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Abstract: This research paper investigates the incorporation
of sustainable materials in self-compacting concrete (SCC)
to improve its mechanical properties, durability, and
environmental impact. The study focuses on the use of
various industrial by-products and recycled materials,
including fly ash, copper slag, palm oil fuel ash (POFA), and
waste tire rubber (WTR), as partial replacements for
conventional cement and aggregates in SCC. The
experimental study evaluates key properties of SCC, such as
compressive strength, workability, durability, and resistance
to environmental challenges like acid attack and chloride
penetration. Additionally, the environmental implications,
including carbon footprint and waste reduction potential, are
analyzed. The findings demonstrate that the incorporation of
sustainable materials in SCC not only enhances the
material’s performance but also contributes to an eco-
friendlier construction approach.
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1. Introduction

The construction industry is one of the major contributors to
environmental degradation, particularly through the
extensive use of cement, which generates significant carbon
dioxide emissions. As the demand for sustainable practices
increases, the exploration of alternative materials for
concrete production has gained substantial attention. Self-
compacting concrete (SCC), known for its excellent
workability and durability, has emerged as a promising
solution. However, the environmental impact of cement
production remains a concern, driving researchers to
investigate sustainable alternatives. This research focuses on
incorporating various industrial by-products and recycled
materials, such as fly ash, copper slag, palm oil fuel ash
(POFA), and waste tire rubber (WTR), to enhance the
mechanical properties, durability, and environmental
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performance of SCC. The motivation behind this study
stems from the growing need to reduce the carbon footprint
of the construction industry while improving the material
properties of concrete. The objective of this study is to
evaluate the effects of these sustainable materials on the
performance of SCC, particularly its compressive strength,
workability, and resistance to environmental challenges.
Additionally, the study aims to assess the environmental
benefits, such as reduced CO. emissions and waste reduction
potential, associated with the use of these materials. The
contribution of this research lies in providing valuable
insights into the feasibility of using sustainable materials in
concrete production, promoting eco-friendly construction
practices, and offering a holistic approach to both
performance and environmental sustainability.

2. Literature Review

A growing body of research has explored the incorporation
of sustainable materials in SCC. Studies have investigated
the effects of fly ash, copper slag, palm oil fuel ash (POFA),
and waste tire rubber (WTR) on the mechanical and
durability properties of SCC. The use of these materials has
shown promising results in terms of improving compressive
strength, workability, and resistance to environmental
stresses such as chloride penetration and acid attacks.
However, there is limited research on the comprehensive
evaluation of both performance and environmental impact,
making it essential to explore their potential further. Sahoo
et al. (2022) studied the influence of ground-granulated blast
furnace slag (GGBFS) on the mechanical and structural
properties of SCC. They found that a 20% GGBFS
replacement improved structural performance, reducing the
crack size (Sahoo et al., 2022). Similarly, Ramkumar et al.
(2022) assessed the workability and strength of high-
flowable SCC incorporating hybrid steel fibers, noting that
the inclusion of steel fibers enhanced concrete performance.
However, the optimal fiber content remained undetermined
(Ramkumar et al., 2022). Several other studies explored the
use of alternative materials like copper slag (Arun Chaitanya
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et al., 2022), tobacco waste ash (Thammaiah et al., 2022),
and marble waste (Kumar et al., 2022) in SCC. These
materials showed promising results, particularly in
improving the compressive strength and durability of
concrete, although the optimal dosages and long-term
performance require further research (Arun Chaitanya et al.,
2022; Thammaiah et al., 2022; Kumar et al., 2022). Further
investigations have included the use of waste products such
as glass powder, sugar cane bagasse ash, and palm oil fuel
ash in SCC, with studies showing improved mechanical
properties but highlighting the need for long-term durability
assessments (Bharathi et al., 2022; Gupta et al., 2022; Thanh
et al., 2021). In conclusion, while these studies offer
valuable insights into the potential of various materials for
enhancing SCC, further research is essential to optimize the
dosages, evaluate long-term durability, and address potential
environmental and economic challenges associated with
their use.

3. Materials and Methods

3.1 Materials Used

The materials used in this study include both conventional
and sustainable components. Ordinary Portland Cement
(OPC) was utilized as the primary binding material. Natural
river sand served as the fine aggregate, while crushed granite
stone was used as the coarse aggregate. Additionally,
various sustainable materials were incorporated to enhance
the environmental benefits of the mix. Class F fly ash was
used as a partial replacement for cement, contributing to
improved durability and reduced carbon emissions. Copper
slag and shredded waste tire rubber (WTR) were introduced
as partial replacements for fine aggregates, promoting waste
reutilization. Furthermore, palm oil fuel ash (POFA) was
incorporated as a supplementary cementitious material to
enhance the sustainability of the concrete. A superplasticizer
was also added to maintain the workability of self-
compacting concrete (SCC), ensuring a homogeneous and
highly flowable mix.

3.2 Experimental Procedure

The experimental study was conducted in two distinct
phases. In Phase I, self-compacting concrete (SCC) mixes
were prepared with varying percentages (10%, 20%, and
30%) of sustainable materials as partial replacements for
cement and fine aggregates. These mixes were designed to
assess the impact of different replacement levels on the
overall performance of the concrete. Phase Il involved
testing the mechanical and durability properties of the
prepared SCC mixes. Compressive strength was evaluated at
7, 28, and 56 days to determine the strength development
over time. Workability was assessed using the slump flow
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test and the visual stability index (VSI) to ensure adequate
flowability and stability of the mixes. Durability
performance was examined by subjecting the SCC samples
to acid attack, chloride penetration, and sulfate attack tests,
providing insights into the long-term resilience of the
concrete against aggressive environmental conditions.

3 Discussion

3.1 Mechanical Properties

The incorporation of sustainable materials had a significant
impact on the mechanical properties of self-compacting
concrete (SCC). The addition of fly ash and copper slag
enhanced the compressive strength at 28 days. Fly ash
improved hydration and minimized microcracking,
contributing to better strength development, while copper
slag increased resistance to external forces, making the
concrete more robust. Palm oil fuel ash (POFA) exhibited a
marginal improvement in compressive strength; however, its
finer texture notably influenced workability, enhancing the
flowability of SCC. On the other hand, the inclusion of
waste tire rubber (WTR) led to a slight reduction in
compressive strength. Despite this, WTR significantly
improved the concrete’s resistance to impact and abrasion,
making it a viable option for applications requiring enhanced
durability against mechanical wear.

3.2 Workability

The incorporation of sustainable materials had a minimal
impact on the workability of self-compacting concrete
(SCC). The slump flow and Visual Stability Index (VSI)
measurements confirmed that the SCC mixes remained
within the acceptable range for self-compacting behaviour.
Despite the variations in material composition, the mixes
retained their ability to flow and self-level without
segregation, ensuring ease of placement and consistency in
performance.

3.3 Durability
The incorporation of sustainable materials in self-
compacting concrete (SCC) positively influenced its

durability properties. SCC containing fly ash and copper slag
exhibited enhanced resistance to chloride penetration and
acid attack compared to conventional SCC. This
improvement was attributed to the pozzolanic reaction of fly
ash, which refined the pore structure, and the dense packing
effect of copper slag, which reduced permeability. On the
other hand, the inclusion of palm oil fuel ash (POFA) and
waste tire rubber (WTR) resulted in slightly higher chloride
ion diffusion. However, their presence did not significantly
affect the concrete’s resistance to acid attack, indicating that
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while they influenced permeability, they did not compromise
the material’s chemical durability.

3.4 Environmental Impact

The Life Cycle Assessment (LCA) demonstrated that the
incorporation of sustainable materials significantly reduced
the environmental impact of self-compacting concrete
(SCC). The use of fly ash and copper slag led to a reduction
in the carbon footprint by up to 20%, primarily due to the
decreased reliance on cement production, which is a major
contributor to CO: emissions. Additionally, the inclusion of
recycled materials such as waste tire rubber (WTR)
contributed to waste reduction by repurposing discarded
tires, further enhancing the sustainability of SCC. These
findings highlight the potential of incorporating industrial
by-products and recycled materials in concrete to promote
eco-friendly construction practices while maintaining
structural performance.

4. Conclusion

The study demonstrates that the use of sustainable materials
in self-compacting concrete not only enhances its
mechanical properties but also improves its durability and
environmental performance. Fly ash, copper slag, POFA,
and WTR all show significant potential for reducing the
environmental impact of SCC without compromising
performance. Future research should focus on optimizing the
proportions of these materials and investigating their long-
term performance in real-world applications. The findings of
this study support the growing trend of utilizing waste
materials in concrete production, contributing to more
sustainable and eco-friendly construction practices.
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