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ABSTRACT 
With natural sand deposits the world over drying up, 
there is an acute need for a product that matches the 
properties of natural sand in concrete. Copper slag is a 
by-product obtained during the various processes of 
copper. The objective of this paper is to study the 
physical and chemical properties of copper slag, to 
perform various tests on copper slag to find out the 
proportion of replacement of sand in concrete. This 
paper presents the results of an experimental study on 
various compressive strength, split tensile strength, 
flexure, density and modulus of elasticity tests on 
concrete containing copper slag and Waste Foundry 
Ferrous Slag as partial replacement of sand. The results 
indicate that compressive strength and flexural strength 
is increased due to high toughness of copper slag. It was 
also found that as the percentage of copper slag 
increases the density of concrete is increased. 
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1. INTRODUCTION 
The generation, handling, and safe disposal of waste 
materials have become a major concern in the world. 
Furthermore, there is a growing public awareness of the 
importance of conserving and preserving our valuable 
natural resources. This expanding awareness has given 
rise to the trend towards recycling or reuse of a wide 
variety of solid wastes [2]. Numerous waste materials 
are generated from manufacturing processes, service 
industries and municipal solid wastes. The increasing 
awareness about the environment has tremendously 
contributed to the concerns related to the disposal of the 
generated wastes. With the scarcity of space for land 
filling and due to its ever increasing cost, waste 
utilization has become an   attractive   alternative   to 
disposal. Research is being carried out on the utilization 
of waste products in concrete as a replacement of 
natural sand. Such waste products include discarded 
tires, plastic, glass, burnt foundry sand and Coal 
Combustion By-Products (CCBs). Each of these waste 
products has provided a specific effect on the properties 
of fresh and hardened concrete. The use of waste 
products in concrete not only makes it economical, but 
also helps in reducing disposal problems [3]. 
 

2. MATERIALS AND METHODS 
 
2.1 Cement- The most widely used types of cement in 
the construction industry in India is Birla Super 53 
grade ordinary Portland cement, which was used for 
this study.  
 
2.2 Fine Aggregates- The aggregate size is lesser than 
4.75mm is considered as fine aggregate. 
 
2.3 Coarse Aggregates- Coarse aggregates of 10mm 
and 20mm size were used. These were obtained from 
Shiroli MIDC area Kolhapur. Natural River sand was 
procured from local river (Krishna River) in 
Maharashtra. 
 
2.4 Copper slag- Copper slag used for this work was 
taken from Suyog Suppliers (zone-II), a dealer in Pune 
which was used for sand blasting and the supplier 
brought the slag from Baruch, Gujarat. 
 
2.5 Plastizers- Pherma Plastex Plastizers was used as 
directed by the manufacturer to improve the workability 
of fresh concrete mix. 
 
2.6 Water- Drinking water was used for casting and 
curing of the concrete blocks. 
 
2.7 Waste Foundry Ferrous Slag- Waste foundry 
ferrous slag has though been an industrial byproduct, 
exhibits well bonding properties. It permits very high 
replacement of sand and extends many advantages over 
conventional cement concrete. The utilization of waste 
foundry ferrous slag as a sand replacement material is 
gaining importance due to its improved strength 
characteristics in concrete composites and also due to 
economy achieved. 
 
2.8 Mortar- Mortar  is prepared with 1:3 ratios of 
cement and sand with water binder ratio 0.47 and sand 
is replaced by copper slag (controlled mortar) at 
following percentages, 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%,100%. 
 
2.9 Physical properties- The physical properties of 
coarse, fine aggregates and copper slag were 
determined. 
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Table 2.1 Physical Properties 
 

 C.A. Sand C.S. 
Fineness Modulus 7.75 3.95 4.55 

Specific Gravity 2.75 2.65 3.30 

Water Absorption 0.609 1.20 0.65 

 

2.9.1 Fineness Modulus- To determine the fineness 
modulus of coarse aggregates (20 mm & 10 mm), sand 
and copper slag details sieve analysis was performed. 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 is 
to  be considered within that grading zone. This 
acceptance is not applied to percentage passing the 600-
micron IS Sieve or to the percentage passing any other 
sieve size on the coarse limit of Grading Zone I or the 
finer limit of Grading Zone IV. In this work, the Sand 
was from grading zone I and copper slag was from zone 
II.  
 
2.9.2 Specific Gravity- The specific gravity of sand 
and copper slag was determined using pycno-meter, 
according to IS 2386-1963 (BIS, 1963) to be 2.65 & 
3.30 respectively. It was observed that the specific 
gravity of copper slag was more as compared to sand.  
 

3. TEST RESULTS AND DISCUSSIONS 
 
3.1 Fresh Concrete Workability (Slump 
Test) - The slump of the concrete incorporating the 
copper slag as fine aggregate increased as more natural 
sand was replaced by copper slag. Maximum slump 
obtained was 40mm which occurred at the 100% copper 
slag replacement as compared to slump of concrete mix. 
In general, it can be concluded that the addition of 
copper slag improves the workability of concrete mix. 
From the slump test the amount of water to obtain the 
targeted slump in the concrete composites was the 
equivalent conventional concrete.   
 

3.2 Hardened Concrete Properties- a Pozzolonic 
reaction gives strength to the concrete which took place 

after addition of water into concrete mixture. Though 
these reactions continue 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- The results of the 
compressive strength of cube specimen for different 
copper slag content as a replacement of sand at 7, 28, 
and 56 days curing period, respectively shows an 
increasing profile up to 40% replacement of copper slag 
and then it shows decreasing profile as more copper 
slag is added.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. The results 
show 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 figure 1 that compressive strength of 
all mixes continued to mixes with the increase in age. It 
can be also seen that there is an increase in strength 
with the increases in copper slag percentages. However 
the highest compressive strength was achieved by 40% 
replacement of copper slag, which was found about 
35.54 Mpa compared with 25.07 Mpa for the control 
mixture. 
 

 
Figure 1 Compressive Strength 

 
This means that there is an increase in the strength of 
almost 41.98% compared to the control mix at 7 days. 
However, mixture with 100% replacement of copper 
slag gave the lowest compressive strength 23.37 Mpa 

Mix W/C Ratio Slump (mm) 
Normal  M-30 0.45 25 

CS 10% 0.45 26 
CS 20% 0.45 28 
CS 30% 0.45 31 
CS 40% 0.45 32 
CS 50% 0.45 34 
CS 60% 0.45 35 
CS 80% 0.45 38 
CS 100% 0.45 40 
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which is almost 6.64 % lower than the strength of 
control mix. 
 

3.4 Effect of Copper Slag on Split Tensile 
Strength 
The effect of copper slag as a substitute for fine 
aggregate on split tensile strength is presented in figure 
2. The 28 days split 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. 
 

 
Figure 2 Split Tensile Strength at 28 days 

 

3.5 Flexural Strength- The flexural strength of beam 
specimens for different copper slag content as a sand 
replacement at 28 days curing period is presented in 
figure 3. It is evident that flexural strength continued to 
increase with the increase in the copper slag 
percentages at 28 days and there is a significant 
increase in strength with that of strength of control mix. 

 
Figure 3 Flexural Strength 

 

3.6 Density- The effect of copper slag replacement as 
fine aggregate on the density of concrete is presented in 
figure 4 for different proportions of copper slag. The 

density of hardened concrete at the saturated-surface 
dried condition was measured at the age of 28 days. It is 
clear from figure 4 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.  
 

 
Figure 4 Density 

 

4. EFFECT OF COPPER SLAG ON 
MODULUS OF ELASTICITY AT 28 
DAYS 
  
The modulus of Elasticity of cube specimen is 
calculated according to IS: 456-2000 by the formula 𝐸 

= 5000   where Fck is 28 days cube compressive 

strength. 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 60% 
replacement is increased by 1.33%, to 15.22 % with 
respect to controlled concrete, and then the modulus of 
elasticity was decreased up to11.11 % as compared to 
controlled concrete. The figure 5 shows the variation in 
modulus of Elasticity for 28 days.  
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Figure 5 Modulus of elasticity at 28 days for cube specimen 

5. EFFECT OF COPPER SLAG ON 
PERMEABILITY OF CONCRETE AT 28 
DAYS 
 
This test is conducted according to German Code DIN-
1048. It is found that the permeability up to 40 % is 
decreased and after that the permeability is increased 
from 50 % to 100% replacement. Figure 6 shows the 
variation in the in permeability with respect to the 
reference concrete. 
 

 
Figure 6 Percentage variations in permeability at 28 days 

5.1 Chemical composition and physical properties 
of CS and FS- The average compressive strengths for 
7, 28, 60 and 90 days and for different concrete mixes 
are shown in figure 7. The average 7, 28, 60 and 90 
days split tensile strengths for different concrete mixes 
are shown in figure 8.  
 
Where,  
fc - Cube Compressive Strength ,  
S - Sand,  
CS - Copper Slag,  
FS- Ferrous Slag  
fc7 - Cube Compressive Strength, Cured at 7-days 
fc28 - Cube Compressive Strength, Cured at 28-days 
fc60 - Cube Compressive Strength, Cured at 60-days   
fc90 - Cube Compressive Strength, Cured at 90-days 
           

 
    Figure 7 Compressive Strength Test Results 

 
ft - Cylinder Split Tensile Strength,  
S = Sand,  

CS- Copper Slag, 
FS -Ferrous Slag  
ft7 - Cylinder Split Tensile Strength, Cured at 7-days 
ft28 - Cylinder Split Tensile Strength, Cured at 28-days  
ft60 - Cylinder Split Tensile Strength, Cured at 60-days  
ft90 - Cylinder Split Tensile Strength, Cured at 90-days 
 

 
Figure 8 Split Tensile Strength Test Results 

 

5.1.1 X-ray defractor graphs (XRD) of different 
proportions of copper slag and Waste foundry 
ferrous slag in concrete at 28 days 

 

       
 Figure 9(a) 

 
Figure 9(b) 
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Figure 9(c) 

 

 
Figure 9(d) 

 
Figure 9(e) 

 

 
Figure 9(a, b, c, d, e) shows X-ray defractor graphs 
(XRD) of concrete with different proportions of copper 
slag and Waste foundry ferrous slag. Figure 9(a) and 9 
(b) shows X-ray defractor graphs (XRD) of 10% and 
20% of Waste foundry ferrous slag respectively. Graph 
c and d show XRD graphs of 30% and 40% of Waste 
foundry ferrous slag and figure 9(e) show XRD graphs 
of 50% Waste foundry ferrous slag. 
 

6. SCANNING ELECTRON 
MICROSCOPE (SEM) OF DIFFERENT 
PROPORTIONS OF COPPER SLAG AND 
WASTE FOUNDRY FERROUS SLAG IN 
CONCRETE AT 28 DAYS 
 

 
Figure 10 (a) 

 
Figure 10 (b) 

 
Figure 10 (c) 

 

 

A- Alit P-Portlandite 

B-Belite CC- calcite 

CSH- Calcium silicate hydrates 

Holes 

Calcium Silicate Hydrate 
around Copper Slag 

Micropores  

Calcium Silicate Hydrate 
around Copper Slag 
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Figure 10 (d) 

 
Figure 10 (e) 

Figure 10 (a, b, c, d) shows scanning electron 
microscope (SEM) images of copper slag and Waste 
foundry ferrous slag. Figure 10(a) and Figure 10(b) 
shows SEM of 10% and 20% of respectively. Fig. c and 
d show SEM of 30% and 40% of and Figure 10(e) show 
scanning electron microscope (SEM) images of 50%. 
 

7. CONCLUSIONS 
 
The following conclusions can be drawn from the 
present study. 
 
1. The workability increases rapidly with increase in 
copper slag percentage.  
2. The addition of up to 40% of copper slag as a sand 
replacement gained 32% more strength with that of 
control concrete. However further addition of copper 
slag caused a reduction in strength. 
 3. It is observed that up to 20% replacement of natural 
sand by copper slag, the split tensile strength of 
concrete is increased by 70% and flexural strength of 
concrete is increased by 50%. All percentage 
replacement of fine aggregate by copper slag the split 
tensile and flexural strength of concrete is more than 
normal mix. 
4. Compressive strength and flexural Strength are 
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. Maximum modulus of elasticity of copper slag 
concrete increased by 15.22% at 40% replacement of 
fine aggregate, and up to 60% replacement, concrete 
gain more modulus of elasticity than normal concrete.. 
7. It is found that the permeability up to 40 % is 
decreased and after that the permeability is increased 
from 50 % to 100% replacement. 
8. Replacement of copper slag in fine aggregate reduces 
the cost of making concrete. 
9. For CS and FS the highest compressive strength 
obtained was 48.92 MPa (100% replacement) and the 
corresponding strength for control concrete was 36.96 
MPa for 28 days. 

10. For CS and FS the highest Splitting Tensile Strength 
obtained was 8.80 MPa (100% replacement) and the 
corresponding strength for control concrete was 4.46 
MPa for 28 days. 
11. In cases of the higher percentage of CS&FS (of the 
order 60-80%), finer industrial wastes like quarry dust 
and fine ash may be gainfully utilized to achieve the 
necessary particle grading and exclude the possibility of 
bleeding  
12. With higher levels of replacements (100%) there 
was a slight bleeding tendency and it is recommended 
that up to 80% of CS&FS can be used as replacement of 
sand. The studies show that total replacement of sand 
by CS&FS is not advisable. 
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