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ABSTRACT 
This paper studies the recent investigations 

and development of combined application of 
Pozzolanic additions - Nano-Silica (NS) and Fly 
Ash (FA) on the strength properties of concrete for 
subsequential growth of concrete industry. This 
investigation not only saves the natural resources but 
also controls the environmental pollution by usage 
of wastes. The limited work is done on partial 
replacement of Fly Ash and Nano-Silica in cement 
paste, mortar and concrete. In the present study the 
cement is partially substituted by 20% and 30% of 
Fly Ash and Nano-Silica 2.0%, 4.0% and 6.0% by 
weight. To understand the application of Fly Ash 
and Nano-Silica various literatures have been 
reviewed and their influence on Compressive 
Strength, Bending Strength (Flexural Strength), 
Elastic Modulus or Young’s Modulus and Tensile 
Strength of M35 grade of concrete is investigated.  
 

The experimental investigation results of 
concrete are tabulated using the combination of 
various proportions of Fly Ash and Nano-Silica are 
collate with that of Controlled Concrete. The 
mechanical strength development and durability 
properties of concrete are greatly influenced because 
of this combined application of Nano-Silica and Fly 
Ash compared to the Controlled Concrete 
properties. The sustainable increase in the various 
strength characteristics of concrete prepared using 
Nano-Silica and Fly Ash can be accredited to the 
efficacious packing of colloidal particles and the 
need of additional binder in the application of Fly-
Ash and Nano-Silica. 
 
Keywords: Nano-Silica (NS), Fly Ash (FA), 
Controlled Concrete, packing of Colloidal particles, 
Compressive Strength, Flexural Strength, Split 
Tensile Strength, Partial replacement. 
 

I. INTRODUCTION 
 
Concrete has been recommended as a construction 
material in wide range.  At present in construction, 
prior to strength, the durability of concrete also has 
importance. The minimum cement content to satisfy 
the strength and durability requirements. The Indian 
standard code of IS 456:2000 for plain concrete 
design is used.  This results in usage of cement in 
huge content. The cement production results in 
evolution of lots of carbon dioxide resulting in 

environment mortification. By usage of additive 
Pozzolanic alternative materials instead of cement 
upto certain proportion will be another solution for 
this problem. Earlier studies show that the usage of 
Fly-Ash (FA), Micro Silica (MS), Ground 
Granulated Blast Furnace Slag and Kaolinite as 
replaced materials which results in increases in 
strength and durability. By introducing Nano sized 
materials as a partial replacement of cement which 
improves the performance of cement. 
 Because of many experimental researches 
on Nano particles, Nano-Silica is available as 
replacing material of cement in making concrete. 
Nano-Silica (NS) is a Nano-sized, highly reactive 
nebulous silica. Because of Nano-Silica particle is as 
small as other particles and also having very large 
surface area as the substitute materials, its usage 
comparatively intensify the concrete performance 
upto extensive range. This amalgamation of Nano-
Silica and fly ash as a substitute material for cement 
has to be scrutinized. These particles are very tiny 
and generally allow forming a group of mass due to 
its large surface influence, consistent dispersion of 
these fine particles is a predominant thing to get 
results upto serviceable or advantageous results. 
 
OBJECTIVES OF THE STUDY 
 
The present study of Cement replacement using Fly 
Ash and Nano-Silica (NS) has the following 
objectives:  

 The variation in the strength properties of 
concrete like Flexural Strength, Tensile 
Strength, Compressive Strength and 
Modulus of Elasticity are carried out with 
Fly Ash (FA) application only. 

 The variation in the strength properties of 
concrete like Flexural Strength, Tensile 
Strength, Compressive Strength and 
Modulus of Elasticity are carried out with 
combined application of Fly Ash (FA) and 
Nano-Silica (NS). 

 The comparison of Controlled concrete and 
concrete with replaced cement with Fly 
Ash (FA) and Nano-Silica (NS) are 
represented graphically.  

 
 
SCOPE OF THE RESEARCH WORK 
The Scope of the present study is   
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 To carry out the preliminary tests on Cement, 
Fine Aggregates and Coarse Aggregates.  

 Mix design of M35 Grade concrete is done and 
proportioning of ingredients to concrete. 

 Binder formation (Cement +Fly Ash (FS)) ratio 
was considered as 0.45 water content. 

 The size cubes of 150 mm× 150 mm × 150 mm 
were casted and underwent curing for the 
determination of the strength properties of 
concretes at 7, 28 and 56 Days of curing. 

 Fly Ash content of 20% and 30 % are used as 
the total Cementitious content. 

 Nano Silica dosages used are 2.0 %, 4.0%& 
6.0% of the total Cementitious content. 

 
II. LITERATURE REVIEW 

 
 “BENTZ. D ET.AL” – Reported about the Fly 

Ash usage in high volumes in concrete. These 
experimental tests are compared with the 
Controlled Concrete and Fly Ash replaced 
contents of 15-70% and are attained a target 
slump test value of 200mm ± 5mm. He used 
super plasticizers to control the water content 
upto optimum level and attain a reduced water 
contents to 18% for water cement ratios of 0.45, 
0.5, 0.6 and 0.65. The Fly Ash replaced content, 
Setting periods and strength results are 
compared for both Controlled concrete with the 
replaced concrete at 7, 28  and 56 days of 
curing. 

 
 “JAGADESH S” - Reported the merits of 

using Fly Ash as Supplementary Cementing 
Material (SCM) in Fibre cement sheets. Fly ash 
containing fibre cement sheets exhibits low 
early strength even at an optimal dosage of 12-
25%. Various procedures that is suitable to 
increase the percentage of Fly Ash by calcium 
– enrichment and application of calcium on to 
coal while burning process itself.  

 
 “CARETTE.G ET.AL” – For the research 

regarding early ages strength development he 
used a combination of Silica Fume and Fly Ash 
in condensed state. The present investigation 
carried has given the results that on early stages 
of concrete with 30% of Fly Ash may develops 
strength with low amounts of Silica Fume 
addition. The quantities of Silica-Fume added 
are ranging from 0-20% by the weight of the 
cement and Fly Ash. After completion of 
concrete specimen preparation they are tested 
for Compression with 240 cylinder specimens 
and 180 prism specimens for Flexural 
Strengths. But it is observed that by 
incorporating 30% Fly Ash and 70% cement in 
concrete mix had greater strength properties 7 
days, 28 days and 56 days. But the compressive 
strength may loss a quite with increase in Fly 

Ash so that it can be attained by adding a 0.01 
quantity of Silica Fume in condensed state for 
water cement ratios of 0.4, 0.5, 0.55 and 0.6. 

 
 “QUERCIA GEORGE ET.AL” – He studied 

the behaviour of Self Compacting Concrete 
with inclusion of Amorphous Nano-Silica (NS) 
on durability and mechanical properties. The 
permeable pores in the concrete specimen have 
been reduced and also a greater strength 
increment in Compression is observed with the 
addition of Nano-Silica (NS) because of the 
formation of C-S-H gel which inhibits the 
hydration process. This Nano-Silica (NS) 
application in Concrete is investigated at Fresh 
state of concrete for workability and later i.e., 
hardened state for workability. The air gaps 
between the concrete particles are filled by the 
spherical Nano particles which results in the 
increment in density of concrete. By this study 
he concluded that by the application of Nano-
Silica in Self Compacting Concrete (SCC) may 
greatly improves the strength and durability 
properties. 

 
 “LANGAN ET.AL”– He carried his study on 

the hydration of cement by using Fly Ash and 
Silica-Fume as replacing substituents. After 
successful completion of research he tabulated 
the results from the Calorimeter tests on 
cement. At high water-cement ratio the Silica-
Fume accelerates the hydration process and at 
low water-cement ration it retards the hydration 
process. But it is observed that Fly Ash retards 
the hydration process at high Water-cement 
ratio and accelerates at low water-cement ratio. 
But when both combined application of Silica-
Fume and Fly Ash will retards the hydration 
process at water-cement ratios of 0.4, 0.45, 0.5 
and 0.6. 

 
III. MATERIALS AND PROPERTIES 

 
In making any type of concrete, selection 

and type of materials is very important as all the 
properties depends on them. 

The following materials are being used and are listed 
below. 

 Cement 
 Fine aggregate (sand) 
 Coarse aggregate 
 Water  
 Fly Ash 
 Nano silica 

 
CEMENT 
The most common cement used is an Ordinary 
Portland Cement (OPC). The Ordinary Portland 
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Cement of 43 grade (OPC) conforming to IS: 8112-
1989 is used. A cement is a binder, a substance used 
in construction that sets, hardens and adheres to 
other materials, binding them together. Cement is 
seldom used solely, but is used to bind sand and 
gravel (aggregate) together. Cement is used with 
fine aggregate to produce mortar for masonry, or 
with sand and gravel aggregates to produce concrete. 
 

Table: Physical properties of cement 
 

 
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  
Fine aggregate are basically sands won from the land 
or the marine environment.  
 

Table: Properties of fine aggregate 
 

 
 
Coarse Aggregates  
Coarse aggregates of nominal sizes 20mm and 
10mm locally accessible demolished stone acquired 
from the quarries confirming to IS383-1970 was 
utilized in the proportion of 1.5:1.0 as shown in table  

 
Table: Coarse Aggregate Physical Properties 

 

 
 
Fly Ash:  
For the present investigation Fly Ash of “Class-F” 
obtained from the Thermal Power plant is used. The 
Fly Ash proportions of 20% and 30% by weight of 
cement are used. The Physical properties of Fly Ash 
are as shown in table. 
 

Table: Fly Ash Composition & Properties 

 

 
 
NANO SILICA:  
Nano-Silica utilised in this investigation is a 
Pozzolanic colloidal silica emulsion. It is a better 
Pozzolanic material because of its high content of 
Amorphous Silica (>99%) and also their reduced 
spherical size of order 15 nano meters-50 nano 
meters. In our present investigation we used the 
Nano-Silica contents as 2%, 4% and 6%. The 
properties of Nano-Silica is shown in table 
 

 
 

Table: Physical Properties of Nano Silica 
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WATER: 
Water is an important ingredient of concrete as it 
actually participates in the chemical reaction with 
cement. Since it helps to from the strength giving 
cement gel, the quantity and quality of water is 
required to be looked into very carefully. 
 
Mix design 
 

Table: Mix Proportions for M35 Grade 

Concrete 

 

 
Batching and Mixing 
 Batching is process of measuring the 
quantities of concrete either by volume or by mass 
for preparation of concrete mix. In this weight 
batching method is adopted to measure the 
quantities of fine aggregate, cement, coarse 
aggregate, and substituent’s which were replaced as 
cement i.e., GGBS and Nano silica. For mix 
proportion for design were measured by using 
weighing balance. The ingredients of concrete in the 
required quantities were enhanced into the capacity 
laboratory concrete mixer. After through mixing i.e., 
having achieved uniform colour, workable 
consistency to concrete, the concrete was shipped 
into tray for casting specimens. 
 
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 
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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. 

 
FLEXURE STRENGTH TEST 
Flexural strength test on concrete beam to determine 
the strength of concrete. Flexural strength test was 
conducted by using the method prescribed by IS 516 
– 1959.  
Beams of dimension 700mm×150mm×150mm were 
used for this test, the test specimen is placed in the 
machine at the bearing surfaces of the supporting 
and loading rollers. So that the load shall be applied 
without shock and increasing continuously at a 
stress increases at approximately 7 kg/sq mm that is 
at a rate of loading 400 kg/min for the 150 mm 
specimens. The load shall be increased until the 
specimen fails, and the maximum load applied to the 
specimen during the test shall be recorded. 
Where, Modulus of rupture f = PL/BD2 
 P is the load in KN. 
 L, B is the length and breadth in mm. 
D is the depth in mm. 
f is the flexure strength in N/mm2 

 

 
Fig:  Flexural Strength Testing Machine. 

 
MODULUS OF ELASTICITY TEST 

To get Modulus of Elasticity of cylinder specimen 
of 150mm diameter and 300mm long are by using 
compression Testing machine with dial gauge. This 
test mainly contains of two steel ring type 
arrangements which are used for clamp the 
specimen, gauge bars, dial gauge and a lever unit of 
spherical shape. The upper and lower rings are fitted 
by clamping the specimen. Then load applied 
gradual manner on the specimen and simultaneously 
readings are noted for increasing load values. By the 
load results the value of strain is noted by using 
gauge length and dial gauge. By this test the 
Modulus of Elasticity of concrete is plotted by using 
Stress-Strain curve.  

 
V EXPERIMENTAL RESULTS 

 
COMPRESSIVE STRENGTH 
 

Table: Cube Compressive Strengths of M35 
Grade Concrete 
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Fig: Graph for Compressive strength of 

concrete with FLYASH (20%) 

 
Fig: Graph for Compressive strength of 

concrete with FLYASH (30%) 
 
SPLIT TENSILE STRENGTH TEST 
 

Table: Shows the percentage variation of split 
tensile strength for M35 grade concrete mix for 
various proportions of Fly Ash and Nano-Silica 

 

 

Fig: Graphical variation of split tensile strength 
of M35 grade concrete for various mix 
proportions of Fly ash and Nano-Silica. 

 
FLEXURAL STRENGTH TEST  
 

Table: Shows the percentage variation of 
Flexural strength for M35 grade concrete mix 
for various proportions of Fly Ash and Nano-

Silica. 

 

 
 
Fig: Graphical variation of Flexural strength of 
M35 grade concrete for various mix proportions 

of Fly ash and Nano-Silica. 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/595



 
MODULUS OF ELASTICITY 
 

Table: Shows the percentage variation of 
Modulus of Elasticity for M35 grade concrete 

mix for various proportions of Fly Ash and 
Nano-Silica 

 

 
Fig.: Graphical variation of Modulus of 

Elasticity of M35 grade concrete for various mix 
proportions of Fly ash and Nano-Silica. 

 
VI. CONCLUSIONS 

 
CONCLUSION 
From the investigation results i.e., a partial 
replacement of cement with Fly Ash and Nano-
Silica it is studied that various strength properties of 
concrete mix increases upto 4% application of 
Nano-Silica content and decreases with further 
increment.  

 It is quite enthusiastic observation that the 
changes occurred in the strength properties 
like compressive strength, tensile strength 
and flexural strength with change in cement 
proportion.  

 Due to the presence of additional binder 
which is formed by the combination of Fly 
ash and Nano-Silica with Calcium 
hydroxide substantially increases the 
strength properties of concrete.  

 Because of additional binder formed in 
concrete due to the Pozzolanic additives 
tends to form a paste-aggregate bond which 
leads to increment in the strength properties 
of concrete.  

 The partial replacement of Fly ash and 
Nano-Silica tends to give maximum 
increment in strength properties at Fly ash 
content 20% and Nano-Silica content 4%.  

 But the decrement in the strength properties 
with increase in Nano-Silica content is due 
to the formation of poor quality binder. 

 
SCOPE OF FUTURE WORK: 

 The influence of Fly Ash (FA) and Nano-
Silica (NS) are investigated on strength 
properties of concrete and also durability.  

 This study also helps further to investigate 
the Resistance impact on concrete using 
Fly Ash (FA) and Nano-Silica (NS).  
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