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Abstract- India is the second largest producer of cement in the world. In environmental point cement has a 

negative impact, because in manufacturing it emits greenhouse gas (CO2) into the atmosphere. Production of 

Portland cement not only releases 7% of the World‟s carbon dioxide, the cement industry also uses lot of natural 

resources such as limestone, clay, petroleum, coal and other substances. The only way to preserve the natural 

resources and to reduce the pollution is limiting the cement content in the concrete without compromising the 

strength. The research on use of by-product cementing materials, such as fly ash, silica fume, metakaolin and 

rice husk ash in place of cement has been increased in concrete technology also the growing demand for energy 

has caused higher consumption of coal and consequently increased fly ash production. Millions of tons of fly ash 

have been produced every year around the globe. However, the fly ash usage is not even 40%. In this scenario 

industrial by-product not only creates environmental problems and also occupies large land space for storage. 

Hence, replacing fly ash with cement is a viable option for energy saving, cost reduction and environmental 

protection and also the presence of high siliceous and aluminous compounds increases the utilization of fly ash 

in concrete. 

The aim of the present experimental investigation is to find the influence of combined application of 

Nano-Silica (NS) and Fly Ash (FA) on the properties of concrete. Fly Ash and Nano-Silica were used as partial 

replacements of cement. In the present experimental investigation, the cement is partially replaced by 10%, 

20%, 30%, 40% and 50% of Fly Ash along with 3% of Nano-Silica by weight. The effect of combined 

application of Fly Ash and Nano-Silica on compressive strength, split tensile strength, and durability of M25 

grade concrete is investigated at 7, 28 and 56 days of curing. The test results of concrete are prepared using the 

different proportions of Fly Ash and Nano-Silica are compared with the conventional concrete. 

 

Index Terms-Concrete, Fly ash with Nano-silica, Properties of concrete. 

 

 
1. INTRODUCTION 
 
India is the second largest producer of cement in the 

world. In environmental point cement has a negative 

impact, because in manufacturing it emits greenhouse 

gas (CO2) into the atmosphere. Production of Portland 

cement not only releases 7% of the World‟s carbon 

dioxide, the cement industry also uses lot of natural 

resources such as limestone, clay, petroleum, coal and 

other substances. The only way to preserve the natural 

resources and to reduce the pollution is limiting the 

cement content in the concrete without compromising 

the strength. The research on use of by-product 

cementing materials, such as fly ash, silica fume, 

metakaolin and rice husk ash in place of cement has 

been increased in concrete technology also the 

growing demand for energy has caused higher 

consumption of coal and consequently increased fly 

ash production. Millions of tons of fly ash have been 

produced every year around the globe. However, the 

fly ash usage is not even 40%. In this scenario 

industrial by-product not only creates environmental 

problems and also occupies large land space for 

storage. Hence, replacing fly ash with cement is a 

viable option for energy saving, cost reduction and 

environmental protection and also the presence of high 

siliceous and aluminous compounds increases the 

utilization of fly ash in concrete. 

The aim of the present experimental investigation is to 

find the influence of combined application of Nano-

Silica (NS) and Fly Ash (FA) on the properties of 

concrete. Fly Ash and Nano-Silica were used as partial 

replacements of cement. In the present experimental 

investigation, the cement is partially replaced by 10%, 

20%, 30%, 40% and 50% of Fly Ash along with 3% of 

Nano-Silica by weight. The effect of combined 

application of Fly Ash and Nano-Silica on 

compressive strength, split tensile strength, and 

durability of M25 grade concrete is investigated at 7, 

28 and 56 days of curing.The test results of concrete 

are prepared using the different proportions of Fly Ash 

and Nano-Silica are compared with the conventional 

concrete. 
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2. LITERATURE REVIEW  
These days the solid analysts and clients are exploiting 

auxiliary cementitious materials to give cement of more 

noteworthy qualities. One of the freshest innovations to 

break into the solid condescend range is the utilization of 

industry by-items Nano-particles in the solid network. By 

utilizing modern by-items Nano-particles, the improvement 

of the quality bearing precious stones of concrete glue can 

be expanded. A system to decrease the bond content in 

cement blends is the utilization of fly fiery debris and 

Nano-silica. 

C. Marthong
(1)

 et al. through the work on Effect of Fly 

Ash Additive on Concrete Properties has revealed that 

Compressive strength of concrete increases with grade 

of cement. As the fly ash contents increases in all grades 

of OPC there is reduction in the strength of concrete. 

This is expected, as the secondary hydration due to 

pozzolanic action is slower at initial stage for fly ash 

concrete. The reduction is more at earlier ages as 

compared to later ages. 

NTPC Ash Utilization Division
(2)

 through the work of 

Fly Ash for Cement Concrete reveals that the fly ash and 

cement has almost all the properties similar and also 

during the hydration process of cement, lime is released 

out and remains as surplus in the hydrated cement. This 

leached out surplus lime renders deleterious effect to 

concrete such as make the concreteporous, give chance 

to the development of micro- cracks, weakening the 

bond with aggregates and thus affect the durability of 

concrete. If fly ash is available in the mix, this surplus 

lime becomes the source for pozzolanic reaction with fly 

ash and forms additional C-S-H gel having similar 

binding properties in the concrete as those produced by 

hydration of cement paste. So, that it increases the 

strength properties of concrete. 

 

3. METHODOLOGY 
 
3. 1 Nano-Silica: 

 

Silicon dioxide Nano particles are known as Nano-

Silica, it is also called Silica Nano-particles. This 

Nano silica is expected to be very much stable and to 

have very low level of toxicity. Silicon dioxide 

nanoparticles appear in the form of a white powder. 

Specific gravity: 

 

Observations for Sp.gr. of Nano-Silica 
 

S.No. Designation 
Trail- Trail- Trail- 

1 2 3   

     

1 W1 35.62 35.62 35.62 

     

2 W2 36.40 36.92 37.21 

     

3 W3 75.29 75.53 75.78 

     

4 W4 75.08 75.08 75.08 

     

5 W5 85.17 85.17 85.17 

     

 

 

3.2 Fly Ash: 
 

It is a coal combustion product that is composed 

of the particulates (fine particles of fuel) that are 

driven out of coal-fired boilers together with the 

flue gases. Fly ash, also known as "pulverized 

fuel ash". 

 
Two classes of fly ash are defined by ASTM 

C618: Class F fly ash and Class C fly ash. The 

chief difference between these classes is the 

amount of calcium, silica, alumina, and iron 

content in the ash. The chemical properties of 

the fly ash are largely influenced by the 

chemical content of the coal burned. Class C fly 

ash generally contains more than 20% lime 

(CaO), while the Class F fly ash contains less 

than 7% lime (CaO). 

 

Specific gravity: 

 

Observations for Specific Gravity of Fly Ash 
 

S.No. Designation Trail-1 Trail-2 Trail-3 

     

1 W1 30.562 30.562 30.562 
     

2 W2 43.11 43.22 43.60 
     

3 W3 82.24 82.41 82.51 
     

4 W4 74.54 74.54 74.54 
     

5 W5 85.61 85.61 85.61 
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3.3 MIX DESIGN 
 
The mix design is carried for M25 grade concrete as 
per IS: 10262-2009. 
 

The final mix ratio is: 1: 1.85: 2.675 

 

Cement Replaced Concrete: 

 

The following are the specifications used for mix 

design of cement replaced concrete. Concrete grade: 

M25 

 

Mix Proportions for Trail: 

 
The final mix ratio is:1: 1.84: 2.642 

 

In the present investigation, we are adopted five 

different mixes of cement replaced concrete along with 

one mix of conventional concrete (As mix design is 

already discussed above) to compare the results. The 

mixes are differentiated based on the percentage of 

cement replaced in the concrete. The different 

proportions of mixes adopted are: 

 
10% fly ash and 3% Nano silica-F1  
20% fly ash and 3% Nano silica-F2  
30% fly ash and 3% Nano silica-F3  
40% fly ash and 3% Nano silica-F4  
50% fly ash and 3% Nano silica-F5 

 

4. EXPERIMENTAL RESULTS 
 

4.1 Compressive Strength Of Concrete After 28 

Days Curing  
 

   Strength 

S.NO. MIX FA % with 3% NS 

(N/mm
2
)    

    
1 C 0 30.355 

    

2 F1 10 31.45 

    

3 F2 20 32.43 

    

4 F3 30 25.628 

    

5 F4 40 22.84 

    

6 F5 50 17.7 

    

 
4.2 Split Tensile Strength Of Concrete After 

28 Days Curing  

 

       Strength   

S.NO. MIX FA % with 3% NS 

(N/mm
2
) 

  

         

          

1   C  0  3.13   

          

2   F1  10  3.16   

          

3   F2  20  3.25   

          

4   F3  30  2.554   

          

5   F4  40  2.145   

          

6   F5  50  1.885   
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Graph 6. 1: Bar Graph Showing Loss in 

Strength Due to Acid Attack 

 
 

 

From the graph it is observed that there is a 

decrease in loss in strength as fly ash content 

increases. 
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Graph 6. 2: Bar Graph Showing Variation in 

Strength at 100℃ 

 
From the above graph it can be observed that 
at 100℃as fly ash content increases strength 
also increases.  
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Graph 6. 3: Graph Showing Variation in 
Strength at 200℃ 

 
From the graph it can be concluded that at 
200℃as fly ash content increases strength 
decreases. 

CONCLUSION 

 
1) From the study, it is found that replacement 

of cement with 20% Fly Ash and 3% Nano-

Silica yielded the optimum strength values. 

2) The compressive strength and split tensile 

strength at optimum replacement are 35.86 

N/mm
2
 and 3.25 N/mm

2
 respectively, which 

is higher than that of nominal concrete. 

(i.e.32.73 N/mm
2
 and 3.13 N/mm

2
)  

3) As the percentage of Fly Ash increased 

beyond 20%, the compressive strength and 

split tensile strength decreased and were 

found to be less than nominal concrete 

even after 56 days curing.  
4) Hence it can be concluded that the cement 

content can be minimized by partially 

replacing it with fly ash and Nano-Silica, 

without compromising on strength. 
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