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ABSTRACT:

Concrete is always expected to be stronger and 

more durable than in the past while being cost and 

energy efficient. Moreover the major advantages 

that concrete possesses over the construction 

materials have to be conserved. The possibility of 

being fabricated practically anywhere, the ability to 

make the form imposed by the shape of a mould 

and a low cost of components and manufacture. 

These factors have driven advances in improving 

the performance of concrete over years and 

continue to do so the need for improving the 

performance of concrete and concern for the 

environmental impact arising from the continually 

increasing demand for concrete has lead the 

growing use of alternative material components . 

The utilization of industrial waste or secondary 

materials has encouraged the production of cement 

and concrete in construction field. New by-

products and waste materials are being generated 

by various industries. Dumping or disposal of 

waste materials causes environmental and health 

problems. Therefore, recycling of waste materials 

is a great potential in concrete industry. For many 

years, byproducts such as fly ash, silica fume and 

slag were considered as waste materials. Concrete 

prepared with such materials showed improvement 

in workability and durability compared to normal 

concrete and has been used in the construction of 

power, chemical plants and under-water structures. 

Over recent decades, intensive research studies 

have been carried out to explore all possible reuse 

methods. 

In the present investigation M30 grade 

concrete is used with a constant W/C ratio of 0.5. 

Concrete mixes were prepared by varying the 

percentage of replacement of  Coarse aggregate 

with  Steel slag (10%, 20%,30% and 40%)  and  

fine aggregate replaced with  copper slag 

(10%,20%,30% and 40%). 

 

1. INTRODUCTION 

The utilization of industrial waste or secondary 

materials has encouraged the production of cement 

and concrete in construction field. New by-

products and waste materials are being generated 

by various industries. Dumping or disposal of 

waste materials causes environmental and health 

problems. Therefore, recycling of waste materials 

is a great potential in concrete industry. For many 

years, byproducts such as fly ash, silica fume and 

slag were considered as waste materials. Concrete 

prepared with such materials showed improvement 

in workability and durability compared to normal 

concrete and has been used in the construction of 

power, chemical plants and under-water structures. 

Over recent decades, intensive research studies 

have been carried out to explore all possible reuse 

methods. Construction waste, blast furnace, steel 

slag, coal fly ash and bottom ash have been 

accepted in many places as alternative aggregates 

in embankment, roads, pavements, foundation and 

building construction, raw material in the 

manufacture of ordinary Portland cement pointed 

out by Teik thye luin et al (2006). 

Copper slag is an industrial by-product material 

produced from the process of manufacturing 

copper. For every ton of copper production, about 

2.2 tonnes of copper slag is generated. It has been 

estimated that approximately 24.6 million tons of 

slag are generated from the world copper industry 

(Gorai et al 2003). Although copper slag is widely 

used in the sand blasting industry and in the 

manufacturing of abrasive tools, the remainder is 

disposed of without any further reuse or 

reclamation. Copper slag possesses mechanical and 

chemical characteristics that qualify the material to 

be used in concrete as a partial replacement for 

Portland cement or as a substitute for aggregates. 

For example, copper slag has a number of 

favourable mechanical properties for aggregate use 

such as excellent soundness characteristics, good 

abrasion resistance and good stability reported by 

(Gorai et al 2003). Copper slag also exhibits 

pozzolanic properties since it contains low CaO. 

Under activation with NaOH, it can exhibit 

cementitious property and can be used as partial or 

full replacement for Portland cement. The 

utilization of copper slag for applications such as 

Portland cement replacement in concrete, or as raw 

material has the dual benefit of eliminating the cost 

of disposal and lowering the cost of the concrete. 

The use of copper slag in the concrete industry as a 

replacement for cement can have the benefit of 

reducing the costs of disposal and help in 
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protecting the environment. Despite the fact that 

several studies have been reported on the effect of 

copper slag replacement on the properties of 

Concrete, further investigations are necessary in 

order to obtain a comprehensive understanding that 

would provide an engineering base to allow the use 

of copper slag in concrete. 

This study an attempt is made to use these 

byproducts/waste materials as partial replacement 

to natural aggregate in concrete and evaluated the 

mechanical and durability properties of concrete. In 

the present investigation M30 grade concrete is 

used with a constant W/C ratio of 0.5. Concrete 

mixes were prepared by varying the percentage of 

replacement of  Coarse aggregate with  Steel slag 

(10%, 20%,30% and 40%)  and  fine aggregate 

replaced with  copper slag (10%,20%,30% and 

40%). 

 

II LITERATURE REVIEW 

Suresh Reddy et al. (2013) studied the concrete 

made of copper slag replacing sand up to 50% are 

used to study the strength parameters, compressive 

strength, split tensile strength and flexural strength 

of both M30 and M40 grade of concrete mixes. 

Sand was replaced with copper slag in proportions 

of 0%, 10%, 20%, 30%, 40% and 50%. From the 

results, it was concluded that the compressive 

strength, split tensile strength and flexural strength 

of concrete mix increased marginally up to 40% 

replacement of sand by copper slag at the age of 

both 28 and 56 days. 

Thomas and Gupta, (2013) Steel slag, obtained as 

a waste product from steel and iron producing 

process may be trusted upon as replacement for 

natural aggregates in concrete. The steel slag may 

be categorised as Basic Oxygen Furnace (BOF) 

Slag and Electric Arc Furnace (EAF) Slag 

depending upon the production technology 

adopted. The steel slag aggregates generally show 

variation in their chemical and physical properties 

from source to source based on the type of 

processing and manufacture.  

Chavan and  Kulkarni (2013) examined the 

impact of utilizing copper slag as substitution of 

sand on strength properties and reached to a 

conclusion that concrete acquire increased strength 

than reference concrete mix when 75% fine 

aggregate is replaced by copper slag. 

.Suresh Reddy et al. (2013) studied the concrete 

made of copper slag replacing sand up to 50% are 

used to study the strength parameters, compressive 

strength, split tensile strength and flexural strength 

of both M30 and M40 grade of concrete mixes. 

Sand was replaced with copper slag in proportions 

of 0%, 10%, 20%, 30%, 40% and 50%. From the 

results, it was concluded that the compressive 

strength, split tensile strength and flexural strength 

of concrete mix increased marginally up to 40% 

replacement of sand by copper slag at the age of 

both 28 and 56 days. 

III MATERIALS & METHODOLOGY 

Following various materials used in the 

present investigation and method of conducting the 

tests are discussed in detail and detailed 

methodology of the work is presented. 

 

 Cement 

 Coarse Aggregates and Fine Aggregate 

 Water 

 Steel Slag 

 Copper Slag 

Cement:  

Cement is the most important material in concrete 

and it acts as a binding material. Ordinary Portland 

cement 53 grade manufactured by Zuari Cement 

Company confirming to IS 12269-1987 is used in 

this investigation. The physical properties of 

cement are presented in table. 

Table: Physical properties of cement 

 
 

Aggregate: After cement aggregate is the basic 

material used in any concrete to constitute the body 

of concrete to reduce the cementations material 

quantity, and to reduce the consequent volume 

change of concrete. 

Coarse Aggregate: In the present investigation, 

crushed granite aggregate of 20mm size was used. 

The specific gravity of coarse aggregate is 2.64. 

The physical properties of coarse aggregate are 

shown in table no. Fineness modulus is obtained by 

using sieve analysis. The sieve analysis of coarse 

aggregate is furnished in table no. 

 

Table: Physical Properties of coarse aggregate 
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Table: Physical Properties of coarse aggregate 

 

 
 

Steel slag: 

In the present investigation, crushed steel slag 

aggregate of 20mm size was used. The specific 

gravity of steel slag is 3.45. The physical properties 

of steel slag are shown in table no. 

 

Table: Physical Properties of steel slag 

 

 
Fig.: Steel Slag 

Fine aggregate: 

The amount of the fine aggregate usage is 

important to fill the voids present in coarse 

aggregate. In this investigation, natural sand was 

used as fine aggregate. The physical properties of 

fine aggregate are shown in table 3.5. Sand was 

obtained from Cheyyeru River near Nandalur in 

Kadapa district. The result of sieve analysis is 

given in table. 

 

 

 

 

 

 

Table: Physical Properties of fine aggregate 

 
 

Table: Fineness modulus of fine aggregate 

 
Copper slag:  
The copper slag used is the present investigation is 

procured from Vivekananda chemicals, Hyderabad. 

The slag is a black glassy and granular in nature 

and has a similar particle size range of sand which 

indicates that it could be tried as replacement with 

sand in cementations mixture. The other main 

advantage of using Copper slag (a waste material) 

is to reduce the cost of construction. (Al-Jabri et al 

2009).  copper slag has a number of favorable 

mechanical properties for aggregate use such as 

excellent soundness characteristics, good abrasion 

resistance and good stability conditions (Gorai 

2002). In the present investigation, copper slag 

aggregate sieved through 4.75 to 150 micron sieves 

and conforming to zone II (of sand) size was used. 

The specific gravity of copper slag is 2.82. 

 
Fig.: Copper slag 
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Table: Physical Properties of copper slag 

 

Water: 

Water is used for mixing and curing of 

concrete. In the present investigation, tap water 

available in the campus was used for both mixing 

and curing of concrete. 

 

Mix Proportions:  
In the present investigation M30 grade 

concrete is used with a constant W/C ratio of 0.5. 

Concrete mixes were prepared by varying the 

percentage of replacement of  Coarse aggregate 

with  Steel slag (10%, 20%,30% and 40%)  and  

fine aggregate replaced with  copper slag 

(10%,20%,30% and 40%). 

Casting of specimen: 

A total of 225 specimens were casted out 

of which 81 were cubes, 81 were cylinders and 54 

were round discs for RCPT and 9 were cylinders 

for permeability test. For each test 3 specimens 

were tested and average value is considered for the 

investigation. 150mm × 150mm × 150mm size 

cubes, standard cylinders of 300mm height × 

150mm diameter and  for water permeability, 

cylinder of height 12.5cm × 20cm diameter and for 

RCPT  height  5cm ×10 cm diameter discs were 

casted. The compressive strength and spilt tensile 

strength tests were done for the specimens at 7 

days, 14 days, and for 28 days. The water 

permeability & RCPT tests were done on the 

specimen at 60 days. 

IV EXPERIMENTAL INVESTIGATION 

     The concrete mix proportions were 

determined for M30 grade concrete as per the guide 

lines given in IS 10626 – 2009. In the present 

investigation coarse aggregate and fine aggregate, 

were replaced with different percentages of steel 

slag and copper slag i.e., by 10%, 20%, 30% and 

40%.For study of various properties, concrete 

specimens were casted and tested. Constant water-

cement ratio of 0.5 has been adopted. The 

experimental investigation started with selection of 

materials and followed by their testing, casting of 

specimens and curing, and finally by testing the 

specimens. 

 

 

Table: Designed values of materials 

 
 

Table: Designed values of materials 

 
 

 

 
Fig.: Test setup for splitting of concrete 

specimen 

 
Fig.: Splitting of concrete specimen 

 

V RESULTS 
The mechanical strength properties like 

compressive strength, split tensile strength, RCPT 

and Water penetration of various concrete mixtures 

with steel slag ,copper slag and the discussions on 

the variation of the properties. 
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Table – Compressive strength test results for 

STEEL SLAG 

 
 

Graph: Compressive strength Vs. percentage of 

CA and steel slag 

 
Table: Compressive strength test results for 

concrete with copper slag 

 
Graph: Compressive strength Vs percentage of 

F.S and copper slag 

 
Split Tensile Strength 

Table: Split tensile strength test results for steel 

slag 

 
Graph: Split tensile strength Vs percentage of 

CA and steel slag 

 
 

Table: – Split tensile strength test results for 

using copper slag 

 
Graph: Split tensile strength Vs percentage of 

FA and CS 

 
 

VI CONCLUSION 

 The compressive strength of M30 concrete 

increases with increase in the replacement 

of CA with steel slag CA. Maximum 

compressive strength is obtained for 20% 

replacement of CA. The increase in 

compressive strength at 28 days is about 

15% when compared to the concrete with 

natural CA. 

 The compressive strength of M30 concrete 

increases with increase in the replacement 

of FA with copper slag FA. Maximum 

compressive strength is obtained for 30% 

replacement of FA. The increase in 

compressive strength at 28 days is about 
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16.9% when compared to the concrete 

with natural FA. 

 The split tensile strength of M30 concrete 

with steel slag as CA increases with 

increase in percentage of slag aggregate 

up to 20% of replacement. The maximum 

tensile strength obtained is about 26% 

when compared to conventional concrete.  

 The split tensile strength of M30 concrete 

with copper slag as FA increases with 

increase in percentage of slag aggregate 

up to 30% of replacement. The maximum 

tensile strength obtained is about 29% 

when compared to conventional concrete.  

 The chloride resistance of M30 concrete 

slightly decreases with increase in 

replacement of CA by steel slag 

aggregate. There is an increase in chloride 

resistance with age. i.e the concrete with 

20% steel slag aggregate showed highest 

resistance at 60 days. However, the 

replacement of CA with steel slag 

improves the chloride resistance of 

conventional concrete. 

 The chloride permeability of M30 concrete 

slightly increases with increase in 

replacement of FA with copper slag 

aggregate. There is reduction in chloride 

permeability of slag concrete with age. 

The lowest passage of charge is obtained 

for the concrete with 20% of copper slag 

fine aggregate. The replacement of  FA 

with copper slag improves the chloride 

resistance conventional concrete.  

 The water permeability of concrete 

decreases with replacement of steel slag as 

coarse aggregate. The concrete with 30% 

of steel slag showed the  least water 

permeability when compared to 

conventional concrete, steel slag concrete 

has higher resistance to water 

permeability. 

 The water permeability of concrete 

increases with increase in replacement of 

FA with copper slag aggregate. The 

concrete with 30% of copper slag showed 

least water permeability when compared 

to conventional concrete copper slag 

concrete has higher resistance to water 

permeability. 
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