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Abstract--Marble as a building material especially in palaces 

and monuments has been in use for ages. Marble powder is 

obtained as a by-product during the production of the marble 

stone. This marble powder can be used as a partial replacement 

for fine aggregate in concrete. Using marble powder as a substitute 

of sand in construction materials would resolve the environmental 

problems caused by large scale depletion of natural resources of 

rivers and mining sands. This paper reports the experimental 

study undertaken to investigate the influence of partial 

replacement of sand with marble powder in Steel fiber Reinforced 

Concrete (SFRC). Marble powder was replaced in proportions of 

20%, 30% & 40% for sand in SFRC. The optimum percentage of 

steel fiber used was 1.5%. The effect of marble powder in 

properties of SFRC was investigated. The investigations include 

the testing of compressive strength, split tensile strength & the 

flexural strength of hardened concrete. The concrete was tested on 

7& 14 days and 28days and the results were discussed 

andconcluded. 

Keywords—steelfiber,marble dust,fine aggregates,optimum 

marble dust percentage. 

1. INTRODUCTION 

In India there is a great demand for aggregates mainly from civil 

engineering industry for road and concrete constructions. But 

nowadays it is a very difficult problem for available of fine 

aggregates.so researchers developed waste management 

strategies to apply for replacement of fine aggregates for 

specific need.Natural resources are depleting worldwide while 

at the same time the generated wastes from industry are 

increasing substantially. The sustainable development for 

construction involves the use of nonconventional and 

innovative materials, and recycling of waste materials in order 

to compensate the lack of natural resources and to find 

alternative ways conserving the environment. Marble powder is 

one of the materials that are considered as a waste material 

which could have a promising future in constructional industry 

as a partial substitute for cement or fine aggregates.Marble is a 

metamorphic rock produced from limestone by pressure and 

heat in the earth’s crust due to geological process.Marble dust 

powder is an industrial waste made from cutting of marble rock. 

In India the marble processing is one of the most  

 

booming industries. India is among the top world exporters of 

marble rock. The Indian marble industry has been rising 

steadily at an annual pace of about 10% per year. 20 to 30% of 

marble blocks are changed into powder. Steel plays a 

predominant role in construction industry as reinforcement. It 

possesses good tensile strength. Steel in the form of fibre can 

be used to improve the tensile property of concrete as concrete 

is good in compression but weak in tension. 

2. LITERATURE REVIEW 

Marble is a crystalline,compact variety of metamorphosed 

limestone,consisting primarily of calcite(caco3),dolomite 

(CaMg(Co3)2) or a combination of both minerals.Marble 

powder is obtained from quarries during the mining of marble 

stones and from industries during the processing of marble.The 

natural powder obtained in mostly very fine and white in 

color.It is odourless, non-flammable and insoluble in water.The 

PH value of marble powder ranges from 8 to 10.It is non-

hazardous in nature,but when inhaled, like other minerals can 

cause repiratory problems. 

I. ESRA TUGRUL TUNC(2019) 

In this Journal paper the author clearly says that, on 

recycling waste marble dust, approximately 15% economic 

profit can be gained.The results highlighted that on addition of 

waste marble in the production of concrete is better in obtaining 

cheap and durable concrete,which also solves ecological 

problems.Also, when compared with cement 

substitution,aggregate substitution of marble dust was more 

adequate.So the recycling of waste marble dust also definitely 

contributes to both the marble industry and national economy. 

II. F.GAMEIRO,J.DEBRITO,D.CORREIA DA 

SILVA(2014) 

In this research paper, they tell us that on using  the marble 

dust as fine aggregate the chloride penetration is reduced in the 

samples and it also enhances some durability related 

characteristics of concrete.To be more specific,they concluded 
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that there is lower drying shrinkage in concrete specimens,when 

fine primary aggregates are replaced by secondary marble 

aggregates. 

III.ALI A ALIABDO,ABD EL MOATY,ESRAA M.AUBDA 

 This paper clearly tells us that, the specimen when tested, 

produces less porous concrete when replaced with sand (or) 

cement with marble dust on comparing with concrete without 

marble dust.Also, the initial and final setting time of cement 

pastes are less influenced by the usage of marble dust.When 

10% marble dust is replaced with cement (or) sand the 

maximum improvement in steel-concrete bond strength is 

attained. 

IV.XIJUN SHI,PHILIP PARK,YOUNHO REW,KAIJIAN 

HUANG,CHENGWOOK SIM 

A Behaviour of concrete with Steel fibers are dicussed in this 

research paper.On addition of this steel fibers,the concrete 

workability decreases,but also it improves the post concrete 

under compression.Also,the hooked sfrc’s shows enhanced 

residual strength,ductility and toughness. 

 

V.KIRTI VARDHAN,RAFAT SIDDIQUE,SHWETA 

GOYAL 

When addition of marble waste as aggregates in concrete the 

workability of mixes decreased,but at 40% replacement level of 

fine aggregate with marble dust, the maximum compressive 

strength of concrete is achieved.These also exhibit denser micro 

structure with improved binding quality due to the presence of 

calcium carbo aluminate phase. 

  

3. OBJECTIVE 

 

• To increase the strength of the concrete. 

• To obtain the optimum percentage of partial 

replacement of fine aggregate with marble dust. 

• The durability properties of the concrete were found 

out. 

• To reduce the dumping of waste materials(marble 

dust) and to utilize them in concrete. 

4. MATERIAL USED 

4.1 steel fiber 

In this experimental procedure , steel fiber(hookend type) 

is used in design mix. The fibers are used to obstruct the 

propagation of cracks, as it increases the toughness, 

ductility, flexural resistance, tensile strength and shear 

resistance. Steel fiber is used to reduce cracking fracturing 

and enhancing durability. In past the steel fibers were used 

in different shapes, nowadays the steel fiber is straight and 

have good strength. The fiber in steel wire were cut into 

small pieces of 1 to 3cm and 0.5 mm in dia.Use of steel 

fiber makes significant improvement in flexural impact and 

fatigue strength of the concrete. It has been extensively 

used in various types of structures, particularly for overlays 

of roads, airfield pavements and bridgedecks. The aspect 

ratio of the steel fiber is 60. 

 
 

Fig 1 - steel fiber (hookend type) 

 

 

4.2 marble dust 

Marble is a crystalline, compact variety of metamorphosed 

limestone, consisting primarily of calcite (CaCO3), dolomite 

(CaMg(CO3)6) (or) a combination of both minerals. Marble 

powder is obtained from quarries during the mining of marble 

stones and from industries during the processing of marble. 

During the process of mining, about 20-25% of the marble is 

turn into powder form. India occupies the third position in top 

most exporter of marble (about 10%) in the world, the 

processing  plants dump million tons of marble waste every 

year. The natural powder obtained in mostly very fine and white 

in color. It is odourless, non-flammable and insoluble in water. 

The pH value of marble powder ranges from 8 to 10. It is non-

hazardous in nature, but when inhaled, like other minerals can 

cause respiratory problems. Marble dust improves pozzolanic 

reaction, in micro aggregate and concrete durability. The 

marble dust is easily available in the marble processing industry 

and local granite&tiles shop.For our research we bought the 

marble powder from a local cement shop near 

mangadu,Chennai. It can be used as a replaceable material for 

sand. 

 

Table 1 -physical properties of marble dust 

 

physical properties values 

specific gravity 2.67 

water adsorption 0.95% 

size particle 90mm sieve 

passed 

colour WHITE 

Finness-specific 

surface 

128 
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Table 2 -chemical properties of marble dust 

 

chemical 

component 

percentage value 

MGO 18.90 

SO3 0.02 

K2O 0.92 

LOI 40.60 

NA2O 0.60 

 

 

 

 

 

Fig 2 –marble dust 

4.3 Cement (OPC 53 grade) 

 

OPC (Ordinary Portland Cement) of 53 grade cement is used 

in the experimental procedure. The Cementmanufactured from 

limestone and mixture of many minerals in soil and grinded 

well together. The manufacturing is done in two methods wet 

process and dry process. The mixture is dried, pulverized and 

made uniform, the resulting powder is known as raw material. 

The raw material is passed through rotary kiln where furnace is 

placed for heating up to required temperature and reaction takes 

place calcium oxide and aluminum silicates. After the process 

cement compound is found. The cement consists of silica, 

calcium, iron oxide and alumina. Various grades of cement are 

available 53,43,33 according to the strength requirement the 

grade cement is used. 

Table 3 -physical properties of cement 

 

properties values 

specific 

gravity 

3.17 

grade 53 

fineness 

modulus 

5% 

size Passed- 90 

micron sieve 

colour grey 

 
 

Table 4 - chemical properties of cement 

 

chemical 

component 

values 

SIO2 20.95 

AL2O3 5.42 

Ca O 62.80 

MgO 1.74 

K2O 0.51 
 

4.4 Coarse aggregate 

 

The aggregates of size greater than 4.75mm are called coarse 

aggregates. They generally range between 9.75mm to 37.5mm. 

Aggregates are used in concrete for very specific purposes. The 

use of coarse and fine aggregates in concrete provides 

significant economic benefits for the final cost of concrete in 

place. Aggregates typically make up about 60 to 75 percent of 

the volume of a concrete mixture, and as they are the least 

expensive of the materials used in concrete, the economic 

impact is measurable. In addition, the use of aggregates 

provides volume stability to the hardened concrete. 

 

Table 5- physical properties of coarse aggregate 

 

properties values 

size of 

aggregate 

20mm to 10mm 

specific gravity 2.86 

water 

absorption 

0.5% 

fineness 

modulus 

6.49% 

4.5 Fine aggregate 

Fine aggregate is also known as sand.The fine aggregates are 

used in various field like absorbing heat, load and in 

construction field. The fine aggregate size is less than 4.75mm 

are considered, the sand should be free from lumps and clay 

materials.The commonly used fine aggregate is River Sand. 

 

Table 6 - physical properties of fine aggregate 

 

properties values 

specific gravity 2.67 

fineness 

modulus 

3.44 

particle size passed- 4.75 mm 

sieve  
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5. METHODOLOGY 

 
 

 
 

5.1 Compressive strength test 

This test is used to determine the concrete’s capacity to 

withstand the compressive load. It is done using the 

compression testing machine. Cubes of size 150x150x150 mm 

were used. After the concrete specimens are cured, they are 

taken out and allowed to dry in air. Then they are placed under 

compression testing machine. The rate at which the load is 

applied is 140 kg/Square cm/min. The load is applied until the 

specimen stops taking further load,this is the compressive load 

of the specimen. The compressive load is divided by the area of 

the cube’s face to get compressive strength value. 

 

Table 7 - Compressive strength result in N\mm2 

 

Specimen 7th day 14thday 28thday 

A (0%) 27.11 33.33 38.66 

B (20%) 29.33 34.66 39.55 

C (30%) 31.55 36.44 42.22 

D (40%) 30.66 35.11 40.44 

 

 
 

Fig 3 – compression of cube 

 

 

Fig 4 - Graph for Compressive strength of cube 

 

5.2 Split tensile strength test  

This is an indirect method of determining the tensile strength of 

the concrete. It is done using the compression testing machine. 

Cylinder of 150 mm diameter and 300 mm length were used. 

After the concrete specimens are cured, they are taken out and 

allowed to dry in air. Then they are placed under the 

compression testing machine horizontally. The load is applied 

at the rate of 1.2 N\mm2\min to 2.4 N\mm2\min. The load is 

applied until the specimen splits at the center. This load is used 

to find the split tensile strength using the formula. 

 

Table 8 -Split tensile strength result in N\mm2 

 

Specimen 7th day 14th day 28th day 

A (0%) 2.26 2.70 3.11 

B (20%) 2.73 3.05 3.30 

C (30%) 2.97 3.26 3.44 

D (40%) 2.63 2.88 3.34 
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Fig 5 – split tensile test of cylinder 

 

 

Fig 6 - Graph for Split tensile strength of cylinder 

5.3 Flexural strength test 

It is used to find the tensile strength of the concrete. It is done 

using the universal testing machine. Unreinforced beams of size 

700x100x100 mm were used. After the concrete specimens are 

cured, they are taken out and allowed to dry in air. Then they 

are placed under the universal testing machine. The beam is 

subjected to center point loading such that the effective span is 

500 mm. The load is applied at the rate of 180 kg\min. The load 

is applied until flexural cracks are formed at the center. This 

load is used to find the flexural strength using the formula. 

 

Table 9 -Flexural strength result in N\mm2 

 

Specimen 7th day 14th day 28th day 

A (0%) 6.85 7.4 7.8 

B (20%) 7.3 7.7 8.1 

C (30%) 7.9 8.3 8.9 

D (40%) 7.1 6.7 7.6 

 

 

 
Fig 7 – Flexure test of beam 

 

 

Fig 8 - Graph for Flexure strength of beam 

5.4 Durability properties (water absorption test) 

 This test was done as per procedure given in ASTM C642 

by oven drying method.For this test 150x150x150 mm cubes 

were cast.After 24 hours of demoulding,the specimens were 

kept immersed in water. At the end of 28 days,the specimens 

were taken from the curing tank and air-dried oven to remove 

the surface moisture.Then the specimens were dried in an 

oven at a temperature of 100+10C for 48 hours, and allowed 

to cool at room temperature.At the end of 48 hours, the 

weights of the specimens were measured to an accuracy of 1 

gram using a standard weighing balance.Then the specimens 

were kept immersed in water continuously for 48 hours.After 

48 hours of immersion in water the specimens were taken after 

a time gap of 14 hours. 

 

Table 10 – Durability properties(water absorption) 

 

Specimen Initial 

weight 

Final 

weight 

Percentage 

of 

absorption 

A (0%) 8.512 8.734 2.6% 

B (20%) 8.45 8.615 1.95% 

C (30%) 8.42 8.57 1.7% 

D (40%) 8.34 8.41 2% 
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6. CONCLUSION 

 

As per 7, 14 & 28 days test results, the following conclusions 

were made: The partial replacement of fine aggregate by marble 

powder increases the strength of SFRC concrete mix. The 

optimum replacement of fine aggregate by marble powder was 

found to be 30%.At 30% replacement the compressive strength 

of concrete was found to be increased by 12% when compared 

to conventional SFRC. The Split-Tensile Strength was found to 

increase by 10%.The Flexural Strength was increased by 2%. 
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