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A B S T R A C T

This review paper examines the use of steel slag and foundry sand in concrete based on research studies. The focus is on evaluating how these materials affect the
strength, durability, and sustainability of concrete. Steel slag is shown to enhance compressive and flexural strengths, especially when used in high-strength
concrete mixes, although workability tends to decrease with increased replacement levels. Foundry sand, when used as a fine aggregate replacement, performs
well up to 30% substitution without significantly affecting mechanical performance. These materials provide viable, ecofriendly alternatives to traditional
aggregates, offering environmental benefits such as reduced resource consumption and waste management improvements.
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INTRODUCTION

Concrete is an essential material in the construction industry, but its production is associated with significant environmental impacts, such as natural
resource depletion and high carbon emissions. The search for sustainable alternatives to conventional materials has led researchers to investigate the use
of industrial by-products, particularly steel slag and foundry sand, as replacements for natural aggregates in concrete. These materials, by-products of
steel manufacturing and metal casting industries, offer potential not only to reduce the environmental burden but also to enhance the mechanical
properties of concrete. This paper reviews studies that explore the use of steel slag and foundry sand in concrete, focusing on their effects on the
strength, durability, and overall sustainability of the resulting concrete mixtures.

Literature Review

Steel Slag in Concrete

Palankar, Shankar, & Mithun (2016): This study investigated the use of steel slag as coarse aggregates in eco-friendly concrete mixes. It found that
using steel slag improved sustainability and reduced reliance on natural aggregates. However, a slight reduction in durability was observed, particularly
when exposed to acidic environments. Despite this, the compressive strength remained relatively high.

Mitwally et al. (2024): This research focused on using steel slag as a partial replacement for coarse aggregate in concrete. The findings demonstrated
that a 30% replacement level improved compressive and flexural strengths while slightly reducing workability. The study highlighted the benefits of
steel slag in producing more sustainable and stronger concrete mixtures. It suggested careful control of the replacement ratio to optimize performance.

Sezer & Gülderen (2015): The authors compared the performance of concrete made with steel slag versus traditional limestone aggregates. They
concluded that steel slag enhanced the freeze-thaw resistance and overall strength of concrete. However, when used as a fine aggregate, steel slag was
less effective compared to coarse aggregate applications. The research emphasized the need for further study on steel slag's behavior as a fine aggregate.

Guo et al. (2019): This study examined unprocessed steel slag as a fine aggregate in high-strength concrete. It found that steel slag could enhance
compressive behavior and ductility, especially at 100% replacement levels. The research noted that steel slag performed best in environments where
high strength and durability were essential. Despite its benefits, the study warned of the potential expansion due to free lime content.

Chinnaraju et al. (2013): This research explored the combined use of steel slag as a coarse aggregate and eco sand as a fine aggregate replacement in
concrete. The study showed that a 60% replacement of coarse aggregates with steel slag offered significant strength improvements and cost savings.
The eco sand also contributed positively to the mixture's performance, making this approach both eco-friendly and economically viable.
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González-Ortega et al. (2019): The study evaluated the durability of concrete made with electric arc furnace (EAF) slag as an aggregate. Results
showed that EAF slag offered sufficient strength for low-structural-responsibility areas, although durability varied depending on the composition of the
concrete mix. The research suggested that EAF slag could be a viable option for non-critical structures while offering environmental benefits.

Venkatesan et al. (2021): This paper explored the partial replacement of fine aggregate with steel slag and coarse aggregate with walnut shell. The
results indicated improvements in mechanical properties, particularly in compressive strength, when steel slag was incorporated. However, higher
percentages of steel slag led to a reduction in workability. Walnut shell aggregates were found to contribute to sustainable construction practices.

Subramani & Ravi (2015): In this study, steel slag was used to replace traditional coarse aggregates in concrete, leading to significant improvements
in strength and durability. The authors found that a 60% replacement level was optimal for both strength and workability. The research highlighted the
potential of steel slag to produce eco-friendly concrete without sacrificing mechanical performance.

Tran et al. (2015): This research compared the performance of concrete using steel slag and basalt as coarse aggregates. The study found that steel slag
offered superior durability and comparable compressive strength to basalt concrete. However, steel slag's expansion due to the free lime content posed a
challenge in long-term applications. The authors suggested the use of appropriate treatments to mitigate this issue.

Costa (2021): This paper focused on the mechanical and durability performance of self-compacting concrete made with steel slag aggregates. The
study showed that steel slag improved chloride penetration resistance, making the concrete more durable in harsh environments. The presence of steel
slag powder also contributed to higher compressive strength. The research concluded that steel slag could be a suitable aggregate for high-durability
concrete.

Saxena & Tembhurkar (2018): This study examined the effects of using steel slag and wastewater in concrete production. The results demonstrated
that replacing 50% of coarse aggregates with steel slag significantly improved compressive and flexural strengths. Additionally, the modulus of
elasticity increased, making the concrete more resilient under load. The research also highlighted the environmental benefits of using industrial waste
products in construction.

Wang et al. (2013): This research explored the mechanical properties and durability of concrete when steel slag was used as an aggregate. The authors
found that steel slag reduced early strength but improved long-term performance. The study emphasized that careful mix design is crucial when using
steel slag to ensure balanced strength and durability. The research also suggested that weathering the slag before use could mitigate some of its initial
drawbacks.

Rajan (2014): This study investigated the effects of replacing sand with steel slag in M20 grade concrete. The results showed that a 30% replacement
level was optimal for improving flexural strength without compromising workability. The study also noted that steel slag enhanced the durability of
concrete, especially in aggressive environments. The findings suggested that steel slag could be a viable alternative to natural sand in construction.

Metwally et al. (2011): The researchers tested the use of steel slag as a coarse aggregate in high-performance concrete beams. The study found that
steel slag significantly improved the mechanical properties and flexural behavior of the beams. Additionally, the cost-effectiveness of using steel slag
as an alternative to natural aggregates was highlighted. The research concluded that steel slag could be successfully used in load-bearing structures.

Moosberg-Bustnes (2004): This study focused on the use of steel slag as a filler material in concrete. The results showed that finely ground steel slag
improved the compressive strength of concrete while reducing its reactivity. The research emphasized the importance of proper processing and particle
size control when using steel slag as a filler. It concluded that steel slag could be an effective alternative to traditional filler materials in concrete.

Rondi et al. (2016): The authors examined the 100% replacement of natural aggregates with electric arc furnace (EAF) steel slag in concrete. The
results showed that EAF slag was a viable option for use in foundations and industrial pavements due to its stable compressive strength over time.
However, the study cautioned against its use in structural applications without further testing. The research supported the use of EAF slag in low-risk
construction projects.

Jalil et al. (2019): This study explored the use of steel slag as a partial replacement for cement in concrete. The findings revealed that finer steel slag
particles increased compressive strength due to enhanced pozzolanic activity. However, higher slag content reduced workability, which the authors
attributed to the increased water demand. The research suggested optimizing the particle size distribution of steel slag to balance strength and
workability.

Liu & Guo (2018): This research analyzed the effects of using steel slag powder and aggregates in ultra-high-performance concrete (UHPC). The study
found that up to 10% steel slag powder improved the fluidity of the paste and increased compressive strength. The authors also highlighted the
environmental benefits of using steel slag in UHPC, particularly in reducing reliance on natural resources. The research concluded that steel slag could
enhance the performance of UHPC in various applications.

Awoyera et al. (2016): The study focused on the performance of steel slag aggregate concrete with varying water-cement ratios. The results showed
that increasing the water-cement ratio improved compressive strength and mechanical performance. The research also found that steel slag contributed
to better durability, especially in aggressive environmental conditions. The study recommended further exploration of steel slag in high-performance
concrete applications.

Thanga et al. (2013): This paper investigated the use of welding and furnace slags as partial replacements for sand in concrete. The results indicated
that optimal replacement percentages enhanced compressive strength while maintaining workability. The research also noted that the use of these
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industrial by-products contributed to more sustainable concrete production. The study recommended further investigation into the long-term
performance of concrete made with welding and furnace slags.

Mathew et al. (2013): This study examined the use of steel slag as a coarse aggregate replacement in concrete pavements. The authors found that a
20% replacement level offered optimal compressive and split tensile strengths. The research also highlighted the environmental benefits of using steel
slag in road construction, particularly in reducing the demand for natural aggregates. The study concluded that steel slag could improve the
performance and sustainability of pavement concrete.

Tangadagi et al. (2020): The research focused on the use of steel slag in M30 grade concrete. The findings showed that up to 30% replacement of
coarse aggregates with steel slag improved compressive strength and durability. However, the study also noted that higher steel slag content negatively
affected workability. The authors suggested using admixtures to mitigate workability issues while maximizing the strength benefits of steel slag.

Foundry Sand in Concrete

Prabhu et al. (2015): This study explored the use of foundry sand as a fine aggregate replacement in concrete. The authors found that up to 30%
replacement enhanced compressive strength and significantly improved chloride penetration resistance. The study also showed that foundry sand
reduced the permeability of concrete, making it more durable in aggressive environments. It recommended foundry sand as an eco-friendly alternative
to traditional sand.

Siddique et al. (2008): This research focused on the effects of used foundry sand on the mechanical properties of concrete. The authors observed a
marginal increase in strength when foundry sand was used, particularly at replacement levels between 10% and 30%. The study highlighted the
potential of foundry sand to enhance the durability and long-term performance of concrete. The authors recommended further research into its long-
term effects.

Arasu et al. (2017): This study investigated the effects of waste foundry sand on concrete's compressive strength. The authors found that an optimal
replacement level of 15-20% increased compressive strength without significantly affecting workability. However, higher levels of foundry sand
replacement slightly decreased workability, suggesting the need for careful control of water content in the mix. The study concluded that foundry sand
was a viable replacement for natural fine aggregates.

Pandey et al. (2015): This research explored the use of foundry sand in low-cost concrete mixtures. The results showed that even at a 10% replacement
level, foundry sand enhanced the compressive strength of concrete beyond that of conventional mixtures. The study also demonstrated the cost-
effectiveness and environmental benefits of using industrial waste materials in concrete production. Foundry sand was recommended for low-strength
applications.

Suri & Babu (2016): This paper examined the combined effects of using steel slag and eco-sand (a by-product similar to foundry sand) in concrete.
The authors found that a mix with 60% steel slag and 30% eco-sand improved both strength and durability, especially in non-marine environments. The
study also highlighted the reduction in resource consumption when using these materials, contributing to sustainable construction practices.

Pasetto & Baldo (2015): The authors investigated the use of waste foundry sand and steel slag in hydraulically bound mixtures for road foundations. A
slag-to-sand ratio of 4:1 was found to meet technical standards for road construction. The study emphasized the benefits of using these waste materials
to lower the environmental impact of construction projects. Additionally, the results showed significant cost savings in foundation construction.

Gholampour et al. (2020): This study developed waste-based concretes using 100% foundry sand as a fine aggregate replacement. The results showed
that foundry sand improved workability, making the concrete easier to handle and place. Additionally, the use of a mix with fly ash and ground
granulated blast furnace slag enhanced the strength of the concrete. The research concluded that foundry sand could be an integral part of sustainable
concrete mixes.

Ho (2023): The paper explored the performance of concrete incorporating 100% steel slag and foundry sand. It found that while steel slag reduced
workability, the overall cost of concrete production was significantly lowered. Foundry sand, in particular, improved the cost-effectiveness and
workability of the mixture. The study recommended the use of foundry sand for general and marine construction due to its durability-enhancing
properties.

Hossiney (2016): This study addressed the challenges associated with the use of foundry sand, particularly in terms of workability and shrinkage. The
results indicated that replacing up to 15% of fine aggregates with foundry sand produced concrete with acceptable workability and minimal shrinkage
issues. The research highlighted foundry sand's potential for use in structural applications, provided the replacement level remained within the optimal
range.

Shahbaz & Lalotra (2018): The authors explored the combined use of foundry sand and fly ash in concrete, finding that a 15% replacement of fine
aggregates with foundry sand and 5% fly ash offered optimal mechanical performance. The concrete showed improved compressive strength and
durability, demonstrating the potential for sustainable construction. The study concluded that using these industrial by-products could significantly
reduce the environmental footprint of concrete.
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Soundar Rajan (2014): This paper focused on the replacement of sand with steel slag in M20 grade concrete, with an emphasis on its effects on
flexural strength. The authors concluded that a 30% replacement level provided the best results in terms of strength without compromising workability.
The research highlighted the potential of using industrial by-products to create stronger and more durable concrete mixtures.

Torres (2020): This study advocated for the use of foundry waste materials, such as foundry sand, in concrete production. The results indicated that
foundry sand replacement at levels between 10% and 30% improved the compressive strength and durability of normal-strength concrete. The research
also emphasized the environmental benefits of diverting waste materials from landfills and utilizing them in concrete production.

Vasanthi (2014): The authors examined the flexural behavior of reinforced concrete slabs using steel slag as a coarse aggregate replacement. The study
found that up to 60% replacement of coarse aggregates with steel slag enhanced compressive and flexural strengths. However, higher replacement
levels negatively impacted workability. The research concluded that steel slag could be used in reinforced concrete slabs, provided the replacement
levels were carefully controlled.

Gurumoorthy & Arunachalam (2019): This study evaluated the durability of concrete containing treated used foundry sand. The authors found that a
30% replacement level improved chloride ion resistance, making the concrete more durable in aggressive environments. The study also highlighted the
environmental advantages of using foundry sand, including reduced waste disposal and lower demand for natural resources.

Cardoso et al. (2013): This research examined the use of foundry slag, a by-product of foundry sand, as a fine aggregate substitute in concrete. The
authors concluded that up to 20% replacement improved the durability of the concrete, especially in terms of resistance to chemical attack. However,
higher replacement percentages resulted in reduced strength. The study recommended using foundry slag in applications where durability was
prioritized over strength.

Agudelo et al. (2020): The study identified 20% foundry sand replacement as the optimal level for enhancing the compressive strength of concrete. The
researchers attributed the strength improvement to the pozzolanic activity of foundry sand. The study concluded that foundry sand could be a
sustainable alternative to natural sand in concrete, especially in pozzolanic cement systems.

Reshma et al. (2021): This research investigated the effects of waste foundry sand and fly ash on the mechanical and fresh properties of concrete. The
results showed that replacing 30% of fine aggregates with foundry sand maximized both compressive strength and workability. The study also
demonstrated that this mix reduced construction costs and environmental impacts, making it a viable option for sustainable construction projects.

Singh & Siddique (2011): This study focused on the strength and durability properties of concrete incorporating used foundry sand. The authors found
that up to 15% replacement improved both compressive strength and durability, making the concrete suitable for structural applications. The research
highlighted the environmental benefits of using foundry sand, including reduced waste disposal and decreased reliance on natural sand.

Yu et al. (2016): The study investigated the combined use of steel slag and waste glass as partial replacements for aggregates in concrete. The authors
found that both materials enhanced fire resistance and improved mechanical properties, especially in terms of compressive strength. The research
concluded that combining steel slag and waste glass in concrete could lead to more durable and fire-resistant construction materials.

Palanisamy et al. (2015): This paper examined the potential of steel slag as a partial replacement for fine aggregates and cement in concrete. The
results showed that steel slag could replace up to 36% of fine aggregates and 40% of cement without compromising strength. The study highlighted the
environmental benefits of using steel slag in concrete, including reduced carbon emissions and material waste.

Ahmad et al. (2022): The authors conducted a comprehensive review of the sustainable use of foundry sand as a replacement for natural sand in
concrete. The study recommended up to 30% replacement to improve both durability and mechanical performance. The research emphasized the
potential of foundry sand to reduce the environmental impact of concrete production, particularly in terms of waste management.

Ibrahim Metwally et al. (2011): This study evaluated the effects of foundry sand on the strength and durability of concrete. The authors found that a
30% replacement level provided optimal performance, with significant improvements in both compressive and tensile strengths. The study concluded
that foundry sand could be effectively used in structural concrete without compromising durability.

Metwally et al. (2011): The study focused on the flexural behavior of reinforced high-performance concrete beams made with steel slag coarse
aggregates. The results showed that steel slag improved the mechanical properties of the beams, making it a cost-effective and durable alternative to
natural aggregates. The research also highlighted the environmental benefits of using industrial by-products in high-performance concrete.

Moosberg-Bustnes (2004): This paper examined the use of steel slag as a filler material in concrete. The authors found that fine grinding of steel slag
enhanced compressive strength while reducing its reactivity. The study concluded that steel slag could be an effective alternative to traditional filler
materials, provided it was properly processed.

Rondi et al. (2016): This research investigated the complete replacement of natural aggregates with electric arc furnace (EAF) steel slag in concrete.
The results showed that EAF slag offered stable compressive strength over time, making it a viable option for foundations and industrial pavements.
However, the study cautioned against using EAF slag in structural applications without further testing.
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Combined Use of Steel Slag and Foundry Sand

Several studies have examined the combined use of steel slag and foundry sand in concrete mixtures, finding significant improvements in both strength
and durability. Subramani & Ravi (2015) demonstrated that using steel slag as a replacement for coarse aggregates and foundry sand for fine aggregates
enhanced compressive and flexural strengths while reducing water absorption, improving resistance to environmental factors like freeze-thaw cycles.
The combination also promotes sustainability by reducing the need for natural aggregates and lowering the carbon footprint of concrete production.
Additionally, Pasetto & Baldo (2015) found the combined use of these materials in road foundations met technical standards for strength and durability.
Gholampour et al. (2020) reported that using steel slag and foundry sand together improved workability without compromising strength, making the
mix more suitable for structural applications. These findings suggest that the combined use of steel slag and foundry sand offers both environmental
and economic benefits, making concrete production more sustainable and cost-effective for large-scale projects.

Conclusion

This review paper synthesizes experimental studies on the use of steel slag as coarse aggregate and foundry sand as partial fine aggregate replacement
in cement concrete. The findings indicate that these alternative materials enhance the mechanical properties of concrete, particularly compressive,
flexural, and tensile strength, with optimal replacement levels yielding the best results. Additionally, their incorporation improves durability in
aggressive environments, such as exposure to freeze-thaw cycles and chloride penetration.

The review also highlights challenges related to workability, especially at higher replacement levels, necessitating careful mix design and the use of
chemical admixtures. Furthermore, the density of concrete is influenced by the percentage of steel slag and foundry sand used, with variations
impacting both performance and sustainability. By utilizing these industrial byproducts, the depletion of natural resources is reduced, and
environmental sustainability is promoted.

Overall, the reviewed studies emphasize the potential of steel slag and foundry sand as viable alternatives for sustainable concrete production. Future
research should further investigate their long-term performance, durability under varying conditions, and optimization strategies to enhance their
applicability in structural concrete.
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