressive Strength  = Load / Area   
Size of the test specimen = 150mm x 150mm x 150mm 
 

               
       

 Figure 5.1 Compression Test          Figure.5.2 Split Tensile Test 
  

5.3 SPLIT TENSILE TEST 
The size of cylinders 300 mm length and 150 mm diameter  are placed in the machine such that load is applied on the 
opposite side of the cubes are casted. Align carefully and load is applied, till the specimen breaks. The formula used for 
calculation.(Figure.5.2) 

                                             
5.4 FLEXURAL STRENGTH TEST 
During the testing, the beam specimens of size 700mmx150mmx150mm were used. Specimens were dried in open air 
after 7 days of curing and subjected to flexural strength test under flexural testing assembly. Apply the load at a rate 
that constantly increases the maximum stress until rupture occurs. The fracture indicates in the tension surface within 
the middle third of span length.   

6.TEST RESULT 
6.1 Ratio For Special Concrete (Extra Ingredients) 
RATIO –I  
Marble Powder– 25% by replacement of Cement 
RATIO - II    
Marble Powder – 50% by replacement of Cement 
RATIO – III: 
Marble Powder – 75% by replacement of Cement 
Above all ingredients are added by weight of Cement 
6.2 Test Result At Age Of 7 Days 
Compressive Test For Cylinder At Age Of 7 Days given in Table.6.1. Split Tensile Test For Cylinder At Age Of 7 Days 
given in Table.6.2 . Flexural Strength Of Beam At Age Of 7 Days given Table.6.3   
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6.2.1 Compressive Strength Of Cube   
 

Table.6.1: Compressive Test For Cylinder 7 Days 

   
6.2.2 Split Tensile Test For Cylinder 
 

Table.6.2:  Split Tensile Test For Cylinder 7 Days 

Control Mix 

 
 Split tensile Strength in N/mm2          7 Days 

 
CC (0%) 

 
25% 

 
50% 

 
75% 

M30 
 

2.45 
 

2.83 
 

3.40 
 

 
3.18 

 
6.2.3 Flexural Strength Of Beam 
 

Table.6.3:  Flexural Strength Of Beam 7 Days 
 

Control 
Mix 

 
Flexural Strength In N/mm2          7 Days 

 
CC ( 0% ) 

 
25% 

 
50% 

 
75% 

M30  
4.46 

 
5.39 

 
6.95 

 
6.0 

 

6.3 Test Result At Age Of 14 Days 
Compressive Test For Cylinder At Age Of 14  Days given in Table.6.4. Split Tensile Test For Cylinder At Age Of 14 
Days given in Table.6.5  Flexural Strength Of Beam At Age Of 14  Days given Table.6.6 
   
6.3.1 Compressive Strength Of Cube  
 

Table 6.4 : Compressive Test For Cylinder 14 Days 

  
6.3.2 Split Tensile Test For Cylinder 
 

Table 6.5:  Split Tensile Test For Cylinder 14 Days 

Control Mix 

 
 Split tensile Strength in N/mm2          14 Days 

 
CC (0%) 

 
25% 

 
50% 

 
75% 

M30  
2.96 

 
3.26 

 
3.89 

 
3.63 

 
 

Control Mix 

 
 Compressive Strength in N/mm2          7 Days 

 
CC (0%) 

 
25% 

 
50% 

 
75% 

M30 
 

24.78 
 

26.89 
 

27.5 
 

26.45 

Control Mix 

 
 Compressive Strength in N/mm2          14 Days 

 
CC (0%) 

 
25% 

 
50% 

 
75% 

M30  
28.65 

 
31.02 

 
33.39 

 
30.29 
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6.3.3 Flexural Strength Of Beam 
 

Table 6.6: Flexural Strength Of Beam 14 Days 

Control 
Mix 

 
Flexural Strength In N/mm2          14 Days 

 
CC ( 0% ) 

 
25% 

 
50% 

 
75% 

M30  
6.2 

 
6.66 

 
7.23 

 
6.92 

 
6.4 Test Result At Age Of 28 Days 
Compressive Test For Cylinder At Age Of 28  Days given in Table.6.7. Split Tensile Test For Cylinder At Age Of 28 
Days given in Table.6.8  Flexural Strength Of Beam At Age Of 28  Days given Table.6.9 
 
6.4.1 Compressive Strength Of Cube  

Table 6.7:  Compressive Test For Cube 28 Days 

   
6.4.2 Split Tensile Strength Of Cylinder  

Table .6.8: Split Tensile Test For Cylinder 28 Days 

 
6.4.3 Flexural Strength Of Beam 

Table 6.9: Flexural Test For Beam 28 Days 

Control 
Mix 

 
Flexural Strength In N/mm2          28 Days 

 
CC ( 0% ) 

 
25% 

 
50% 

 
75% 

M30  
7.5 

 
7.36 

 
7.88 

 
7.57 

  
7.  CONCLUSION 
The conclusions drawn from these experimental investigations are as follows. 
 The Strength of concrete containing recycled industrial waste of 50 % was high compared with that of   the 

conventional mix. 
 The coefficient of permeability was found to be negligible in all the samples of concrete mixes containing recycled 

industrial waste whereas the coefficient of permeability was more in concrete mixes without recycled industrial 
waste. 

 The presence of recycled industrial waste in concrete mixes acts as pore fillers and causes reduction in the pores, 
resulting fine and discontinuous pore structures and thereby increases the   impermeability of concrete. 

 Cement replacement level of 50 % recycled industrial waste in concrete mixes was found to be the optimum level 
to obtain higher value of the strength and durability at the age of 28 days. 

 By cost analysis it is found that by 50 % replacement of recycled industrial waste, cost is reduced up to 39 % on 
Cement. Therefore recycled industrial waste replacement on Cement up to 50 % is resulted to optimum.  

 
 

Control Mix 

 
 Compressive Strength in N/mm2          28 Days 

 
CC (0%) 

 
25% 

 
50% 

 
75% 

M30  
33.55 

 
35.33 

 
36.44 

 
34.45 

Control Mix 
Split tensile Strength in N/mm2          28 Days 

CC (0%) 25% 50% 75% 
M30 3.75 3.89 4.17 4.03 
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