INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XI1I Issue IV April 2026

Enhancing Concrete Performance Using Copper Slag
Mohan K.}, Alan Eric P.%, Ajay Prakash K.1, Arijith. M., Dr. R. Pamila?
1Student, Department Civil Engineering, Sri Sairam Engineering College (Autonomous) Chennai, India

2Faculty, Department of Civil Engineering. Sri Sairam Engineering College (Autonomous) Chennai,
India

DOI: https://doi.org/10.51244/1JRSI.2026.1304000016

Received: 12 March 2026; Accepted: 18 March 2026; Published: 24 April 2026
ABSTRACT

In an effort to enhance concrete's performance and sustainability, this study analyzes the possibility of partially
replacing traditional ingredients with copper slag, a by-product of the copper industry. The primary objective
of the study is to determine the way adding copper slag in place of cement and/or fine aggregates affects the
workability, durability, and mechanical qualities of concrete, including its resistance to sulfate attack, chloride
ion penetration, and freeze-thaw cycles, as well as its compressive, tensile, and flexural strengths. The study
also looks at the advantages of using copper slag for the environment, such as a smaller reliance on natural
resources, better waste management, and maybe lower carbon emissions from the production of cement. Based
on studies, copper slag can enhance the strength and durability of concrete when added in suitable amounts. It
also provides a more cost-effective and environmentally conscious substitute for conventional concrete
mixtures. The results indicate that by reusing industrial waste materials and reducing the environmental impact
of concrete production, copper slag can significantly contribute to a circular economy while supporting
environmentally friendly practices in the construction sector.
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INTRODUCTION

Concrete is a fundamental construction material, widely used due to its high compressive strength, durability,
and adaptability. However, the increasing demand for concrete has led to excessive exploitation of natural
resources, particularly river sand and aggregates, raising environmental and economic concerns. To mitigate
these issues, the construction industry is exploring sustainable alternatives by incorporating industrial
byproducts into concrete production.

Copper slag, a byproduct of the copper smelting process, has gained attention as a potential alternative material
for enhancing concrete performance. Rich in silica, iron, and alumina, copper slag possesses favorable physical
and chemical properties that can improve concrete strength, workability, and durability. Previous studies have
indicated that partial replacement of fine aggregates or cement with copper slag can enhance mechanical
properties while reducing environmental impact.

This study aims to evaluate the effectiveness of copper slag in improving concrete performance, focusing on its
influence on compressive strength, durability, and sustainability. By optimizing its utilization, copper slag can
contribute to eco-friendly construction practices, reduce industrial waste, and promote resource conservation in
the construction sector.

MOTIVATION

The use of copper slag in concrete is motivated by its potential to enhance both performance and sustainability.
As a byproduct of the copper smelting process, copper slag is often discarded as waste, leading to
environmental concerns. Incorporating it into concrete helps reduce landfill disposal and supports sustainable
construction practices by repurposing industrial byproducts. Additionally, copper slag improves the mechanical
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properties of concrete, including increased compressive, tensile, and flexural strength. Its dense and angular
particles contribute to better durability, while its smooth texture enhances workability and flowability.
Furthermore, replacing natural aggregates or cement with copper slag can lead to cost savings and a reduction
in the environmental impact associated with traditional concrete materials.

EXISTING SYSTEM

The existing system for enhancing concrete performance with copper slag involves its use as a fine aggregate
replacement, cementitious material, and durability enhancer. Copper slag is widely used to replace 40-50% of
natural sand, improving workability, compressive strength, and durability, though excessive replacement may
lead to increased density and reduced bonding due to its smooth surface. Additionally, its high silica, alumina,
and iron oxide content makes it suitable for *partial cement replacement, especially when combined with
pozzolanic materials like fly ash and GGBS, leading to improved long-term strength, reduced heat of
hydration, and lower cement consumption. Moreover, copper slag enhances concrete durability by improving
resistance to chloride penetration, sulfate attack, and abrasion, making it ideal for marine and industrial
environments. The use of copper slag in concrete not only enhances performance but also supports sustainable
waste management by repurposing industrial byproducts, reducing landfill disposal, and minimizing the
depletion of natural sand and cement resources. This makes it a cost-effective and environmentally friendly
solution for modern construction.

PROPOSED SYSTEM

The utilization of copper slag as a partial replacement for fine aggregate in concrete has gained significant
attention due to its potential to enhance mechanical properties and sustainability. Research has explored the
mechanical and durability properties of copper slag concrete, highlighting improvements in compressive
strength, abrasion resistance, and long-term performance. Additionally, studies on the effect of copper slag on
workability and strength of high-performance concrete indicate that its use enhances flowability while
maintaining structural integrity.
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Fig 2. Flow diagram of proposed system
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The sustainability aspects of using copper slag in concrete mixes are also crucial, as it promotes the reuse of
industrial waste, reducing environmental impact. A comparative study on concrete with copper slag and
conventional concrete helps evaluate the material's feasibility in construction. Furthermore, the influence of
copper slag on the microstructure and strength development of concrete reveals its role in densifying the matrix
and improving bond strength. To maximize its benefits, research focuses on optimizing copper slag percentage
for maximum strength and durability in concrete. Long-term performance evaluations, such as experimental
studies on the long-term performance of copper slag-based concrete, provide insights into its structural
reliability. As an eco-friendly alternative, sustainable concrete using industrial waste like copper slag aligns
with green construction initiatives. Additionally, research on the impact of copper slag on alkali-silica reaction
in concrete mixes helps assess its effect on mitigating expansion-related durability issues. Overall, copper slag
presents a promising solution for enhancing concrete properties while promoting sustainability.

EXPERIMENTAL RESEARCH

This research investigates the impact of copper slag as a partial replacement for fine aggregates in concrete,
analyzing its effects on compressive strength, workability, and water absorption. The results demonstrate that
compressive strength increases with copper slag replacement, reaching its peak at around 40% substitution
before declining due to increased voids and changes in the hydration process. This indicates that a moderate
amount of copper slag enhances concrete strength by improving particle packing and reducing microcracks, but
excessive usage weakens the matrix. Workability, measured through slump values, shows a steady increase
with higher copper slag content, attributed to the material’s smooth surface texture and reduced water
absorption capacity, which facilitates better flowability. However, excessive workability at higher replacement
levels could lead to segregation and bleeding issues, potentially affecting structural integrity. Water absorption
follows an inverse trend, decreasing up to 40% replacement—indicating a denser and less permeable mix—
before increasing again as higher copper slag content introduces additional porosity. A comparative analysis of
these properties reveals that 40% replacement is the optimal balance point, offering maximum compressive
strength, improved workability, and minimal water absorption, making it a viable alternative to traditional fine
aggregates. Beyond this threshold, the decline in strength and increase in permeability suggest diminishing
returns in durability, raising concerns about the long-term performance of high copper slag mixes. These
findings highlight the potential of copper slag as an eco-friendly and cost-effective solution for sustainable
construction, provided its application is carefully optimized. Future studies should explore long-term durability
aspects, including resistance to chloride penetration, sulfate attack, and freeze-thaw cycles, to fully assess its
viability for large-scale use in infrastructure projects.
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Table 1. Graph of Comparison

Page 178 wwwe.rsisinternational.org


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XI1I Issue IV April 2026

0.5 30 20 10

Table 2. Slump Cone Test

The data in Table 1 shows brief summary of SLUMP CONE TEST It can be used in site as well as in lab. This
test is not applicable for very low and very high workability concrete. It consists of a mould that is in the form
of frustum having top diameter of 10cm, bottom diameter of 20cm and height of 30cm. The concrete to be
tested if fitted in the mould in four layers. The each is compacted 25 times with the help of tamping rod. After
the mould is completely filled it is lifted immediately in the vertically upward direction which causes the
concrete to subside.

WEIGHT OF EMPTY 0.603 0.603 0.603
PYCNOMETER(W1)

WEIGHT OF PYCNOMETER +SOIL ~ 1.518 1.416 1.496
SAMPLE (W2)

WEIGHT OF PYCNOMETER +SOIL  2.162 2.122 2.134
SAMPLE + WATER (W3)

WEIGHT PYCNOMETER + 1.473 1.473 1.473
WATER(W4)

SPECIFIC GRAVITY OF SOIL 1.45 1.54 1.5

Table 3. Specific Gravity Test

The specific gravity of concrete is typically influenced by the density and types of materials used in its mix.
Copper slag, a byproduct of copper extraction, is sometimes used as a partial replacement for sand in concrete
production. It can influence the specific gravity of concrete depending on the proportion used and the physical
properties of the slag itself. This change in specific gravity can affect the workability, strength, and durability
of the concrete, but it's important to test the mix under specific conditions to ensure it meets the required
performance standards.

CONCLUSION AND FUTURE PROSPECTS

Workability results show that workability of concrete decreases a bit with the increase in the quantity of Wood
ash and copper slag. The wood ash and copper slag are totally mixable with other concrete aggregates. All the
concrete containing wood ash and Copper slag show good enough workability to be easily compacted and
finished. The Compressive strength results show that by replacing cement with wood ash and Fine aggregates
with copper slag, there is increase in compressive strength but aggregates in higher volume decreases strength.
After 24 % wood ash and36% Copper slag volume addition and replacing Cement and fine aggregates in the
same proportion, there is decrement of compressive strength. The optimum compressive strength is achieved at
24% replacement of the Cement by wood ash and 36% replacement of fine aggregates with Copper Slag and
shows an increases over conventional concrete at 28 days. The optimum value of split tensile strength is at 24%
replacement of Cement by wood ash and 36% replacement of the fine aggregates with Copper Slag. After that
it keeps decreasing. It shows an increase of at 28th day. The flexure strength also showed maximum strength
when 24% of Cement is being replaced by wood ash and 36% of fine aggregates is being replaced with Copper
Slag, and increased the strength up to at 28th day. Both help in increasing strength at low volume replacement.
The optimum value of strength in compression, split tensile and flexure came at 24% replacement of the
Portland cement by wood ash and 36% replacement of the taken fine aggregates with Copper Slag.
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