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Abstract 
 
Steel slag, is one type of solid waste collected through steel smelting process, 

it can be utilized in the manufacture of concrete as a fine aggregate to reduce 

the environmental pollution and to overcome the steel slag disposal 

problems. In this research, an attempt has been made to replace fine 

aggregate by steel slag in different percentages from 0 to 50% with an 

increment 10%. This paper focuses primarily on use of steel slag in concrete 

to investigate the hardened, fresh properties & chemical characterization of 

concrete.Experimental results reveals that the percentage of replacement steel 

slag increases, strength of the concrete also increases by up to 30%. The 

strength of the concrete subsequently decreases significantly due to lower 

binder content, lower porosity and lower workability. Meanwhile, the 

concrete will assume strong and detailed properties with various 

concentrations of steel slag up to 30% replacement. It can be used 

successfully in making concrete economic and eco-friendly.  
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1 Introduction 
 

Concrete is among the most commonly utilized materials for the 

construction. The total demand, ton by ton, is twice the total demand for coal, 

timber, plastics, and aluminium.[1]. The industrial byproduct steel slag can 

often be utilized as a replacement to fine aggregate in concrete. Steel slag 

output in India by mass of the country's crude steel output is around 25-35 

per cent. ―Close to 50 million tons of steel slag are discharged each year to 

occupy agricultural land and cause serious environmental pollution‖[2]. 

―Many researchers have investigated the idea of using steel slag as 

aggregates to build concrete to understand the value of steel slag capital‖[3]. 

In this research area an attempt has been made to partially replace steel slag 

by M-sand as a fine aggregate to improve concrete performance[4]. 

Chemical compounds present in steel slag is almost similar to cement, 

such as dicalcium silicate(C2S) & dicalcium silicate(C3S), thereby 

possessing the waterproof cementing properties. ―Steel slag possesses the 

potential to be an active cement material and a concrete admixture‖[5]. 

―Microstructure research shows that continuous hydration occurs in the steel 

slag mixing system which can be enhanced‖[6]. 

 

2 Literature Review 
 

In many countries the river sand is used as a fine aggregate in 

concrete[7]. ―Natural sand or river sand is a local resource, and has an 

uneven distribution‖[8]. ―Demand for natural sand is growing in developing 

countries with rising demand for buildings. Even then, large-scale natural 

sand mining is liable to cause environmental degradation and environmental 

harm‖[3,9]. ―Thus the contradiction between the supply and demand for 

natural sand becomes more acute‖[4]. It is important to look for concrete 

sand replacements to mitigate the problem of natural sand shortage[10].  

Many investigators have said that in economical point of view the ―usage 

of steel slag in concrete mix is a fruitful technique‖[11,12]. ―The findings 

from the study reveal that the use of steel slag as a fine aggregate has a 

positive effect on the compressive and tensile strengths of both 

concrete‖[13]. ―Experimental results of steel slag as a fine aggregate effect 

on both the static and impact properties of concrete noticed that incorporation 

of steel slag may improve concrete's mechanical properties & 

performance‖[14]. 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 
Utilization of Steel Slag as an Eco-Friendly Material in Concrete for Construction 

2410 

3 Study Area 
 

In this paper a research attempt has been carried out to use steel slag at 

different percentage by weight of M-sand (0%,10%,20%,30%,40%&50%) 

used and properties of concrete in fresh and hardened state were calculated as 

per the Indian standards. 

 

 

4 Materials and Methodology 
 

4.1 Materials  
 

In this analysis OPC 53 grade cement was used in compliance with BIS 

requirements IS:12269-1987. Table1 gives the properties of cement. 

Apparent density of 2762kg/m
3
 and cumulative gradation of 12 to 20mm was 

used as coarse aggregate. M-sand of fineness modulus 2.54, density 

2692kg/m
3
 and water absorption 0.85% was used as fine aggregate in 

concrete. As indicated in figure 1,Steel slag supplied by JSW steel industry 

and mineral product processing plant, Hospet, Karnataka, India. The apparent 

density of the Steel slag is about 3409kg/m
3
. Steel slag properties are 

indicated in Table-2. ―Chemical composition of M-sand & steel slag is 

examined by using EDAX test‖ [15]. Figure 2 & 3 indicates the elemental 

composition of steel slag and M-sand by EDAX test. 
Table 1: Properties of Cement 

Sl. No. Description Results 

01 Initial setting time 32min. 

02   Specific surface area 3291 g/cm
2
 

03 Specific gravity 3.1 

04 Density 2.81 g/cm
3 

05 Final setting time 600min. 

06 Compressive strength at 28days  56.3 MPa 

 

Table 2: Properties of M-sand 

Sl. No. Description Results 

01 Crushing value 8.2% 

02 Specific gravity 2.58 

03 Water absorption 1.15% 

04 Fineness modulus 2.12 

05 Bulk density  2075kg/m
3
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Figure 1: Steel Slag 

 

    

Figure 2: Elemental composition of steel slag by EDAX test 
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Figure 3: Elemental composition of M-sand by EDAX test 

4.2 Methodology 
 

Concrete mix were prepared for six different proportions as shown in 

Table-3 as per Indian standard mix design IS: 10262-2019. The key 

parameter, as seen in Table-4, was the 0%,10%,20%,30%,40% & 50% steel 

slag content substituted by M-sand weight. In this study, we have ensured 

that the workability of all mixtures will follow the IS: 1199-1999 Indian 

requirements by performing slump tests according to the Indian standard 

codal method. 

Concrete test specimens of size 150x150x150mm were used to calculate 

the compressive strength of concrete. Similarly, cylinders of size 150mmØ & 

300mm height test specimens to calculate split tensile strength & concrete 

beams of size 100x100x500mm were used to calculate the flexural strength 

of the concrete. Indian standard IS:1086-1982 was followed for casting the 

test specimens. Totally 270 concrete specimens were casted and cured for an 

age of 3,7,28,56&90 days of curing to study the fresh & hardened properties 

of concrete mix. 
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Table 3: Concrete Mix calculations (kg/m
3
) 

 
Mix 

Title 

Cement, 

Kg 

M-sand, 

kg 

Steel Slag 

kg 

Coarse 

aggregate, 

kg 

Water 

(litres) 

Mix1  

 

403.66 

593.88 65.98 

1189.97 186 

Mix2 527.96 131.96 

Mix3 461.90 197.94 

Mix4 395.92 263.92 

Mix5 329.93 329.93 

 

 

5 Results & Discussion 
 

5.1 Slump Test 
 

Workability of concrete for all the designated mix was calculated using 

slump test. Figure 4 shows the slump test results of concrete mix by varying 

steel slag percentages. It is observed that concrete with percentage of 

replacement of steel slag increases workability of concrete initially, later 

decreases slightly, and then reduces drastically. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           Figure 4: Slump test results. 
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5.2 Compressive Strength Test 

 By using compression strength testing machine of 2000KN capacity, 

compressive strength of all the designated concrete test specimens was 

calculated at 3, 7, 28, 56 and 90days curing period. Test results show that, 

due to the presence of tricalcium silicate and dicalcium silicate in steel slag, 

the percentage of replacement steel slag by M-sand increases compressive 

strength by up to 30 percent replacement compared to control mix. There 

after strength of the concrete decreases for 40% and 50% replacement for all 

the curing period of concrete. As seen in Figure 5, as % of steel slag content 

increases it appears to decrease the compressive strength and this effect 

becomes more noticeable at an early age associated with the hydration 

activity originally seen. All published findings will be recorded as the 

average of three specimen numbers determined at the specified concrete 

curing time. Figure 5 shows the compressive strength test results test 

specimens at 3,7,28,56 & 90days of curing. 

 

Figure 5: Compressive strength test results at 3,7,28,56&90days of curing. 
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5.3 Split Tensile Strength Test 

 Cylindrical test specimens were tested to determine split tensile strength 

at a curing period of 3, 7, 28,56 & 90days. A 2000KN performance split 

tensile strength testing system has been used to assess the specimens load 

bearing capacity. The results shows in comparison with control mix, the split 

tensile strength was found to increase up to 30% replacement of M-sand by 

steel slag. There after concrete strength decreases for 40% and replacement 

for 50% for all concrete healing time. Figure 6 shows the split tensile 

strength test results test specimens at 3,7,28,56 & 90 days of curing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Split tensile strength test results at 3,7,28,56&90days of curing. 

 

5.4 Flexural Strength Test 
 
1000KN capacity Universal testing machine was used to examine the 

flexural strength of all designated concrete test specimens at curing times of 

3, 7, 28, 56 and 90days. The results shows in comparison with control mix, 

the flexural strength was found to increase up to 30% replacement of M-sand 

by steel slag. There after concrete strength decreases for 40% and 50% 

replacement for all concrete healing time as shown in figure 7. 
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Figure 7: Flexural strength test results at 3,7,28,56&90days of curing. 

 

 

6 Conclusion  
 Replacement of M-sand by steel slag negatively affects workability but 

enhances the hardened properties to a considerable extent. 

 Hardened properties of concrete indicate that up to 30% steel slag can be 

replaced to fine aggregate in concrete, thereafter the strength of the 

concrete decreases drastically. 

 For M-30grade concrete optimum replacement of M-sand by steel slag is 

found to be 30%. 

 For the preparation of concrete replacement of M-sand by steel slag is 

found to be an effective sustainable approach to overcome the disposal 

problems of steel slag, and to make concrete economical and 

environmentally friendly. 

 Without affecting the cost of concrete, steel slag can be used to reduce 

the burden on natural resources. 
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