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Abstract: Nowadays, there is an increasing interest in the development of eco-friendly materials. Thus, environmental 

challenges due to the necessity of reducing worldwide levels of CO2 emissions, to limit the energy consumption and to use 

industrial waste are promoting an increasing effort to find viable alternatives to minimize pollution from the main 

productive processes. Thus, this paper addresses the results of an investigation on the influence of stone powder, residue 

from the production of crushed aggregates, on the mechanical performance of concrete reinforced with steel fibers. The 

utilization of these two materials in concrete proves economical as the cost of concrete will be less and dumping cost of the 

stone dust is a problem of discussion therefore, the replacements are done at 0%, (40%, 1% ), (50% ,1% ), (60% ,1% ), 

(70%, 1% ), of sand with stone dust and addition of steel fibre respectively at fixed water cement [W/C] ratio (0.40) and 

fixed slump ranges with mix (1:1.2:2.5) . The result showed that at fixed W/C ratio the strength (compressive strength, 

flexural strength, split tensile strength) and durability increased initially at small percentages and the cost for production is 

about 32% cheaper. 
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INTRODUCTION: 

Large amount of solid waste are produced by industries. The disposal of these solid waste materials is an environmental hazard for 

the surrounding living beings. Various types of pollutions are caused by these wastes like air pollution, water pollution, land 

pollution, etc. These pollutions lead to the various types of diseases to the life on earth and the waste production is increasing day 

by day so the disposal of these wastes is an serious issue and also the matter of concern, previous researches observed that because 

of increasing environmental concerns and sustainable issues, the utilization of solid waste materials is the need of the hour. The 

productive use of solid waste materials is the best way to alleviate the problems associated with their disposal. This problem can be 

solved by the construction industry by using these solid wastes in the production of structural elements like concrete elements, 

bricks, tiles, etc.   

In India, due to depletion of river sand in the use of concrete and environmental pressure on solid waste disposal, the use of crushed 

stone sand, commonly known as quarry dust (solid waste) is considered a viable alternative to river sand in concrete. This type of 

use of a waste material can solve problems of lack of aggregate in various construction sites and reduce environmental problems 

related to aggregate mining and waste disposal. The use of waste aggregates can also reduce the cost of concrete production. As 

aggregates can significantly control the properties of concrete, the properties of the aggregates have a great importance. Crushed 

stone sand is a fine material formed during the process of conversion of rock into aggregate and has particle size ranging from 4 

mm to dust size (<0.075 mm). The crushed stone sand is a material of high quality. The fine particles and irregular shape of crushed 

stone has harsh effects on the workability and finishability of concrete. These harsh effects have given crushed stone sand a poor 

reputation in the construction industry. The use of crushed stone sand is desirable from the social and environmental view point.  

Concrete is characterized by brittle failure, the nearly complete failure of load capacity, Once the failure is initiated which 

application of the material, can be overcome by the inclusion of the small amount of short randomly distributed the fibres and can 

be practiced among others that remedy weaknesses of concrete, Such as low growth resistance, high shrinkage cracking. Low 

durability, etc. Steel fibre Reinforced concrete is concrete in which fibres have been incorporated to strengthen the concrete in 

tension. Steel FRC reduce the permeability of concrete and thus reduces bleeding of water.  

 Nowadays, there is an increasing interest in the development of eco-friendly materials. Thus, environmental challenges due to the 

necessity of reducing worldwide levels of CO2 emissions, to limit the energy consumption and to use industrial waste are promoting 

an increasing effort to find viable alternatives to minimize pollution from the main productive processes.  

Thus, this paper addresses the results of an investigation on the influence of stone powder, residue from the production of crushed 

aggregates, on the properties of concrete reinforced with steel fibres. 

2. PROPOTION OF MIXING 

The proportioning of the mix was done as per IS guidelines for mix design. The grade of concrete mix was M 50. The first mix was 

the control mix prepared in accordance to the mix design and in other four mixes partial replacement of fine aggregate by stone 

dust was carried out in percentages of 40%, 50%, 60% and 70% respectively. The ingredients were first mixed in dry condition. 
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Then, water was added to the dry mix and mixed thoroughly. The mix was checked for flow properties by slump flow test. The 

concrete was tested for hardened properties at 7 days and 28 days by compressive strength test, split tensile strength test and flexural 

strength test. 

Table 2.1 Concrete mix proportioning for M50 design mix per m3 

S. No. Mix Stone 

dust (%) 

Cement 

(kg) 

Sand 

(kg) 

Coarse 

Aggregate 

(kg) 

Stone 

dust 

(kg) 

Steel 

Fibres 

(g) 

Water 

(kg) 

1 M-S0 0 477 618.25 1124.34 0 0 191.6 

2 M-S1 40 477 370.95 1124.34 247.30 4770 191.6 

3 M-S2 50 477 309.125 1124.34 309.125 4770 191.6 

4 M-S3 60 477 247.30 1124.34 370.95 4770 191.6 

5 M-S4 70 477 185.475 1124.34 432.77 4770 191.6 

 

3. EXPERIMENTAL PROGRAMME AND RESULTS 

3.1 TESTS ON CONCRETE 

Various tests were conducted on the hardened concrete to determine the strength of various mixes of concrete. The compressive 

strength test, split tensile strength and flexural strength were conducted at 7 days and 28 days. 

Table 3.1 Compressive Strength 

Mix 7 Day Compressive 28 Day Compressive 

M-S0 39.88 61.01 

M-S1 43.38 67.79 

M-S2 44.51 69.56 

M-S3 42.85 66.96 

M-S4 42.19 65.92 

 

Table 3.2 Split Tensile Strength 

Mix 7 Day Split Tensile 

Strength (N/mm2) 

28 Day Split Tensile 

Strength (N/mm2) 

M-S0 3.015 5.38 

M-S1 3.52 6.49 

M-S2 3.77 6.615 

M-S3 3.64 6.40 

M-S4 3.56 6.20 

 

Table 3.3 Flexural Strength 

Mix 7 Day Flexural Strength 

(N/mm2) 

28 Day Flexural Strength 

(N/mm2) 

M-S0 3.41 5.43 

M-S1 3.85 6.23 

M-S2 4.07 6.44 

M-S3 3.95 6.38 

M-S4 3.78 6.08 

 

4. DISCUSSION 

4.1 COMPRESSIVE STRENGTH TEST: The experimental investigations after 7 days  show that by the partial replacement of 

sand (40%) and addition of steel fibre (1% of cement content) the compressive strength increases by 8.78% also when partially 

replaced sand (50%) and addition of steel fibre (1% of cement content) it increased upto 11.61% also when the sand is partially 

replaced by (60%) and addition of steel fibre (1% of cement content) it increases the compressive strength by 7.45% and when sand 

is replaced by (70%) and addition of steel fibre (1% of cement content) the compressive strength increases by 5.79%. The 

experimental investigations after 28 days show that by the partial replacement of sand (40%) and addition of steel fibre (1% of 

cement content) the compressive strength increases by 11.11% also when partially replaced sand (50%) and addition of steel fibre 

(1% of cement content) it increased upto 14.01% also when the sand is partially replaced by (60%) and addition of steel fibre (1% 
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of cement content)it increases the compressive strength by 9.75% and when sand is replaced by (70%) and addition of steel fibre 

(1% of cement content) the compressive strength increases by 8.05%. 

 

Fig 4.1 percentage change in Compressive strength 

4.2 SPLIT TENSILE STRENGTH TEST: The experimental investigations after 7 days show that by the partial replacement of 

sand (40%) and addition of steel fibre (1% of cement content) the split tensile strength increases by 16.75% also when partially 

replaced sand (50%) and addition of steel fibre (1% of cement content) it increased upto 25.04% also when the sand is partially 

replaced by (60%) and addition of steel fibre (1% of cement content)it increases the split tensile strength by 20.73% and  when sand 

is replaced by (70%) and addition of steel fibre (1% of cement content) the split tensile strength increases by 18.08% . The 

experimental investigations after 28 days show that by the partial replacement of sand (40%) and addition of steel fibre (1% of 

cement content) the split tensile strength increases by 20.63% also when partially replaced sand (50%) and addition of steel fibre 

(1% of cement content) it increased up to 22.96% also when the sand is partially replaced by (60%) and addition of steel fibre (1% 

of cement content) it increases the split tensile strength by 18.96% and  when sand is replaced by (70%) and addition of steel fibre 

(1% of cement content) split tensile strength increases by 15.24%. 

 

            

                                        Fig 4.2 percentage change in Split Tensile Strength 

 

4.3 FLEXURAL STRENGTH TEST: The experimental investigations after 7 days show that by the partial replacement of sand 

(40%) and addition of steel fibre (1% of cement content) the flexural strength increases by 12.90% also when partially replaced 

sand (50%) and addition of steel fibre (1% of cement content) it increased upto 19.35% also when the sand is partially replaced by 

(60%) and addition of steel fibre (1% of cement content) it increases the flexural strength by 15.84% but when sand is replaced by 

(70%) and addition of steel fibre (1% of cement content) the flexural strength increases by 10.85%. The experimental investigations 

after 28 days show that by the partial replacement of sand (40%) and addition of steel fibre (1% of cement content) the flexural 

strength increases by 14.73% also when partially replaced sand (50%) and addition of steel fibre (1% of cement content) it increased 

upto 18.60% also when the sand is partially replaced by (60%) and addition of steel fibre (1% of cement content) it increases the 

flexural strength by 17.50% and when sand is replaced by (70%) and addition of steel fibre (1% of cement content) the flexural 

strength increases by 11.97%. 
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Fig 4.3 percentage change in Flexural Strength 

5. CONCLUSIONS 

In this work, a study of the influence of the crushed stone sand, residue from the production of crushed aggregates, on the mechanical 

performance of concrete reinforced with steel fibers was presented. It was concluded that crushed stone sand may be an alternative 

to the natural sand.  

The research has shown that partial replacement of fine aggregate by stone dust in M-50 mix concrete by 50% with addition of steel 

fibres increases the 7 day and 28 day compressive strength, split tensile strength and flexural strength of the concrete. Further 

increase in stone dust content reduces the 7 day and 28 day compressive strength, split tensile strength and flexural strength. For 

60% replacement of fine aggregate by stone dust the compressive strength still above than target mean strength. For 70% 

replacement of fine aggregate by stone dust the compressive strength is almost equal to target mean strength. 

The results presented also indicate that the compressive strength was slightly increased when fiber was added in the mixture, 

however, the elastic modulus of the mixture was not significantly modified. Hence, it can be recommended that the optimum 

replacement of fine aggregate by stone dust is 50% and addition of steel fibre (1% of cement content) in concrete. 
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