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ABSTRACT 

Concrete, a vital construction material, has drawbacks like low tensile strength, proneness to cracking, and a 

substantial environmental impact. Material science is tackling these issues with innovations like titanium 

dioxide(TiO2), which, when partially replacing cement, improves the concrete's microstructure and 

mechanical properties by acting as a filler and speeding up hydration. Additionally, abundant quarry dust, a 

waste product, can sustainably replace natural sand as a fine aggregate, leading to improved strength and 

durability within certain replacement percentages.The optimal replacement percentage is determined 

through compressive strength tests and split tensile strength for 28,56 and 90 days. 

KEYWORDS:Titanium dioxide,Quarry Dust,Environmental impact, Sustainable ,Compressive strength and 
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1. INTRODUCTION 

Concrete stands as the most ubiquitous and indispensable building material globally, forming the very foundation of 

modern infrastructure. This versatile composite, primarily made of cement, aggregates, and water, transforms into a 

durable, stone-like material through a process called hydration. Its widespread use is due to its exceptional strength, 

adaptability, and cost-effectiveness. However, with growing environmental concerns from cement production, 

ongoing research consistently aims to enhance its sustainability and properties.  

Quarry dust, a significant byproduct of the stone crushing industry, is gaining recognition as a valuable 

resource in civil engineering. The vast quantities generated typically present environmental and economic disposal 

challenges. However, its physical and chemical properties make it a viable alternative to natural fine aggregate in 

concrete production. Utilizing quarry dust helps mitigate the environmental impact of excessive sand mining and 
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addresses waste management concerns. Its angular particles can enhance concrete's packing density, contributing to 

improved mechanical properties.  

Titanium dioxide (TiO2), a naturally occurring inorganic compound, is well-known for its exceptional 

brightness and high refractive index. Beyond its widespread application as a brilliant white pigment in paints, 

plastics, and paper, TiO2 boasts remarkable photocatalytic properties. This characteristic allows it to act as a self-

cleaning agent and an air purifier, effectively breaking down pollutants when exposed to light. In civil engineering, 

integrating TiO2 into concrete and other building materials enhances durability, aesthetic appeal, and environmental 

performance. 

 

2. OBJECTIVES 

This research aims to investigate the combined influence of partially replacing cement with titanium dioxide and 

fine aggregate with quarry duston the compressive strength and split tensile strength of concrete. 

3. MATERIALS 

3.1 Cement: Cement is a fine, powdery binder that forms a hardening paste when mixed with water through 

hydration. This paste acts as an adhesive, binding aggregates together to give concrete its strength and structural 

integrity. 

3.2 Fineaggregate: Fine aggregate, typically sand with particles smaller than 4.75 mm, fills the voids between 

coarse aggregates in concrete. It's crucial for workability and creating a dense, cohesive mixture, ensuring desired 

strength and finish. 

3.3 Coarse aggregate: Coarse aggregate consists of granular materials like gravel or crushed stone, larger than 

4.75 mm. These form concrete's main structural framework, providing essential strength, durability, and volume for 

various construction applications. 

3.4 Water: Water plays two vital roles in concrete: it triggers cement hydration to form the binding paste and 

lubricates the mix for easier placement and finishing. 

3.5Quarry Dust: Quarry dust can replace natural sand in concrete and mortar mixes. This byproduct of stone 

crushing, typically under 4.75 mm, helps conserve natural resources, tackles waste disposal issues, and often 

improves concrete's strength and durability, offering an economical and sustainable construction alternative. 

3.6 Titanium Dioxide: Titanium dioxide (TiO2), when partially replacing cement, enhances concrete's 

functionality beyond traditional properties. It refines the concrete's microstructure, potentially boosting its strength 

and durability. 

4. EXPERIMENTAL RESULTS 

4.1 Compressive strength 
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     The compressive strength test determines the maximum load a material, such as concrete, can bear under 

compression before failure. This is commonly performed by applying gradual force to a standardized cube 

specimen in a testing machine, typically at 28,56 and 90 days to assess its strength development. 

Table 1: Compressive strength results of concrete with Quarry Dust used as a partial replacement of Fine 

aggregate. 

Sl.no % of Quarry dust Compressive Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1 0% 32.58 35.33 37.88 

2 10% 34.76 37.74 40.51 

3 20% 37.31 40.65 43.63 

4 30% 39.65 43.37 46.42 

5 40% 38.91 42.39 45.27 

Table 2: Compressive strength results of concrete with Titanium dioxide used as a partial replacement of 

Cement 

Sl.no % of Titanium dioxide Compressive Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1 0% 32.58 35.33 37.88 

2 0.5% 38.42 41.75 44.86 

3 1% 40.06 43.52 46.68 

4 1.5% 37.74 41.09 43.92 

 

Table 3: Ccombined Compressive strength of concrete with 30%QD+1%Tio2 

 

Sl.no 30%QD+1%Tio2 Compressive Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1 0% 32.58 35.33 37.88 

2 30%QD+1%Tio2 43.62 47.86 51.27 

 

4.2 Split tensile strength  

 

Split tensile strength is an indirect method for determining the tensile strength of concrete, which is typically very 

weak in direct tension. The test involves placing a cylindrical concrete specimen horizontally and applying a 

compressive load along its diameter plane until it splits into two halves, typically at 7 and 28 days to assess its 

strength development. 
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Table 4: Split tensile strength results of concrete with Quarry Dust used as a partial replacement of Fine 

aggregate. 

Sl.no % of Quarry dust Split tensile Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1   0% 3.17 3.44 3.68 

2 10% 3.39 3.73 3.97 

3 20% 3.67 3.99 4.28 

4 30% 4.04 4.41 4.72 

5 40% 3.85 4.19 4.55 

Table 5: Split tensile strength results of concrete with Titanium dioxide used as a partial replacement of 

Cement 

Sl.no % of Titanium dioxide Split tensile Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1 0% 3.17 3.44 3.68 

2 0.5% 3.78 4.09 4.46 

3 1% 4.23 4.62 4.94 

4 1.5% 3.69 4.01 4.29 

 

Table 6: Combined Split tensile strength of concrete with 30%QD+1%Tio2 

 

Sl.no 30%QD+1%Tio2 Split tensile Strength Results,  N/mm
2
 

28 days 56 days 90 days 

1 0% 3.17 3.44 3.68 

2 30%QD+1%Tio2 4.42 4.83 5.16 

 

5. CONCLUSION 

 

1. The normal concrete compressive strength results for 28,56 and 90 days is 32.58, 35.33 and 37.88N/mm
2
. 

2. At 30% partial replacement of fine aggregate with Quarry dust which gives compressive strength result for 

28,56 and 90 days is 39.65, 43.37 and 46.42 N/mm
2
. 

3. At 1% partial replacement of cement with Titanium dioxide which gives compressive strength result for for 

28,56 and 90 days is 40.06, 43.52 and 46.68 N/mm
2
. 

4. Compressive strength result for combined replacement of 30% partial replacement of fine aggregate with 

Quarry dust and 1% partial replacement of cement with Titanium dioxide which gives compressive strength 

result for 28,56 and 90 days is 43.62, 47.86 and 51.27 N/mm
2
. 

5. The normal concrete split tensile strength results for 28,56 and 90 days is 3.17, 3.44 and 3.68 N/mm
2
. 

6. At 30% partial replacement of fine aggregate with Quarry dust which gives split tensile strength result for 

28,56 and 90 days is 4.04, 4.41 and 4.72 N/mm
2
. 

7. At 1% partial replacement of cement with Titanium dioxide which gives split tensile strength result for 28,56 

and 90 days is 4.23, 4.62 and 4.94 N/mm
2
. 
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8. Split tensile strength result for combined replacement of  30% partial replacement of fine aggregate with 

Quarry dust and 1% partial replacement of cement with Titanium dioxide  which gives compressive strength 

result for 28,56 and 90 days is 4.42, 4.83 and 5.16 N/mm
2
. 

 

6. REFERENCES 

 

1. Han, B., Yu, X., & Ou, J. (2019). Self-sensing and self-healing concrete incorporating nanomaterials: A 

review. Composites Part B: Engineering, 162, 452-461. (Focuses on various nanomaterials, including TiO2, 

and their functional enhancements). 

2. Raki, L., Beaudoin, J. J.,& Al-Manaseer, A. A. (2010). Photocatalytic concrete: A review of recent 

advancements. Cement and Concrete Composites, 32(3), 195-200. (A foundational review on photocatalytic 

properties and self-cleaning). 

3. Saleem, A., Mehmood, T., & Khan, M. I. (2021). A review on the use of nano-titanium dioxide in 

cementitious materials: Properties and applications. Construction and Building Materials, 296, 123820. 

(Comprehensive review on mechanical, durability, and environmental aspects). 

4. Bautista-Gutierrez, J. G., Gomez-Soto, J. E., & Rodriguez-Diaz, A. A. (2019). Mechanical and durability 

performance of concrete with nano-TiO2: A review. Construction and Building Materials, 223, 1007-1018. 

(Specifically focuses on mechanical and durability improvements). 

5. Li, Z., Long, W., & Li, Z. (2019). The effect of nano-TiO2 on the properties of cementitious materials: A 

review. Construction and Building Materials, 208, 206-216. (Examines the influence on various properties, 

including hydration and microstructure). 

6. Gopalan, M., Al-Saadi, S., & Al-Mashari, A. (2020). Performance of concrete with nano-TiO2 for self-

cleaning and NOx reduction. Journal of Cleaner Production, 247, 119107. (Highlights environmental benefits 

alongside material performance). 

7. Arzadon, S. E. T., Hernandez, J. V., Manalo, A. I. T., & Payduan, J. W. A. (2025). The Potential of 

Concrete with Titanium Dioxide (TiO2) and Corncob Activated Carbon Admixture as a Photocatalyst. Animo 

Repository. (Recent publication, explores photocatalysis and morphology). 

8. Meng, T., Yu, X., & Long, W. (2012). Effect of titanium dioxide nanoparticles on the early-age hydration 

and strength of cement paste. Construction and Building Materials, 37, 281-287. (Focuses on early-age 

strength development). 

9. Abu el-Hassan, A. A., et al. (2023). Immobilization of TiO2 Nanoparticles in Cement for Improved 

Photocatalytic Reactivity and Treatment of Organic Pollutants. Catalysts, 13(8), 938. (Detailed study on 

photocatalytic reactivity and pollutant treatment). 

10. Alhassan, M., Karagianni, M., Papavassiliou, G., & Hassan, J. (2020). Effect of titanium dioxide (TiO2) 

on cement hydration and pore structure using non-invasive techniques. Construction and Building Materials, 

259, 119864. (Investigates the impact on hydration kinetics and microstructure using advanced techniques). 

11. Katta Deepika, et al. (2024). A Study on Concrete with Quarry-Dust as Partial Replacement to Fine 

Aggregate. International Journal of Engineering Research & Technology (IJERT), 13(03). (Recent study on 

compressive and split tensile strength). 

12. Nuruzzaman, M., et al. (2025). Performance of Sustainable Green Concrete Incorporating Quarry Dust and 

Ferronickel Slag as Fine Aggregate. PMC. (Explores combined use of quarry dust and ferronickel slag for 

green concrete). 



 
         North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514 Vol. 8, Issue 3, March 2022 
 
 

North Asian International Research Journal Consortiums www.nairjc.com 

 
65 

13. Norazila, M. J., & Kamarulzaman, S. (2016). Properties of foam concrete with quarry dust as partial 

replacement of sand. Construction and Building Materials, 111, 285-291. (Investigates quarry dust in foam 

concrete). 

14. Sivakumar, A., & Prakash, M. (2011). Strength and durability studies on concrete using quarry dust as fine 

aggregate. International Journal of Civil Engineering and Technology (IJCIET), 2(1), 1-8. (Classic study on 

strength and durability with quarry dust). 

15. Rahim, M. F., et al. (2020). Sustainable Utilisation of Quarry Dust Waste in Concrete: Strength Performance. 

IOP Conference Series: Earth and Environmental Science, 616(1), 012052. (Examines quarry dust as a 

cement replacement and its strength impact). 

16. Ilangovan, R., Mahendran, N., & Venkatakrishna, H. (2008). Strength and durability studies on quarry 

dust concrete. Journal of Civil Engineering and Management, 14(1), 35-40. (Early research on the 

performance of quarry dust concrete). 

17. Suman, K., & Yadav, R. K. (2016). Experimental study on concrete by partial replacement of sand with 

quarry dust. International Journal of Engineering Research & Technology (IJERT), 5(05). (Focuses on 

optimal replacement levels for strength). 

18. Shanmugapriya, T., & Sathiya, K. (2017). Durability studies on concrete with partial replacement of fine 

aggregate by quarry dust. International Journal of Engineering Research & Technology (IJERT), 6(03). 

(Specifically investigates durability aspects). 

19. Taiwo, L. A., Olumide, A. O., & Akerele, A. A. (2019). The effect of quarry dust and rice husk ash on the 

mechanical properties of concrete. Journal of Engineering Research and Reports, 8(3), 

 


