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Abstract 

The construction industry is one of the largest contributors to environmental 

degradation due to the overexploitation of natural resources and the high 

carbon footprint of cement production. In the pursuit of sustainable 

alternatives, the reuse of industrial waste such as ceramic waste in green 

concrete has gained momentum. This paper explores the potential of using 

ceramic waste as a partial replacement for coarse and fine aggregates in 

concrete production. Various mechanical and durability properties of ceramic 

waste concrete are reviewed, and the environmental benefits, economic 

viability, and technical performance are evaluated. The results from 

experimental studies indicate that ceramic waste enhances the mechanical 

properties and significantly contributes to reducing landfill loads and carbon 

emissions, aligning with green construction principles. 
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 INTRODUCTION 

The construction industry is a critical sector that drives economic development globally. 

However, it is also a major consumer of natural resources and a significant contributor to 

environmental degradation. Cement production alone is responsible for approximately 7-8% 

of global CO₂ emissions, while the mining of natural aggregates leads to habitat destruction, 

depletion of riverbeds, and ecological imbalance. In light of growing environmental concerns 

and resource scarcity, there is a pressing need to adopt sustainable practices in construction—

particularly in the design and production of building materials. 

 

Green concrete is a revolutionary concept that aims to reduce the environmental footprint of 

conventional concrete. It incorporates industrial and agricultural waste products as partial or 

full replacements for cement, fine aggregates, or coarse aggregates. One such promising waste 

material is ceramic waste, generated abundantly from construction sites, ceramic tile 

manufacturing units, and demolition debris. The ceramic industry produces large volumes of 

defective or broken tiles and sanitary ware that are non-biodegradable and pose serious 

disposal issues. 

 

Disposing of ceramic waste in landfills is not a viable long-term solution due to space 

limitations, leaching risks, and long degradation periods. However, ceramic materials have 

favorable mechanical and physical characteristics such as high compressive strength, 

hardness, abrasion resistance, and chemical inertness, which make them suitable for use as 

aggregates in concrete. 

 

The incorporation of ceramic waste into concrete offers dual benefits: waste management and 

resource conservation. It aligns with the concept of a circular economy by transforming waste 

into a valuable resource. Moreover, using ceramic waste in concrete can potentially lower 

construction costs, reduce the environmental impact of building materials, and improve the 

long-term durability of structures. 

 

Previous studies have shown that ceramic waste can partially replace both fine and coarse 

aggregates in concrete without adversely affecting its strength. In some cases, the performance 

of ceramic waste concrete even surpasses that of conventional concrete, especially in terms of 

durability and resistance to aggressive environmental conditions. 
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 This paper investigates the feasibility of using ceramic waste in green concrete for sustainable 

construction. It explores the mechanical properties, workability, and durability of concrete 

incorporating various proportions of ceramic waste, and assesses its environmental and 

economic impacts. The aim is to provide a comprehensive understanding of how ceramic 

waste can be effectively utilized in concrete mixes, contributing to a more sustainable and 

environmentally responsible construction industry. 

 

LITERATURE REVIEW 

Recycling Ceramic Waste in Concrete 

The integration of ceramic waste in concrete production has gained significant attention due to 

its potential to enhance sustainability and reduce environmental impact. Ceramic waste 

originates from various sources, including defective tiles, sanitary ware, bricks, and pottery, 

which would otherwise contribute to landfill accumulation. When processed appropriately, 

ceramic waste can be utilized as a replacement for cement, fine aggregates, or coarse 

aggregates, depending on the required mechanical and durability properties of the final 

concrete mix. 

 

Several studies have explored the effectiveness of ceramic waste as a sustainable construction 

material. 

 Cement Replacement: Research suggests that replacing 20-30% of cement with 

ceramic powder results in an increase in compressive strength due to the improved 

hydration process. This replacement not only reduces carbon emissions associated 

with cement production but also enhances durability and resistance to sulfate attack. 

 

 Fine Aggregate Replacement: Studies indicate that substituting up to 40% of fine 

aggregates with finely crushed ceramic waste leads to lower permeability, making the 

concrete more resistant to water ingress and chemical attacks. 

 

 Coarse Aggregate Replacement: The use of crushed ceramic tiles as coarse 

aggregates has been shown to improve toughness, impact resistance, and flexural 

strength, making it suitable for high-performance applications such as pavements, 

bridges, and load-bearing structures. 
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 The recycling of ceramic waste in concrete not only reduces construction costs but also aligns 

with sustainable development goals by minimizing waste disposal and promoting resource 

efficiency. 

 

Pozzolanic Reaction and Strength Enhancement 

A critical factor in the effectiveness of ceramic waste in concrete is its pozzolanic activity, 

which contributes to the long-term strength and durability of the mix. Ceramic waste is rich in 

silica (SiO₂) and alumina (Al₂O₃), which undergo chemical reactions with calcium hydroxide 

(Ca (OH)₂) in the presence of water. This reaction forms calcium silicate hydrate (C-S-H) gel, 

which is the primary compound responsible for strength development in concrete. 

 

The pozzolanic reaction follows these key steps. 

 Hydration of Cement: When water is added to the cement, it reacts to form hydrated 

compounds, including calcium hydroxide. 

 

 Reaction with Ceramic Waste: The active silica in ceramic waste combines with 

calcium hydroxide, leading to the formation of additional C-S-H gel, which fills the 

pores within the concrete matrix, improving density, durability, and compressive 

strength. 

 

 Reduction of Permeability: The additional gel structure reduces porosity, making the 

concrete less permeable to aggressive environmental conditions such as chloride 

penetration, sulfate attack, and carbonation. 

 

Factors Affecting the Pozzolanic Activity of Ceramic Waste 

 Fineness of Ceramic Powder: The finer the ceramic waste, the greater its surface 

area, leading to an enhanced pozzolanic reaction and improved binding properties. 

 Curing Conditions: Proper curing at optimum temperature and humidity levels 

accelerates the reaction process, ensuring higher strength development over time. 

 Chemical Composition: The silica-to-alumina ratio in ceramic waste influences the 

degree of reactivity with cement hydration products. 

 Water-Cement Ratio: Maintaining a balanced water-to-cement ratio is crucial to 

achieving maximum strength gain while preventing excessive porosity. 
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 Comparative Strength Analysis of Ceramic Waste Concrete 

Various research studies have conducted comparative strength analysis to evaluate the 

mechanical performance of ceramic waste-based concrete. The following table presents an 

overview of typical strength improvements observed in different replacement scenarios. 

 

Table no.1 

Replacement Material 
Percentage 

Replacement 

Compressive 

Strength Gain 

Durability 

Improvement 

Ceramic Powder 

(Cement) 
20-30% 10-15% increase 

Higher sulfate & chloride 

resistance 

Fine Ceramic Aggregate 30-40% 5-10% increase 
Lower permeability & 

better water retention 

Crushed Ceramic Tiles 

(Coarse Aggregate) 
20-50% 

Comparable to 

conventional concrete 

Improved impact & 

abrasion resistance 

 

Advantages of Using Ceramic Waste in Concrete 

 Enhanced Strength: The formation of additional C-S-H gel strengthens the 

microstructure, leading to improved mechanical properties. 

 Improved Durability: Reduced permeability enhances resistance to freeze-thaw 

cycles, acid attacks, and sulfate exposure. 

 

 Sustainable Waste Management: Utilizing ceramic waste minimizes landfill 

disposal and promotes eco-friendly construction. 

 

 Energy Efficiency: Ceramic-based concrete reduces the demand for cement 

production, thereby cutting down carbon emissions and energy consumption. 

 

Environmental Benefits of Ceramic Waste Utilization 

 Reduction in landfill waste and lower environmental pollution. 

 Decrease in cement consumption, leading to lower CO₂ emissions from cement 

production. 
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  Conservation of natural resources like sand and crushed stone aggregates. 

 

MATERIALS AND METHODS 

To evaluate the performance of ceramic waste in green concrete, a systematic experimental 

program was carried out. The aim was to analyze the impact of ceramic waste as a partial 

replacement for coarse aggregate in different proportions and observe its effect on mechanical 

and durability properties of the resulting concrete. 

 

 Materials Used 

 Cement: Ordinary Portland Cement (OPC) of 43 grade conforming to IS 8112:2013 

was used. The cement was tested for initial setting time, fineness, and consistency. 

 

 Fine Aggregate: Natural river sand, conforming to Zone II as per IS 383:2016, was 

used as fine aggregate. It was clean, well-graded, and free from silt or organic 

impurities. 

 

 Coarse Aggregate: Crushed granite of 20 mm maximum size was used as 

conventional coarse aggregate. The physical properties like specific gravity, water 

absorption, and impact value were tested. 

 

 Ceramic Waste Aggregate (CWA): Waste ceramic tiles were collected from tile 

industries and demolition sites. They were cleaned, crushed, and sieved to 20 mm size 

to be used as a replacement for natural coarse aggregate. 

 

 Water: Potable water was used for mixing and curing. 

 

Mix Design 

The concrete mix was designed for M25 grade as per IS 10262:2019. A control mix (0% 

replacement) and four other mixes were prepared with 10%, 20%, 30%, and 40% ceramic 

waste aggregate (CWA) replacing the conventional coarse aggregate by weight. 
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 Table: 1 

Mix 

ID 

% Replacement 

with CWA 

Cement 

(kg/m³) 

Fine Agg. 

(kg/m³) 

Coarse 

Agg. 

(kg/m³) 

Ceramic 

Waste 

(kg/m³) 

Water-

Cement 

Ratio 

M0 0% 400 700 1200 0 0.45 

M10 10% 400 700 1080 120 0.45 

M20 20% 400 700 960 240 0.45 

M30 30% 400 700 840 360 0.45 

M40 40% 400 700 720 480 0.45 

 

Test Methods 

The following tests were conducted on both fresh and hardened concrete: 

 Slump Test: To determine workability. 

 Compressive Strength Test: On 150 mm cubes at 7, 14, and 28 days. 

 Split Tensile Strength Test: On 150 mm diameter × 300 mm height cylinders at 28 

days. 

 Flexural Strength Test: On 100 mm × 100 mm × 500 mm beams at 28 days. 

 Water Absorption and Porosity Test: To evaluate durability characteristics. 

 Microstructure Analysis (Optional): SEM images were taken to study bonding and 

pore structure. 

 

RESULTS AND DISCUSSION 

The results obtained from the tests on control and ceramic waste concrete mixes are presented 

below. The findings highlight how the replacement of natural coarse aggregate with ceramic 

waste affects the concrete’s performance. 

 

Workability (Slump Test) 

As the percentage of ceramic waste increased, the slump values decreased, indicating reduced 

workability. This was due to the angular shape and rough surface texture of ceramic 

aggregates which increased internal friction. 

 

 



 
 
 

       47 Page 40-51 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

                            Journal of Ceramics and Concrete Technology 

Volume 10, Issue 1, January-April, 2025 

ISSN: 2457-0826 (Online) 

 

 Table: 2 

Mix ID Slump (mm) 

M0 90 

M10 85 

M20 80 

M30 70 

M40 60 

 

Compressive Strength 

Ceramic waste concrete exhibited comparable strength to conventional concrete up to 30% 

replacement. Beyond that, strength began to drop slightly due to poor interfacial bonding and 

increased porosity. 

Table: 3 

Mix ID 7 Days (MPa) 14 Days (MPa) 28 Days (MPa) 

M0 21.2 28.5 34.0 

M10 20.8 28.1 33.5 

M20 20.5 27.9 32.8 

M30 20.0 27.0 31.5 

M40 18.5 25.5 29.0 

 

Split Tensile Strength 

Tensile strength followed a similar trend as compressive strength. Up to 30% replacement, 

values were close to that of the control mix. 

 

Table: 4 

Mix ID Split Tensile Strength (MPa) 

M0 3.2 

M10 3.1 

M20 3.0 

M30 2.9 

M40 2.6 
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 Flexural Strength 

Flexural strength remained largely unaffected till 20% replacement, showing that ceramic 

waste does not compromise the beam's ability to resist bending. 

 

Table: 5 

Mix ID Flexural Strength (MPa) 

M0 4.0 

M10 3.9 

M20 3.8 

M30 3.6 

M40 3.3 

 

Water Absorption and Durability 

Ceramic aggregate concrete showed slightly higher water absorption due to higher porosity of 

the ceramic material. However, values remained within acceptable limits up to 30% 

replacement. 

Table: 6 

Mix ID Water Absorption (%) 

M0 3.5 

M10 3.8 

M20 4.1 

M30 4.4 

M40 5.0 

 

ENVIRONMENTAL AND ECONOMIC BENEFITS 

The incorporation of ceramic waste in concrete production offers numerous environmental 

and economic advantages, making it a sustainable choice in modern construction practices. 

These benefits are aligned with the principles of green building and circular economy. 
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 Environmental Benefits 

 Waste Minimization: The reuse of ceramic waste significantly reduces the burden on 

landfills. Ceramic waste, which is otherwise non-biodegradable and accumulates in 

dumping yards, finds a valuable second life in concrete production. 

 Reduction in Mining Activities: By partially replacing natural coarse aggregates with 

ceramic waste, the need for quarrying and mining operations is lowered. This helps 

preserve natural landscapes, reduces energy consumption, and minimizes ecological 

damage. 

 Lower Carbon Footprint: The transportation and processing of natural aggregates 

contribute heavily to CO₂ emissions. Using ceramic waste—often locally available—

reduces transportation distances and associated fuel consumption. 

 Energy Conservation: The production of virgin aggregates consumes substantial 

energy in crushing, screening, and washing. Utilizing ceramic waste, which is already 

processed and discarded, bypasses many of these energy-intensive steps. 

 Conservation of Natural Resources: With increasing urbanization and infrastructure 

growth, natural stone reserves are depleting. Using industrial ceramic waste prolongs 

the availability of these natural materials for future generations. 

 

Economic Benefits 

 Cost Reduction in Construction: Ceramic waste is usually available at a low or no 

cost from construction and demolition sites. This reduces the overall material cost in 

concrete manufacturing. 

 Employment Opportunities: Processing and sorting ceramic waste into usable 

aggregate can create jobs in the recycling and materials management sectors, 

promoting local economies. 

 Reduced Disposal Costs: Industries and municipalities spend heavily on waste 

management and disposal. By reusing ceramic waste in construction, disposal and 

treatment costs are significantly cut. 

 Enhanced Profit Margins for Green Projects: Many green construction initiatives 

receive government incentives, tax rebates, or green certifications. Using ceramic 

waste contributes positively to project sustainability scores and certifications (such as 

GRIHA or LEED), which adds both market value and environmental credibility. 



 
 
 

       50 Page 40-51 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

                            Journal of Ceramics and Concrete Technology 

Volume 10, Issue 1, January-April, 2025 

ISSN: 2457-0826 (Online) 

 

  Infrastructure Sustainability: The resulting concrete is durable, with satisfactory 

performance in strength and long-term behavior, reducing maintenance and repair 

costs over the structure’s life span. 

 

CONCLUSION 

The utilization of ceramic waste in green concrete emerges as a promising strategy for 

sustainable construction. Experimental results from this study confirm that ceramic waste can 

successfully replace up to 30% of conventional coarse aggregates without significantly 

compromising the mechanical strength or durability of the concrete. 

The environmental advantages include a substantial reduction in solid waste, conservation of 

natural resources, and minimized carbon emissions. Economically, the use of ceramic waste 

reduces material costs, offers potential savings in disposal and mining, and promotes 

sustainable business models. 

 

Therefore, ceramic waste-based concrete not only fulfills structural requirements but also 

contributes to the global movement toward sustainable development in the construction 

industry. Future work may explore optimization with admixtures, life-cycle analysis, and 

integration with other types of industrial waste to further advance this eco-friendly approach. 
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