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ABSTRACS  

Nanotechnology has nowadays a pronounced impact 

on several areas of science and industry. Among 

several advantages, nanomaterials have been reported 

to introduce improvements in terms of system 

reliability, extend functionality beyond traditional 

applications and decrease energy consumption in 

structures.Nanomaterials can enable better utilization 

of natural resources and reaching required materials 

properties with minimal usage. Nano-cement and 

nano-silica are among the recently used materials in 

this regard.  The objective of this study is to explore 

the effect of incorporating nano-silica to concrete  on 

enhancing mechanical properties and durability. This 

study concerns with the use of nano silica of size236 

nm to improve the compressive strength of concrete. 

In this paper an experimental investigation has been 

carriedout by replacing the cement with Nano silica 

by 0%. 0.2%, .4% ,1.0%, and 1.1 % for M20 

(1:1.4:2.74)grade of concrete with water cement ratio 

0.42. The strength increase was observed with the 

increase in the percentage of Nano silica. 

Keywords: concrete, nano silica, durability 

,compressive strength,  

I  INTRODUCTION 

Concrete is commonly used in large quantities and 

huge scale but it is very crucial to study its structural 

elements which are effective at the micro and 

nanoscale in order to control the basic properties of 

concrete such as compressive strength, tensile 

strength, durability and ductility. Concrete is a 

combination of coarse aggregate and mortar 

connected by interfacial transition zone (ITZ) and it 

is varied at different scales as can be seen in figure 

1.1. The mortar in concrete can also be divided to 

fine aggregate, cement paste and ITZ in the middle 

of them. The cement paste is formed by mixing 

water with cement powder. This paste undergoes 

some chemical reactions to form the hydration 

products that become rigid after a certain time and 

heterogeneous in nature. The main phases of the 

microstructure of the hydrated cement paste which 

control the macroscopic properties of cementitious 

materials are calcium silicate hydrate (C-S-H gel), 

calcium hydroxide (CH), ettringite, mono-sulfate, un-

hydrated cement particles and air voids. 

1.1 NANO SILICA  

Nano-silica produced by this method is a very fine 

powder consisting of spherical particles or  

icrospheres with amain diameter of 150 nm with high 

specific surface area (15 to 25 m2/g). By means of 

this method, nano particles having a spherical shape 

with 88% process efficiency can be obtained. These 

particles were produced by feeding worms with rice 

husk, biological waste material that contain 22% of 
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SiO2. Finally, nScan also be produced by 

precipitation method. 

1.2 NANOMATERIALS USE IN 

CONCRETE   

Nanomaterials are very small sized materials with 

particle size in nanometres. These materials are very 

effective in changing the properties of concrete at the 

ultrafine level by the virtue of their very small size. 

The small size of the particles also means a greater 

surface area (AlirezaNajiGivi, 2010). Since the rate 

of a pozzolanic reaction is proportional to the surface 

area available, a faster reaction can be achieved. Only 

a small percentage of cement can be replaced to 

achieve the desired results. These nanomaterials 

improve the strength and permeability of concrete by 

filling up the minute voids and pores in the 

microstructure. The use of nanosilica in concrete mix 

has shown results of increase in the compressive, 

tensile and flexural strength of concrete. It sets early 

and hence generally requires admixtures during mix 

design. Nano-silica mixed cement can generate nano-

crystals of C-S-H gel after hydration. These nano-

crystals accommodate in the micro pores of the 

cement concrete, hence improving thepermeability 

and strength of concrete. 

1.3 ADVATAGE OF NANO SILICA  

In the past few decades, concrete is being extensively 

used as one of the important building material 

because of its low cost and boundless availability. 

Moreover the advantages is more while introducing 

Nano technology in concrete. With the development 

of nanotechnology, its application in cement-based 

materials has become a research hotspot. 

Nanomaterials are functional materials with many 

excellent properties, such as size effects, quantum 

effects, surface effects, and interfacial effects. 

Researchers have done much work on the influence 

of nano-SiO2 on the hydration and mechanical 

properties of cement. 

II  LITERATURE REVIEW 

There are many applications for building materials 

using nano-particles, some of which are currently 

utilized such as producing durable, antibacterial, 

purified air compound paint and green building 

materials 

Richard et al. (1994) developed concrete by Reactive 

Powder Concretes (RPCs) which attained strength 

ranging from 200 to 800 MPa. 

H. Li et. al. (2004) experimentally investigated the 

mechanical properties of nano-Fe2O3 and nanoSiO2 

cement mortars and found that the 7 and 28 day 

strength was much higher than for plainconcrete. The 

microstructure analysis shows that the nanoparticles 

filled up the pores and thereduced amount of 

Ca(OH)2 due to the pozzolanic reaction. 

Another experimental study by Li et al. (2004) proved 

that adding nano-particles to the cement mortar 

increases both compressive and flexural strength and 

enhances the mechanical properties in general. In 

addition, it was found in this study that the nano-

particles are more effective than silica fume in 

increasing strength. 

Porro et al. (2005) in a comparative study between 

nano-silica and micro silica reported that nano-silica 

is more effective than micro-silica in improving 

mechanical properties and increasing compressive 

strength when added to the cement paste because the 
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portlandite consumption in the case of nano-silica is 

higher than that of silica fume. Moreover, they 

reached a conclusion that the reactivity and the 

production of C-S-H gel increases with the decrease 

in the nano-silica particle size and that colloidal nano-

silica gives better results than agglomerated silica in 

increasing compressive strength because in the 

colloidal solution the nano-silica is purely nano and it 

is not agglomerated. 

Anwar M.Mohamed 2016 This paper investigates the 

effect of nano particles on the mechanical properties 

at different ages of concrete. Different mixtures have 

been studied including Nano-silica (NS), nano-clay 

(NC) or both NS and NC together with different 

percentages. Mechanical properties have been 

investigated such as compressive 

and flexure strength through testing concrete 

prisms 40, 40 and 160 mm at 7, 28 and 90 days in 

order to explore the influence of these nano particles 

on the mechanical properties of concrete.  

M.S. MuhdNorhasriet ,2017 This review paper 

discussed on the nano materials in concrete. 

Nowadays, the application of nano materials has 

received numerous attentions to enhance the 

conventional concrete properties. 

 

 

 

 

 

III OBJECTIVE OF THE STUDY 

The main objectives of the present study are as 

mentioned below: 

           To study the effect of Nano-silica on the 

compressive, Flexural, and split strength of 

concrete with partial replacement of cement. 

 To evaluate the utility and behavior of Nano-

silica forpartial replacement of Cement in 

normal mix M20 concrete. 

  To find the optimum percentage of Nano-

silica content inM25 concrete. 

 To check the quality of concrete with partial 

replacement of cement by Nano silica 

 

IV MATERIALS AND METHODS 

4.1- MATERIALS USED 

The following materials are used during 

the research work- 

 Cement 

 Fine aggregates (Sand) 

 Coarse Aggregates 

 Nano silica  

 Water 
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4.2FLOW CHART OF PROPOSED 

METHODOLOGY 

 

 

 

V EXPERIMENTAL RESULT 

 EXPERIMENTAL RESULTS 

5.1 COMPRESSIVE STRENGTH TEST 

The result of the compressive strength with partial 

replacement of cement using Nano  

 

 

 

Compressive Strength of Different Mix of M-25 

Concrete 

Sample 

% 

NANO 

SILICA  

bwc 

 

Compressive Strength 

(N/mm2) 

   7 days 14 days 28 days 

H1 0 25.3 28.29 34.5 

H2 0.3 26.25 28.7 35 

H3 0.6 28.25 30.5282 36.01 

H4 1 31.3 32.062 39.1 

H5 1.1 25.8 28.618 34.9 

 

 

 

     

 

 

 

Compressive Strength of Different Mix of M25 

Concrete at 7,14,28 days 
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5.2 FLEXURE STRENGH TEST 

Flexure Strength of Different Mix of M-25Concrete 

 

 

 

 

 

 

 

 

 

 

5.3 SPLIT TENSILE STRENGH TEST 

Split Tensile Strength of Different Mix of M-25 

Concrete 

 

 

 

5.4 UPV TEST RESULTS: 

This test is conducted by passing a pulse of ultrasonic 

through concrete to be tested and measuring the time 

taken by pulse to get through the structure. Higher 
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28 days

Sample 

 

% 

NANO 

SILICA  

bwc 

 

Flexure Strength 

(N/mm2) 

28 days 

H1 0 4.3 

H2 0.3 4.5 

H3 0.6 4.65 

H4 1 4.8 

H5 1.1 4.5 

 

Sample  

% 

NANO 

SILICA  

bwc  

Split Tensile  

Strength (N/mm2) 

28 days 

H1 0 2.4 

H2 0.3 2.6 

H3 0.6 2.7 

H4 1 2.9 

H5 1.1 2.5 
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velocities indicate good quality and continuity of the 

material, while slower velocities may indicate 

concrete with many cracks or voids 

UPV Test for control specimen for 28 day 

 

 

 

 

 

 

 

 

UPV Test for specimen with nano-silica 0.3% b.w.c 

for 28 day 

 

 

 

 UPV Test for specimen with nano-silica 0.6% 

b.w.c for 28 day 

28-DAY TEST RESULT 

Sample 

No. 

Weight 

(kg) 

Velocity 

(m/s) 
Time (µs) 

H1 8.18 4702 31.9 

H2 8.24 4770 31.5 

H3 8.22 4770 31.5 

 

 

 

 

UPV Test for specimen with nano-silica 1% b.w.c for 

28 day 

28-DAY TEST RESULT 

Sample 

No. 

Weight 

(kg) 

Velocity 

(m/s) 

Time 

(µs) 

H1 8.3 4658 32.2 

H2 8.3 4702 31.9 

H3 8.28 4880 31.3 

    

 

 

 

28-DAY TEST RESULT 

Sample 

No. 

Weight 

(kg) 

Velocity 

(m/s) 
Time (µs) 

H1 8.42 4808 31.2 

H2 8.36 4854 30.9 

H3 8.14 4777 31.4 
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UPV Test for specimen with nano-silica 1.1% b.w.c 

for 28 day 

28-DAY TEST RESULT 

Sample 

No. 

Weight 

(kg) 

Velocity 

(m/s) 

Time 

(µs) 

H1 8.3 4670 32.1 

H2 8.3 4702 31.9 

H3 8.28 4890 31.1 

 

 VI CONCLUSION 

From the Experimental results, it can be observed that 

increase in compressive 

strength of concrete is observed on addition of a 

certain minimum quantity of Nano SiO2. 

The increase in strength is maximum for NS 1% b.w.c 

and it was found that compressive strength of sample 

decrease after increasing the percentage of nano silica 

above 1% 

 It is observed that the highest compressive 

strength of concrete achieved at 1% is 39.1 

N/mm2 replacement level after 7, 14, and 28 days 

of curing. 

 It is observed that Flexural and Split strength also 

increase replacing  upto 1 % of Nano silica by 

cement and after replacing  1% of nano silica  its 

decreases 4.8 N/mm2 and 2.8 N/mm2   

 On addition of Nano SiO2 there is a substantial 

increase in the early-age strength of 

concrete compared to the 28 day increase in 

strength. 

 The UPV test results show that the quality of 

concrete gets slightly affected on addition of 

Nano SiO2 but the overall quality of concrete is 

preserved. 
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