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Abstract— The research exploits blast furnace slag as a 

replacement of sand on the physic-mechanical properties of 

concrete. The main objective of this experiment is to study 

the use of by-products like blast furnace slag. In addition to it 

also helps in reducing the cost of manufacturing concrete. 

This will be beneficial, the use of this waste material will save 

the cost as well as it will protect the environment from the 

effects of more pollution. The recyclable blast furnace slag is 

replaced with sand with the mix ration of 1:1.3:2.6 the 

percentage replacements are (50%, 75%, and 100%). 

Compressive test is conducted in this experiment. The results 

of compression test shows improvement after the use of blast 

furnace slag as a replacement of sand in concrete mixture. 

And this is helping towards the sustainable development. The 

optimum results of 80mm paver blocks is In between 30% to 

40% more after the use of Blast  furnace slag.    
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I. INTRODUCTION 

Over time waste control has become one of the most 

complicated and challenging problems affecting the 

environment. The use of waste materials saves the cost and 

environment as well. In modern society concrete is an 

important part of building materials and concrete structure is 

widely used in all kinds of civil engineering projects. 

Concrete is very large industry and has numerous numbers of 

consumers which are increasing day by day. It is necessary to 

find the alternatives of all these materials and due to the 

sustainable development which is “To meets the need of 

present without compromising the ability of future 

generations to meet their own needs.” The production of non-

conventional materials like ash, blast furnace slag are 

increasing in a huge amount in industries and degradation of 

these materials are problematic due to the lack of disposal 

units and environmental pollution so these the way out 

solution of this problem i.e. by using them for construction 

purpose, properties of blast furnace slag have been studied 

and it is found that blast furnace slag is a material which have 

the properties which is required for the completion of 

concrete, which can provide the strength. Blast furnace slag 

is cheap as compare to other construction materials and have 

the adjacent properties of the same material as well, and it is 

beneficial as an environmental aspects as well. 

A. Blast furnace slag: 

It is the type of metallurgical furnace used for smelting to 

produce industrial metals like pig iron, lead or copper. Blast 

refers to combustion of air being “forced” or supplied above 

atmospheric pressure, Blast furnace slag is a glass like by-

product left over after a desired metal has been separated slag 

is a mixture of metal oxide & silicon. Blast furnace slag is a 

by-product from blast furnace which is used to produce iron. 

Blast furnace slag has a successful replacement material for 

fine aggregate in concrete material to improve durability, 

produce high strength and also it has been noticed that the per 

year production of this slag is 12 billion tones(Indian year 

book 2016) 

1) Blast furnace slag as an admixture 

Blast furnace slag, It is the type of metallurgical furnace used 

for smelting to produce industrial metals like pig iron, lead or 

copper Blast refers to the combustion of air being “forced” or 

supplied above atmospheric pressure, blast furnace slag is a 

glass-like-by-product left over after a desired metal has been 

separated slag is a mixture of metal oxides &amp; silicon. 

Blast furnace slag is a by-product from blast furnace which is 

used to produce iron. G.K. Hiraskar and Chetan Patil [1] 

studied the properties of blast furnace slag as replacement of 

aggregate. This blast furnace is been used in lime from early 

1700’s. In Germany it has been replaced with Portland 

cement, and in some part of the world it has been added to 

concrete as a separate constituent since 1950’s. There are two 

primary advantage of adding GGBS to concrete 1) each 

material can be ground to its own optimum fineness.2) the 

properties can be adjusted to suit the particular project needs.  

2) Application of blast furnace in cement concrete 

Sheikibrahim [2] found out nowadays cementing waste 

materials are produced by the many industries like iron 

industries (GGBS). Cement is important part of concrete but 

its production effects the environment and emulsion of 

greenhouse gases occurs. He studied that GGBS have 

cementing properties and found out it can be replaced by 

cement. 

3) experiment on improvement of cement concrete with 

granulated blast furnace slag (SBFG/GBS). 

MS. Rao and U. Bhandare [3] conducted experiment on 

improvement of cement concrete with granulated blast 

furnace slag (SBFG/GBS). His research programmed 

included a study of improvement in workability, compressive 

strength and durability of cement concrete by using GBS as 

an alternative construction material. During his research in a 

laboratory different grade of concrete from M30 to M70 are 

used. They blend crushed stone sand and granulated slag sand 

of 50:50 of total fine aggregate are used in different grade of 

concrete (M30 to M70). A comparison these mixes were 

studied with reference to 100% CSS mix. They used material 

like Ordinary Portland Cement (53 grade), Pulverized fuel 

ash, coarse aggregate, and fine aggregate (CSS and GBS). 

They do various test like compressive strength, flexural 

strength, split tensile strength etc. Based on this test 

workability, compressive strength and durability of cement 

concrete is increased. GBS could be used as alternative to fine 

aggregate for various civil engineering works with blend of 

CSS. 
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II. PROPERTIES OF BLAST FURNACE SLAG: 

Sr. No Particulars Values 

1 Specific gravity 2.9 

2 Bulk density 1200kg/m3 

3 Fineness 350m3/kg 

Table 1: physical properties of blast furnace (Iron slag) 

III. CEMENT 

A cement is binder, a substance used in concrete which sets, 

hardens, and adheres to the other materials to bind them 

together, In this ordinary Portland cement of 53 grade 

conforming to IS 456-2000 was used. Tests were carried out 

on various physical properties of cement and the results 

carried out are shown below. 

Sr. 

No 
Test Values 

1 Initial setting time 65 minute 

2 Fineness 98% 

3 Std. consistency 32% 

4 
Compressive 

strength 

For 3 days = 

11.77N/MM 

For 7 days =14.32 

N/MM2 

Table 2: Physical properties of cement 

IV. FINE AGGREGATE 

Sand is a granular material composed of finely divided rock 

and mineral particles. The properties of sand were determined 

by conducting test as per IS: 2368. The results indicate that 

the sand conforms to zone II of IS: 383-1970.  

Sr. No Test Values 

1 Fineness Modulus 2.933 

2 Specific Gravity 1.59 

3 Water Content 1.21% 

Table-3 Physical properties of sand 

A. Particles size distribution curve: 

 
Chart 1: Particle size distribution curve 

Coefficient of uniformity (Cu) 3.185 

Coefficient of curvature (Cc) 0.91 

V. COARSE AGGREGATE 

Aggregate are considered in many ways. In this aggregate of 

size passing from 6mm and retained on 4mm sieve were 

sieved and tested as per IS:383-1970. 

Sr. No Test Values 

1 Impact value 36.33% 

2 Abrasion value 40% 

Table 5: physical properties of coarse aggregate 

VI. MIX PROPORTION OF CONCRETE WITH % REPLACEMENT 

OF SLAG 

Paver blocks of size 240×120×8mm for 1:1.3:2.6 were casted 

for replacement up to 50%, 75%, and 100%.of sand with 

BFS(iron slag) the ratio represents sand :BFS. 

Target strength 25 MPa 

Chemical Wool safe 10% by weight 

 

Mi

x 

% 

replacem

ent of 

BFS to 

sand(%) 

Cement 

(kg) 

Sand: 

BFS(kg) 

Aggregate

(kg) 

1 50 1 0.65 0.65 2.6 

2 75 1 0.975 0.325 2.6 

3 100 1 1.3 0 2.6 

Table 6: percentage replacement by weight calculation 

VII. RESULT ANALYSIS AND DISCUSSION  

Compressive strength of concrete design with mix is checked 

by casting and testing of paver blocks (240×120×80mm) after 

curing period 

NO %replacement Compressive strength in N/MM2 

1 50% 37.36 

2 75% 38.05 

3 100% 16.04 

Table 7: compressive strength of different concrete mixes 

VIII. CONCLUSION 

Blast furnace slag is a by-product using such by-products as 

a replacement of sand in concrete will might prove an 

economic and environmental friendly solution in local region. 

The demand of sand is increasing rapidly and so as the 

demand of concrete thus it is becoming more important to 

find an alternative solution for sustainable development.  

 The results shows that it has properties similar to 

natural resource like fine aggregate and it would not cause 

any harm if incorporated into concrete. The research shows 

that the blast furnace (iron slag) as a replacement of sand is 

giving more strength as replaced by 50%more than 

conventional concrete and has no negative effect in hardening 

process.  
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