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ABSTRACT 
Concrete is the most widely utilized “man-

made” material globally for construction in many 
developing countries in all types of civil engineering 
works.  Also, concrete is an environmental - friendly 
material and in areas of growing environment – 
related awareness that is of prime importance. Many 
of investigations were attempted by the researchers 
to improve the quality, strength and durability 
against adverse exposures, since decades. Concrete 
is a material used in civil engineering constructions, 
consisting of a hard, chemically inert particulate 
substance, known as an aggregate (usually made 
from different types of sand and stone), that is 
bonded together by cement and water.  

Concrete deteriorates due to either original 
construction errors and/or environmental effects. 
Construction defects include structural design 
errors, incorrect mix ratios, poor workmanship, 
insufficient curing and inadequate reinforcement 
cover. Environmental Effects are also a major 
contributor to the Concrete deterioration of 
structures. Some of the most common are frost 
attack, chemical attack, carbonation, alkali-silica 
reaction and chloride attack. In view of the above 
errors and/or effects, cracks will develop in concrete 
and are sources for the further deterioration of the 
concrete structure.  

In this study, an attempt is made  to use  
mixed steel and glass fibers with varying 
percentages of fibers from 0.5, 0.75, 1.0 percentages 
of total fiber content for M 25 grade structural 
concrete with locally available aggregates ( i.e. fine 
& coarse aggregates ) and Portland pozzolanic 
Cement ( i.e. PPC ). The details of investigation 
along with the analysis and discussion of the test 
results are reported here in.  

 
I. INTRODUCTION 

 
Concrete’s versatility durability and economy have 
made it the world’s most used construction material. 
The India utilizes about 7.3 million cubic meter of 
concrete each year. Due to this the cost of 
construction increases and causes environment 
pollution. As the demand for concrete as a 

construction material increase, so also the demand 
for fine aggregate increase. 

In recent years, Global warming and environmental 
destruction have become major problems. 
Heightening concern about worldwide ecological 
issues, changeover the large scale manufacturing, 
mass-utilization, mass-waste, society of the past to a 
zero-emission society is presently seen as essential. 
For reducing the pollution we used the nano-silica as 
the percentage replacement of the cement. 

One of the most used nano-sized material is nano-
silica. Nano-silica addition increases the 
compressive strength and it reduces the permeability 
of hardened concrete. The interesting properties of 
and the incorporation of nano–silica deteriorate 
consistency of cement composites. 

The presence of nano silica contributed to the 
improvement of the compressive strength and split 
tensile strength. The performance of cement based 
material is strongly dependent on nano sized 
particles. The particles of calcium-silicate-hydrates 
(C-S-H) at the interfacial transition zone between 
the cement and aggregate. The nano silica decreases 
the setting time when comparing with the silica 
fume. 

In view of this advance the main aim of this 
experiment is to study the mechanical properties of 
the structure. In this study the influence of size 17 
nm and quantity 0, 1.5, 3.5, 5.5 and 7.5% by weight 
of cement of nSiO2on the mechanical properties 
have been examined. 

Effects of nano silica in mortars and concrete 

In concrete, the micro-silica works on two levels. 
The first one is chemical effect and the second one 
is physical effects. 

At the chemical effect: the pozzollanic reaction of 
silica with calcium hydroxide, and it is forms CSH-
gel at final stage. 

At the physical effect: micro silica is about 100 times 
smaller than the cement. Some researches found that 
the 1 kg of silica permits to reduction of about 4 kgs 
of cement, and this can be higher if nano silica is 
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used. Micro silica can fill the voids in the hydrated 
cement paste. 

Nano - silica addition in mortar and concrete can 
result in different effect. The main mechanism is 
related to high surface are of nano silica, because it 
works as nucleation for the precipitation of CSH- 
gel. It has not determined whether the more rapid 
hydration of cement in the presence of nano-silica is 
due to chemical reaction. 

Application of nano–silica 

Addition of nano -silica in plain concrete is called as 
High Performance Concrete (HPC), eco-concretes 
and self compacting concretes (SCC).For the last 
types of special concretes, the application of these 
materials is a necessity. Nano -silica is applied in 
High performance concrete and self compacting 
concrete mainly as an anti-bleeding agent. It is also 
added to increase the cohesiveness and reduce the 
segregation tendency of the concrete. Eco- concretes 
are mixtures where cement is replaced by waste 
materials such as sludge ash, incinerated sludge ash, 
fly ash or supplementary waste materials. The major 
problem of this mixture is long setting period and 
low compressive strength. For solving this 
disadvantage   is solved by adding the nano silica to 
eco-concrete mixes. It is used to obtain accelerated 
setting time and higher compressive strength. The 
test results for the slurries that the inclusion of nano 
silica reduces the setting time and increases the 
strength of the cement. 

 
II. LITERATURE REVIEW 

 
Alireza Naji Givi (2010)(1)et al explained the effects 
of SiO2nano particles on both physical properties 
(water permeability, workability and setting time) 
and mechanical properties (compressive, split 
tensile and flexural strength) of binary blended 
concrete have been investigated. It was concluded 
that the SiO2nano particles can improve the filler 
effect and its ultra high pozzolanic activity causes 
more C–S–H gel formation when cured in lime 
solution, and the lime solution can reduce the 
strength of control concrete. 
Maheswaran.s., Bhuvaneswari(2012)(2) et al 
explained the influence of nano silica in concrete. In 
this project the study confirms the compressive 
strength of mortar with the addition of nano silica 
were higher than the normal mortar for 7 days and 
28 days results. The strength mainly depend upon 
the nano silica addition. 
Abolfazl Shamsai, Saber Peroti et al. (2012) (3) – 
The main aim of present article is to investigate the 
important parameter water cement ratio on abrasive 
strength and porosity of nano-silica concrete. The 
water cement ratio is one of the key factors effecting 
on concrete properties 

Majid Monshizadeh, Masoud Rajabi (2013) (4)- 
This project deals with the Synthesis and 
characterization of nano-silica from rice husk ash by 
Precipitation method. The size of the particle is 
determined from the number averaged particle 
radius by LPS that show nano-silica particles which 
obtained from the rice husk ash. 
Denni Asra Awizar (2013) (5)et al the project was 
found that the nano silicate act excellently as 
corrosion inhibitor for carbon steel in distilled water 
medium. The surface morphology of carbon steel 
with and without inhibitor was investigated by 
SEM-EDX. 
M.J. Pellegrini (2013)(6)- Cervantes the main 
purpose is to determining the performance of the 
OPC replacements on the properties of the mortar, 
resulting in the most effective use with simultaneous 
decrease in porosity and increased compressive 
strength and corrosion respectively.  The use of 
ashes to improve the properties of mortar has also 
been studied, and the study of synergy in the 
simultaneous use of NP and ashes is scarce, research 
has focused on improving the mechanic properties 
and chemical properties of mortar. 
S. Maheswaran (2013) (7 )et al main aim of this 
paper is an overview of the influence of nano silica 
in concrete.  Nanotechnology finds application in 
various fields of science and technology and this 
article presents a critical review of the literature on 
the influence of nano silica in concrete and its 
application for the pore filling effect and its 
pozzolanic activity with cement towards 
improvement of mechanical properties and 
durability aspects. 
S.Tanveer Hussain (2014)(8)et al the present study 
strength properties such as Compressive strength, 
split tensile strength and flexural strength of M40 
and M50 grades of concrete with the use of micro 
silica (5%, 7.5%, 10%, 15%) and nano silica (1%, 
1.5%, 2%, 2.5%) as partial replacement of cement 
were studied. It was found from the experimental 
study that concrete composites with superior 
properties can be produced using micro silica, nano 
silica and combination of micro silica and nano 
silica. The main aim is to study of strength properties 
of concrete by using micro silica and nano silica. 
 

III. MATERIALS AND PROPERTIES 
      The materials used in the experimental 
investigation include. 

1. Ordinary Portland Cement 
2. Fly ash based Blended Cement 
3. Fine aggregate 
4. Coarse aggregate 
5. Nano Silica 
6. Water 

CEMENT 
 
Ordinary Portland cement of manufactured by 
Zuari Company, conforming to IS 12269: 
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1989,53 grade cement was used. The specific 
gravity of the cement is 3.15. The initial and final 
setting times were found as 30 minutes and 600 
minutes respectively. 

Table: Physical properties of cement 

 
 
Blended Cement 

The Evidence of the first Blended Cements 
dates came to Roman times, when volcanic ash was 
used in blend with slaked lime to give the user a 
product and it is developed higher early strength 
than the usual slaked lime. Evidence of this can be 
seen in the Aqueducts and the Colosseum in Rome. 
In Italy where the volcanic ash was discovered that 
area is called Pozzuola, hence the term being called 
a pozzolan. In truth, it is more likely that the lime the 
Romans calcined (burnt) for the purpose of slaking 
approached an argillaceous lime in chemical 
composition and  rather than it has milled to be 
naturally slaked  position. 

 
AGGREGATES  
Aggregates are inert granular materials such as sand, 
gravel or crushed stone that are an end product in 
their own right. They are also the raw materials that 
are an essential ingredient in concrete. 
Depending upon the size the aggregates are 
classified into two types  
 
1) Fine Aggregate  
2) Coarse Aggregate  
 
Fine Aggregate  
Normal  sand :  

 The normal sand collected from the 
Bahudha river and it is the locally available 
crushed sand, and it is passing through 4.75 mm 
IS. Sieve is used. The specific gravity of the sand 
is found to be 2.82. 

Ennore sand:   

The Ennore sand is passing 50 microns 
IS Sieve. The specific gravity of Ennore sand is 
2.64 and the Ennore sand is used for casting the 
mortar cubes by using Ordinary Portland Cement 
and Blended Cement. 

 
Coarse Aggregates  
It is collected from the R.K.Padu, it is locally 
available material. To obtain a reasonably good 
grading, 60% of the aggregate passing through 
20 mm I.S. sieve and retained on 12.5mm I.S. 

The specific gravity of the combined aggregate 
is 2.70.  

Nanosilica: 

The nano silica is purchased from Astraa 
chemicals at Chennai. The used nano silica 
having the pH value is 4.12. The particle size of 
the nano silica is 17 Nano meters. Chemical 
composition of silica fume is presented in Table 
5.2. In the present experimental investigation, 
1.5%, 3.5%,5.5%, and 7.5% of nano silica has 
been replaced with the cement 

Table: Specifications of Nano silica 

 

WATER 
Water has been used for mixing and as 

well as for curing the mortar and concrete 
specimens in the present experiment.  

Mix design 
 

Table: Mix Proportions for Concrete 

The total quantities of ingredients for M25 grade 
Concrete are as follows Water 

Water/Cement ratio = 0.40 
Cement content      =   345 kg/m3 
Fine Aggregate       =   795.3 kg/m3 
Coarse Aggregate   =  1285.5 kg/m3 
Water content        =  138 kg/m3 
 
Mix Proportion is cement: fine aggregate: coarse 
aggregate 
      1     :       2.3         :   3.7 
 
 
Batching and Mixing 
 It is the process of measuring concrete 
mixing the ingredients such as cement, fine 
aggregates, coarse aggregates, nano silica and water 
either by volume or its mass. Generally it is done by 
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volume only. For each design we used weight 
balance machine for measuring the materials. 
Initially the cement and fine aggregates mixed fully 
and after mix the nano silica and add the coarse 
aggregate and water to the mixer; until we get the 
good workability we should mix the materials 
properly. Properly mixed concrete is used for the 
casting. 

Casting and Curing of Specimens 
 IS standard specimen were casted with the 
concrete has been placed in the standard metallic 
moulds in three layers and compacted with tamping 
rod by giving 25 blows. Before placing the concrete 
in moulds, a thin coat of oil was applied for the walls 
of the mould inside for easy removal.  
 

IV EXPERIMENTAL INVESTIGATION 
 

COMPRESSIVE STRENGTH TEST 
 Concrete cubes of sizes 
150mm×150mm×150mm were tested for crushing 
strength. Compressive strength depends on loads of 
factor such as w/c ratio, cement strength, excellence 
of concrete material and excellence control during 
manufacture of concrete. 
 These cubes are tested by compression 
testing machine after 7 days, 14 days or 28 days 
curing. The sample is placed centrally on the base 
plate of machine and the load have to be apply 
gradually at the rate of 140 kg/cm2 per minute till 
the specimen fails. Load at the failure separated by 
area of sample gives the compressive strength of 
concrete. The sample to increased load breaks down 
and no greater load greater load can be constant. The 
maximum load applied to specimen shall then be 
recorded and any unusual value noted at the time of 
failure brought out in the report.  
 The cube compressive strength, then 
fc=P/A N/mm2 
Where P is an ultimate load in N, A is a cross 
sectional area of cube in mm2  

 

 
Fig:  Compressive Strength Test 

 
SPLIT TENSILE STRENGTH OF CONCRETE 
The tensile strength of concrete is one of the basic 
and important properties. Splitting tensile strength 
test on concrete cylinder is a method to determine 
the tensile strength of concrete. The concrete is very 

weak in tension due to its brittle nature and is 
not expected to resist the direct tension. The 
concrete develops cracks when subjected to tensile 
forces. Thus, it is necessary to determine the tensile 
strength of concrete to determine the load at which 
the concrete members may crack.  
Splitting tensile strength test on concrete cylinder is 
a method to determine the tensile strength of 
concrete. Split tensile strength test was conducted by 
using the method prescribed by IS5816-1999. 
Cylinders of 150mm×300mm were used for this test. 
The specimens were tested for 7, 14, 28 days the 
cylinder specimen was placed in horizontal direction 
on the testing machine.  
The splitting of cylinder is shown in figure. The 
following relation is used to find out the spilt tensile 
strength of cylinder  

Ft = 
��

���
 

Where Ft is split tensile strength, 

 P= Ultimate load in KN 

L = Length of the cylinder in mm, D = Diameter of 

the cylinder in mm 

 

 
Fig : Split Tensile Strength Testing Machine. 

 
V EXPERIMENTAL RESULTS 

 
This chapter deals the strength properties 

and results of the compressive strength for mortar 
cubes and concrete cubes, split tensile strength by 
without replacement of cement and with 
replacement of cement by nano Silica. 

 

 

 
COMPRESSIVE STRENGTH 

 
Table Compressive strength for concrete cubes 

by using OPC 
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Fig Compressive strength for concrete cubes by 

using OPC 
 

Table: Compressive strength for concrete 
cubes by using Blended Cement 

 

 
Fig.: Compressive strength for concrete 

cubes by using Blended Cement 

 
SPLIT TENSILE STRENGTH TEST 

 

Table: Split tensile test results for cylinders 
by using OPC 

 

 
Fig Split tensile test results for cylinders by 

using OPC 

 
Table: Split tensile test result for cylinders 

by using Blended cement 

 
 

 
Fig.: Split tensile test result for cylinders by 

using Blended cement 

 
 

Table: Comparison of cement mortar by using 
OPC and Blended cement 
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Fig.: Comparison of cement mortar by using 

OPC and Blended cement 

Table: Comparison of concrete cubes by using 
OPC and Blended cement 

 
Fig.: Comparison of concrete cubes by using 

OPC and Blended Cement 
Table: Comparison of cylinders by using OPC 

and Blended Cement 

 

 
Fig.: Comparison of cylinders by using OPC and 

Blended Cement 

 
X-Ray Diffraction: 

It is a rapid analytical technique. It is used for 
identification of crystalline material such as 
minerals, inorganic compounds etc. and it can 
analyzed material is homogenized, and finely 
ground. 

Graph: X – Ray Diffraction for nano silica 

 
VI. CONCLUSIONS 

 
CONCLUSION 

The objective of this study is to determine 
the strength of the materials by using the nano silica 
and also comparison with the Ordinary Portland 
Cement and blended cement for the cement mortar. 
Analyzing the results obtained from this 
investigation, the following conclusions are drawn. 

1. The compressive strength of the OPC 
cement mortar is lower than the 
Blended cement mortar. 

2. The strength will increase by using the 
increase percentage of the nano silica. 
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3. Upto 3.5% replacement of nano silica 
should increase the strength and at 
5.5% and 7.5% of silica replacement 
decreases the strength. 

4. Compressive strength increases with 
increasing the nano silica content upto 
the 3.5% of replacement by weight of 
the cement. 

5. The consistency and setting time is 
different for the percentage increase of 
Nsio2. 

6. To optimize the performance of nano 
silica in OPC and Blended Cement. 

7. Based on the mechanical properties 
results it can conclude that nano silica 
can improve the mechanical properties 
strength. 

 
SCOPE OF FUTURE WORK: 

1. The mechanical properties of concretes 
with the Nano silica as replacements for 
cement in concrete can be studied by using 
super plasticizers. 

2. Durability studies can be carried on these 
concretes. 

3. The workability properties of these 
concretes can be studied and self-
compaction concretes with Nano silica can 
be studied 

4. High strength, high performance concretes 
with other combination can be tried. 
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