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Abstract— This study focuses on the use of copper slag in 

concrete as partial replacement of natural sand. Encourage 

the waste product as a construction material is the main 

objective of this work. Copper slag is a waste material 

which is being obtained during by-product matte smelting, 

converting and refining of copper. In this work, we used the 

I.S method for mix design and M25 grade for concrete. We 

prepared concrete mixtures for making cubes  with different 

proportion of copper slag and sand ranging from 

(0%CS+100%S), (10%CS+90%S), (20%CS+80%S), 
(25%CS+75%S), (30%CS+70%S), (35%CS+65%S), 

(40%CS+60%S), (45%CS+55%S), (50%CS+50%S), 

(55%CS+45%S), (60%CS+40%S). The curing was done for 

7, 14, 28 days. From the above test result we found that after 

7 days, the compressive strength of concrete was less than 

the compressive strength of conventional concrete. But 

compressive strength was increasing as we increases the 

replacement level of natural sand with copper slag. We also 

found that the compressive strength of copper slag concrete 

is maximum when we replace 45% of natural sand with 

copper slag and curing is done for 28 days. 
Keywords: waste materials, copper slag, ordinary Portland 

cement, natural sand, compressive strength, concrete, 

workability 

I. INTRODUCTION 

Concrete is most popular, important and most economical 

construction material. Concrete is used very widely 

everywhere making architectural structure and 

infrastructure. Concrete is a mixture of different kind of 
materials which is composed of water, cement, coarse 

aggregate and fine aggregate. 

Sand is a most durable material of concrete. 

Nowadays sand is very costly and not very common 

material. To fulfill the gap created by sand, we can use 

copper slag as replacement material. We found that copper 

slag is a good substitute of replacement of natural sand. It 

can reduce the cost of construction. 

Copper slag is a waste material which is being 

obtained during by-product matte smelting, converting and 

refining of copper. It also has a high strength to weight ratio 
and make it very effective option in concrete. The uses of it 

in concrete make more fire resistant. It balances the 

environmental issues and also acts as a recycling. Copper 

slag is highly stable and non- leachable in nature. It is as 

alternative material for other industrial application. 

In India, the production of copper slag is about 6-

6.5 tons from copper industry (sterlite, Birla copper and 

Hindustan copper). According to scientific estimation, the 

production of copper slag for every tons of copper metal 

produced around 1.8-2.2 tones. At present, the world copper 

production is about 24.6 million tons of slag. 

II. LITERATURE REVIEW 

Several researchers have studied the possible use of copper 

slag as replacement of fine and coarse aggregate and cement 

in concrete and its effects on the different mechanical and 

long term properties of mortar and concrete. 

R.R.Chavan & D.B.Kulkarni has investigated on 
the effect of using copper slag as a replacement of fine 

aggregate on the strength properties. In this study, M25 

grade concrete was used and tests were conducted for 

various proportions of copper slag replacement with sand of 

0 to 100% in concrete. It concluded that the maximum 

compressive strength of concrete increased by 55 % at 40% 

replacement of fine aggregate by copper slag and flexural 

strength of concrete at 28 days is increased by 14%. 

Arivalagan has investigated to explore the 

possibility of using copper slag as a replacement of sand in 

concrete mixtures in various percentages ranging from 0%, 
20%, 40%, 60%, 80%, and 100%. It was observed that after 

40% replacement of fine aggregate by Copper Slag, flexural 

strength of concrete at 28 days is higher than normal design 

mix concrete (without replacement). 

Brindha and Nagan has investigated on durability 

of copper slag admixed concrete, In this study the strength 

of concrete increases with respect to the percentage of slag 

added by weight of fine aggregate up to 40% of additions 

and 15% of cement. 

T.Ch.Madhavi has experiment the copper slag in 

concrete as replacement and found in his experiment that the 

copper slag can be used as a replacement for cement and 
sand and helps in increasing the mechanical properties of 

concrete. The use of copper slag can be done up to 30%, 

exceeding it’s used beyond 50% further decrease the 

strength of concrete. 

III. MATERIALS AND METHODS 

A. Cement 

For this study, 53 grade Ordinary Portland cement is used. 

Cement is a binder, a substance that sets and hardens and 

can bind other materials together. The physical properties of 

ordinary Portland cement are given in Table 1. 

B. Aggregate 

For fine aggregate natural sand is provided with maximum 

size of 4.75mm.The grade of sand is confirmed by the 

grading zone II as per BIS 383. Crushed stone was used for 

the coarse aggregate having a 10 – 20 mm maximum 

nominal size. It is usually greater than 4.75mm (retained on 

sieve no.4) while fine aggregate is usually less than 4.75mm 

(passing on sieve no.4).It is confirmed according to BIS 

383. The physical properties of aggregates are given in 

Table 2. 
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C. Water 

Water is an important ingredient of concrete. It gives 

strength to cement and workability to the concrete. Potable 

water is used for casting and curing. 

D. Copper Slag 

Copper slag is a waste material which is being obtained 

during by-product matte smelting, converting and refining 

of copper. It can be used as an alternative to the sand 

because its properties are similar to the natural sand. For this 

work, copper slag is obtained from the Tutsi traders 

(Paradip, Jagatsinghpur). The properties of copper slag is 

given in Table 3 & 4. 

Characteristics 
Value obtained 

experimentally 

Standard 

values 

Specific gravity 3.10 3.15 

Standard 

consistency 
33% 25-35% 

Initial  setting 
time 

55 minutes 30 minutes 

Final setting time 680 minutes 600 minutes 

Table 1: Properties of OPC 53 grade cement 

Property Coarse aggregate Fine aggregate 

Specific gravity 2.64 2.5 

Water absorption 0.60% 0.30% 

Bulk density 2.31 g/cc 1.53 g/cc 

Table 2: Physical properties of fine aggregate and coarse 

aggregate 

Chemical component % by mass 

Cao 1-2 

SiO2 25-30 

Al2O3 4-6 

Fe2O3 55-60 

MgO 1-2 

Table 3: Chemical properties of copper slag 

Properties Copper slag 

Particle shape Irregular 

Color Black 

Type Air cooled 

Specific gravity 3.5 

Moisture 0.5% 

Melting point 1200°C 

Hardness 5-6 

Table 4: Physical properties of copper slag 

IV. RESULTS AND DISCUSSION 

This section based on the experimental result on the 

compressive strength test 

A. Compressive Strength Test 

In this test, sizes of cube 150mm × 150mm × 150mm were 

used for testing. After making the cubes of different 

proportion of copper slag. It dip in water for curing at 7, 14 

and 28 days under the laboratory conditions and after that 

compressive strength test was conducted on each concrete 

cubes. Three samples of cubes were tested for every mix 

proportion. Table 5 shows compressive strength of concrete 
tested. 

 

Mix proportion 
Compressive strength (N/mm2) 

7 days 28 days 

Normal M-25 19.08 26.97 

CS 10% 15.10 26.15 

CS 20% 13.18 26.05 

CS25% 13.77 27.98 

CS 30% 14.21 28.36 

CS 40% 14.21 30.10 

CS 45% 17.29 32.74 

CS 50% 16.96 31.15 

CS 55% 16.76 30.45 

CS 60% 15.04 29.67 

Table 5: Test results for compressive strength of concrete 

 
Fig. 1: Compressive strength at 7 days and 28 days 

V. CONCLUSION 

The following conclusions are drawn from the study of this 

investigation and results: 

1) The behavior of copper slag same as natural sand which 

use as fine aggregate in mortar. 

2) It is a perfect substitute of fine aggregate in mortar. 

3) The highest value of compressive strength was obtained 

32.74N/mm2at 45% replacement of copper slag with 

natural sand. 

4) The compressive strength of concrete was increasing as 

increase the replacement proportions of natural sand 

with copper slag. 
5) It balances the environmental issues and also acts as a 

recycling. 

6) Copper slag can be used as building materials and road 

construction such used common in areas where 

smelting was done. 

7) It reduces the cost of construction. 
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