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ABSTRACT 
Objectives: Increasing the usage of fly ash in concrete helps in: i) Improving the 

strength of concrete with colloidal Nano silica in concrete ii) reducing the pollution of 
environment caused by Carbon-di-oxide emitted from cement industries. 

Novelty of the Study: At present, studies on Nanotechnology and Nano materials 
are emerging and more profound research on nanoparticles like Nano silica, Nano 
alumina, Nano iron oxide etc., is carried out. In this work, the impact of colloidal 
form of Nano size particles of silica used in concrete in the modification of the 
properties of concrete was studied. The concrete strength was improved due to the 
Nano size particles which filled the voids in between the micron size cement particle 
by its more specific surface area, and therefore a denser concrete was being achieved. 

Methods/Analysis: since two decades, numerous explorative works have been 
done utilizing Nano materials, such as Nano silica, Nano alumina etc., to accomplish 
a high strength and to increase the durability of concrete. On the principle of 
environmental sustainability, fly ash is used for fractional substitution of cement. The 
present work concentrates principally towards the addition of silica Nano particles in 
colloidal form with the reference concrete mix. The cement was replaced with fly ash 
at 30%, 50% and 75% in concrete mixture. In addition to this 1% and 2% of Nano 
silica was used in concrete to enhance the properties of concrete. Various tests were 
conducted in order to obtain the modulus of elasticity, compressive strength and split 
tensile strength of the improved concrete. Results show that the incorporation of the 
Nano silica in concrete increases the mechanical properties of concrete.  
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1. INTRODUCTION 
The construction industries are presenting numerous new and propelled materials for the 
development of structures. Cement is one of the commodities used in large quantities for the 
structures, yet increasing the cement production leads to environmental pollution. The 
essential strategy is to reduce the cement quantity in concrete, to replace cement with other 
materials having pozzolanic nature such as silica fume or micro silica and Nano silica, 
thereby reducing pollution of environment. The use of nS and its impact in concrete is not yet 
completely analysed. This study intends to display the significance of nS applications in 
cement concrete and to concentrate on the nS properties to render the appropriateness in 
concrete. Only very few studies have been carried out on the usage of Nano silica and fly ash 
in concrete. Many research works were carried out using Nano materials but the works on 
combination of fly ash and Nano materials are very less. 

Calcium silicate hydrate formed by good pozzolanic nature of silica fume reacts with Ca 
(OH)2 . Stronger concrete with minimum pores can be achieved by the hydrate present in the 
interfacial zones between the cement paste and aggregates. Specific surface area of silica 
fume is 25 m2/gm, which is 80 times more than ordinary Portland cement. The size of Nano 
silica particles which is lesser than silica fume increases the surface area and reduces the 
pores giving a stronger mix of concrete. There is no much considerable effect on the 
characteristics of cement by the blending of cement and silica fume. Water absorption and 
compressive strength test were conducted using the Nano silica prepared by sol-gel method. 
(6) and (1). Agglomerates of silica particles developed from pyrogenic silica powder are less 
than colloidal Nano silica, this act as filler and helps more effectively in developing Calcium 
silicate hydrate gel. At initial days, colloidal form of Nano silica in concrete gives more 
compressive strength than powder form of Nano silica, but on later ages both colloidal as well 
as powder Nano silica will give equal strength (2).  

Fly ash play an important role in reducing the pollution caused due to cement production. 
Strength of mortar can be enhanced by adding Nano silica and fly ash by high temperature 
curing (3). Analysis made for effective dispersion of Nano particles in concrete mixes states 
that it will give better mechanical and durable strength resulting in high performance 
concrete. The performance of concrete with Nano material, silica fumes and fly ash were 
investigated to obtain compressive strength, concrete chloride diffusivity, sulphate resistance 
and drying/wetting cycle in corrosive environments. (4) and (10).  

The works of above stated researchers concentrate mainly on improving the concrete 
strength and thermal insulation and effectiveness of anti-corrosion coatings by nanoparticles. 
The four different grades of concrete from M20 to M50 were prepared using Nano fly ash. 
Their workability property and compressive strengths were tested. The results revealed that 
Nano fly ash added concrete is more effective than the conventional concrete. (5) and (8). 
Taguchi method of design of experiment were used to reduce the number of trials by 
optimizing the strength. High strength self-compacting concrete was analyzed by using L18 
orthogonal array (7).  

Optimum content of mix proportion for self-compacting concrete was arrived 1 part of 
silica fume and 2 parts of fly ash. The quantity of ultra-fine amorphous silica in concrete is 
equivalent to 25% of silica fume(9). 6% of micro silica and 1.5% of Nano silica is optimum 
content concluded by (12). Partial replacement of cement by Nano silica increases the 
electrical resistance and the compressive strength. The study of alkali-silicate reaction, 
hydration process, reactiveness of fly ash in concrete and improving the concrete properties 
and understanding the structure at Nano scale by conducting the experiments results in (11).  

Ground granulated blast furnace slag and silica Nano particles in concrete mixture show 
less impact. But at later ages, 40% of physical and mechanical strength got improve. Split 
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tensile strength decreases with the increasing of the SiO2 Nano particles. It improves the pore 
structures and increases the strength of concrete (13). The SiO2 Nano particles imparts more 
strength than the blend of cement and silica fume used in mortar. Compressive strength of 
mortar was increased by using the SiO2 Nano particles when used at various percentages such 
as 3%, 6%, 9% and 12% for water / binder ratio of 0.23 to 0.48. Nano SiO2 gives better 
strength than silica fume and conventional concrete.  

The SiO2 Nano particles not only act as a filler to improve the microstructure and also 
activate the pozzolanic reaction. (14). The studies were made in laboratory on six different 
concrete mixtures in which three were using 30% fly ash added by replacing the cement, 
while other 3 mixtures were conventional cement concrete. Colloidal Nano silica with normal 
ingredients of concrete with fly ash on one hand and without fly ash on the other hand are 
compared and analysed. The influence of colloidal Nano silica on the properties of concrete 
such as permeability, compressive strength and other mechanical properties were studied. The 
results show that Nano silica and fly ash in concrete improves the reactivity thereby 
increasing the strength (15). Images of scanning probe microscope and Nano indentation help 
in analysing the properties of cement with replacement of cement by 0% and 15% of silica 
fume. Addition of Nano silica significantly increases the calcium silicate hydrate gel with 
high stiffness was noticed in the study using Nano indentation. Nano silica of 18% in 
concrete increases the 50% Calcium silicate gel that is formed with high stiffness. The C-S-H 
gel formation is the twice more in concrete mix when the silica Nano particles are used. In 
this study, the effects of silica fume and Nano silica in concrete were compared. Hence, the 
incorporation of Nano silica make a positive impact on high stiffness of C-S-H, durability and 
high resistance of calcium leaching (16). 

In the area of research on concrete materials by the National Research Council, Canada. 
The improvement in properties of concrete by changing the micro structures of cement 
hydration is proved. Nanotubes and Nano particles incorporation is the key to enhance the 
functionality (17). Nano particles give a negative impact in the strength properties of concrete 
when Nano SiO2 used with ground granulated blast furnace slag in self-compacting concrete. 
At later ages, GGBFS in concrete increases up to 45%. Optimum amount of Nano particle 
which was used in this study is 3% and average particle size was 15 nm. It improves the C-S-
H gel formation and the amount of calcium hydroxide in the early days. The strength 
improvement and the resistance to water permeability of concrete were achieved to a greater 
extent (18). 

2. MATERIALS AND METHODS 
Cement conforming to IS 8112:1989, Ordinary Portland cement 43 grade was used as a 
binding material and sand conforming to IS 383:1970 was used as the fine aggregate in the 
mix. A water/ binder ratio of 0.5 and a cement content of 380 kg/m3 were used for M30 grade 
of concrete. The content of fine aggregate 692 kg/m3 and coarse aggregate 1266 kg/m3, 

respectively were maintained. Specimens were prepared with Ordinary Portland Cement and 
aggregates with mix proportion of 1:1.82:3.33 was used.  

In addition 1% of superplasticizer (Acrylic polymer), Nano Silica content of 1% and 2% 
were also used in concrete. The moulds were filled with concrete and compacted by a table 
vibrator to ensure that no large air voids are formed and proper compaction was achieved. 
After 24 ± 4 h, the cube specimens were demoulded and were immersed in water for curing. 
Conventional concrete cubes, cylinder specimens were tested in compression testing machine 
to find compressive strength, split tensile strength, modulus of elasticity values of concrete at 
various ages of curing such as 28,56 and 90 days. 2% of Nano SiO2 was added with concrete 
for finding modulus of elasticity using the cylinders (150mm diameter, 300mm length). 
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Cylinder specimens were tested in compression testing machine for compressive strain 
values. The specific gravity of all the materials are given in Table1. The concrete for micro 
structure analysis using Scanning Electron Microscopy (SEM) are given in Figures 7-9.  

Table 1 Specific gravity of materials used 

SL.No. Materials Specific gravity 
1 Cement 3.16 
2 Fly ash 2.74 
3 Nano silica 1.22 
4 Acrylic polymer 1.19 
5 Sand 2.60 
6 Coarse aggregate 2.80 

3. EXPERIMENTAL RESULTS AND DISCUSSION 
Addition of Nano silica in concrete improves the strength by filling the micro pores and 
making a dense concrete. The combined effect of Nano silica and fly ash in concrete achieves 
more compressive strength and split tensile strength than conventional concrete. Replacement 
of cement by fly ash reduces the cost as per economical consideration and reduces the cement 
quantity in concrete, thereby reducing the cement production and hence reducing the 
pollution and saving the environment. Compressive strength values obtained from different 
trials are given in Table.2, Split tensile strength results are given in Table. 3. 

Table 2 Compressive strength of M30 grade of concrete (N/mm2) 

Sl. 
No. 

 

 
Trial  

ID 
   Description 

 

 at 28 
days 

 
at 56 days 

 
   at 90 days 

 
1 C Conventional concrete 38.60 39.90 41.63 
2 I Concrete with 1% nS 43.28 46.10 51.27 
3 II Concrete with fly ash 30% 38.60 43.30 47.00 
4 III Concrete with fly ash 50% 35.53 36.33 40.10 
5 IV Concrete with fly ash 75% 29.40 36.87 37.70 
6 V Concrete with fly ash 30% + 1% nS 40.90 45.97 50.16 
7 VI Concrete with fly ash 50% + 1% nS 37.95 39.55 45.75 
8 VII Concrete with fly ash 75% + 1 % nS 36.20 40.50 43.75 

Table 3 Split tensile strength of M30 grade of concrete (N/mm2) 

Sl. 
No. 

 

 
Trial  

ID 
   Description 

 
  at 28 days 

 
at  56 days 

 
 at 90 days 

 
1 C Conventional concrete 3.13 3.82 3.89 
2 I Concrete with 1% nS 4.56 4.72 5.20 
3 II Concrete with fly ash 30% 2.53 3.09 3.96 
4 III Concrete with fly ash 50% 2.45 2.66 2.94 
5 IV Concrete with fly ash 75% 2.34 2.50 2.70 

6 V 
Concrete with fly ash 30% + 
1% nS 4.06 4.34 4.77 

7 VI 
Concrete with fly ash 50% + 
1% nS 3.52 3.78 4.25 

8 VII 
Concrete with fly ash 75% + 1 
% nS 3.10 3.68 3.95 
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Table 4 Modulus of elasticity for various concrete mixture without Nano silica (N/mm2) 

S. No. Description at 28 day 
x104 

at 56 days 
x104 

at 90 days 
x104 

1 Conventional concrete 3.39 3.53 3.88 
2 Concrete with 30% cement replacement by fly 

ash 
3.16 3.25 3.59 

3 Concrete with 50% cement replacement by fly 
ash 

3.05 3.49 3.53 

4 Concrete with 75% cement replacement by fly 
ash 

2.91 3.13 3.35 

Table 5 Modulus of elasticity for various concrete mixtures with Nano silica (N/mm2) 

Modulus of elasticity of concrete reduces with the increasing of fly ash content in 
concrete, but modulus of elasticity of concrete was increased significantly when Nano silica 
and fly ash were added together in concrete, Modulus of elasticity of concrete is almost equal 
in both the cases: (i) 2% of Nano silica in concrete, (ii) 2% of Nano silica with 30% of fly 
ash. The results of the test on modulus of elasticity of conventional concrete and Nano 
concrete are tabulated in Table.4 and 5. 

 

Figure 1 Compressive strength of concrete with Nano silica and Fly ash 

 

Figure 2 Split tensile strength of concrete with Nano silica and Fly ash 
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S.No. Description at 28 day 
x104 
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x104 
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1 Conventional concrete + 2% nS 4.95 7.49 11.20 
2 Concrete with 30% cement replacement by 

fly ash + 2% Nano silica 
3.95 8.29 9.09 

3 Concrete with 50% cement replacement by 
fly ash + 2% Nano silica 

3.52 4.93 8.63 

4 Concrete with 75% cement replacement by 
fly ash + 2% Nano silica 

1.89 4.26 6.39 
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Figure 3 Modulus of elasticity of conventional concrete with various % of cement replacement by fly 
ash 

 

Figure 4 Modulus of Elasticity of conventional concrete with 2% nS and various % of cement 
replacement by fly ash 

Fig.3 and Fig. 4 show the comparison of modulus of elasticity values for normal M30 
grade concrete with and without Nano concrete, respectively. It clearly shows that the 
maximum load (100 kN) taken by the normal concrete is less than Nano concrete (170 kN). 
Modulus of elasticity is more due to higher specific surface area of Nano particle which gives 
a denser concrete with less pores reducing the strain when compared with the normal 
concrete. Nano concrete carry more load than normal concrete without any cracks or failure. 
Fig. 5 and Fig. 6 show the load Vs deflection curve for normal concrete and nano concrete, 
respectively. 
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Figure 5 Load vs Deflection curve without Nano silica 

 

Figure 6 Load vs Deflection curve with Nano silica 

4. MICROSTRUCTURE OF CONVENTIONAL CONCRETE AND 
NANO CONCRETE 
Nano structure properties of concrete using SEM (Scanning Electron Microscope) was 
studied to know the internal structure of the concrete mix after adding Nano silica. The SEM 
pictures show morphological characteristics of internal structure of Nano concrete. Fig.7 
shows the conventional concrete without Nano particles and Ettringite needle like structure is 
found. Fig.8 and Fig.9 show dense and well crystallized plates of (Ca (OH)2 in concrete 
mixture. Calcium hydrate (CH) was converted to high reactivity Calcium Silicate Hydrate 
(CSH) gel by adding Nano silica in micron and Nano level respectively. The addition of Nano 
silica in concrete attains a better strength than the normal concrete because of its small size 
and denser C-S-H gel developed with high stiffness by character of homogeneous 
microstructure. 
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Figure 7 SEM image of concrete without Nano silica 

 

Figure 8 SEM image of concrete with Nano Silica (Micro level) 

 

Figure 9 SEM image of concrete with Nano Silica (Nano level) 

5. CONCLUSION 
1. M30 grade of concrete with Nano silica increases the compressive strength by 44%, 54%, 
and 70% more than conventional concrete at 28 days, 56 days and 90 days respectively. 
2. Compressive strength of concrete can be achieved by 11%, 24% and 36% more than 
conventional concrete at 28 days, 56 days and 90 days respectively, when adding 1% of Nano 
silica in concrete with the addition to 30% of cement replacement by fly ash. It is economical 
by means of reducing the cost of cement by using fly ash.  
3. Split tensile strength of concrete achieved 46% more than conventional concrete by the 
addition of 1% Nano silica. Similarly 1% of Nano silica with cement replacement by 30% fly 
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ash increases 30% more strength than conventional concrete. Increasing the % of fly ash in 
concrete reduces the split tensile strength of concrete.   
4. Modulus of elasticity of M30 grade of Nano concrete is 2.88 times more than conventional 
concrete. The strength properties of Nano concrete increases with age such as 56 and 90 days 
when fly ash is used for cement replacement. 
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