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Abstract- Some  of  the  industrial  byproducts  have  been   used  in  the  construction  industry for the production of 
concrete. Copper slag is one of the materials that is considered as a waste material which could have been used in 
construction industry as partial replacement of either cement or aggregates. For this research work, M30 grade concrete was 
used and the tests were conducted for variousproportions of copper slag replacement with sand of 0%, to100 % in concrete.  
The obtained results were compared with those of control concrete made with ordinary Portland cement and sand. 
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I. INTRODUCTION 
 
The amount and type of generated waste has grown 
as the world population increases. Numerous waste 
materials result from manufacturing, sewage 
treatment plants, industries, households, and mining. 
While the volume of waste is continuing to grow, 
approval for facilities that provide proper disposal is 
becoming more difficult to obtain. Copper slag is a 
by-product obtained during matte smelting and 
refining of copper. One of the greatest potential 
applications for reusing copper slag is in cement and 
concrete production. The use of copper slag in 
cement and concrete provides potential 
environmental as well as economic benefits for all 
related industries, particularly in areas where a 
considerable amount of copper slag is produced. Out 
of the total cost of construction, building materials 
contribute to about 70% of cost in developing 
countries like India. Therefore, the need of the hour is 
replacement of costly and scarce conventional 
building materials by innovative, cost effective and 
environment– friendly alternate building materials. 
The new material should be environment–friendly 
and preferably utilize industrial wastes generated as a 
result of rapid industrialization. concrete is widely 
used construction material for various types of 
structures due to its durability. Natural resources are 
depleting worldwide while at the same time the 
generated wastes from the industry are increasing 
substantially. 
 
1.2 Availability of Natural Sand as Fine Aggregate : 
In the last 15 years, it has become clear that the 
availability of good quality natural sand is decreasing. 
Crushed aggregate, bottom ash, foundry sand and 
various by-products are replacing natural sand and 
gravel in most countries. The research emphasizes on 
the use of material to be replaced by natural sand 
which will give new dimension in concrete mix 
design and if applied on large scale would 
revolutionize the construction industry by 
economizing the construction cost and enable us to 
conserve natural resources. 

II. MATERIALS AND METHODS 
 
2.1Cement 
Vasvadatta 43 grade ordinary Portland cement is used 
for this study. This cement is the most widely used in 
the construction industry in India. The different 
property of cement is shown in table below.  
 

 
 
2.2 Fine Aggregates  
The aggregate size is lesser than 4.75mm is 
considered as fine aggregate. The sand particles 
should be free from any clay or inorganic materials 
and found to be hard and durable.  
 
2.3Coarse Aggregates  
Coarse aggregates of 10mm and 20mm size is used 
for the study which is taken from Shiroli MIDC area 
Kolhapur.And natural sand of river bed is used 
confirming to grading zone –I of table 4 of IS 383 
were procured from local river (Krishna river) in 
Maharashtra.The aggregate size is bigger than 
4.75mm is considered as coarse aggregate.  Dried 
angular coarse aggregate of 20mm maximum size and 
10mm minimum size locally available was used for 
experiment. 
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2.4 Copper slag 
Copper slag used for this work is taken from Suyog 
suppliers (zone-II), a dealer in Pune which is used for 
sand blasting and the supplier brought the slag from 
Baruch, Gujarat. 
 
2.5 Plastizers  
Emceplast BV Plastizers is used as directed by the 
manufacture to improve the workability of fresh 
concrete mix. 
  
2.6 Water  
Water is an important ingredient of concrete as it 
actively participates in the chemical reaction with 
cement. It gives strength to cement and workability to 
the concrete. Drinking water is used for casting and 
curing of the concrete blocks. 
 
2.7Physical properties  
The physical properties of coarse fine aggregates and 
copper slag are determined. 
 
2.7.1 Fineness Modulus 
Particle size/Fineness analysis means the separation 
of a sample of material into fractions of different 
average diameters. The fineness modulus of coarse 
aggregates (20 mm & 10 mm), sand and copper slag 
are 7.75,3.95and 4.55 respectively. Table 2.19 shows 
the fineness modulus of coarse aggregates, sand and 
copper slag respectively.  
 
It was ensured that both aggregates had a grain size 
distribution within 4.75-13.20 mm by sieving in order 
to prevent any effect of aggregate size.  
 
According to IS 383 – 1970 the grading falls outside 
the limits of any particular grading zone of sieves 
other than 600-micron IS Sieve by a total amount not 
exceeding 5 percent, it shall be regarded as falling 
within that grading zone. Sand used for this work is 
from grading zone I and copper slag used in this work 
is in zone II. Table 2.4 show IS requirement of fine 
aggregates in zone I and zone II 
 

 

 
 
2.7.2 Specific Gravity  
The specific gravity is determined with a pycnometer. 
The temperatures at which the specific gravity is 
determined is reported, namely, sp gr 30°C/30°C or 
sp gr 95°C/30°C. The specific gravity of 20 mm & 10 
mm aggregates are found to be 2.67 & 2.75 
respectively and are shown in Table 2.16. The 
specific gravity of sand and copper slag is determine 
by using pycnometer and found to be 2.65 & 3.30 
respectively. It is observed that the specific gravity of 
copper slag is more as compared to sand and is shown 
in the Table 2.16. 
 

 
 

 
Average specific gravity = (2.72+2.67+2.58)/3 = 2.65 
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2.7.3 Water Absorption   
The water absorption of 20 mm coarse aggregates, 
sand &copper slag are determined by conventional 
method and found to be 0.609, 1.01 and 0.65 
respectively. It is found that water absorption of 
copper slag is very low as compared with the natural 
sand and it affects on workability of concrete. Results 
from specific gravity and water absorption tests 
revealed that copper slag has a specific gravity of 
3.30 which is higher than that of sand, whereas the 
water absorption values for copper slag and sand 
were about 0.65% and 1.2%, respectively. This 
suggests that concrete produced with large copper 
slag substitution would have larger density values 
than concrete produced with sand alone. On the other 
hand, due to its low water absorption it is expected 
that the free water content in concrete mixtures will 
increase as copper slag content increases. This will 
lead to an increase in the workability of concrete 
mixtures containing high copper slag percentages.The 
water absorption of coarse aggregates, sand and 
copper slag are shown in Table 2.18.  Table 2.19 
shows the physical properties of coarse aggregates, 
sand and copper slag.  
 

 
 

 
 

 

2.8 Mix Design and Sample Preparation: 
2.8.1 Laboratory Testing Program  
The M-30 grade mix design was selected for w/c ratio 
0.43Table 2.21 shows the material consumed with 
different proportions of copper slag with cement in 
one kg/ m3. The compressive strength at 7 & 28 days 
is found 23.87 N/mm2& 36.15 N/mm2 respectively.  
 

 
 

 
 
2.7 Fresh Concrete Workability Test (Slump Test):  
The slump test was performed in general accordance 
with IS standard 456-2000 clause no.7.  
 
III. TEST RESULTS AND DISCUSSIONS 
 
3.1.1Fresh Concrete Properties 
Determination of fresh concrete properties are 
necessary to determine the effects of adding copper 
slag on workability of the concrete composites. The 
most widely used procedure for evolution of 
workability of concrete is slump test. 
 
3.1.2 Fresh Concrete Workability (Slump Test) 
A slump of 25mm generally provides good 
workability of concrete. Moisture content and 
absorption of the ingredients were taken into account 
for calculating the amount of water added. The water 
to cement ratio was kept at approximately 0.48. 
 

 
 
From the slump test it was concluded that the amount 
of water to obtain the targeted slump in the concrete 
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composites was the equivalent conventional concrete.  
As the amount of copper slag increased the amount of 
slump increased. 
 
3.2 Hardened Concrete Properties   
Pozzolonic reactions gives strength to the concrete 
which took place after addition of water into concrete 
mixture. Though these reactions continues for long 
time, the rate of reactions slows down as curing time 
increases. Hardened concrete compression test and 
flexural tests were performed on hardened concrete 
samples to evaluate the effects of using copper slag 
on hardened properties of concrete composites. 
 
3.3 Compressive Strength 
Cube of size 150 mm × 150 mm × 150 mm were used 
and tested at 7,28 and 56 days of curing in water 
under controlled laboratory conditions. Table 3.2 
shows average compressive strengths of concrete 
tested. 
 

 
 

 
 

 

 
 

It is possible that the reduction in strength resulting 
from increasing copper slag is due to increased voids 
due to the fact that copper slag possesses fewer fine 
particles than fine aggregate. It could also be due to 
the increase of the free water because the copper slag 
absorbs less water than the fine aggregate. From the 
test results, it can be seen that compressive strength 
of copper slag concrete mixes with 10% 20% 30% 
40% 50% 60% and  80 % fine aggregate replacement 
with copper slag, were higher than the control mix at 
all ages. It is evident from Table 3.2 and Graph 3.1 
and Graph 3.2 that compressive strength of all mixes 
continued to mixes with the increase in age. As 
shown in Graph 3.1 it can be seen that there is 
increase in strength with the increases in copper slag 
percentages. However from Table 3.3 the highest 
compressive strength was achieved by 20% 
replacement of copper slag, which was found about 
32.45 Mpa compared with 23.87 Mpa for the control 
mixture. This means that there is an increase in the 
strength of almost 35.94% compared to the control 
mix at 7days. However, mixture with 100% 
replacement of copper slag gave the lowest 
compressive strength 20.63 Mpa which is almost 
13.58 %lower than the strength of control mix. 
3.4 Effect Of Copper Slag On Split Tensile Strength 
The results from the splitting tensile test at 28 days 
are presented in Table 3.4 
 

 
 
The tensile strength of concrete showed similar 
behaviour to the compressive strength. The results 
show that the split tensile strength is increased as 
copper slag quantity increases up to 20% addition, 
beyond that the split tensile strength value slightly 
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reduces but still more than 60% compared with 
control mix. 
 

 
 

3.5 Flexural Strength  
The average flexural strengths of concrete composites 
measured during this phase of the project are 
presented in Table 3.5 and Graph 3.4.  
 

 
 

 
 

    

It is evident from Table 3.5 and Graph 3.4 that 
flexural strength continued to increase with the 
increase in the copper slag percentages at 28 days and 
there is significant increase in strength with that of 
strength of control mix. 
 
3.6 Density  
The density of hardened concrete at saturated-surface 
dried condition was measured at the age of 28 days. 
From the results in the table, it can be seen that the 
density of hardened concrete increased with the 
increase of the copper slag as sand content. This is 
due to the higher specific gravity of the copper slag, 
which was 3.30 compared to 2.65 of the natural sand. 
However compared with the large difference in the 
specific gravity of the copper slag and the natural 
sand, it increased density of concrete. 
 

 
 

 
 
3.7 Effect Of Copper Slag On Modulus Of Elasticity 
At 28 Days    
It was found that the modulus of elasticity decreased 
in accordance with an increase of replacement of 
natural sand by copper slag. The modulus of 
Elasticity of reference concrete was 30.06 x 103 

N/mm2. The modulus of elasticity for 10%, to 70% 
replacement is increased by 1.16%, to 14.37 % with 
respect to controlled concrete then the modulus of 
elasticity was decreased from up to 7.35 % as 
compared to controlled concrete. The table 3.7 shows 
the variation in modulus of Elasticity for 28 days.  
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3.8 Effect Of Copper Slag On Split Tensile Strength 
The results from the splitting tensile test at 28 days 
are presented in Table 3.9. 
 

 
 

The tensile strength of concrete showed similar 
behaviour to the compressive strength. The results 
show that the split tensile strength is increased as 
copper slag quantity increases up to 20% addition, 
beyond that the split tensile strength value slightly 

reduces but still more than 60% compared with 
control mix. 
 

 
 
CONCLUSIONS 
 
4.1 Conclusions: 
1. As the percentage of copper slag increases 
workability increases.  
2. Maximum Compressive strength of concrete 
increased by 34 % at 20% replacement of fine 
aggregate, and up to 80% replacement ,concrete gain 
more strength than  normal concrete strength. 
 3. It is observed that up to 30% replacement of 
natural sand by copper slag, the flexural strength of 
concrete is increased by 14%. And all percentage 
replacement of fine aggregate by copper slag the 
flexural strength of concrete is more than normal mix. 
4. Compressive strength and flexural Strength is 
increased due to high toughness of copper slag. 
5.As the percentage of Copper slag increases the 
density of concrete is increased. Density is increased 
by 7% due to replacement of fine aggregate at 100%. 
6. Replacement of copper slag in fine aggregate 
reduces the cost of making concrete. 
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