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Abstract: Concrete is most suitable construction material. And it will adapt very well with the situations in 

the site. This concrete is considered as a homogeneous material but it is mixture of cement and fine 

aggregate and coarse aggregate and water. There are various methods in-order for concrete to gain 

strength, replacing the contents of concrete is also a way but partially is considered optimum. Now main 

binding agent in the concrete is the cement content so by partially replacing the cement by various 

cementitious materials like GGBS and tio2 will give optimum results in raised strength values of concrete. 

In this study a small trial is done to modify the properties of concrete by partial replacement of cement with 

GGBS of a percentage 10%, 20%, 30% and 40% and TIO2 of percentages of 0.6%, 0.8%, 1.0% and 1.25%. 

Different tests are done to determine Compressive Strength and split tensile strength All the cubes are used 

for 7 & 28 days. 
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I. INTRODUCTION 

Concrete is the widely known constructional material in this world, it is used for the structural development of any 

kind. There are a variety of techniques to achieve various required conditions may be of a higher strength than the 

conventional, concrete will also support the methods like post & pre tensioning to achieve a higher strength at a time 

with the reduction of concrete. The concrete is a combination of material like cement, coarse aggregate, fine aggregate 

and water in which the cement is binding agent. When cement comes contact to water there will be an exothermic 

reaction takes place such that the contents of the concrete are being hardened. There are various types of concrete used 

for specific criteria of the environment and strength purposes and in order to produce cement there will a lot of co2 

emitted around 120 million metric tons per year  , so a partial replacements like GGBS(ground granulated blast furnace 

slag) and TIO2 (titanium dioxide) and they will aid in strength to concrete. 

 

II. OBJECTIVES 

1. To study the strength properties of ggbs as a partial replacement for cement in concrete. 

2. To study the optimize of Titanium dioxide. 

 

III. MATERIALS 

3.1 Cement 

Cement is a binding agent, a material used for construction for the purpose of holding the building materials together. 

Concrete consists of coarse aggregate as main content and fine aggregate is used to fill the voids between the coarse 

aggregates.  Plain cement mixed with fine aggregate and water called as mortar, and coarse aggregate with mortar 

called as concrete. 
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3.2 Aggregate 

Aggregate properties greatly influence the behaviour of concrete, since they occupy about 80% of the total volume of 

concrete.  

 

3.3 Water 

Water is one of the most important elements in construction and is required for the preparation of mortar, mixing of 

cement concrete and for curing work etc. The quality of water used has a direct impact on the strength of the motor and 

cement concrete in the construction work. 

 

3.4 GGBS 

GGBS (ground granulated blast furnace slag) is a white colored furnace slag produced from the iron ore refining 

furnaces. The main content of GGBS is oxides of calcium, silica, aluminum, and magnesium. Calcium oxide is 

typically of 40% in GGBS.  

 

3.4 Titanium Dioxide (TIO2) 

The titanium dioxide is a naturally occurring chemical which is of a composition of titanium and oxygen. It is an 

inorganic compound. This material gives great flexural strength and it also gives white color to the concrete. 

 

IV. EXPERIMENTAL RESULTS 

4.1 Compressive Strength  

The cube specimens of 150mm x 150mm x150mmwere cast and tested in compression testing machine for 7 and 

28days of curing period for different proportions of concrete mix and presented in table below. 

 

S.No. 

 

% of GGBS 

Compressive Strength, N/mm2 

28Days 56Days 90Days 

1 0% 49.82 54.08 57.81 

2 10% 50.27 54.53 58.74 

3 20% 50.80 55.35 59.16 

4 30% 51.12 55.50 59.80 

5 40% 53.93 58.60 62.86 

6 50% 51.37 55.66 59.75 

Table 1.1: Compressive strength of concrete with GGBS as partial replacement of cement in concrete 

 

S.No. 

 

% of Tio2 

Compressive Strength, N/mm2 

28 Days 56Days 90 Days 

1 0% 49.82 54.08 57.81 

2 0.6% 56.67 61.46 65.87 

3 0.8% 57.33 61.98 66.74 

4 1% 59.10 63.96 68.78 

5 1.2% 56.53 61.70 65.99 

Table 1.2: Compressive strength of concrete with tio2 as partial replacement of cement in concrete 

 

Sl. No 

 

GGBS+Tio2 

Compressive Strength, N/mm2 

28 Days 56 Days 90 Days 

1 0% 49.82 54.08 57.81 

2 40%GGBS+1% Tio2 61.15 66.64 70.99 

Table 1.3: Compressive strength of Concrete with GGBS and TiO2 

 

4.2 Split Tensile Strength Results  

At the age of 7 and 28days, the cylindrical specimens (150mm diameter x 300mm height) were tested for evaluating the 

split tensile strength.  
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Table 1.4: Split tensile strength of concrete with GGBS as partial replacement of cement in concrete 

 

S. No 

 

% of GGBS 

Split tensile strength, N/mm2

28Days 56Days 90Days 

1 0% 4.83 5.25 5.65 

2 10 % 4.93 5.34 5.76 

3 20% 5.05 5.48 5.89 

4 30% 5.10 5.55 5.95 

5 40% 5.50 5.97 6.44 

6 50% 5.09 5.54 5.93 

Table 1.5: Split tensile strength of concrete with tio2 as partial replacement of cement in concrete 

 

Sl. No 

 

TiO2 

Split tensile strength, N/mm2 

28 days 56 days 90 days 

1 0% 4.83 5.25 5.65 

2 0.6% 5.47 5.95 6.36 

3 0.8% 5.60 6.09 6.51 

4 1% 5.96 6.48 6.98 

5 1.2% 5.59 6.06 6.53 

Table 1.6: Split tensile strength of concrete with GGBS and to2 as partial    replacement of cement in concrete 

 

Sl. No 

 

GGBS and Tio2 

Split tensile strength, N/mm2 

28 days 56 days 90 days 

1 0% 4.83 5.25 5.65 

2 10% 6.29 6.85 7.38 

 

V. CONCLUSION 

In this study, the concrete ingredients like cement are partially replaced by GGBS and TIO2 respectively. GGBS varied 

different percentages of 10%, 20%,30%,40%, 50%.and TIO2 is varied with different percentages like 0.6%, 0.8%, 

1.0%, 1.2% 

1. At 40% partial replacement of GGBS with cement the compressive strength of concrete at 7 and 28 days are 

38.39 and 53.93 N/mm2. 

2. At 40% partial replacement of GGBS with cement the split tensile strength of concrete at 7 and 28 days are 

3.87 and 5.50 N/mm2. 

3. At 1% partial replacement of titanium dioxide with cement the compressive strength of concrete at 7 and 28 

days are 41.60 and 59.10 N/mm2. 

4. At 1% partial replacement of titanium dioxide with cement the split tensile strength of concrete at 7 and 28 

days are4.06 and 5.96 N/mm2. 

5. By the combination of 40% GGBS +1% Tio2 with cement the compressive strength of concrete at 7 and 28 

days are 42.07 and 61.15 N/mm2. 

6. By the combination of 40% GGBS +1% Tio2 with cement the split tensile strength of concrete at 7 and 28 

days are 4.39 and 6.29 N/mm2. 

 

REFERENCES 

[1]. M. Devasena, V. Sangeetha, “implications of Nano-titanium Dioxide incorporation in Cement 

Matrix”,102(2),2021,567-573 

[2]. Dr.k. chandramouli, j Sree Chaitanya, “strength studies on concrete withdolomite and GGBS” 

[3]. Jay Sorathiya, Dr. Siddharth Shah, Mr. Smit Kacha, “Effect on Addition of Nano “Titanium Dioxide” (TiO2) 

on Compressive Strength of Cementitious Concrete”,1,201,219-225, ICRISET. 

[4]. Ishwar Chandra Thakur, N. Kisku, J.P. Singh, Sheo Kumar, “Properties of concrete incorporated with 

GGBS”,5(8),2016,275-281, IJRET. 

[5]. J. Suresh Kumar, D. Gayathri, T. Naresh Kumar, “Study on behavior of TiO2 and GGBS with respect to 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

  

 Volume 2, Issue 6, June 2022 
 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-5062 531 
www.ijarsct.co.in 

Impact Factor: 6.252 

mechanical and durability properties of sustainable concrete”, 6(9), 2017, 18033-18044, IJIRSET. 

[6]. Hilalahmadwani, Sukhwinder Singh, Tahir Mohammad Bhat, “Effect of Nano Titanium dioxide and GGBS 

on Flexural Behavior of Concrete Beam”, 2(12), 2020, 635-643, IRJMETS. 

[7]. Alaa, M. Rashad, ” A comprehensive overview about the effect of nano-Sio2 on some properties of traditional 

cementitious materials and alkali activated fly ash”. Construction and building materials52 (2104), 437-464. 

[8]. Ali Nazari, Shadi Rishi, Shirin Riahi, Seyedeh Fatemeh Shamakhi and A. Khademno. “Assessment of the 

effects of the cement paste composite in presence TIO2 nanoparticles”. 6(4), (2010), 43-46, Journal of 

American Science. 

[9]. Tanaka, Kyoji, and Kiyofumi Kurumisawa. “Development of technique for observing pores in hardened 

cement paste”. Cement and Concrete Research 32(9), (2002), 1435-1441. 

[10]. Stanley J. Vigalitte et al, “Ground Granulated Blast-Furnace slag as a cementitious Constituent in Concrete” 

Reported by ACI committee 233, (2000). 

 


