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Abstract— Concrete is the material of present just as future.
The wide utilization of it in structures, from structures to
manufacturing plants, from scaffolds to air terminals, makes
it quite possibly the most examined material of the 21st
century. Because of the quick populace blast and the
innovation blast to cook these requirements, there is an
earnest need to improve the strength and solidness of cement.
Out of the different materials utilized in the creation of solid,
concrete assumes a significant part due its size and cement
property. In this manner to improved the quality and
properties of cement the system of concrete hydration must
be concentrated appropriately and best reasonable idea has
embraced. Distinctive cementitious materials known as
advantageous materials are added to concrete so the
improvement of properties should be possible. A portion of
the materials are fly debris, impact heater slag, rice husk,
silica exhaust and even microscopic organisms. Out Of the
different advancements being used for development of
cement, nano-innovation seems to be a promising
methodology in improving the properties of cement.
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I. INTRODUCTION

Concrete can be depicted as a crystalline compound of
calcium silicates and other calcium compounds having water
driven properties (Intht). The four significant mixtures that
establish concrete (Bogue™s Compounds) are Tricalcium
silicate, condensed as C3S, Dicalcium silicate (C2S),
Tricalcium aluminate (C3A), Tetracalcium aluminoferrite
(C4AF) where C represents CaO, S represents SiO2, A
represents Al203 and F for Fe203. Tricalcium silicate and
dicalcium silicate are the significant contributers to the
strength of concrete, together comprising around 70 % of
concrete. Dry or anhydrous concrete doesn't have cement
property and thus can't tie thecrude materials together to
shape concrete. At the point when blended in with water
compound response happens and is alluded as ,.hydration of
cement®. The results of this exothermic response are C-S-H
gel and Ca(OH)2. Calcium hydroxide has lower surface
territory and consequently doesn't contribute a lot to the
strength of cement. On hydration of concrete aluminates an
item is shaped known as ettringite, which has needle like
morphology and adds tosome early strength of cement.

Nano silica is used in production of concrete and
improves the performance of concrete. In concrete cement is
the binder material and it binds the other material together.
But one disadvantage of application of cement is it emits the
large amount of CO2 in environment and pollute them. To
reduce this pollution, use of Nanossilica partials in concrete can
be used. Meansthe replacement of cement by the different
dosses of Nano silica by weight. Nano silica is one of the best

Nano material to improve the different strength, physical, and
mechanical properties of concrete than the other Nano
material. Nano silica is effectively high pozzolanic material.
Thesize of Nano silica is 1000 times smaller than the average
size of cement partical. Use of Nano silica particles in
concrete reduces the setting time and improves the
compressive strength of concrete. There are different
methods for production of Nano silica. Use Nanosilica in
concrete and do the comparative study between the
conventional concrete and Nano concrete and select most
preferable between them. The aim of this paper is to do the
comparative stud to do the comparative study between
conventional and Nano concrete and find out the
improvement in compressive strength of concrete.

II. LITERATURE REVIEW:

A. Rutuja Mininath Sarade et.al. :

This paper surveys the new turns of events and current
situation with use of Nano silica in solid innovation. The
utilization of Nano silica in concrete save the assets and
energy as well as shield the climate from the contamination
with the decrease of waste material and decrease of CO2
discharge. The investigation of this paper worry with the
utilization of Nano silica in concrete andto improve the
compressive strength of cement. This paper shows the
incomplete supplanting of concrete with the Nano silica with
various dosses like 1%, 1.5%, and 2% by weight and
incrementthe strength property of cement and furthermore
shows that the relative examination between the solid without
expansion of Nano silica and with expansion of Nano silica.
Nano solid gives the more viable outcome than the common
cement. The aftereffect of this paper invigorates the
expansion in compressive of cement by the utilization of
Nano.

B. Justin Montgomery et.al:

This examination explored the compressive strength of
solidified concrete glue and the arrangement of Calcium
Silicate Hydrate (C-S-H) with the expansion of nano silica
(SiO2. The arrangement of CS-H increments fundamentally
during the early testing days which compare with the
extraordinary expansion in compressive strength. The
hydration interaction keeps on expandingall through the multi
day trails at a moderate rate. The customary water restoring
technique ends up being more productive and advantageous
than of the vacuum relieving strategy. Nonetheless, vacuum
relieved outcomes showed uniquely about a 5% decrease in
compressive strength following multi day tests in contrast
with the water restoring technique.

All rights reserved by www.ijsrd.com 10



Comparative Strength Properties of Cement on Partial Replacement with Nano Silica in Concrete

(I3SRD/Vol. 9/1ssue 08/2021/003)

C. Arshdeep Singh et.al. :

In this study, concrete mix was prepared using recycled
aggregates (RA) which were retrieved from demolished
concrete blocks. Pozzolanic materials like fly debris (FA) and
nano silica (NS) were utilized as halfway substitution of
concrete by weight in differing rates for example 10%,20%
,30% and 0.2%, 0.4%, 1.6%, 0.8% and 1% individually. The
exploratory work was centered on examining the impact of
nano silica and fly debris on new properties and compressive
strength of reused total cement (RAC). To analyze the new
properties of solid, droop test was performed for functionality
necessities. It was seen from exploratory outcomes that with
the increment in level of reused totals in concrete,
compressive strength diminishes however usefulness was not
influenced up to half variety of reused totals. Results showed
that with the expansion of nano silica compressive strength
of cement was expanded yet functionality was diminished
with the increment in level of nano silica. The utilization of
fly debris notwithstanding nano silica (30% RA+3% NS +
10% Fly Ash) improved both the usefulness and compressive
strength of reused total cement (RAC).

D. Mohammadmehdi Choolaei et.al:

In this research, the performance of nanoscale SiO2 in cement
mortars was experimentally studied. The experimental results
illustrate that the SiO2 nanostructure, which was mixed with
the cement mortars was Highly beneficial in improving the
rheological properties of drilling cement slurry, concurrently
producing an increase in the compressive and flexural
strengths of the cement mortar. In addition, there was no free
water found in the designed slurries using nanosilica. Results
indicated that by using this nano silica, the setting time and
the length ofthe dormant period were decreased. Also,
studying the porosity of cements designed using nano silica
showed a decrease in cement porosity as the amount of nano
silica was increased in the investigated slurries. Moreover,
cements designed by using these silica nanostructures had the
lowest permeability among all examined ones, which were
designed utilizing other methods.

III. METHODOLOGY:

The application of Nano silica particles in concrete saves the
resources and energy as well as it protects the environment
from the pollution with the reduction of waste material and
reduction of CO2 emission. The study of this paper concern
with the use of Nano-silica in concrete and to improve the
compressive strength of concrete of M25 (1:1.4:2.71) with
water cement ratio 0.42. This paper shows the partial
replacement of cement with the Nano silica with different
proportion like 0%. 0.5%, 1%, 1.5%, 2%, 2.5% and 3% by
weight and increase the strength property of concrete and also
shows that the comparative study between the concrete
without addition of Nano-silica and with addition of Nano
silica. The result of this paper gives the increase in
compressive strength of concrete by the application of Nano
silica.

IV. TESTRESULTS AND ANALYSIS:

This chapter is concerned with the presentation of results of the
experiments carried out towardsthe objective of the project. It

includes results from, materials, workability tests,
compressive strength and Split tensile strength test. The
results are supplemented with graphs in order to have a better
analysis of the results.

A. Mix Design

1) Stepl: Target Strength for Mix Proportioning:
Characteristic compressive strength at 28 days: fck = 25
MPa Assumed standard deviation (Table 1 of IS
10262:1982): sd=4MPa

Target average compressive strength at 28 days: ftarget = fck
+ 1.65sd =31.6 MPa.

2) Step 2: Selection of Water-Cement Ratio:

From Table 5 of IS: 456-2000, maximum water-cement ratio
=0.50 To start with let us assumea water-cement ratio of 0.45
3) Step 3: Selection of Water Content:

Maximum water content per cubic metre of concrete (refer
Table 2 of IS: 10262- 1982):Wmax = 186L (for 50 mm
slump).

Since, the slump was less than 50 mm, no adjustment was
required.

4) Step 4: Calculation of Cement Content:

Mass of water selected per cubic metre of concrete = 186 kg.
Mass of cement per cubic metreof concrete = 186/0.43 = 433
kg.

Minimum cement content = 300 kg/m3 (for moderate
exposure condition, Table 5 of 15456:2000) Maximum

cement content = 450 kg/m3 (Cl. 8.2.4.2 of IS 456:2000)
So, the selected cementcontent is alright.

5) Step 5: Proportion Of Volume of Coarse Aggregate and
Fine Aggregate Content: Volume of coarse aggregate per
unit volume of total aggregate (Table 3 of IS: 10262-1982)
=0.64

(This is corresponding to 20 mm size aggregate and Zone |
fine aggregate for water-cementratio of 0.50)

As the water-cement ratio is lowered by 0.05, the proportion
of volume of coarse aggregateis increased by 0.01 (ref. Table
6 of IS: 10262-1982)

Corrected volume of coarse aggregate per unit volume of
total aggregate = (0.64+0.014) =0.654

Volume of fine aggregate per unit volume of total aggregate
= 1-0.654 =0.346

6) Step 6: Mix Calculations

Volume of _ 3
concrete -tm
Volume of _ 3
cement = 433/(3.01x1000) =0.144m
Volume of _ 3
water = 186/1000 =0.186m
Volume ofall  _ 3
aquregutes = 1-0.144-0.186 =0.67m
Mass f COarse  _  654x0.67x2.72x1000 = 1192 kg
aggregate

Mass of fine = 0.346x0.67x2.65x1000 = 614 Kkg
aggregate

7) Step 7: MIX Proportion :( M25- 1: 1.4: 2.71)
For a batch of 9 cubes of size 150mm X 150 mm X 150mm
The volume of 3

— 3
concrete required =(0.15)7x9x1.2

=0.036 m
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(taking into account
20 % extra for losses)

| Final Setting Time | 10 Hours |
Table 4: Test Results of Cement

Cement required = 0.036x433 =15.78 kg
Fine aggregate 0.036x614 10k C. Test Results of Aggregate
required - = 221UKg AGGREGATE TEST RESULT
Coarse aggregate _ _ Bulk Density 1590 Kg/m?®
required = 0.036x1192 = 42.91kg Specific Gravity: Fine aggregate 2.57
Water required = 0.036x186 = 6.700 kg Course aggregate 2.57
B. Test Results of Cement F'Tr?]n;;;'\\/l/gfu”elus 162'9965
CE_MENT TEST RESULT Crushing Value 17.11
Fineness Test 4.8% Table 5: Test Results of Aggregate
Consistency Test 32%
Initial Setting Time | 31min 35 Sec

D. Workability Test: Slump Cone Test

Name N1 S1

S2 S3 S4 S5 S6

% Nano-silica particle 0 0.5

1.0 1.5 2.0 2.5 3.0

Slump Value(cm) 26.43 | 26.7

27.25

27.56 | 27.95 | 28.43 | 27.12

Slump 357 | 3.3

244 | 244 | 2.05 | 157 | 2.88

Table 6: Slump Canme Test Results

As shown in Table 6, the Slump Value of cement replaced
with nano silica concrete is 26.43cm, 26.7cm, 27.25cm,
27.56cm,27.95cm, 28.43cm and 27.12cm for 0%, 0.5%,

1.0%, 1.5%, 2.0%, 2.5% and 3% of SCBA respectively. The
pattern of slump was one halfof the cone slides down which
is called shear slump. It indicates the concrete is non-
cohesive -and--shows.characteristic of segregation. The
workability is increasing upto S5 and later on workability

E. Compressive Strength Test Results

As it is evident from Table 7, an enhancement in 28 days
compressive strength compared to control sample occurs for
thenano silica particles. The use of nano- silica increases the
compressive strength upto a level then it gets decreases. This
may be the due to fact that the quantity of pozzolana presence
in the mix is higher than the amount required to combinewith

the lime during the processes of hydration. It leads to excess
silica leachingout and causing a deficiency in strength as it
replaces the certain amount of the cement material butdoes not
contribute to the strength.

starts decreasing.

. . Average Compressive

Quantity per cubic meter (g) strength In N?mm sq

S.No. | Name =

Cement | Sand | Aggregate Nano- Silica ! 14 28

% | Amount | Days | Days | Days
1. N1 433 614 1192 0 - 22.34 | 30.34 | 35.67
2. Sl 430.83 | 614 1192 05| 2.165 | 23.59 | 30.76 | 36.12
3. S2 428.67 | 614 1192 10| 433 |23.79|31.24| 36.78
4. S3 426.50 | 614 1192 15| 6.495 | 23.98 | 31.67 | 37.41
5. S4 424.34 | 614 1192 20| 8.66 |24.23|32.34]| 37.87
6. S5 422.17 | 614 1192 25| 10.825 | 24.86 | 32.87 | 38.65
7. S6 420.01 | 614 1192 3.0| 1299 | 2343 | 31.54 | 36.65

Table 7: Compressive Strength of Nano Silica Concrete

V. CONCLUSION:

From the test results, graphs and the relative chemical
composition of the specimen a number ofconclusions can be
drawn. The conclusions drawn are:

1) From the test result it is observed that the Workability of
concrete with partial use of nano silica increases upto a
limit than it decreases. The workability is in increasing
order upto 2.5% of cement replaced with Nano-Silica.

2) The Compressive Strength of partially replaced cement
by nano silica concrete of grade M 25for proportions of
0%, 0.5%, 0.10%, 1.5%, 2%, 2.5% and 3% are
35.67MPa, 36.12MPa, 36.78MPa, 37.41MPa, 37.87MPa,
38.656MPa and 36.65MPa respectively at 28th day of

curing.The Compressive Strength increases upto 2.5%
use of nano- silica further it starts decreasing.

3) The Split Tensile strength of partially replaced cement
by nano silica concrete of grade M 25 for proportions of
0%, 0.5%, 0.10%, 1.5%, 2%, 2.5% and 3% are 2.13MPa,
2.34MPa, 2.89MPa, 3.32MPa, 3.56MPa, 4.35MPa and
4.77MPa respectively at 28th day of curing. TheSplit
tensile Strength increases upto 2.5% use of nano- silica
further it starts decreasing.

4)  With the use of 2.5% of Nano-Silica concrete gives the
maximum result in compression as 24.86MPa, 32.87MPa
and 38.65MPaat 7th day, 14th day and 28th day of curing
respectively.

5) With the use of 2.5% of nano silca gives the maximum
result in Split Tensile Strength as 2.87MPa, 3.28MPaand
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4.35MPa at 7th day, 14th day and 28th day of curing
respectively.

6) Evenasmall amount of nano-silica particles can increase
the strength of concrete.
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