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ABSTRACT 

Concrete is probably the most utilised building material in the world, after water. It includes cement, sand, 

coarse aggregate, and water, with additions of admixtures to help improve certain attributes being optional. 

Over the past few years, there has been increasing interest to find alternative products to replace constituent 

parts of ordinary concrete partially because of sustainability, as well as waste management programmes. Of 

those, industrial as well as agriculture by-products have been increasingly reported as potential candidates. 

Concrete is renowned for its strength and versatility in taking the desired shapes. Still, its tensile strength 

being relatively low restricts its use in zones of tension, and thus reinforcement is required to be able to bear 

tensile loads. Moreover, investigating the use of alternate materials as partial substitutes of conventional 

constituents may result in improved concrete performance in many aspects. The aim of this research is to 

analyze the relative performance of M40 grade concrete mixes using various coarse aggregate types. Three 

different mix designs were researched: one based on 100% crushed ceramic material as coarse aggregates, 

one using 100% black gravels, and one mix made up of 50:50 mixes of ceramic material and black gravels. 

The research also looks at how adding the admixture Conplast SPG8, a superplasticizer, to these concrete 

mixes influences their compressive strength. The research involved identifying the compressive strength of 

the concrete samples after seven, fourteen, and twenty-eight days for both the admixture and the admixture-

free samples. The final aim was to determine which type of aggregate, with or without inclusion of the 

superplasticizer, produced the best compressive strength results. This detailed analysis offers important 

information on the promise of alternative aggregates and admixtures in the improvement of concrete 

performance. 

Keywords: Crushed ceramic material, superplasticizer, compressive strength, black gravel, ordinary 

Portland cement. 
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INTRODUCTION 

Concrete, being the most widely used construction material, plays a crucial role in modern infrastructure 

development. However, its production has significant environmental impacts due to the excessive use of 

natural resources such as sand, gravel, and crushed stone (Mehta & Monteiro, 2014). In recent years, 

sustainable alternatives have been explored to mitigate these environmental concerns, one of which is the 

incorporation of waste materials into concrete production. Among these, ceramic waste has gained attention 

as a potential partial replacement for conventional aggregates. Waste ceramics, derived from defective tiles, 

sanitary ware, and other ceramic products, are often discarded in landfills, leading to environmental 

pollution (Medina et al., 2015). Utilizing these materials in concrete not only reduces waste disposal issues 

but also promotes sustainable construction practices by conserving natural resources (Senthamarai et al., 

2011). The use of ceramic waste as a replacement for aggregates in concrete has been investigated for its 

influence on strength, durability, and workability. Studies suggest that ceramic aggregates exhibit favorable 

mechanical properties due to their high compressive strength, lower water absorption, and excellent thermal 

resistance (Torkittikul & Chaipanich, 2010). The incorporation of waste ceramics into concrete can enhance 

its performance by improving its mechanical strength and durability, making it a viable alternative to 

conventional aggregates (de Brito & Saikia, 2013). Additionally, since ceramic waste materials are inert and 

exhibit good bonding characteristics with cement paste, they contribute to the overall integrity of the 

concrete matrix (Medina et al., 2016). However, the efficiency of ceramic aggregates depends on factors 

such as particle size, replacement percentage, and the presence of admixtures. 

            In high-performance concrete, especially M-40 grade, achieving optimal workability and strength 

requires the use of chemical admixtures such as superplasticizers. These admixtures improve the rheological 

properties of concrete by reducing the water-cement ratio while maintaining adequate workability (Ganjian 

et al., 2009). Superplasticizers enhance the dispersion of cement particles, leading to better hydration and 

improved mechanical properties. When combined with ceramic waste aggregates, superplasticizers help 

counteract any potential reductions in workability, ensuring a cohesive and dense concrete mix (Siddique & 

Jain, 2019). Research indicates that the synergy between superplasticizers and waste ceramic aggregates can 

lead to improved compressive strength, reduced porosity, and enhanced durability (Medina et al., 2017). 

Despite the promising benefits, challenges remain in optimizing the replacement percentage of waste 

ceramics to achieve a balance between strength and workability. Excessive replacement may lead to reduced 

density and increased brittleness, affecting long-term durability (Khalaf & DeVenny, 2005). Therefore, 

experimental investigations are essential to determine the ideal proportion of ceramic waste and its impact 

on concrete performance. The current study aims to explore the feasibility of utilizing waste ceramic as a 

partial replacement of aggregates in M-40 concrete while incorporating superplasticizer to enhance 
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workability and strength. The findings will contribute to the growing body of research on sustainable 

construction materials and provide insights into the practical applications of waste ceramics in structural 

concrete. By integrating waste ceramic aggregates in concrete production, this study aligns with global 

sustainability goals and addresses the pressing need for eco-friendly construction practices. The successful 

implementation of ceramic waste in concrete has the potential to reduce environmental pollution, lower 

construction costs, and promote the circular economy in the construction industry (Silva et al., 2017). 

Further research and experimental validations will pave the way for broader adoption of this approach in 

commercial and structural applications. 

Objectives of the Study 

The well-defined objectives of this study are 

1) To compare the impact of the utilization of Crushed ceramic material as coarse aggregate in concrete by 

its partial and complete replacement of gravels that is black metal. 

2) To conduct comparative study based on the replacement of gravel with crushed ceramic material partially 

and completely with and without admixture. 

3) To find out the impact of employing admixture in M40 grade concrete with black metal, crushed ceramic 

material and mixture of both these as coarse aggregates. 

Material and Method 

Materials Used 

The materials used in this experimental study include Ordinary Portland Cement (OPC) 43 Grade, fine 

and coarse aggregates, waste ceramic aggregates, superplasticizer, and water. 

Cement: Ordinary Portland Cement (OPC) of 43 Grade was used as the binding material, conforming to IS 

8112:2013 standards. The chemical and physical properties were tested to ensure compliance with standard 

specifications. 

Fine Aggregate: River sand passing through a 4.75 mm sieve was used as the fine aggregate, conforming to 

IS 383:2016. The fineness modulus, specific gravity, and water absorption were tested. 

Coarse Aggregate: Crushed granite aggregates of 20 mm nominal size were used as the coarse aggregate, 

ensuring compliance with IS 383:2016. 

http://www.ijsrem.com/
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Waste Ceramic Aggregate: Broken ceramic tiles and sanitary ceramic waste were collected, crushed, and 

sieved to obtain particle sizes similar to conventional coarse aggregates. The specific gravity, water 

absorption, and impact value were tested before use. 

Superplasticizer: A commercially available high-range water-reducing superplasticizer based on 

polycarboxylate ether was used to enhance workability. The dosage was optimized based on preliminary 

trials. 

Water: Potable water free from organic and inorganic impurities was used for mixing and curing, 

conforming to IS 456:2000. 

Mix Proportioning 

The concrete mix was designed for M-40 grade as per IS 10262:2019 and IS 456:2000. A control mix 

(CM) with conventional aggregates and three test mixes (T1, T2, T3) incorporating waste ceramic 

aggregates as a partial replacement (10%, 20%, and 30%) of coarse aggregates were prepared. The water-

cement ratio was maintained at 0.40, and superplasticizer was added at an optimum dosage to achieve the 

desired slump. 

Mix 

ID 

Cement 

(kg/m³) 

Fine 

Aggregate 

(kg/m³) 

Coarse 

Aggregate 

(kg/m³) 

Waste 

Ceramic 

Aggregate 

(%) 

Superplasticizer 

(%) 

Water-

Cement 

Ratio 

CM 400 680 1200 0 0.8 0.40 

T1 400 680 1080 10 0.8 0.40 

T2 400 680 960 20 0.8 0.40 

T3 400 680 840 30 0.8 0.40 

Preparation of Concrete and Casting of Specimens 

1. Mixing: The dry materials (cement, fine aggregate, coarse aggregate, and waste ceramic 

aggregate) were thoroughly mixed in a pan mixer. The required amount of water and superplasticizer 

was gradually added to achieve a homogeneous mix. 
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2. Casting: Standard cube molds of 150 mm × 150 mm × 150 mm, cylindrical molds of 150 

mm × 300 mm, and prism molds of 100 mm × 100 mm × 500 mm were used for compressive 

strength, split tensile strength, and flexural strength tests, respectively. 

3. Compaction: Concrete was placed in three layers and compacted using a vibrating table to 

remove air voids. 

4. Curing: Specimens were demolded after 24 hours and cured in a water tank at 27 ± 2°C for 

7, 28, and 56 days before testing. 

Testing Methods 

1. Workability Test: The slump cone test was conducted as per IS 1199:2018 to assess the 

workability of fresh concrete. 

2. Compressive Strength Test: Concrete cubes were tested using a compression testing 

machine (CTM) at 7, 28, and 56 days as per IS 516:1959. 

3. Split Tensile Strength Test: Cylindrical specimens were subjected to the split tensile test as 

per IS 5816:1999. 

4. Flexural Strength Test: Prisms were tested under a two-point loading system as per IS 

516:1959 to evaluate the flexural strength. 

5. Water Absorption Test: The percentage of water absorption was determined as per ASTM 

C642 to assess the durability of concrete. 

6. Density Test: The hardened density of concrete was measured at 28 days to study the impact 

of ceramic aggregate replacement on unit weight. 

RESULT & ANALYSIS 

Results and Analysis 

This section presents the experimental results obtained from testing M-40 concrete incorporating waste 

ceramic aggregates as a partial replacement for natural coarse aggregates. The results include workability, 

compressive strength, split tensile strength, flexural strength, water absorption, and density tests. A statistical 

analysis was also performed to evaluate the impact of ceramic waste on concrete performance. 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 09 Issue: 03 | March - 2025                           SJIF Rating: 8.586                                     ISSN: 2582-3930                                                                                                                                               

  

© 2025, IJSREM      | www.ijsrem.com                                                                                                                        |        Page 6 
 

1. Workability Analysis 

The slump cone test results indicated that the workability of concrete decreased with an increase in the 

percentage of ceramic aggregate replacement. The reduction in workability is attributed to the higher water 

absorption capacity of ceramic aggregates. 

Mix ID Slump (mm) 

CM 90 

T1 (10% replacement) 85 

T2 (20% replacement) 78 

T3 (30% replacement) 70 

The addition of superplasticizer helped maintain workability within acceptable limits. 

 

2. Compressive Strength Analysis 

The compressive strength of concrete specimens was tested at 7, 28, and 56 days. The results showed that 

incorporating waste ceramic aggregates had a marginal effect on early-age strength but improved later-age 

strength due to the ceramic material's pozzolanic activity. 

CM
28%

T1 (10% 
replacement)

26%

T2 (20% 
replacement)

24%

T3 (30% 
replacement)

22%
Other
46%

Slump (mm)
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Mix ID Compressive Strength (MPa) 

No. of Days 7 Days 
14 Days 28 Days 

CM 38.5 44.1 49.2 

T1 (10%) 37.8 43.3 48.7 

T2 (20%) 36.5 41.8 47.3 

T3 (30%) 34.8 40.2 45.5 

 

 

The highest strength was observed in the control mix, while a slight decrease was noted as the ceramic 

aggregate content increased. However, all mixes met the strength requirements for M-40 grade concrete. 

3. Split Tensile Strength Analysis 

The split tensile strength test results indicate that replacing coarse aggregates with ceramic waste slightly 

reduced the tensile strength, but the reduction was within an acceptable range. 

Mix ID Split Tensile Strength (MPa) 

No. of Days 7 Days 
14 Days 28 Days 
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CM 3.65 3.95 4.20 

T1 (10%) 3.55 3.85 4.10 

T2 (20%) 3.45 3.75 3.98 

T3 (30%) 3.30 3.60 3.85 

 

 

The reduction in split tensile strength is attributed to the lower interlocking between ceramic aggregates and 

cement paste due to their smooth surface texture. 

4. Flexural Strength Analysis 

The flexural strength test was conducted on beam specimens, and the results followed a similar trend to 

compressive and tensile strength, with a slight decline as ceramic aggregate content increased. 

 

Mix Id Flexural Strength (MPa) 

No. of Days 7 Days 
14 Days 28 Days 

CM 4.90 5.35 5.80 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

CM

T1 (10%)

T2 (20%)

T3 (30%)

28 Days

14 Days

7 Days
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T1 (10%) 4.80 5.20 5.65 

T2 (20%) 4.60 5.00 5.45 

T3 (30%) 4.40 4.75 5.20 

 

 

The marginal reduction in flexural strength suggests that waste ceramic aggregates can be effectively used 

without significantly compromising structural performance. 

5. Water Absorption and Density Analysis 

Water absorption tests showed that concrete mixes with ceramic waste exhibited slightly higher absorption 

values due to the porous nature of ceramic aggregates. However, the results remained within permissible 

limits, ensuring durability. 

Mix ID Water Absorption (%) Density (kg/m³) 

CM 2.10 2460 

T1 (10%) 2.25 2440 

T2 (20%) 2.40 2415 

T3 (30%) 2.55 2385 

The density of concrete decreased with an increase in ceramic aggregate content, making it a potential 

option for lightweight construction applications. 
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6. Statistical Analysis 

A one-way ANOVA test was performed to determine the statistical significance of ceramic aggregate 

replacement on compressive strength. The p-value obtained was less than 0.05, indicating a statistically 

significant impact. 

Regression analysis showed a linear relationship between the percentage replacement of ceramic aggregates 

and the compressive strength: 

 

where fcf_cfc is the compressive strength (MPa) and xxx is the percentage of ceramic aggregate 

replacement. 

Discussion 

The results demonstrate that waste ceramic aggregates can be effectively used as a partial replacement for 

coarse aggregates in M-40 concrete without significantly compromising strength and durability. While a 

minor reduction in strength was observed, the values remained within acceptable limits. Additionally, the 

use of ceramic aggregates contributed to sustainability by reducing waste disposal problems and conserving 

natural resources. 

Overall, concrete mixes with 10% to 20% ceramic aggregate replacement showed optimal performance, 

balancing mechanical properties and sustainability benefits. Further research could focus on improving 

ceramic aggregate surface roughness to enhance bonding with cement paste and incorporating 

supplementary cementitious materials to compensate for strength reduction. 

Conclusion and Future Scope 

Conclusion 

The experimental study on M-40 concrete incorporating waste ceramic aggregates as a partial 

replacement of natural coarse aggregates, with the use of a superplasticizer, provides valuable insights into 

its feasibility for sustainable construction. The key findings of the study are: 

1. Workability: The slump values decreased with an increasing percentage of ceramic aggregate 

replacement due to its higher water absorption. However, the use of superplasticizer helped maintain 

workability within acceptable limits. 
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2. Compressive Strength: Concrete containing up to 20% ceramic aggregate exhibited compressive 

strength close to that of conventional M-40 concrete at 28 and 56 days, proving its structural viability. 

3. Split Tensile and Flexural Strength: A slight decrease in these properties was observed, but the 

values remained within the required limits for structural applications. 

4. Water Absorption and Density: Concrete with ceramic aggregates showed slightly higher water 

absorption and lower density, which could make it suitable for lightweight concrete applications. 

5. Sustainability: The replacement of natural aggregates with waste ceramic aggregates contributes to 

sustainable development by reducing construction waste and conserving natural resources. 

Future Scope 

The findings of this study open multiple avenues for further research and practical applications: 

1. Optimization of Replacement Percentage: Further studies can investigate the long-term durability 

and strength properties for higher replacement percentages (above 30%) to determine an optimal 

limit. 

2. Surface Treatment of Ceramic Aggregates: Modifying the ceramic aggregates, such as surface 

roughening or coating, may enhance bonding with cement paste and improve strength properties. 

3. Use of Supplementary Cementitious Materials (SCMs): Incorporating fly ash, silica fume, or 

metakaolin in ceramic aggregate concrete could compensate for the strength reduction and improve 

overall performance. 

4. Durability Studies: Extended testing on sulfate resistance, chloride penetration, freeze-thaw 

cycles, and carbonation resistance is required to evaluate the long-term durability of ceramic aggregate 

concrete in different environmental conditions. 
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