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ABSTRACT 

For a wide range of load-bearing solid structures, 

concrete is a great material. Due to environmental 

issues and the ongoing depletion of natural resources, 

concrete is the second most consumed resource 

worldwide. Because it is primarily utilized as a fine 

aggregate in concrete, river sand is constantly 

reduced, which has an effect on the ground water 

table. It is essential to look for alternative concrete 

materials due to these factors. The search for 

alternative concrete materials is a critical issue 

because the production of copper generates a 

significant amount of waste. Governments and 

environmental protection agencies require alternative 

sources for this waste material. Copper slag is being 

attempted to partially replace fine aggregate in the 

construction sector as a result. The laboratory testing 

of various concrete mixes (M20, M40, and M60) 

containing copper slag waste as a partial (0% to 

100%) replacement for fine aggregate is the subject 

of the current paper. The concrete mixes' mechanical 

and fresh properties were evaluated. 

Keywords: Fresh Properties; Mechanical Properties; 

Concrete; Copper Slag. 

 

I. INTRODUCTION 
Concrete is the most widely used man-made 

construction material on the planet due to its 

adaptability and low cost . How much water in 

ordinary cement extraordinarily influences designing 

properties like mechanical strength. In recent years, 

industries' rapid expansion has made it increasingly 

difficult to manage waste. Infrastructure 

requirements have increased at the same rate as the 

human population, urbanization, industrial projects, 

and globalization. Industrial processes generate a 

significant amount of waste. Copper slag (CS), for 

instance, is a huge byproduct delivered during the 

copper producing process. Copper is typically 

extracted from sulphide ores through flotation, where 

it is refined and smelted to produce pure copper 

metal. Since it takes 2-3 million tons of CS to 

produce 1 ton of clear copper, ecological assurance 

specialists and policymakers are worried about how 

to utilize and discard this waste CS. Copper slag in 

concrete has the potential to benefit the construction 

industry's economy as well as the environment. 

Copper slag can contribute to global warming and the 

loss of the ozone layer, which shields the planet from 

harmful cosmic rays, if it is disposed of improperly. 

Presently, cement can involve this waste slag instead 

of total. By to some extent supplanting fine total 

(FA) with copper slag (CS), development expenses 

can be kept to a base. It is unnecessary to emphasize 

concrete's versatility and construction-related 

applications. Over the past two decades, 

normal/high-strength concrete research has been a 

top priority. The MPa value of ordinary concrete 

must be between 25 and 55, while the MPa value of 

high-strength concrete must be greater than 55. 

Sulfides and oxides of copper and iron make 

up the majority of a copper smelting charge; 

Aluminum oxide (Al2O3), magnesium oxide (MgO), 

calcium oxide (CaO), and silicon dioxide (SiO2) are 

additional components. Because copper slag has 

pozzolanic properties, it is cementitious and can 

sometimes be used in place of cement. Viewed as a 

side-effect could be utilized as a total or fractional 

swap for concrete or totals in the structure business. 

Due to the widespread use of concrete, building 

materials are becoming increasingly more expensive 

everywhere—even in developing nations like India. 

Consequently, only a few private individuals, 

business alliances, and government agencies can 

afford them. However, alternative building materials 

that are less expensive and readily available locally 

have the potential to reduce this rising cost. The use 

of waste CS as a raw material in concrete has been 

the subject of several studies. When CS is used to 

make cement mortar, the results showed that it has 

the best strength efficiency up to a 5 percent 

substitution. The impacts of CS joined with various 



 

       

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 5, Issue 4 April 2023,   pp: 1434-1444 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-050414341444   |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 1435 

silica smolder content on substantial properties are 

examined. The strength of the results was enhanced 

by using CS. In an exploratory review, it was 

resolved what the properties of HPC would be meant 

for by the replacement of copper slag for sand. The 

trials' discoveries uncovered that the functionality of 

substantial blends expanded rapidly while their 

thickness just marginally changed. When half of the 

fine aggregate was replaced with CS, the strength of 

the concrete was the same as that of regular concrete. 

When less than 40% copper slag was used 

in place of fine aggregate, concrete's compressive 

strength was found to be comparable to or higher 

than that of regular concrete. Copper slag can take 

the place of admixtures in mortars and concrete. The 

strength of cement mortars was examined using CS 

and cement by-pass dust as substitutes. The results 

showed that the mixture with 5 percent cement by-

pass dust and 95 percent cement had a maximum 90-

day compressive strength of 42 MPa, while the 

mixture with 1.5 percent cement by-pass dust, 13.5 

percent Copper slag, and 85 percent cement had a 

maximum 90-day compressive strength of 40 MPa. 

The fundamental properties of concrete with these 

fine aggregates were examined, and it was 

discovered that structural concrete can be made with 

up to 20% (by volume) of CS or class II fly ash as 

FA. Mechanical and Durability of Reinforced 

Concrete Beams According to tests, CS can be used 

as a substitute for FA in concrete due to its similar 

physical properties to fine aggregate. Copper slag is 

more durable and holds less water than fine 

aggregate. Concrete specimens' self-weight can rise 

by 15 to 20 percent when CS is used in its place. 

 

II. MATERIALS AND METHODOLOGY 
2.1. Aggregates 

As indicated by their size, totals are for the 

most part dormant and can be categorized as one of 

two classes: coarse or fine Fine aggregates have a 

grain size of less than 4.75 mm, while coarse 

aggregates have a grain size of more than 4.75 mm. 

Before using aggregate in concrete, a number of 

properties must be checked, including basic 

properties  like sieve analysis, specific gravity, water 

absorption, and mechanical properties like fineness 

modulus and silt content. Concrete's design and 

behavior are directly affected by these properties. All 

of the necessary primary tests are carried out in 

accordance with IS code 383, and the test results are 

compared to the properties of copper slag to 

determine whether CS can be used as an FA in 

concrete instead of sand. Table 1 illustrates the 

aggregate test results. 

 

Table 1. Physical Properties of CS and Fine aggregates 

Physical Properties Copper Slag Fine Aggregate Cement 

Free Moisture Content 

(%) 
- 0.13 - 

Fineness Modulus 2.206 2.85 236 

Bulk Density (kg/m
3
) 2120 1780 - 

Specific Gravity 3.83 2.66 3.15 

Consistency - - 26% 

Water Absorption (%) 0.5 1.5 - 

Setting time 

(Initial & Final) 
- - 120 & 260 

 

2.2. Cement and Copper Slag 

 Regular OPC with a grade of 53 was used 

in this study. The fine aggregate in the control mortar 

and concrete was river sand from a natural riverbed. 

Coarse aggregate is made from crushed stone 

aggregate with a 20 mm diameter. CS is a byproduct 

of the copper manufacturing process. Sterlite 

Industries Ltd. produced the CS for this project in 

Tuticorin, Tamil Nadu, India, adhering to BS 812-2: 

Copper slag's particle density and water absorption  

characteristics were compared to those of river sand 

in 1995. Fine aggregates used in concrete are 

chemically static, free of clay, clean, and contain 

sharp grains with angular alignment. Used sand has 

been made to pass through a 4.75 mm sieve and is 

retained on a 150-micron sieve. IS claims that: Fine 

aggregate is tested from 2386 to 1963. The FA and 

CS's physical characteristics are shown in Table 1, 

while the CS's chemical proportions are shown in 

Table 2. 
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2.3. Water  

Since no oils, acids, soluble bases, sugar, 

salts, or natural mixtures were available, the water 

utilized for restoring and blending agreed with IS 

3025 - 1964 section 22, section 23, and IS:456 - 

2000. The pH level needs to be at least 6. How much 

solids in the example was inside the reach allowed by 

IS: 456 - article 5.4 from 2000. 

 

III. EXPERIMENTAL 

INVESTIGATION 
The primary objective of this experiment is 

to substitute copper slag for natural sand in order to 

maintain the most stable properties of the concrete. 

In this examination, three unique blends were 

utilized, including M20, M40, and M60. These 

grades' concrete is produced in accordance with the 

IS10262-2009 guidelines. In each grade, the weight 

of the sand replaces the copper slag at a rate of 0 to 

100 percent. The mixed proportion used in this study 

is shown in Table 3. The components were measured 

with a digital balance . The ingredients were 

combined with a pan mixer. A vibrating table was 

utilized to pack the combinations. The rut of new 

cement was estimated to look at the impact of CS 

substitution on substantial usefulness. After being 

demolded and dried in water for 24 hours, the 

specimens were examined at the appropriate age on a 

saturated, dry surface. 

 

Table 3.Mix Proportions of Concrete mixes. 

Mix Ratio of Concrete 

M20 1:1.85:3.45 

M40 1:1.64:2.9 

M60 1:1.47:3.04 

 

3.1. Testing methods 

In accordance with BIS:1199-59, R. 2004, a 

slump flow test was performed to ascertain the 

workability of fresh concrete. As per BIS: 516-1959 

rules, chamber and 3D square molded substantial 

examples were tried in a 3000kN limit uniaxial 

pressure testing unit, separately, to decide the 

strength of concrete composites against pressure and 

split-pliable of solidified concrete composites. 

 

3.2. Tests on Concrete 

 The compressive strength test was done 

according to IS: 516-1959, and ten 150x150x150mm 

cubes of each mix were cast to determine the 

compressive strength. Three examples were checked 

at 7, and 28days in the wake of relieving. Cast 

cylindrical specimens measuring 300 mm in length 

and 150 mm in diameter, as well as beam specimens 

measuring 100 mm x 100 mm x 500 mm prism, were 

used for the indirect tensile strength test. The solid 

shapes according to IS:10086-1982 in Pressure 

Testing Machine (CTM) of 2000kN, pressure test, 

and spilt tractable test were led on blocks and 

chamber, separately. Conforming to IS 516-1959, the 

flexural testing is carried out in a UTM with a 

capacity of 40T. 

 

3.2.1 Compression test  

After the allotted amount of time for curing 

has passed, remove the specimen from the water and 

wipe off any moisture that is still on the surface. To 

the nearest 0.2 m, the specimen's size should be 

Table 2. Chemical composition of CS 

Chemical property’s Chemical configuration of copper slag 

SiO2 24.44 

Fe2O3 68.78 

Al2O3 0.25 

CaO 0.17 

Na2O 0.62 

K2O 0.28 

Mn2O3 0.21 

TiO2 0.48 

SO3 0.19 

CuO 1.39 

Sulphide sulphur 0.28 

Chloride 0.001 
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determined. The bearing surface of the testing gadget 

should be cleaned. Put the example inside the device 

with the rival sides of the 3D square uniformly 

bearing the heap. Place the specimen in the middle of 

the base plate of the machine. By gently rotating the 

movable part, you can get it to touch the specimen's 

top surface. Apply the load steadily until the 

specimen fails. Take note of any distinctive failure-

type characteristics by observing the maximum load. 

 

3.2.2 Split-tensile test 

Remove the wet specimen from the water at 

the ages of 7, 14, 21, and 28 or at other ages that are 

desired for estimating tensile strength. The 

specimen's surface should then be completely dried 

to remove all water. To demonstrate that the 

specimen's two ends are in the same axial position, 

draw diametrical lines across it. After that, the 

specimen's dimensions and weight should be noted. 

The required range ought to be set on the 

compression testing device. A compressed wood 

strip ought to be added to the lower plate after the 

example is set up. Position the example so the base 

plate is covered by the upward, fixated lines on the 

closures. Place the second piece of plywood over the 

specimen. You should lower the top plate so that it 

just touches the plywood strip. Apply the heap 

ceaselessly without shock at a pace of somewhere in 

the range of 0.7 and 1.4 MPa/min as per IS 

5816:1999. 

3.2.3 Flexural strength test 

To avoid surface drying, which reduces 

flexural strength, the specimen should be tested as 

soon as it is removed from the curing environment. 

Place the example near the stacking focuses. No 

loading points should come into contact with the 

specimen's hand-finished surface. This will guarantee 

that the specimen has sufficient contact with the 

loading points. The applied force ought to be 

centered on the loading system. At the loading 

locations, bring the block's applying force into 

contact with the specimen's surface. Conforming to 

IS 516-1959, the flexural testing is carried out in a 

UTM with a capacity of 40T. 

 

IV. RESULT & DISCUSSION 
IS 2386 part III was utilized for the 

evaluation of the CS and river sand's S.G. (Specific 

Gravity) and density. Copper slag, which was used in 

the study, has a fineness modulus of 2.20, a higher 

S.G. of 3.83, and a bulk density of 2120 kg/m3, 

making concrete with a higher density. Fine 

aggregate, on the other hand, has a lower density. In 

addition, 0.5% water absorption is discovered. 

Copper slag may require a lower water-to-binder 

ratio when used to prepare the concrete mix due to its 

lower surface porosity than sand. The sieve analysis 

performed on the CS and the FA in accordance with 

IS-383 is depicted in Fig. 1: 1970. 

 

4.1. Physical properties of cement concrete due to the addition of CS 

 
Fig. 1. Sieve analysis of copper slag and fine aggregate. 

 

4.2. Effects of fresh properties of concrete due to 

copper slag 

While utilizing total other than that which is 

exhorted for concrete, the effect on the usefulness of 

new cement might be a possible issue. The cement 

composite's workability was assessed by measuring 

its slump in fresh form. Fig. 2(a), Fig. Figure 2(b) 

2(c) displays the slump tests performed on concrete 

containing CS at various percentages and mix 

proportions. When copper slag is added to concrete 
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mixtures, it makes the concrete easier to work with, 

as shown in Fig. 2. Copper slag's low water 

absorption properties account for this increase in 

workability. 

 

 

Fig. 2 (a). Slump value of different copper slag M20 

concrete mixtures 

 

Fig. 2 (b). Slump value of different copper slag M40 

concrete mixtures 

 

Fig. 2 (c). Slump value of different copper slag M60 

concrete mixtures 

 

4.3. Effects of hardened properties of concrete due 

to copper slag 

Mechanical properties tests, including 

compressive strength, split tensile, and rupture 

modulus, were performed on hardened concrete of 

grades M20, M40, and M60 following a 28-day 

water curing period. 

4.3.1. Compressive strength 

Conventional concrete has a compressive 

strength of 23.8 MPa at the M20 concrete grade, 

whereas 60 percent substitution results in a 

compressive strength of 36.8 MPa, which is 3.5 times 

greater than conventional concrete (Fig. 3a). When 

CS is substituted with FA, the compressive strength 

of M40 grade cement composite is 46.8 MPa and 

61.8 MPa, respectively, in conventional concrete 
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(Fig. 3b). Compared to standard concrete, this 

concrete has a compressive strength that is 41% 

higher and a strength that is 7% higher. The leftover 

example is in the two qualities. The compressive 

strength of the standard cement composite sample for 

M60 grade concrete is 66.5 MPa (Fig. 3c). The 

compressive strength of the cement composite 

gradually rises more than that of conventional 

cement composite when fine aggregate is used in 

place of copper slag in amounts ranging from 10% to 

100%. It presently goes somewhere in the range of 

72.8 and 69.6 MPa. The ability to bond and fill pores 

appears to improve when FA is used in place of CS. 

Other researchers investigated the effects of CS as 

fine aggregates on the strength of regular cement 

composite as a follow-up to the aforementioned 

findings. Copper slag concrete has significantly 

higher compressive strengths than control mixtures, 

as shown by the findings. 

 

Fig. 3(a). Compressive strength of different copper slag M20 concrete mixtures 

 

Fig. 3(b). Compressive strength of different copper slag M40 concrete mixtures 

 

Fig. 3(c). Compressive strength of different copper slag M60 concrete mixtures 
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4.3.2. Tensile strength of concrete 

Fig. 4 (a) and 4(b). and Figure 4(c) shows 

how CS replacement affected the cement composite's 

tensile strength for M20, M40, and M60 grades of 

concrete, respectively. When copper slag is replaced 

with sand in various ratios, the lowest split tensile 

strength of 3.21 MPa is achieved at 100 percent. 

Conventional M20 grade concrete has a split tensile 

strength of 3.28 MPa. This value is two percent 

stronger than the strength of standard concrete. The 

split tensile strength reaches 3.58 MPa at 60 percent 

replacement. This worth is 9% more prominent than 

the worth of standard cement. M40 grade concrete 

has a parted elasticity of 3.14 MPa for conventional 

cement, and the most reduced and greatest split 

rigidity values subsequent to supplanting copper slag 

with sand are 3.12 MPa and 3.37 MPa, separately. 

By replacing copper slag with sand, these values are 

increased by 100% and 50%, respectively. The above 

esteem is 1% lower than traditional concrete and 7% 

higher than customary cement. The strength against 

split-tensile of conventional concrete in the grade 

M60 is 3.14 MPa. With 100% replacement, the 

lowest strength is 3.11 MPa, which is 1% lower than 

the maximum split tensile strength of 3.35 MPa, 

which is 7% higher than standard concrete and is 

achieved with 50% replacement. The findings 

demonstrate that the average tensile strength was 

within acceptable limits, as required by the design. 

For the purposes of design, the tensile strength can be 

estimated to be 0.45 (13). 

 

Fig. 4(a). Split-tensile strength of different copper slag M20 concrete mixtures 

 

Fig. 4(b). Split-tensile strength of different copper slag M40 concrete mixtures 



 

       

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 5, Issue 4 April 2023,   pp: 1434-1444 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-050414341444   |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 1441 

 

Fig. 4(c). Split-tensile strength of different copper slag M60 concrete mixtures 

 

4.3.3. Flexural strength of the concrete 

 Fig. 5(a), Fig. 5(b), and Fig. 5(c) shows how 

different concrete mixes with different substitutions 

for copper slag perform in terms of flexural intensity. 

By supplanting 60% of copper slag with sand, the 

M20 substantial grade accomplishes a general 

modulus of flexibility of 30.28 x103 N/mm2. The 

concrete with a young's modulus of 24.65 x103 

N/mm2 against the sand had the lowest modulus of 

elasticity, which is 25% higher than the conventional 

concrete strength value. At a 50% substitution of 

sand for copper slag, the M40 concrete grade attains 

its ideal young's modulus value. Their Young's 

modulus esteem relates to 39.48 x103 N/mm2. The 

value of this is 19% higher than that of a typical 

concrete specimen. In M60 grade concrete, the 

maximum modulus of elasticity value of 46.62x103 

N/mm2 was achieved by replacing 40% of copper 

slag with sand. After the intensity has been gradually 

increased and then decreased when making a 100% 

replacement, the elasticity modulus value exceeds 

41.20x103 N/mm2. 

 

 

Fig. 5(a). Flexural strength of different copper slag M20 concrete mixtures 

 

Fig. 5(b). Flexural strength of different copper slag M40 concrete mixtures 
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Fig. 5(c). Flexural strength of different copper slag M60 concrete mixtures 

 

V. CONCLUSION 
1. It appears that when used as a FA in mortar, CS 

behaves like river sand. However, a few minor 

adjustments or modifications may be required due to 

the copper slag's required quantity, the rough surface 

texture, and the higher specific gravity. Reduced 

waste generated during copper production is good for 

the environment when CS is used instead of FA. 

2. The results of the workability test indicate that the 

concrete is simple to work in its fresh state when CS 

and sand are combined to serve as fine aggregate. 

Additionally, there is no change to the concrete's 

flow properties. Based on the results of various 

revisions and mechanical strength measurements, the 

optimal dosage level of copper slag for the M20, 

M40, and M60 grades of concrete is 60 percent, 50 

percent, and 40 percent, respectively. At this 

percentage of the replacement stage, the concretes 

possess strong strength characteristics. Copper slag's 

strong properties as a fine aggregate when combined 

with other materials are demonstrated by this result. 

3. M60, M40, and M20 are three examples of 

concrete grades with maximum compressive 

strengths of 83.9, 61.8, and 36.8 MPa, respectively. 

When compared to conventional concrete specimens 

of the same grade, these values are 30 percent, 41%, 

and 55% higher, respectively. A significant increase 

in compressive strength can be observed when 

copper slag is used in quantities that are within 

permissible limits. Compressive strength has 

expanded thanks to copper slag's high sturdiness and 

polished surface. 

4. At the optimal dose of copper slag, the split tensile 

strength test values for various M60, M40, and M20 

concrete mixes are 8.62, 6.25, and 5.12 MPa, 

respectively. The values are 62%, 48%, and 55% 

higher than the conventional concrete specimen for 

their respective grades. The modulus of elasticity 

values at the optimal dose of copper slag for various 

mixes of M60, M40, and M20 concretes are, 

respectively, 46.62x103, 39.48x103, and 30.28x103 

N/mm2. When compared to conventional concrete 

specimens of their respective grades, the prices are 

14%, 13%, 14%, 13%, 23%, and 25% higher, 

respectively. 

With further mix optimization, it is possible to say 

that this kind of aggregate could be used as a suitable 

replacement for ordinary sand based on the 

aforementioned results. 
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