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Abstract— Natural aggregates are becoming increasingly 

scare and their production and shipment is becoming more 

difficult. steel slag is an industrial by product obtained from 

the steel manufacturing industry. Steel slag can be used in the 

construction industry as aggregates in concrete by replacing 

fine aggregates and dismantle aggregates can be used by 

replacing coarse aggregate. 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. Partial replacement of natural 

aggregates with steel slag and dismantle aggregate may lead 

to environmental benefits. The primary objective of the 

present study was to evaluate the strength properties 

(compressive and split tensile strength) with steel slag as 

partial replacement for fine aggregate and dismantle 

aggregate for coarse aggregate. 
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I. INTRODUCTION 

A. General Introduction 

Since aggregates occupy 70-80 percent of the volume of 

concrete, their impact on various characteristics and 

properties of concrete is undoubtedly considerable. All along 

in India, we have been using natural sand and gravel in 

concrete manufacturing. So, the availability of natural 

aggregates are getting depleted and also it becoming costly. 

Hence, there has to be an emphasis on the use of wastes and 

by-products in all areas including construction industry. This 

research work determines the effect of partial replacement of 

fine aggregates by steel slag as an alternative material on the 

strength of concrete. 

Steel slag is produced as a by-product during the 

manufacture of iron and steel. Significant quantities of steel 

slag are generated as the major by-product from the 

conversion of iron to steel in the basic steel making processes. 

Depleting natural sand resources and strong demand for 

concrete is the need of hour to produce concrete incorporating 

large volumes of industrial by products and secondary 

materials. In this context alternative material like steel slag is 

replaced for natural fine aggregates. 

The steel slag generated from the conversion of iron 

to steel is poured into beds and slowly cooled under ambient 

conditions. A crystalline structure is formed, and hard, lump 

slag is produced which can subsequently be crushed and 

screened. The material produced by crushing and screening is 

the Steel Slag Aggregate (SSA). 

B. Objectives 

The main objective of the experimental work was 

1) To check the effect of steel slag as a replacement for fine 

aggregate and dismantle aggregate as a replacement for 

coarse aggregate on the strength of concrete. 

2) To get optimum % of steel slag and dismantle aggregate 

to be used as fine aggregate and coarse aggregate 

respectively in concrete. 

3) To get maximum compressive strength & split tensile 

strength by using steel slag and dismantle aggregate as a 

replacement for natural aggregates. 

4) To compare the strength parameters with & without steel 

slag and steel slag with dismantle aggregate. 

C. Brief review on steel slag 

1) Steel Slag 

Steel slag, a by-product of steel making, is produced during 

the separation of the molten steel from impurities in steel-

making furnaces. The slag occurs as a molten liquid melt and 

is a complex solution of silicates and oxides that solidifies 

upon cooling. Virtually all steel is now made in integrated 

steel plants using the version of the basic oxygen process or 

in specialty steel plants by using basic oxygen and electric arc 

furnace method. 

In the basic oxygen process, hot liquid blast furnace 

metal, scrap, and fluxes, which consist of lime (CaO) and 

dolomitic lime (CaO. MgO or "do-lime"), are charged to a 

converter (furnace). A lance is lowered into the converter and 

high-pressure oxygen is injected. The oxygen combines with 

and removes the impurities in the charge. These impurities 

consist of carbon as gaseous carbon monoxide, and silicon, 

manganese, phosphorus and some iron as liquid oxides, 

which combine with lime and do-lime to form the steel slag. 

2) Manufacturing Process of Steel Slag 

The 7 million tons steel unit at Vijayanagar works generates 

5500 tons per day (tpd) of iron making slag and 3200 tpd of 

steel making slag. A portion of iron making slag is utilized in 

cement making; the rest of the iron making slag is sold. The 

combined steel making slag is completely dumped or used for 

ground filling after crushing. Earlier trials at JSW have shown 

that steel making slag can be used up to 50 kg/t in blast 

furnace and this is in practice. Steel making slag was also 

experimented with as a replacement for limestone in pellet 

and sinter plants up to around 10 kg/t and 30 kg/t respectively. 

However, with the increasing capacities, the disposal of such 

huge quantities of steel slag is a real challenge. 

 
Fig. 1: Fine LD slag 
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3) Applications of Steel Slag 

 Steel slag used for manufacture of Portland cement. 

 It is used in base application, construction of unpaved 

parking lots, as a shoulder material, and also in the 

construction of embankment. 

 It is also used in agriculture because it has minerals like 

iron, manganese, magnesium, zinc and molybdenum 

which are valuable plant nutrients. 

 It is environment friendly. During the production of 

cement, the CO2 emissions are reduced as slag has 

previously undergone the calcination process. 

 Steel slag aggregates are used for soil stabilization or soil 

improvement material and for remediation of industrial 

waste water run-off. 

II. EXPERIMENTAL PROGRAMME 

A. General 

The aim of the experimental program is to study the effect of 

steel slag and dismantle aggregate on the concrete. 

B. Constituent Material 

 53 Grade Ordinary Portland cement. 

 Coarse aggregate 

 Fine aggregate 

 Steel slag 

 Dismantle aggregate 

 Water 

1) Cement 

Cement is a fine, grey powder. Grade 53 coromandel cement 

to the requirements of IS 12269 was used in this study. The 

cement was of uniform colour and was free from any hard 

lumps. The quantity of cement required for the experiments 

was collected from one single source and the bags were stored 

in nearly air tight container. Summary of the various test 

conducted on cement are as under given below in table 1. 

 
Fig. 2: Cement 

Sl. 

No 
Physical Properties Results 

As per IS 

12269-1987 

1. 
Normal Consistency in 

(%) 
33 - 

2. Specific Gravity 2.8 - 

3. 

Setting Time  

(in Minutes) 

a) Initial Setting Time 

b) Final Setting Time 

45 

300 

Not less than 

30 min Not 

more than 600 

min 

4. 

Compression Strength 

(Mpa) (70.6 X 70.6 X 

70.6 mm Cubes) 

28 days strength 

55 ≥53 

Table 1: Physical properties of the cement 

2) Aggregates 

a) Coarse aggregates 

In this work crushed angular stone aggregate of 20mm down 

size from a local source was used as coarse aggregate. 

 
Fig. 3: Coarse aggregate 

b) Fine Aggregates 

In this work river sand was used as fine aggregate. The 

physical properties of fine aggregate are shown in table 2. The 

sand confirms to Zone-2 as per Indian Standard. 

 
Fig. 4: River sand 

Physical Properties Natural sand LD Slag 

Water absorption (%) 1-3 1-2 

Deleterious Material 5% Nil 

Density (kg/lt) 1.4-1.7 1.8-2.1 

Specific gravity 2.57 3.06 

Table 2: Physical characteristics of aggregates 

3) Composition of Cement, Natural Aggregates, LD Slag 

and Dismantle Aggregate 

The composition of the materials required for the experiment 

work are tabulated in table 3 and 4. 

Sl.  

No 

Cement 

(%) 

Fine aggregates Curing 

Period 

(Days) 
River 

sand (%) 

LD Slag 

(%) 

1 100 100 0 7,  28 

2 100 90 10 7,  28 

3 100 80 20 7,  28 

4 100 70 30 7,  28 

5 100 60 40 7,  28 

6 100 50 50 7,  28 

Table 3: Composition of cement, natural aggregates, L D 

slag 

Sl. 

No 

Cement 

(%) 

Fine aggregate & Coarse 

aggregate 
Curing 

Period 

(Days) 
Natural 

aggregates 

LD Slag with D. 

aggregate (%) 

1 100 100 0 7,  28 

2 100 90 10 7,  28 

3 100 80 20 7,  28 

4 100 70 30 7,  28 

5 100 60 40 7,  28 

6 100 50 50 7,  28 

Table 4: Composition of cement, natural aggregates and LD 

slag with D. aggregate 



To Study the Effect of Steel Slag and Dismantle Aggregate on the behaviour of Concrete 

 (IJSRD/Vol. 5/Issue 05/2017/140) 

 

 All rights reserved by www.ijsrd.com 602 

4) Steel Slag (LD Slag) 

Steel slag was procured from JINDAL STEEL WORKS 

(JSW steel Ltd.) Bellary. JSW is a steel making plant located 

in Vijayanagar, Bellary district, Karnataka state, India. The 

sample was homogenized and pulverized to pass through 

4.75mm Indian standard sieve and stored in bags prior to use 

in various tests. 

5) Water 

Ordinary potable water free from organic content, turbidity 

and salts was used for mixing and for curing throughout the 

process. 

6) Mix design for normal concrete: 

The mix design is carried out by using IS code 10262-2000. 

III. RESULTS AND DISCUSSIONS 

A. Hardened properties 

1) Compressive strength (replacement by steel slag) 

During the  investigation, the  % of  addition of steel slag was 

from 0% to 50%.The test results have revealed that, addition 

of steel slag up to 40% increases the compressive strength and 

for 50% addition of steel slag the compressive strength 

decreases. 

 
Table 5: Average Compressive strength of concrete with and 

without steel slag cured in water for 7 days and 28 days 

 
Fig. 2: Average compressive strength of specimens with and 

without steel slag cured in water for 7 days and 28 days 

2) Split tensile strength (replacement by steel slag) 

 
Table 6: Average Split tensile strength of specimens with 

and without steel slag cured in water for 7 days and 28 days 

Split tensile strength studies were carried out at the age of 

7dyas and 28days. During the investigation, the % of addition 

of steel slag was from 0%  to 50%.The test results have 

revealed that, addition of steel slag up to 40% increases the 

split tensile strength. From 50% of steel slag addition the 

tensile strength decreases. 

 
Fig. 3: Average split tensile strength of specimens with and 

without steel slag cured in water for 7 days and 28 days 

3) The Effect of Both Steel Slag and Dismantle Aggregate on 

the Strength of Concrete 

The cubes and cylinders were casted by using different 

percentage of steel slag and dismantle aggregate and cured in 

water for 7 days and 28 days. Cubes and cylinders casted 

using both steel slag and dismantle aggregate after curing 

tested for compressive and split tensile strength. 

 
Table 6: compressive strength of concrete with both steel 

slag and dismantle aggregate cured in water for 7days and 

28 days 

 
Fig. 4: Compressive strength of concrete with both steel and 

dismantle aggregate after curing in water for 7 days and 28 

days 

 
Table 7: Split tensile strength of concrete with both steel 

slag and dismantle aggregate cured in water for 7days and 

28 days 
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Fig. 5: split tensile strength of concrete with both steel and 

dismantle aggregate after curing in water for 7 days and 28 

days 

IV. CONCLUSIONS 

Based on the experimental study the following conclusions 

are drawn 

1) There is an increase in strength of concrete by adding 

both steel slag and also steel slag with dismantled 

aggregate. 

2) Strength obtained was more for concrete with steel slag 

then concrete with steel slag and dismantle aggregate. 

3) There is an increase in strength of concrete for 40% 

replacement by steel slag and steel slag with dismantle 

aggregate. 

4) The optimum percentage of replacement is 40%. 

5) The steel slag can be used as better replacement for 

natural aggregate in concrete than steel slag with 

dismantle aggregate. 
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