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 Reducing emissions and conserving virgin natural resources are mainstream 

priorities in attempts to achieve sustainability in the concrete construction. Many 

materials can be reused in concrete in different form. Every constituent of concrete 

can be replaced with waste material so as to produce a green concrete. The 

application of different supplementary cementitious materials (SCM) in cement 

production has already been proven as the most effective way to reduce greenhouse 

gas (GHG) emissions from cement production by replacing the same amount of 

clinker. Natural sand can be replaced with Manufactured Sand or Quarry Dust etc. 

On other hand, it is estimated that 115-180Mt of steel-slag is poured out annually 

worldwide and in addition to this previous accumulation of the material has created 

mountains of steel-slag. Hence, here an attempt has been made to assess the 

possibility of using such steel slag waste materials as coarse aggregate in concrete. 

In this work, coarse aggregate is partially replaced by steel slag in concrete at 

different replacement proportions like 10%, 20%, 30%  up to 100%. Strength 

parameters like compressive, split tensile, modulus of rupture are ascertained and 

compared. 
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INTRODUCTION 

 

Steel-slag is a by-product of the steelmaking process, which is formed when iron and/or scrap metals are 

melted together with fluxes such as lime and dolomite under oxidizing conditions by injecting large amount of 

air or oxygen. Impurities in the mixture react with oxygen to form oxides and the interaction between oxides and 

lime and other components forms the slag. Due to its lower density the molten slag floats to the top in the 

furnace and thus it can be easily separated from the denser molten steel. There are many types of steel-slag, 

which are derived from the manufacture of different kinds of steel, the steelmaking conditions and slag 

dispatching process. Natural aggregates are becoming increasingly scarce and their production and shipment is 

becoming more difficult. Steel slag is currently used as aggregate in hot mix asphalt surface applications, but 

there is a need for some additional work to determine the feasibility of utilizing this industrial by-product more 

wisely as a replacement for both fine and coarse aggregates in a conventional concrete mixture.  

Most of the volume of concrete is aggregates. Replacing all or some portion of natural aggregates with steel 

slag would lead to considerable environmental benefits. Concrete is a composite material composed of granular 

materials like coarse aggregates embedded in a matrix and bound together with cement or binder which fills the 

space between the particles and glues those together (Mindess et al. 2003). Slag is a co-product of the iron and 

steel making process. Iron cannot be prepared in the blast furnace without the production of its co-product; blast 

furnace slag. The use of steel slag aggregates in concrete by replacing natural aggregates is a most promising 

concept. Sieve size and grading of aggregates are important parameters in the design of a mix for a particular 

project because they can influence the workability of fresh concrete and its hardened strength. The porosity of 

aggregates and their absorption capacity affects the resistance of concrete to freezing and thawing 

(Mindness.2002). The particle size distribution and maximum size of aggregates affect the economy of overall 

concrete mixture, as they determine the amount of cement paste required for a particular concrete. A wide range 

of materials can be used as an alternative to natural aggregates. When any new material is used as a concrete 

aggregate, three major considerations are relevant: (1) economy, (2) compatibility with other materials and (3) 
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concrete properties. (Mindness et al .2003). Steel slag has a high degree of internal friction and high shear 

strength. 

The possibility of utilizing such product as a concrete aggregates with ecological benefits has been globally 

studied by several researchers like Anastasiou and Papayianni, (2006). Concrete that is produced with steel slag 

aggregates is of high specific gravity compared to conventional concrete. However the specific gravity can be 

increased or reduced proportionally by the combination of different types of aggregates. Comparison of steel 

slag and crushed limestone aggregate was done by Maslehuddin, et al, (2003). They studied the mechanical 

properties and durability characteristics of steel slag aggregate concrete in comparison with limestone 

aggregates. Manso et al, (2006) conducted the leaching test for determining the possible attack of concrete in the 

environment. Analysis of leached water from crushed slag aggregates were used to detect the sulphates, 

fluorides and total chromium present in it. Research on freeze-thaw resistance of steel slag aggregate concrete 

was done by Takashi et al, (2007). Concrete specimens were prepared with steel slag aggregates, recycled 

aggregates and crushed stones and compared with each other. Results also showed that compressive strength 

and resistance to freezing and thawing increased with increase in cement content. An experimental investigation 

was carried out by Pazhani.K and Jeyara (2010) to assess the durability parameters of high performance 

concrete with the industrial wastes. An experimental program was designed and carried out by Netinger, Jelčić 

Rukavina and Mladenovič (2012) to study properties of four steel slag based concrete mixtures with different 

types of cement pastes prior and after heating up to 800°C. 

 

Research Significance: 

 The steel slag, which is a waste material from steel industries possess a serious problem of disposal on 

land. A suitable alternative is needed so that disposal should not be a threat to the manufacturers of steel. Here 

in this research work, an attempt is made to utilize slag in concrete as a partial replacement for coarse aggregate 

so that effective utilization of waste material is possible and depletion of natural resources can be reduced to 

some extent. In varying proportions coarse slag is being mixed with concrete and study on mechanical 

properties will be made to determine the optimum replacement which improves the strength characteristics of 

concrete. 

 

Properties of Steel slag: 

Steel slag aggregates are highly angular in shape and have rough surface texture. They have high bulk 

specific gravity and moderate water absorption (less than 3 percent). 

 

Physical composition: 
 

Table 1:Typical physical properties of steel slag 

Property Value 

Specific Gravity  3.2 - 3.6 

Unit Weight, kg/m3  
1600 - 1920 

 

Water Absorption up to 3% 

 

Chemical composition: 
 

Table 2: Steel slag chemical composition 

Constituent Composition (%) 

CaO 40 - 52 

SiO2 10 - 19 

FeO 
10 - 40 

(70 - 80% FeO, 20 - 30% Fe2O3) 

MnO 5 - 8 

MgO 5 - 10 

Al2O3 1 - 3 

P2O5 0.5 - 1 

S < 0.1 

Metallic Fe 0.5 - 10 
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Particle size distribution: 

 

 
 

Fig. 1: Particle Size Distribution of Coarse Aggregate and Coarse Slag 

 

Experimental Investigation: 

Materials, Mix and Experiment: 

 

The mix proportions of the studied concretes are listed in Table 3. The reference mixture (M1) was 

completely prepared with regular aggregates like granite jelly and river sand, while the other mixtures were 

prepared from the slag from steel plant. Slag was used as coarse aggregate. Initially sieve analysis was made on 

coarse aggregates and the particle distribution curves have been drawn and shown in Figure 1. For the entire 

test, M40 designed mix was taken with the w/c ratio 0.5. Other materials used are given below. 

 

1. Cement : Ordinary Portland cement confirming to IS 12269 [21] 

2. Fine aggregate : Locally available river sand having specific gravity of 2.62, fineness Modulus of 2.83 

and density of 1654 kg/m3 

3. Coarse aggregate: Crushed granite stones of 20 mm maximum size having specific gravity of 2.70, 

fineness modulus of 2.73 and density of 1590 kg/m3 

 

Fresh concrete properties such as slump test were conducted as per Indian standards. Cube specimens of 

150 mm size for compressive strength, Cylinder specimens of 150 mm diameter x 300 mm height and prisms of 

size 500 mm x 100 mm x 100 mm were casted to study the mechanical strength properties such as compressive 

strength, split tensile strength and modulus of rupture according to Indian standards. Compressometer method 

on cylindrical specimens having 150 mm diameter and 300 mm length was conducted to find the modulus of 

elasticity as per California test procedure. 

      
Table 3: Mix proportion 

Cement Fine Aggregate Coarse Aggregate Water/Cement ratio 

1 1.014 2.375 0.5 

 

RESULTS AND DISCUSSION 

 

Fresh concrete properties of different mixes are given in Table 4. Slump value of conventional concrete is 

100 and it slashed like 95 to 85 for different mixes. Addition of steel slag both in the form of coarse aggregate 

giving impact on workability slightly. In density point of view, there was no much difference among the values. 

Density of conventional concrete was 2.26. Other mixes it stands from 2.24 to 2.28. Air content is also an 

important fresh concrete property which produces minor deviations in all the mixes compared to conventional 

concrete mix. Heat liberated through hydration process gives 24.5oC for conventional concrete and it varies 

from 24.2oC to 25 oC for other mixes. As a whole, addition of steel slag in both the forms did not make any 

major effects on fresh concrete properties.  

Results of mechanical strength tests like compressive strength, split tensile strength, modulus of rupture and 

modulus of elasticity are shown in Table 5. Test results were experimented at three curing periods such as 3 

days, 7 days and 28 days. Compressive strength of conventional concrete at 3, 7 and 28 days are 8.6, 15.9 and 

24.5 MPa. If 3 days strength is taken in to consideration, Coarse aggregate slag replacement shows decrease in 

strength during 10 and 20% replacement levels and increase in strength for 30% replacement level. For 

remaining mixes the strength remains almost same. Similar results are obtained in 7 days compressive strength 
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results. 28 days compressive strength of 20% coarse aggregate replacement with slag shows 10% increment, 

where as 50% replacement shows slight decrement in strength. Hence it is observed that at lower replacement 

level do not make any major changes in strength and 20% replacement makes good improvement in strength.   

When split tensile strength is considered, aggregate replacements makes slight changes in strength at 30, 40 

and 50% levels. Both 3 days and 7 days split tensile strength of all the mixes have lesser strength compared with 

conventional concrete. But after 28 days curing, split tensile strength results do make slight increment on 

strength. Modulus of rupture for different mixes are at earlier curing period does not make any improvement in 

strength. But at 28 days curing, slight improvement is achieved in modulus of rupture of different concrete 

mixes. Modulus of elasticity point of view, there are no much difference in values for almost all the mixes at all 

the three curing periods.    

Figure 2 to  5 shows the comparison of slump value, density, air content and temperature for different 

mixes. Figure 6 to 9 shows the clear comparison between different mixes of concrete for compressive, split 

tensile, modulus of rupture and modulus of elasticity results.  
 

Table 4: Fresh Concrete Properties of different Concrete Mixes 

S.No Mix CA% COARSE 

SLAG  

% 

FA % FINE 

SLAG 

 % 

SLUMP 

(mm) 

DENSITY 

(Mg/m3) 

AIR 

CONTENT 

(%) 

TEMPERATURE 

(0 C) 

1 CC 100% - 100% - 125 2.25 5.4 24.5 

2 CS1F 90% 10% 100% - 120 2.26 5.22 24.2 

3 CS2F 80% 20% 100% - 112 2.24 5.4 24.2 

4 CS3F 70% 30% 100% - 105 2.24 5.2 24.3 

5 CS4F 60% 40% 100% - 100 2.22 5.1 24.5 

6 CS5F 50% 50% 100% - 96 2.23 5.8 24.6 

7 CS6F 40% 60% 100% - 94 2.25 5.0 24.3 

8 CS7F 30% 70% 100% - 92 2.24 5.2 24.5 

9 CS8F 20% 80% 100% - 86 2.22 5.1 24.2 

10 CS9F 10% 90% 100% - 82 2.23 5.6 24.1 

11 CS10F - 100% 100% - 80 2.25 5.5 24.0 

 

Table 5: Hardened Concrete Properties of different concrete mixes 

S.No Mix Compression (MPa) Split Tension(MPa) MOR(MPa) MOE(MPa) 

3 days 7 days 28 days 3 

days 

7 

days 

28 

days 

3 

days 

7 

days 

28 

days 

3 days 7 days 28 

days 

1 CC 17.25 29.91 45.25 1.61 2.98 4.18 2.45 4.21 5.65 11.25 18.21 24.25 

2 CS1F 17.20 29.32 45.28 1.62 2.95 4.15 2.42 4.20 5.68 12.25 18.10 24.22 

3 CS2F 17.21 28.22 45.86 1.65 2.85 4.15 2.40 4.25 5.72 12.24 18.05 24.23 

4 CS3F 17.15 28.22 45.89 1.45 2.65 4.16 2.40 4.20 5.89 12.20 18.06 24.23 

5 CS4F 17.15 27.70 45.68 1.35 2.64 4.14 2.04 4.18 5.85 12.24 18.05 24.21 

6 CS5F 17.16 27.52 45.65 1.22 2.56 4.10 2.00 4.10 5.82 12.13 17.58 24.21 

7 CS6F 17.16 27.22 44.98 1.32 2.32 3.98 2.00 4.05 5.80 12.18 17.24 24.20 

8 CS7F 17.18 27.10 43.25 1.25 2.32 3.95 2.00 4.02 5.80 12.25 17.00 23.95 

9 CS8F 17.12 27.00 42.58 1.29 2.30 3.94 2.01 4.01 5.68 12.15 16.52 23.92 

10 CS9F 16.95 27.00 41.00 1.26 2.30 3.90 2.01 4.01 5.60 12.17 16.45 23.85 

11 CS10F 16.85 26.85 40.58 1.35 2.28 3.85 2.00 3.96 5.55 11.28 16.20 23.70 

 

 
 

Fig. 2: Value of Slump value for different mixes 
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Fig. 3: Value of density for different mixes 

                                           

 
 

Fig. 4: Value of Air content for different mixes 

  

 
   

Fig. 5: Temperature value for different mixes 
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Fig. 6: Comparison of 3,7 & 28 days Compressive Strength 

 

 
 

Fig. 7: Comparison of 3,7 & 28 days Split Tensile Strength 

 

 
 

Fig. 8: Comparison of 3,7 & 28 days Modulus of Rupture 
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Fig. 9: Comparison of 3,7 & 28 days Modulus of Elasticity 

 

Conclusion: 

From the extensive experimental investigation carried out on replacement of coarse aggregate in concrete 

by steel slag waste, the following conclusions are derived.  

 No major difficulty in handling the concrete which incorporated steel slag aggregates was encountered 

 One of the important aspects in the concrete mixture is the amount of air voids in the matrix. Air voids 

helps the water to seep into the pores, which in turn reduce high internal stresses and thereby reduce micro 

cracking in the structure.  

 Workability of concrete does not have any major change because of addition of slag aggregate. 

 Compressive strength of different mixes shows reasonable improvement of about 10%. Chemical 

content of slag imposes the improvement in strength.  

 Modulus of rupture, modulus of elasticity and splitting tensile strength for steel slag aggregates 

concrete were similar to conventional concrete. The strength may be affected with time on hardened properties 

of concrete. 
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