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Abstract- Copper slag is a byproduct obtained during refining 
of copper. The common management options for copper slag 
are recycling of metal, production of value added products, 
roofing granules, cutting tools, abrasive tiles, glass, road base 
construction, railroad ballast. Copper slag is totally inert 
material and its physical properties are similar to natural 
aggregates 
 

According to studies it has been conclude that fine 
aggregates can replace by copper slag in Cement.  Copper 
slag is a by-product obtained during the production of copper 
metal, which can be used as pozzolana in the production of 
cementing materials. One of the primary advantages to copper 
slag is the the low risk it poses to health and the environment. 
Copper slag also has a high strength-to-weight ratio, making 
it an effective option in concrete, or as a fill material under 
the roadway. Copper slag is widely used in the sand blasting 
industry and it has been used in the manufacture of abrasive 
tools. 
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I. INTRODUCTION 
 

Concrete is the Concrete is a composite construction 
material made primarily with aggregate, cement, and water. 
There are many formulations of concrete, which provide 
varied properties, and most-used man-made product in the 
world. “Coarse Aggregate" consists of large chunks of 
material in a concrete mix, generally coarse gravel or crushed 
rocks such as limestone, or granite, along with finer materials 
such as sand."Cement", commonly Portland cement, and other 
cementations materials such as fly ash and slag cement, serves 
as a binder for the aggregate. Varying the proportions of the 
main ingredients or by substitution for the cementations and 
aggregate phases, the finished product can be tailored to its 
application with varying strength, density, or chemical and 
thermal resistance properties.“Water” is then mixed with this 
dry composite, which produces a semi-liquid that workers can 
shape (typically by pouring it into a form). The concrete 
solidifies and hardens to rock-hard strength through a 
chemical process called “hydration”. The water reacts with the 
cement, which bonds the other components together, creating 

a robust stone-like material. Fine aggregate is a naturally 
occurring granular material composed of finely divided rock 
and mineral particles. The composition of sand is highly 
variable, depending on the local rock sources and conditions, 
but the most common constituent of sand in inland continental 
settings and non-tropical coastal settings is silica (silicon 
dioxide, or SiO2), usually in the form of quartz 

  
Natural resources are depleting worldwide while at 

the same time the generated wastes from the industry are 
increasing substantially. The sustainable development for 
construction involves the use of nonconventional and 
innovative materials, and recycling of waste materials in order 
to compensate the lack of natural resources and to find 
alternative ways conserving the environment. Copper slag is a 
by-product created during the copper smelting and refining 
process.  

 
II. MATERIALS AND METHODS 

 
Cement – cement is a binder, a substance that sets 

and hardens and can bind other material to gether. Though all 
cement conforming to various IS code suitable, selection of 
cement should be based on thei compressive strength, fineness 
and compatibility  with other ingredients. 

 
 Fine aggregate- Sand is an extremely needful 

material for construction  but this important material must be 
purchased with all care and vigilance. Sand which is used for 
construction purpose must be clean , free from waste stones 
and impurities. 

 
Coarse aggregate- Coarse aggregate are used for 

making concrete. They may be in the form of irregular Broken 
stone or naturally occurring gravel. Material which large to be 
retained on 4.75mm sieve size are called coarse aggregate . Its 
maximum size can be up to 63mm. 

 
Copper slag- Copper slag is a by- product during 

copper smelting and refining process. As refineries draw metal 
out of copper ore, they produce a large volume of non-metallic 
dust, soot, and rock. Collectively, these materials make up 
slag, which can be used for number of applications in the 
building and industrial fields, the slag serves as a binding 
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agent, which helps to hold the larger gravel particles within 
the concrete together, One of the primary  advantages of 
copper slag is the low risk it poses to health and the 
environment.                                          
                                                               

TABLE 1: PROPERTIES OF CEMENT 

 
As per IS269:2013,the result are within the maximum limits. 
 

TABLE 2: PROPERTIES OF COARSE AGGREGATE 

 
As per IS 383:1970,the result are within the  maximum limits. 
 

TABLE 3: PROPERTIES OF COPPER SLAG 

 
 
Flaexural  Test- 
 

The experimental investigation has been carried out 
on the test specimen to study the strength properties as result 
of replacing fine aggregate by copper slag in various 
percentage as by 10%,20% &30% . The inside of the mould 
was applied with oil to facilitate  the easy removal of 
specimen .the mixing of raw materials was continued until a 
uniform colour was obtained.fresh concrete was placed in 
mould in three layer and each layer was compacted using 
tamping rod. The size of the beam mould is 100 x 100 x 500 
mm.after 24 hours the specimen were taken out from the 
mould and placed in curing tank.flexural strength test were 
carried out after 14 & 28 days. 
 
 CONCRETE MIX DESIGN 

 
1.M20 DESIGN [AS PER I.S.10262-1982] 
 

 DESIGN STIPULATION 

 Compressive strength at 28 days= 20 MPA 
 Maximum size of aggregate= 20mm 
 Degree of workability= 0.89 
 Type of exposure= mild 

 TEST DATA FOR MATERIAL 
 Sp. Gravity of cement= 3.15 

Sp. Gravity of coarse aggregate= 2.67 
 Specific gravity of fine aggregate= 2.66 
 Water absorption- 

 coarse aggregate= 0.5% 
 fine aggregate= 1.0% 
 Free moisture- 
 coarse aggregate= nil 
 fine aggregate= 2% 

 

 TARGET MEAN STRENGTH  

fck = fck + t.S 
20 + 1.65 x 4 
26.6 MPa  
 

 SELECTION OF WATER-CEMENT RATIO 
W/C Ratio = 0.4 
  

 SELECTION OF WATER & FINE AGGREGATE 
CONTENT 
 

Water content per cubic metre of concrete= 186 kg 
Sand content of total aggregate by absolute volume= 35%   

 required water content =186 +6% of 186 = 197 litres/m3 
 

 DETERMINATION OF CEMENT 
 W/C ratio= 0.4 
 water =197 litres 
 cement= 197/ 0.4 = 492.5 kg/m3 

 

 DETERMINATION OF COARSE AGGREGATE & 
FINE AGGREGATE 

V = [W + C/Se + fa/Sfa] x 1/1000 
0.98 =[191.02 + 306.63/3.15 +1/0.39 + fa/2.66] x 10-3 

               fa = 690.59 kg/m3  

Ca = (1-P)/P x fa x ( Sca/Sfa) 

Ca = (1- 0.39)/ 0.39 x 690.59 x 2.67/2.66  

        = 1084.42 kg/m3 
 

 Actual proportion required by applying correction of 
water content 
1. Extra quantity of water to be added for absorption in 

case of CA at 0.5% mass.= 0.01770 litrers. 
2. Quantity of water to be deducted for moisture present 

in sand ,at 2% by mass= 0.0452. 
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3. Actual quantity of water required to be added =0.4 + 
0.01770 – 0.0452= 0.38 

4. Actual quantity of sand required after =1.15 
5. Actual quantity of CA required= 2.15 

Table 2-Final mix proportion 
 

WATER CEMENT 
FINE 

AGGREGATE 
COARSE 

AGGREGATE 

0.4 1 1.15 2.15 

 
ESTIMATION OF SAND, CEMENT & AGGREGATE 
FOR BEAM 
 
CALCULATION OF VOLUME 
 

 SIZE OF BEAM = 100 mm x 100 mm x 500 mm 
 VOLUME OF BEAM =0.1x0.1x0.5 = 0.005 m3 

1. ESTIMATION OF SAND, CEMENT & AGGREGATE 
FOR ONE BEAM 
 
1. CEMENT = 492.5 x  0.005 = 2.46 kg  
2. FINE AGGREGATE = 567.9 x 0.005 = 2.839 kg 
3. COARSE AGGREGATE = 1063.02 x 0.005 =5.31 kg 
 
2. ESTIMATION OF SAND, CEMENT & AGGREGATE 
FOR 24 BEAMS 
 
1. CEMENT = 24 BEAMS x 2.46 KG  = 59.04 kg ~ 65 KG 
2. COARSE AGGREATE = 24 BEAMS x 5.31 =127.4 kg ~  

130 KG 
3. FINE AGGREGATE:- 

 FOR 6 BEAMS: - 6x 2.84 =17.04 ~ 18 kg 

 FOR 18 BEAMS :-  51.12 kg ~ 52 KG 

 TOTAL FINE AGGREGATE = 70 kg 

4. COPPER SLAG:- 
 10% x 2.84kg =284 gm x 6 =1704 gm 

 20% x 2.84 kg =586 gm x 6 =3408 gm 

 30% x 2.84 kg =852 gm x 6 =5112gm 

 TOTAL COPPER SLAG = 10.224 kg ~ 12 kg. 
 

III. RESULTS AND DISCUSSION 
 

The specimen containing different percentage of 
copper slag were tested in the compressive strength. Testing 

machine after 14& 28 days of curing  process. The results are 
given below in the table and the results are also illustrated in 
the following graphs 
 
BEAM GRAPH 
 

 0% 
COPPER 
SLAG 

10 
%COPPER 
SLAG 

20% 
COPPER 
SLAG 

30% 
COPPER 
SLAG 

14 
DAYS 

2.49 2.68 2.99 3.6 

28 
DAYS 

3.49 3.9 4.6 5.2 
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IV. CONCLUSION 
 
The experiment was conducted only for M20 grade 

of concrete. This study also conducted by varying grades of 
concrete. The  results  of  flexural  test  have  indicated  that  
the strength  of  concrete  increases  with  respect  to  the  
percentage  of  slag  added  by weight of fine aggregate up to 
30% of additions. f lexural strength  is found to be maximum 
at 30% replacement of copper slag. We can save the fine 
aggregate in large quantity if we replace those 20%-30% of 
copper slag which also reduces waste quantity of copper slag.  
The utilization of copper slag in concrete provides additional 
environmental as well as technical benefits for all 
constructional industries. The initial and final setting time of 
copper slag admixed concrete is higher than control concrete. 
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