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Abstract 
The aim of the investigation is to replace natural fine aggregatewith Air Cooled Blast Furnace Slag in OPC 

concrete. At present, nearly million tons of slag is being produced in the steel plants, in India. The generation of 

slag would be dual problem in disposal difficulty and environmental pollution. Some strategies should be used 

to utilize the slag effectively. Considering physical properties of metallurgical slags and a series of possibilities 

for their use in the field of civil constructions, this report demonstrates the possibilities of using air cooled blast 

furnace slag as partial replacement of sand in concrete. A total of five concrete mixes, containing 0%, 12.5%, 

25%, 37.5% and 50% partial replacement of regular sand with air cooled blast furnace slag are investigated in 

the laboratory. These mixes were tested to determine axial compressive strength, split tensile strength, and 

flexural strength for 7days, 28days, 56days and 90days. 
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I. Introduction: 
Natural sand is the most commonly used 

building material in any part of the world and they 

sustain their status, because of demand, utilization 

and expansion of construction activity all over the 

world. Further among one of the challenge before the 

concrete construction industry is to satisfy the needs 

of human society, by the protection of environment 

and also by meeting the requirements of our growing 

population. The natural sand is the most scarcely 

available and restrictive intensive component of 

concrete. The production of concrete without any 

restriction can be increased by partially replacing 

natural sand with Air Cooled Blast Furnace Slag 

(ACBFS). 

During the manufacturing of steel and pig-iron, 

slag is generated as a by-product. It is produced by 

action of various fluxes and is closely mixed with, a 

wanted mineral in an ore deposit materials within the 

iron ore during the process of pig iron making in blast 

furnace and steel manufacturing in steel melting shop. 

Primarily, the slag consists of calcium, magnesium, 

manganese and aluminum silicates in various 

combinations. The cooling process of slag is 

responsible mainly for generating different types of 

slag required for various end-use consumers. 

Although, the chemical composition of slag may 

remain unchanged, physical properties vary widely 

with the changing process of cooling.  

There are economic, environmental, and social 

benefits derived from the effective use of ACBFS 

rather than disposing of it as waste. As a result, the 

beneficial use of ACBFS has broad positive impacts 

on sustainability, a consideration of increasing 

importance. First, the use of ACBFS makes economic 

sense for the iron producers, who financially benefit 

from the sale of the material while avoiding disposal 

costs, and it is also an economic benefit to the direct 

user of ACBFS (e.g., ready-mix producer, 

contractor), who obtains a reclaimed aggregate that is 

relatively inexpensive compared to most naturally 

derived material. Use of ACBFS also economically 

benefits the public, who realize overall cost savings 

due to the reduced price of the material during initial 

construction. 

 

II. Literature Review 
K V Subrahmanyam, U Arun Kumar and Dr. P 

V Satyanarayana (2014) 

 They had studied the utilization of non-conventional 

waste materials like steel slag, copper slag, Scrap 

tyres, fly ash etc. in road construction activities which 

gradually gaining significant importance in India. 

Owing to the increase in construction cost of roads at 

an alarming rate there is an increase in the cost of 

conventional road materials. Steel slag is a waste 

material produced as a by-product during the 

oxidation of steel pellets in an electric arc furnace. 

This by-product can be used as replacement of 

aggregates in pavement layers. Due to increase in the 

motor vehicles day by day tends to increase in heaps 

of discarded rubber tyres. One of the main issues 
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associated with the management of scrap rubber tyres 

has been their proper disposal. A study was 

conducted to investigate the possibility of using 

Granulated Blast Furnace Slag (GBFS) and also with 

Waste Rubber Tyre (WRT) with various blended 

mixes of conventional aggregates in sub base layer 

with different percentages separately. Their study also 

presents the result of experimental investigation on 

the influence of Rice husk ash (RHA) on the index 

properties of Red soil which is used as filler material 

in sub base layer. 

 

Dr. K. Chinnaraju, V R Ramkumar, K Lineesh, S 

Nithya and V Sathish (2013)  

They had made an attempt to use steel slag, a by-

product from steel industry as replacement for coarse 

aggregate in concrete and eco sand which is a 

commercial by-product of cement manufacturing 

process introduced by ACC Cements as fine 

aggregate replacement. Initial optimization of 

materials was done with 7 days strength. M30 grade 

of concrete was used. Possible optimum replacement 

of slag material was found to be 60% and possible 

optimum replacement for eco sand was found to be 

40%.Tests on compressive strength, flexural strength, 

split tensile strength at 7 days and 28 days, and water 

absorption at 28 days were conducted on specimens. 

It was concluded that replacing some percentage of 

coarse aggregate with steel slag enhances the 

strength. The results showed that replacing about 60 

percent of steel slag aggregates for coarse aggregate 

and 40percent of eco sand for fine aggregate will not 

have any adverse effect on the strength of the 

concrete. 

Manjit Kaur and Mr. Sanjeev Naval (2013) 

Had investigated on the effect of Ground granulated 

blast furnace slag and saw dust on the mechanical 

properties of concrete, when coarse aggregates is 

replaced by Ground granulated blast furnace slag and 

saw dust is replaced in different percentages i.e.0%, 

5%, 10%, 15%, 20%, and 25% with the Fine 

aggregates (sand). The main parameters investigated 

were cube compressive strength and weight of 

concrete. The tests were conducted on concrete with 

ratio 1:1.5:3.The test results indicate that with the use 

of blast furnace slag by fully replacing coarse 

aggregates and partially replacing saw dust by fine 

aggregates in different percentages i.e. 0%, 5%, 10%, 

15%, 20%, and 25%, the weight of concrete decreases 

with the increase in the percentage of saw dust. The 

compressive strength decrease with the increase in 

percentage of saw dust. The reduction percentage in 

the compressive strength is 27.14%, 44.16%,50.46%, 

64%, 76.53%, 80.60% Replacement of sand by saw 

dust reduce the unit weight of concrete and make it 

light weight. The cost of concrete also decreases with 

the increase in percentage of saw dust. Test result 

show that, the concrete become lighter than 

conventional concrete and reducing the 

environmental hazard and making the concrete 

economical. 

 

III. Experimental Details 

 It was proposed to investigate the properties of 

concrete, cast with partial replacement of fine 

aggregate with 0%, 12.5%, 25%, 37.5% and 50% 

proportions of ACBFS and cured in water for 7days, 

28days, 56days, and 90days. In this experimental 

work, physical properties of materials used in the 

experimental work were determined. M30 grade of 

reference concrete was mixed and cured in potable 

water. 

3.1 Properties of the materials 

3.1.1 Cement: Ordinary Portland Cement (OPC) of 

53 Grade (Hemadri cement) from a single lot was 

used throughout the course of the investigation. It was 

fresh and without any lumps. The specific gravity of 

cement obtained is 3.09  

3.1.2 Fine Aggregate: The fine aggregate used is 

natural sand obtained from the river Godavari 

conforming to grading zone-II of IS: 10262-2009. 

The specific gravity and fineness modulus are 2.61 

and 2.46 respectively. 

3.1.3 Coarse Aggregate: Crushed granite angular 

aggregate of size 20mm are used and the aggregates 

are free from dust before used in the concrete. The 

specific gravity and fineness modulus are 2.70 and 

8.83 respectively. 

3.1.4 Water: This is the least expensive but most 

important ingredient of concrete. A good thumb rule 

to follow is that if water is pure enough for drinking it 

is suitable for mixing concrete.Locally available 

portable water was used for mixing and curing 

3.1.5 Air Cooled Blast Furnace Slag: It is collected 

from Vizag steel plant, Vishakhapatnam, Andhra 

Pradesh. Specific gravity test was conducted for air 

cooled blast furnace slag and the result obtained is 

2.52. 

 

IV. Specimen Details: 
Cube specimens of150 mm size for compressive 

strength, Cylinder specimens of 150 mm diameter x 

300 mm height and prisms ofsize 100 mm x 100 mm 

x 500 mm were casted to study the mechanical 

strength properties such as compressivestrength, split 

tensile strength and flexural strength according to 

Indian standards. 

 

V. Mix Proportion: 
Cement: Fine aggregate: Coarse aggregate = 1: 1.809: 

3.24 

 

VI. Test Results: 
A total of 60 cubes, cylinders and beams were 

casted for the five mixes. i.e., for each mix 12 cubes, 

cylinders and beams were prepared respectively. 
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Testing of the specimens was done at 7 days, 28 days, 

56days and 90 days, at the rate of 3 cubes, cylinders 

and 3 beams for each mix on that particular day. The 

average value of the 3 specimens is reported as the 

strength at that particular age.Compressive strength, 

split tensile strength and flexural strength of concrete 

tested on cubes, cylinders and beams respectively at 

different partial replacement of air cooled blast 

furnace slag was shown in below. 

 

 

Table 1 Test results of compressive, split tensile and flexural strength of concrete 

 

 
Fig. 1 Compressive strength Vs age 
 

It was observed that the compressive strength of 

mix 2 at the age of 7 days has increased by 4.92% 

respectively when compared with mix 1, It was 

observed that the compressive strength of mix 3 at the 

age of 7 days has increased by 8.2% respectively 

when compared with mix 1, It was observed that the 

compressive strength of mix 4 at the age of 7 days has 

increased by 1.64% respectively when compared with 

mix 1, It was observed that the compressive strength 

of mix 5 at the age of 7 days has decreased by 3.28% 

respectively when compared with mix 1. 

 

It was observed that the compressive strength of 

mix 2 at the age of 28 days has increased by 1.15% 

respectively when compared with mix 1, It was  

observed that the compressive strength of mix 3 

at the age of 28 days has increased by 2.30% 

respectively when compared with mix 1, It was 

observed that the compressive strength of mix 4 at the 

age of 28 days has decreased by 1.15% respectively 

when compared with mix 1, It was observed that the 

compressive strength of mix 5 at the age of 28 days 

has decreased by 2.30% respectively when compared 

with mix 1. 

 It was observed that the compressive 

strength of mix 2 at the age of 56 days has increased 

by 3.23% respectively when compared with mix 1, It 

was observed that the compressive strength of mix 3 

at the age of 56 days has increased by 6.45% 

respectively when compared with mix 1, It was 

observed that the compressive strength of mix 4 at the 

age of 56 days has decreased by 1.08% respectively 

when compared with mix 1, It was observed that the 

compressive strength of mix 5 at the age of 56 days 

has decreased by  3.23% respectively when compared 

with mix 1. 

It was observed that the compressive strength 

of mix 2 at the age of 90 days has increased by 3.06% 

respectively when compared with mix 1, It was 

observed that the compressive strength of mix 3 at the 

age of 90 days has increased by 5.10% respectively 

when compared with mix 1, It was observed that the 

compressive strength of mix 4 at the age of 90 days 

has increased by 2.04% respectively when compared 

with mix 1, It was observed that the compressive 

strength of mix 5 at the age of 90 days has decreased 

by 3.06% respectively when compared with mix 1. 

 
Fig. 2 Split tensile strength Vs age 
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7d 28d 56d 90d 7d 28d 56d 90d 7d 28d 56d 90d 

1. Mix 1 0 27.11 38.67 41.33 43.56 1.70 2.12 2.41 2.55 5.50 7.00 7.50 8.50 

2. Mix 2 12.5 28.44 39.11 42.67 44.89 1.84 2.41 2.69 2.83 6.50 7.50 8.00 9.00 

3. Mix 3 25 29.33 39.56 44.00 45.78 1.98 2.26 2.83 2.97 7.00 8.00 8.50 9.50 

4. Mix 4 37.5 27.56 38.22 40.89 44.44 1.84 2.12 2.55 2.69 6.00 7.00 7.50 8.00 

5. Mix 5 50 26.22 37.78 40.00 42.22 1.90 1.98 2.26 2.41 5.50 6.50 7.00 7.50 
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It was observed that the Split tensile strength of 

mix 2 at the age of 7 days has increased by 8.33% 

respectively when compared with mix 1, It was 

observed that the Split tensile strength of mix 3 at the 

age of 7 days has increased by 16.67 respectively 

when compared with mix 1, It was observed that the 

Split tensile strength of mix 4 at the age of 7 days has 

increased by 8.33% respectively when compared with 

mix 1, It was observed that the Split tensile strength 

of mix 5 at the age of 7 days has decreased by 8.33% 

respectively when compared with mix 1. 

It was observed that the Split tensile strength of 

mix 2 at the age of 28 days has increased by 13.33% 

respectively when compared with mix 1, It  

was observed that the Split tensile strength of 

mix 3 at the age of 28 days has increased by 6.67% 

respectively when compared with mix 1, It was 

observed that the Split tensile strength of mix 4 at the 

age of 28 days has increased by 0% respectively 

when compared with mix 1, It was observed that the 

Split tensile strength of mix 5 at the age of 28 days 

has decreased by 6.67% respectively when compared 

with mix 1. 

It was observed that the Split tensile strength of 

mix 2 at the age of 56 days has increased by 11.76% 

respectively when compared with mix 1, It was 

observed that the Split tensile strength of mix 3 at the 

age of 56 days has increased by 17.65 % respectively 

when compared with mix 1, It was observed that the 

Split tensile strength of mix 4 at the age of 56 days 

has increased by 5.88% respectively when compared 

with mix 1, It was observed that the Split tensile 

strength of mix 5 at the age of 56 days has decreased 

by 5.88% respectively when compared with mix 1 

It was observed that the Split tensile strength of 

mix 2 at the age of 90 days has increased by 11.11% 

respectively when compared with mix 1, It was 

observed that the Split tensile strength of mix 3 at the 

age of 90 days has increased by 16.67 % respectively 

when compared with mix 1, It was observed that the 

Split tensile strength of mix 4 at the age of 90 days 

has increased by 5.56% respectively when compared 

with mix 1, It was observed that the Split tensile 

strength of mix 5 at the age of 90 days has decreased 

by 5.56% respectively when compared with mix 1. 

 
Fig. 3 Flexural strength Vs age 

 

It was observed that the flexural strength  of mix 

2 at the age of 7 days has increased by 18.18% 

respectively when compared with mix 1, It was 

observed that the flexural strength  of mix 3 at the age 

of 7 days has increased by 27.27 % respectively when 

compared with mix 1, It was observed that the 

flexural strength  of mix 4 at the age of 7 days has 

increased by 9.09% respectively when compared with 

mix 1, It was observed that the flexural strength  of 

mix 5 at the age of 7 days has increased by 0% 

respectively when compared with mix 1. 

It was observed that the flexural strength  of 

mix 2 at the age of 28 days has increased by 7.14% 

respectively when compared with mix 1, It was 

observed that the flexural strength  of mix 3 at the age 

of 28 days has increased by 14.29 % respectively 

when compared with mix 1, It was observed that the 

flexural strength  of mix 4 at the age of 28 days has 

increased by 0% respectively when compared with 

mix 1, It was observed that the flexural strength  of 

mix 5 at the age of 28 days has decreased by 7.14% 

respectively when compared with mix 1. 

  It was observed that the flexural strength  of 

mix 2 at the age of 56 days has increased by 6.67% 

respectively when compared with mix 1, It was 

observed that the flexural strength  of mix 3 at the age 

of 56 days has increased by 13.33 % respectively 

when compared with mix 1, It was observed that the 

flexural strength  of mix 4 at the age of 56 days has 

increased by 0% respectively when compared with 

mix 1, It was observed that the flexural strength  of 

mix 5 at the age of 56 days has decreased by 6.67 % 

respectively when compared with mix 1 

It was observed that the flexural strength  of mix 

2 at the age of 90 days has increased by 5.88% 

respectively when compared with mix 1, It was 

observed that the flexural strength  of mix 3 at the age 

of 90 days has increased by 11.76 % respectively 

when compared with mix 1, It was observed that the 

flexural strength  of mix 4 at the age of 90 days has 

decreased by 5.88% respectively when compared with 

mix 1, It was observed that the flexural strength  of 

mix 5 at the age of 90 days has decreased by 11.76% 

respectively when compared with mix 1. 

 

VII. Conclusion: 
The following conclusions are drawn from the 

present investigation: 

 The Compressive strength of 7days, 28days, 

56 days and 90 days has highest value for 

25% replacement. 

 The Split tensile strength of 7days, 56days 

and 90 days has highest value for 25% 

replacement. 
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 The Split tensile strength of 28 days has 

highest value for 12.5% replacement 

 The flexural strength of 7days, 28days, 

56days and 90 days has highest value for 

25% replacement. 
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