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Abstract
This paper is concerned with the experimental investigation of Concrete by
partially replacing cement with Nano Silica. Nano Silica is the most abundant
material with the chemical composition of SiO,, which is similar to a diamond
structure. It is a new pozzolanic material which in water takes solid or liquid
form. It is popularly being used in the concrete industry to determine the

viscosity and fill state of the concrete.

The tests were conducted on M25 grade concrete and the proportion of Nano
Silica as a partial replacement to cement was taken in the order of 0%, 1%,
2%, 3% and 4% by weight. The laboratory tests which need to be performed
on concrete specimens are the Compression strength and Splitting tensile

strength test.

Keywords: - Pozzolonic material, Nano Silica, viscosity, Compression

strength, Tensile strength.

INTRODUCTION

Nanotechnology today is growing very
rapidly and has infinite applications in
almost everything we do. Nano silica
contributes into the strength development

up to a certain percentage. Nano silica is

the most abundant material that makes the
earth. It has the chemical composition of
Si0; which is similar to a diamond
structure. It is a white and crystal formed
material. Nano silica is one of the most

applied nanoparticles in concrete. Silicon
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dioxide nanoparticles, also known as silica
nanoparticles or Nano silica, are the basis
for a great deal of biomedical research due
to their stability, low toxicity and ability to
be functionalized with a range of

molecules and polymers.

Nano-silica particles are divided into P-
type and S-type according to their
structure. The P-type particles are
characterized by numerous Nanopores
having a pore rate of 0.61 ml/g. The S-type
particles have a comparatively smaller
surface area. The P-type Nano-silica
particles exhibit a higher ultraviolet
reflectivity when compared to the S-type.
It is a new pozzolanic material which is in

water in a solid or liquid form.

In the concrete industry, Nano silica is one
of the most famous materials that
determine the concrete's viscosity and
filling state. The researchers pay attention
to Nano silica as a nanotechnology product
that plays an important role as a very
active pozzolanic in the concrete. Adding
nanoparticles of concrete could maintain
its strength during physical and chemical

reactions and also compress the particles.

LITERATURE REVIEW
B.L.P. Swami, B. SaiKiran, M.V.S.S
Sastrietal. (2016) [1] have observed M60

and M70 grade concrete's mechanical
properties with micro silica and in
combination with colloidal Nano-Silica.
They found that concrete composites with
superior properties can be produced with
the combination of micro-silica and Nano-
silica. On resulting observations of the
micro-silica morphology, it is noted that
the sizes of the micro-silica were not

affected due to grinding.

A. Lazaro, G. Quercia, H.J.H.Brouwers
(2015)[2], did the work on
“Synthesis of a green Nano-silica material

et al.

using beneficiated waste dunites and its
application in concrete”. The paper
represents that Nano-Silica (NS) is one of
the substances that boost Nanomaterials
and can be produced by dissolving olivine
in acid. The materials and methods are
used in these investigations are the
composition of different diluted analysed
X-Ray Fluorescence (XRF). The steps
involved in these investigations are
crushing and screening, neutralization,
decantation, silica filtration, residual
solution, olivine acid, inert materials and
the silica. The compressive strength of the
standard mortar is affected when cement is

replaced with olivine Nano-silica by 7%.

Abolfazl Shamsai, SaberPeroti, Kamal
Rahmani et al. (2015) [3], did the work
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on “Effect of Water-Cement Ratio on

Abrasive  Strength, Porosity  and
Permeability of Nano Silica Concrete”.
This paper representing that the rapid
development of construction of hydraulic
structures like bridges, dams, the
constituent materials used in concrete and
its lifespan (durability) in these kinds of
structures has gained dominant interests
and importance. In addition, the porosity
(n) of the concrete was\ reduced to 13%,
while the reduction of the water-cement
ratio from 0.50 to 0.33 occurred in this

study.

B. Kartikeyan, K. Sumanth, G.
Harshavardhan (2014) [4] did the work on
“Microstructure  analysis and  strength
properties of concrete with Nano SiO,”. The
materials used in this investigation are
cement, mineral admixtures, aggregates,
superplasticizer, wi/c ratio, concrete mixture
proportions, and specimen details. The
graphs are drawn between UN ground
micro silica, micro-silica ground for one
hour-100, and micro-silica ground for one
hour-50g. The particle size analyser results
show the effect due to grinding. It is
observed that the size of the micro-silica
particles got reduced from 0.638 pum to
156.6 nm when subjected to different
hours of grinding with varying quantities

of micro-silica (10-6). On resulting

observations, the morphology of the
micro-silica, it is noted that the sizes of the
micro-silica were not affected due to

grinding.

OBJECTIVES

e Determination of Workability of
concrete specimen.

e Determination of Compaction factor
of concrete.

e Determination of Compressive
Strength of concrete.

e Determination of Splitting Tensile

Strength of Concrete.

METHODOLOGY
The methodology of the project is a
stepwise process which can be understand

according to the flowchart given below

[ DESIGN OF M25 GRADE CONCRETE ]
[ TEST ON CEMENT ]
[ TEST ON AGGREGATES ]

J

[ PREPERATION ON SAMPLES AND MOULDS ]

J

[ TEST ON CONCRETE MOULDS ]
[ ANALYSIS OF RESULTS ]
[ CONCLUSION ]
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RESULTS AND DISCUSSION
Mix Design for M25 Grade of Concrete

Table 1
Water Cement Fine aggregate Coarse aggregate
0.5 1 2.10 2.719
Results of Cement
Table 2
S.No Particulars Results
1 Specific Gravity 3.13
2 Initial setting time 30 min
3 Final setting time 600 min
4 Normal consistency 34%
Results of Coarse Aggregate and Fine Aggregate
Table 3
S. No Particulars Results
1. Type Crushed stone
2. Specific gravity of Coarse aggregate 2.72
3. Specific gravity of Fine aggregate 2.66
4. Size of Coarse aggregate 20 mm
5. Size of Fine aggregate 2.36 mm
6. Water absorption 0.6%

Slump Cone Test on Concrete

Table 4
S. No Replacing the Nano Silica Height of the Slump Slump Value
1. NS 0% lcm
2. NS 1% 2cm
3. NS 2% 2.6 cm
4. NS 3% 3.2cm
5. NS 4% 2cm
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Compaction Factor Test on Concrete

Table 5
S.No Replacing the Nano Silica Compaction factor
1 NS 0% 0.89
2 NS 1% 0.90
3 NS 2% 0.91
4 NS 3% 0.93
5 NS 4% 0.90

Cube Compression Strength Test Results

Table 6
MIX ID 2Compressive Strength, MI;A ,
7 Days (N/mm?©) 14 Days (N/mm°) 28 Days (N/mm")
NS 0% 19.3 24.1 30.14
NS 1% 21.11 24.5 31.03
NS 2% 24.15 27.63 33.21
NS 3% 26.87 29.42 34.74
NS 4% 25.18 27.34 32.64
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Cube Compressive Test
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28
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H NS 0%
BNS 1%
B NS 2%

NS 3%
B NS 4%

No. of Days
Figure 1
Split Tensile Test Results
Table 7
Split Tensile Strength, MPA
MIX ID 7 7 7
7 Days(N/mm°) 14 Days (N/mm°) 28 Days (N/mm°)
NS 0% 2.16 2.98 3.56
NS 1% 2.83 3.26 3.83
NS 2% 3.34 3.78 4.16
NS 3% 3.72 4.05 4.68
NS 4% 3.27 3.80 3.94
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Splite Tensile Test for Cylinders
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Figure 2

CONCLUSIONS

Controlled concrete of M25 Grade is
prepared and tests were conducted on
obtain

concrete specimens o

compressive strength, split tensile
strength and then the results are
compared with concrete containing
various proportions of Nano-Silica, i.e.,
1%, 2%, 3% & 4% as cement

replacement.

It was observed from the results that,
the compressive strength of concrete
initially increased up to 3% of Nano-
Silica replacement and with further
increase of Nano-Silica content the
compressive

strength of concrete

decreases.

Concrete containing lower percentages
(3%) of Nano-Silica possess higher
values of compressive strength than that
of controlled concrete.

A considerable increase in split tensile
strength of Nano-Silica concrete was
controlled

observed compared to

concrete.

Based on the experimental results, use
of Nano-Silica as partial replacement of
cement in small quantities s
advantageous on the performance of

concrete.

Nano Silica added in small quantities
can improve the strength and

permeability resistance. It can also be
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concluded that the permeability of
concrete decreases with the increase in
the percentage of Nano-Silica up to 3%
due to the effect of Nano-Silica filling

the voids in concrete.

REFERENCES

Abolfazl Shamsai, Saber Peroti,
Kamal Rahmani et al. (2015) URET:
International Journal of Research in
Engineering and Technology elSSN:
2319-1163 | pISSN: 2321-7308
Boshehrian and P. Hosseini et al.
(March 2002), International Journal
of Civil Engineering and
Technology (NCIET) Volume 7,
Issue 1, Jan-Feb 2016, pp. 104-112,
Article ID: IJCIET_07_01_009.

Li, W. Cressy, M. Qin, H., Fulga, T.
Van Vactor, D.Dubnau, J, (2013).
MicroRNA-276a  Functions  in
Ellipsoid Body and Mushroom Body
Neurons for Naive and Conditioned
Olfactory Avoidance in Drosophila.
Hala Elkady, Mohamed I. Serag, et
al. (2011), Silica nanoparticle size
effect on mechanical properties and
microstructure of cement mortar
Article.

Indhumathi. P, Syed Shabhudeen. S.
P et al. Nov 22, 2017 - International
Journal of Advanced Engineering
Technology E-ISSN  0976-3945.

VI.

VII.

VIIIL.

IJAET/Vol.ll/Issue IV/October-
December, 2011/421-426. Research
Article.

B.Kartikeyan, K.Sumanth,
G.Harshavardhan, et al. (2014),
International Journal of ChemTech
Research CODEN (USA): IJCRGG
ISSN: 0974-4290 Vol.6, no.5, pp
3004-3013.

Lazaro, G. Quercia, H. J.H.Brouwers
et al. (2015) Conference:
Conference:  19th  International
Conference in Building Materials
(Ibausil 2015), Eds. Dr.-Ing. H.-B.
Fischer, C. Boden, M. Neugebauer,
ISBN  978-3-00-050225-5, At
Weimar, Germany, VVolume: 1.
Lazaro, A., Brouwers, H. J. H.,
Quercia, G., & Geus, J. W. (2012).
The properties of amorphous nano-
silica synthesized by the dissolution
of olivine. Chemical Engineering
Journal, (211-212), 112-121. DOI:
10.1016/j.cej.2012.09.042.

AM. Neville, “Properties of
Concrete” (4th ed.), Prentice
Hall/Pearson, Harlow, U.K. (2000).
J.S. Park, Y.J. Park and J. Heo,
“Solidification and recycling of
incinerator bottom ash through the
addition of colloidal silica (SiO2)
solution”, Waste Management 27

(2007), pp 1207-1212.

63 | Page 57-64 © MANTECH PUBLICATIONS 2021. All Rights Reserved



MANIECH

Publications

Journal of Ceramics and Concrete Technology

Volume 6 Issue 2
ISSN: 2457-0826 (Online)

XI.

XII.

XII.

XIV.

XV.

XVI.

H.W.Reinhardt, “‘Betonalsconstructie
materiaal”, Delftse
Pers. (1998), Delft, The Netherlands
(in Dutch).

G. Roddy, J.

Cromwell,

Universitaire

Chatterji and R.
“Well

composition and methods utilizing

treatment

XVII.

nano-particles”, Halliburton Enery XVIII.

Services, United States of America
Patent Application no 20080277116
Al, November 13 (2008), pp 1-12
M.S.Shetty, “Concrete Technology,”
S.Chand and company Itd., New
Delhi.

M. Sari, E. Prat and J. Labastire,
“High

concrete

strength  self-compacting

original solutions
associating organic and inorganic
admixtures”, Cement and Concrete
29 (1999), pp 813-818.

S. Sakka and H. Kosuko, “Handbook
of sol-gel science and technology,
Volume I: Solgel Processing”,
Kluwer Academic Publisher, New
York, USA (2000), pp 9-10.

K. Sobolev, 1. Flores and R.
“Nanomaterials and
High

composites,

Hermosillo,
Nanotechnology for
performance cement
“Proceedings of ACI Session on
“Nanotechnology  of  Concrete:

Recent Developments and Future

XIX.

XX.

XXI.

Perspectives”, November 7, Denver,
USA (2006), pp 91-118.

B.L.P. Swami, B.Sai Kiran, M.V.S.S.
Sastri  International Journal of
Engineering and Technical Research
(IJETR) ISSN: 2321-0869, Volume-
1, Issue-7, September 2013

B.L.P. Swami, B.Sai Kiran, M.V.S.S.
Sastri et al. (2016), International
Journal of Innovative Research in
Science,
Technology (An ISO 3297: 2007
Certified Organization) Vol. 5, Issue

1.

Engineering and

T.Shanmugapriya, Dr. R.N.Uma et
al. (2015), Article in International
Journal
Research 10(2):1919-1924.

IS: 456-2000 Plain and Reinforced
Concrete-Code of Practice.

IS:  10262-2009 Procedure for
Concrete Mix Design.

of Applied Engineering

64 |

Page 57-64 © MANTECH PUBLICATIONS 2021. All Rights Reserved



