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Abstract: A broad range of challenges faced by the construction 
industry, ranging from the performance of the materials to 

environmental and safety issues, relate to materials and their 
properties. Recent developments in various areas of nanotechnology 
show significant promise in addressing many of these challenges. 
Research and developments have demonstrated that the application 
of nanotechnology can improve the performance of traditional 
construction materials, such as concrete and steel. Noteworthy 
improvements in concrete strength, durability and sustainability are 
being achieved with considered use of metal/metal oxide 

nanoparticles and engineered nanoparticles (carbon nanotubes and 
carbon nanofibres), and environment-responsive anticorrosion 
coatings formed using nanoencapsulation techniques are showing 
promise in laboratory settings. Developments in nanotechnology are 
also improving the accuracy and commercial viability of sensor-
based structural health monitoring; a task rapidly gaining 
importance as the structures that comprise many countries’ most 
expensive investments near the end of their design life. As energy 

usage worldwide continues to grow, a focus on the potential for 
nanotechnology developments to reduce energy consumption has 
become evident. Research demonstrates that nanotechnology can 
contribute to novel cooling systems, and improve the functionality of 
solar cells and insulation. A range of nano materials are also being 
used to add new functionalities, such as self-cleaning properties, to 
traditional construction industry products, for example paint and 
cement. First generation products are available on the market and 

further advances are evident in the academic literature. 
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Introduction: Nano technology is most widely used in all the 

fields such as nano science, construction field, electrical, 

biomedical, and medical field. Nowadays, the nano 

technology is gradually augmentation in the Civil Engineering 

Construction field, for (ex) nano coatings, nano-polymer has 
been used for corrosion resistance of steel rebar and also nano 

sensor has been used for the corrosion deduction and 

protection of steel bar. The nano-powder based materials used 

for enhanced strength and good durability performance in 

concrete. Concrete structures, transportation structures are 

problem to cracking that leads to weakening corrosion, 

deteriorating due to chloride attack, carbonization, sulfates and 

damage from alkali-silica reactivity. These troubles shorten 

the service life of concrete structures such as bridges, dams, 

pavements and tunnels and decreased their level of 

performance. The main objective of this research is to attain 

the development of strength and corrosion analysis in concrete 

element /structures and resistance to cracking (that leads to 

corrosion weakening due to chloride attack, deterioration and 

damage from alkali-silica reactivity) in structural elements, 

crack-free pavements at transportation structures by using 

nano composite materials and measure the corrosion in steel 

Here nano composite materials incorporated with cement, in 
various percentages replaced and different combinations, such 

as binary and ternary combination. The behavior of nano 

material in concrete elements, the binary combination mix has 

given good mechanical properties and durability. When the 

nano materials gradually increased in cement, the compressive 

strength, tensile strength and flexural strength gradually 

decreased. The nanomaterials have more specific area and 

produce a high amount of heat hydration. It is responsible for 

producing the tri-calcium silicate and early strength achieved. 

The 2% binary combination B-1, B-2 mix has given the best 

mechanical properties compared to the other mixes. 

 

1.2 SCOPE OF THE WORK 

Based on review of literature, a successful attempt has 

been made through nano composite materials to enhance the 

strength, durability and corrosion properties of nano 

composite concrete specimens. Around 42 nano composite 

concrete specimens are prepared for the research work. To 

improve overall quality of concrete for various applications, 

nano-composite specimens are selected to incorporate into it. 

Finally the noteworthy improvement has been observed in the 

strength, durability and corrosion of the nano composite 

concrete specimens. The 28 days compressive and flexural 
strength have been improved for the binary combination mix 

B-1 (2% nano-SiO2 + 2 % nano- CaCO3), of nano composite 

materials replaced with cement showed increased compressive 

strength about 22.86% and 40.74%.1.3. 
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1.3 OBJECTIVES 

Main objectives of the present doctoral research work are 

to study effect of nano composite materials on the strength, 

durability and corrosion analysis of concrete. 

1. To design mix ratio for M40 Grade of ratio using the 

nano composite materials 

2. Fabrication and characterization of embeddable 

zirconium oxide potential sensor for identification of corrosion 

and prevention of steel bar. 

3. To analyze and confirm the workability performance 

of the nano composite concrete mix studies. 

4. The SEM and X-ray analysis to be done to study 

internal characterization. 

5. To study the compressive strength of the binary nano 

composite concrete specimens and ternary nano composite 

specimens and the durability aspects of the binary nano 

composite concrete specimens and ternary nano composite 

specimens. 

6. To study the corrosion of steel bar aspects of the 

binary nano composite concrete specimens and ternary nano 

composite specimens with respect to zirconium oxide potential 

sensor. 

Literature Review 

Application and uses of Nano Technology in Construction 

Field 

 

Nanotechnology is being used in all fields of science and 

technology. The application of nanotechnology may include 
various fields such as construction (strength of materials), 

medical (drug delivery to treat various diseases), electronics 

industry (nano rods and wires), mechanical (automation), food 

science and materials processing in industries. Concrete is the 

most widely used nano-material in construction industry which 

is prepared using nano silica (particle size ranges from few 

nanometres to 100 micrometres). Various alterations in mix 

proportioning and composition (addition of admixtures) are 

made in preparing concrete to achieve desired results such as 

high strength, high performance and high ultra-strength. Recent 

advancements in concrete technology demonstrated the 

possibility of improving its quality by altering its composition 
with additional nano-particles. The higher pozzolanic nature 

and quick pore-filling in these concrete have considerably 

reduced the initial and final setting time when compared with 

the conventional concrete materials. Similarly, the durability of 

concrete is achieved by improving the impermeability with 

reduced bleeding and segregation. 

 

The different percentages of Nano-SiO2 replaced with cement 

such as 0%, 0.2%, 0.5%, 0.8% 1%, 2% and 3% to enhance the 

strength of the materials. The 0 to 1% of nano-SiO2 replaced 

with cement gives better compressive, tensile, flexural strength 
and durability of concrete when compared than the 

conventional concrete. Increased percentage of nano- particles 

replaced with cement gradually decreases the mechanical and 

durability performance is reported by YoukunCheng et al. 

(2019). When the cement reacts with nano-SiO2 then the early 

strength is achieved due to the size of the particles is smaller 

(40nm) and pozzolaanic response becomes weaker 
(ChenglongZhuang et al.2019, Dayana Gulevich et al. 2019, 

Zhidan Rong et al. 2020). Nano-CaCO3 when replaced with 

cement, to increase the Di-calcium silicate (C2S) and reduce 

the Tri-calcium silicate (C3S) it is observed from the X–ray 

diffraction (XRD). Various percentage of Nano-CaCO3 added 

with cement such as (1%, 2% and 3%). The Nano-CaCO3 

(1%) replaced with cement gives better flexural strength and 

toughness compared with conventional concrete is reported 

earlier (Hakamy 2020). The widely used nano-particles in the 

construction field are nano-TiO2, Al2O3, CaCO3, SiO2 and 

nano-clay particles. When nano particles add or partially 

replaced with cement, the permeability of concrete becomes 
less due to the nano particles density and the microstructure of 

the matrix (Yousef Askari Dolatabad et al.2019). Various 

percentage of added colloidal nano-silica with cement, it is 

increased the compressive strength, tensile strength and non-

destructive test (rebound hammer ultrasonic plus velocity), 

performance if good compared with the without colloidal nano-

silica specimen and also increased the modulus of elasticity of 

concrete compared than the conventional concrete due to 

formation of silanol (Si –OH) and higher surface area by 

Bibhuti Bhusan Mukharjee et al. (2019). 

MATERIAL AND METHODS 

3.1 INTRODUCTION 

A detailed materials and experimental procedure adopted in 

this investigation is presented in this chapter. 

3.1.1 Water 

Potable water used for all mixes of concrete. 

3.1.2 Cement 

Ordinary Portland cement is used for this research with and 

specific gravity of cement 3.15. The physical properties of 

cement, fine aggregate and coarse aggregate are given in Table 

3.1. 

Table 3.1 The physical Properties of cement, fine 

aggregate and coarse aggregate 

 

Description 

Specific 

gravity 

 

Density in 

kg /m3 

Fineness 

modulus 

m2/kg 

 

Standard 

consistency 

Soundness, 

Le Chatelier, 

mm 

Cement 3.15 3150 314 26.4 1.0 

Fine aggregate 2.65 1620 3.01 - - 

Course aggregate 2.81 1120 2.72 - - 

 
  

3.1.3 Fine Aggregate 

River sand conforming to zone III of IS, 383-1970. The 

specific gravity of fine aggregate and density is 2.65 and 1762 

kg /m3. 

3.1.4 Coarse Aggregate 
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The coarse aggregate of 20 mm is used and it has bulk 

density of 1710 kg/m3 and the specific gravity 2.81and 

fineness modulus of 2.72 is used. 

3.1.5 Nano Composite Materials 

Nano-SiO2 and  CaCO3 used for partially replacing the 
cement and are procured from Elkem Metallurgy (P) Ltd. Delhi 

The physical and chemical properties of nano composite 

materials are given in Table 3.2and as shown in Figure 3.1. 

 

Table 3.2 Physical and Chemical composition of

 OPC,  Nano –SiO2, Nano-CaCO3 

 

Item 
OPC % 

Nano- 
SiO2 % 

Nano-CaCO3 
% 

CaO 63.81 0.27 96 

SiO2 21.45 95.3 0.3 

Al2O3 4.45 0.65 0.3 

Fe2O3 3.07 0.28 0.3 

Mgo 2.42 0.41 0.8 

Alkalies (Na2O+ K2O) 1.3 1.03 0.4 

SO3 2.46 - 0.7 

TiO2 0.22  - 

  

 

 Nano-CaCO3 

 Nano-SiO2 

 

 

Fig 3.2. Nano material and mixture with water 

3.3 MIX PROPORTIONS 

In order to study the variations in combinations of nano-

composites on the strength and corrosive properties of 

concrete, several specimens were casted with varying weight 

fractions of nano-composites as replacement to the cement. 

The control specimens are denoted as A-0 mix for each of the 

combinations. The binary mixture B-1 mix represents 2% 

nano-SiO2+ 2% nano-CaCO3 as replacement of cement while 

B-2 mix represents 5% nano- SiO2+5 % nano-CaCO3. 

3.4 CASTING AND TESTING OF SPECIMENS 

The mix is prepared for M40 grade of concrete and mix 

ratio 1:1.38: 

2.41 for both conventional concrete and nano composite 

concrete. The mix proportion and quantity of materials used 

per cube of concrete is shown in Table 3.3. All experimental 
works are done using a water-cement ratio of 0.40. Size of (150 

× 150 × 150 mm) cube is used for determining the compressive 

strength. The height of cylinder is 300 mm and the diameter is 

150 mm is prepared for split tensile strength of concrete. The 

specimens are tested in 3 days, 7 days, 14 days and 28 days 

with each proportions of nano composite of binary and ternary 

concrete mix. A prism of size (500 × 100 × 100 mm) has been 

cast for determining the flexural strength of concrete. 

 

Table 3.3 The mix proportion and quantity of materials used 

per cube. 

 

Mix 

designation 

 

Cement 

(kg) 

Nano 

SiO2 

(kg) 

Nano 

CaCO3 

(kg) 

Water 

(mL) 

 

W/C 

Fine 

aggregate 

(kg) 

Coarse 

aggregate 

(kg) 

A -0 1.900 - - 760 0.4 2.622 4.579 

B -1 1.824 0.038 0.038 760 0.4 2.622 4.579 

B -2 1.710 0.095 0.095 760 0.4 2.622 4.579 

  

Results and Discussions: 

4.1 FRESH CONCRETE 

4.1.1 Slump Test 

Slump cones are used to measure the “workability” or 

“consistency” of fresh concrete mix. The slump value for nano-

composite specimens and conventional concrete specimens are 

shown in Figure 4. 1. When the slump value is increased then 

the workability of concrete also increased because the slump 
values are directly proportional to workability. On the other 

hand, when the slump value is decreased, the workability of 

concrete is very stiff. From Table 4.1. The conventional 

concrete specimen gives higher slump value and good 

workability when compared with the nano-composite concrete 

specimens. Subsequently, the mix B-1, B-2 gives higher value. 

The workability of concrete is decreased in order to increase 

demand of water, due to the addition of nano materials, further 

decreased the slump value and shortened the initial and final 

setting time by increased colloidal nano-silica. Nano particles 

have higher surface area so that higher insist of water during 
the hydration time was suggested by Chithra et al. (2016) and 

Senff et al. (2009). Nano-SiO2 when replaced with cement, to 

reduce the slump value due to nano particles have large surface 

area and absorb the more water molecules was studied by 

Mukharjee & Barai (2020), Zhuang & Chen (2019). 

Table 4.1 Slump value in conventional and nano 

composite concrete mixes 

S.No. Mix designation Slump value in mm 

1. A -0 80 

2. B -1 75 

3. B -2 85 
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Figure 4.1 Variation of Slump values of control 

specimen and nano composite specimens. 

4.2.1.1 Compressive strength of binary combination 

mix 

 

The compressive strength values of B-1 and B-2 mix results 

are shown in Figure 4.12. The 28 days compressive strength of 

mixes B-1 and B- 2 (2% nano-SiO2 + 2% nano-CaCO3 and 
5% nano-SiO2 + 5% nano-CaCO3 particles) are increased by 

22.86% and 18.06% respectively with reference to the 

conventional concrete mix A-0. The enhancement of 3, 7 & 14 

days compressive strength of mixes B-1 and B-2 are found to 

be about 6.72%, 9.20% and 12.34% for mixes B-1 and 17.87%, 

25.41% and 23.61% for mixes B-2 respectively with reference 

to the conventional concrete mix A-0. Pores of concrete are 

decreased by nano-materials and thus the compressive strength 

is increased (Mohseni et al. 2015). 

 

Average strength(µ) = Average crushing value / No of 

samples 

Table 4.2 Mix identifications and compressive strength 

of control and Nano composite Concrete Specimen at Different   

Curing ages. 

  

 

Mix 

ID 

 

 

Percentage  

of Cement 

Nano materials 

(%) 

Compressive Strength 

in N/mm2 

 

Nano 

SiO2   

 

Nano 

CaCO3 

 

3 

Days 

 

7 

Days 

 

14 

Days 

 

28 

Days 

A -0 100   16.23 24.12 32.56 44.18 

B -1 96 2 2 17.32 26.34 36.58 54.28 

B -2 90 5 5 19.13 30.25 40.25 52.16 
 

 

Figure 4.12 Variation of binary combination of compressive 

strength of control and Nano Composite Concrete Specimen B-

1 and B-2 mix. 

Table 4.2 Mix identifications and 90 days compressive 

strength of Nano composite Concrete Specimen 

 

Figure 4.14  90 Days compressive strength of nano composite 

concrete specimen. 

4.1.1 Split Tensile Strength 

The tensile strength of concrete is the concrete capability to 

withstand pulls forces without breaking and is called as the 

tensile strength of concrete. The cylindrical specimens have 

been cast for identifying split tensile strength at 3, 7, 14 and 28 

days. Figures 4.15, 4.16 and 4.17 and Table 4.3Shows the split 

tensile strength of binary and ternary combinations of different 

nano concrete composite mixes which has improved tensile 
strength due to the addition of nano-SiO2, nano-CaCO3, with 

grade of concrete. All nano composite specimens have given 

better tensile strength when compared with conventional 

concrete specimens. 

Table 4.3 Mix identifications and tensile strength of 

control and Nano composite Concrete Specimen at Different 

Curing ages 
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Mix 

ID 

Tensile Strength in N/mm2 Percentage Change in tensile strength 

with respect to A -0 

 

 

3 

Days 

 

 

7 

Days 

 

 

14 

Days 

 

 

28 

Days 

 

 

3 Days 

 

 

7 Days 

 

 

14 

Days 

 

 

28 

Days 

A -0 1.9 2.3 2.5 2.7 - - - - 

B -1 2.3 2.8 3.1 3.4 21.053 21.739 24.000 25.926  

 

Figure 4.15 Variation of binary combination of tensile strength 

of control and Nano Composite Concrete Specimen B-1 and B-

2 mix. 

Conclusion: 

• The 28 days compressive, tensile and flexural strength 
results indicated that the binary combination mix B-1 (2% 

nano-SiO2 + 2 % nano- CaCO3), B-2 (5% nano-SiO2 + 5% 

nano-CaCO3) of nano composite materials replaced with 

cement showed increased compressive strength about 22.86%, 

18.06% . tensile strength about 25.929%, 18.595% and flexural 

strength 40.74%, 12.50% when compared with the 

conventional concrete. 

• In general the strength of concrete specimen was 

increased when the nano materials are added up to 2% and then 

it is reduced. 
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