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Abstract 

Utilization of artificial aggregates and waste products are more prevalent nowadays. Many attempts and 

researches were made to justify the use of byproducts will be a viable solution than using natural resource in 

buildings. In the present study, aiming high performance concrete mix with ferro slag aggregates were replaced 

partially with coarse aggregate by 50% and 100% and its impact strength is evaluated systematically. The test 

results shows that replacement of ferro slag aggregate records a better value than normal aggregates. 100% 

replacement of aggregates shows comparatively higher value than control concrete mix. 
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1. Introduction 

In general, concrete is a heterogeneous mixture of binder, fine aggregate, coarse aggregate and water in a 

definite proportion. High performance concrete is generally provides high strength.  In such case the normal 

material used for concreting should be revised or altered such that the performance of concrete can be increased. 

By using alternative material, the utilization of natural resource can be reduced. The use of industrial by-

products as a partial substitute for aggregates would increase concrete efficiency. Even though high strength 

concrete provides good strength to the concrete, specifically when such concrete are subjected to adverse 

condition like impact loading (1) or chemical attacks their performance is lowered. In order to address such 

conditions, alternative materials such as byproducts of industrial waste (ferro slag) will be a viable solution. In 

the present study, ferro slag is blasted into 12.5mm aggregates and it is partially replaced by 50% and 100% in 

the total volume of coarse aggregate. Evaluations of the impact strength of these concrete mixes were 

experimentally assessed and toughness values are evaluated systematically (5,6&7). The test result shows that 

introducing ferro aggregates into the concrete will enhance its impact strength than conventional materials. 

2. Material used 

The following materials are used for experimentations and evaluation for the entire study. 

2.1. Cement 

Ordinary 53 grade Portland cement is used and its properties are set out in Table 1. 

Table 1: Properties of cement 

S.

No 
Description 

Value

s 

1 Initial setting time 
110 

minutes 
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2 Consistency 29% 

3 Specific gravity 3.15 

4 Fineness (by sieve analysis) 
4.60

% 

2.2. Aggregates 

Aggregates are used from the local available resources. Particles of size lesser than 4.75mm are used as fine 

aggregate (river sand available in the market). Gravel, which is more than 4.75 mm in size, is similarly used as 

coarse aggregates. Table 2 and Table 3 list the properties of fine and coarse aggregates. Ferro slag is a byproduct 

of industrial waste during the manufacture of iron. This slag is gathered and blasted into 12.5mm in the molten 

state, which is used in this analysis as a partial substitute for coarse aggregate(8-9). 

Table 2: Properties of coarse aggregate 

S.

No 
Description Values 

1 Abrasion Value 26.5 

2 Bulk Density 1653.06 kg/m³ 

3 Fineness modulus 6.98 

4 Cushing Value 26.5 

5 Specific gravity 2.73 

6 Water absorption 1.00% 

7 Impact Value 25.3 

8 Surface moisture 0.086% 

Table 3: Properties of fine aggregate 

S.

No 
Description Values 

1 Fineness modulus 2.93 

2 Bulk Density 1.67 g/cc 

3 Water absorption 0.5% 

4 Specific gravity 2.65 

2.3. Water 

Laboratory available portable water is used. 

3. Concrete Mix Details 

Theoretically a mix design is arrived targeting strength of M60 grade of concrete. In the total quantity of 

coarse aggregate, ferro slag is replaced by 50% and 100% and its impact strength is systematically evaluated. 

4. Testing Details 

Concrete circular slabs of 0.4 m diameter, 0.04 m thickness were cast with 50 percent and 100 percent 

replacement of coarse aggregate with ferro slag aggregate for control concrete and concrete for control concrete. 

A weight of 4.75kg is made to free fall from a height of 1m over the slab. The slab sample is mounted in a 

metallic base that holds the sample in a restrained position such that the specimen itself can fully absorb the 

energy exerted on the sample (2).  
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Figure 1: Experimental test set up for impact strength evaluation 

5. Results & Discussion 

The impact durability assessment is carried out by documenting the number of blows needed for the first 

crack and the ultimate crack to occur (2&3). The effect intensity values of all the blends are shown in Table 4. 

Table 4:  Impact Toughness values 

Mix ID Percentage of ferro slag 
First crack Toughness 

(Nm) 

Ultimate 

toughness (Nm) 

Control Mix 0% Ferro slag aggregate - 69.90 

MF50 50% Ferro slag aggregate 232.99 326.18 

MF100 100% Ferro slag aggregate 814.42 1199.99 

The test results are graphically represented in Figure 2. From the result it can be concluded that control 

concrete fails suddenly and records a lesser toughness value. Whereas concrete replaced with ferro slag 

aggregates were able to absorb more energy than control concrete. In specific, replacement of ferro slag by 

100% records a comparatively higher value than 50% replacement.  
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Figure 2: Impact toughness evaluation 

6. Conclusions 

The following findings have been taken from the systematic assessment. The use of ferro slag aggregate as a 

partial substitute for coarse aggregate is proposed to be a feasible alternative to prevent natural resource 

destruction. From the test results, the energy absorption capacity of ferro slag replaced concrete shows a better 

performance than control concrete. Ferro slag aggregate consist of comparatively higher silica content and hence 

the energy absorption capacity is considerable more than normal aggregate. Hence ferro slag aggregate can be 

used as a replacement material for conventional aggregates. 
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