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Abstract— Concrete is most common material used in
construction which is comprised of cement, coarse aggregates
and fine aggregates. The key to achieving a strong, durable
concrete rests in the careful proportioning and mixing of the
ingredients. However the main ingredient of concrete, that is,
cement has its own environmental and social impacts.
The cement industry is one of the primary producers
of carbon dioxide. So in order to reduce the emission of CO;
in atmosphere, Nano silica is used as a partial replacement by
weight of cement to increase the mechanical properties of
concrete as well as to reduce the environmental pollution by
reduction of CO, emission in atmosphere. This paper also
shows improvement in permeability of concrete.
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I. INTRODUCTION

Concrete, being most extensively used construction material
is one of primary producers of carbon dioxide creating up to
5% of worldwide man-made emissions of this gas, of which
50% is from the chemical process and 40% from burning
fuel. The carbon dioxide CO; produced for the manufacture
of one tonne of structural concrete (using ~14% cement) is
estimated at 410 kg/m® (~180 kg/tonne @ density of 2.3
g/cm?®) (reduced to 290 kg/m? with 30% fly ash replacement
of cement). The CO, emission from the concrete production
is directly proportional to the cement content used in the
concrete mix; 900 kg of CO; are emitted for the fabrication
of every ton of cement, accounting for 88% of the emissions
associated with the average concrete mix. Cement
manufacture contributes greenhouse gases both directly
through the production of carbon dioxide when calcium
carbonate is thermally decomposed, producing lime and
carbon dioxide, and also through the use of energy,
particularly from the combustion of fossil fuels. In order to
lessen the release of co2 in atmosphere, it is important to
replace the cement with other pozzolanic material and
nanosilica is one of them. As of now, cement cannot be
completely replaced with some other pozzolanic materials
due to high binding properties of the former. So only partial
replacement is possible. Nanosilica is typically a highly
effective pozzolanic material. 1t normally consists of very
fine vitreous particles approximately 1000 times smaller than
the average cement particles. It has proven to be an excellent
admixture for cement to improve strength and durability and
decrease permeability. NS reduces the setting time and
increases the strength (compressive, tensile) of resulting
cement in relation with other silica component. Nanosilica is
obtained by direct synthesis of silica sol. or by crystallization
of nano-sized crystals of quartz currently, the applications of
nanotechnology have been gaining popularity in different
fields of science and technology. The developments of new
materials with new functions or improvements in the
properties of existing materials using nanotechnology are
new areas of interest in civil engineering. The use of

nanoparticles in cement based products was increasing day
by day as these particles are effective in filling the voids of
the C-H-S, enhancing the rate of hydrations by acting as
nucleation centers and reducing the size of Ca(OH), crystal.
Among existing nanoparticles, Nanosilica (NS) is efficiently
applied in the field of cement and concrete for enhancing the
properties of concrete. Nanosilica is the first product that has
replaced micro-silica. The use of NS was preferred in place
of previously used pozzolanic material SF because the
pozzolanic activity of the NS was more than SF at early days
due to the higher of rate of consumption of Ca(OH), crystals.
NS was quite effective in improving the mechanical
properties and the microstructure of high-strength cement
pastes even in low concentration and this improvement of
paste behavior is attributed to the fact that increasing packing
among particles. However, the addition of NS to paste and
mortar reduced the mix workability, due to immediate
reaction between the NS and the cement paste, with
development of gels characterized by high water retention
capacities. The incorporation of NS enhanced the CS and
tensile strength of mortar due to the increased pozzolanic
action and filling effect. Incorporation of NS improves the
microstructure of cement mortar. The fire resistance of high
strength fly ash mortar can be improved with addition of NS.
The use of colloidal NS in place of dry powder form in
concrete was preferred as it was more dispersive in nature and
reduced segregation compared to dry powder form of NS. In
addition to above, the addition of colloidal NS accelerated the
cement hydration largely in the early age with a reduction in
low-stiffness C-S—H gel and an increase in high-stiffness C—
S—H gel.

Il. LITERATURE REVIEW

G. Quercia et.al (2010) suggested that the use of nanosilica
by partial replacement with cement can reduce the CO;
footprint of the produced concrete products. The use of
nanosilica will also increase the mechanical properties of
concrete with better performance, lower costs and and an
improved ecological footprint can be designed.

Mostafa.Khanzadi et.al (2010) suggested that the
mechanical properties measured, and the durability of the
concrete mixed with the nano particles were better than that
of a plain concrete, also the SEM study of the microstructures
showed that the nano particles filled the cement paste pores
and, by reacting with calcium hydroxide crystals from
calcium silicate hydration, decreased the size and amount of
these crystals. Therefore the results indicate that nano silica
behaves not only as a filler to improve microstructure, but
also as an activator to promote pozzolanic reaction.

L.P. Singh et.al (2011) suggested that the addition of
Addition of silica nanoparticles into cement paste improved
the microstructure of the paste and calcium leaching is
significantly reduced as nanosilica reacts with calcium
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hydroxide and form additional calcium-silicate-hydrate (C-S-
H) gel.

Deyu Kong et.al(2012) suggested that the addition
of precipitated silica(PS) or fumed silica(FS) refines pore
structure of the hardened cement paste. Through PS addition,
compressive strength of the mortars and their resistance to
calcium leaching and chloride penetration were enhanced.
However, these improvements were less significant than
those with FS addition. The reason is that much more fillers
are provided whereas much fewer weak zones are introduced
in the mortar with FS addition than that with PS.

Min Hong Zhang et.al (2012) suggested that the use
of nanosilica with high volume of fly ash or slag reduces the
setting times and increase early strength of concrete

G. Quercia etal (2012) suggested that the water
demand of cement pastes can be decreased by partially
replacing cement with nanaosilica

L.P. Singh et.al(2013) suggested that the durability
and sustainability of high performance concrete can be
improved by using silica nanoparticles. Also Calcium
leaching is well controlled by addition of nanosilica.

Bibhuti Bhusan Mukharjee et.al(2014) suggested
that compressive strength, tensile strength and Non-
Destructive parameters are enhanced due to addition of
nanosilica. Moreover, the study reveals that the
characteristics of recycled aggregate concrete resembles with
that of natural aggregate concrete with the addition of little
amount (3%) of Nano-Silica.

R.Yu et.al (2014) suggested that the hydration of
cement can be promoted and more C-S-H gel can be
generated due to the nucleation effect of nanosilica. Also the
positive effect of the nucleation and the negative effect of the
entrapped air can be well balanced by using an optimal
amount of nansilica for the production of Ultra High
Perfomance concrete with owest porosity.

Mostafa Jalal et.al (2015) suggested that increase of
fly ash content improves the rheological properties of
HPSCC. The results also showed that mechanical and
transport properties improved in the mixtures containing
admixtures especially blend of silica nanoparticles and silica
fume. It can also be concluded that higher amount of mineral
admixtures combined with small fractions of nanopowders
could be promising technique towards high performance
concrete as a key material along with energy saving in
construction and building technology.

Steve Wilben Macquarie Supit et.al (2015)
suggested that the addition of nanosilica in concrete not only
improves the compressive strength but also significantly
reduces the water sorptivity,volume of permeable
void(VPV),chloride permeability and porosity of high
volume fly ash concrete.

Nihat Atmaca et.al (2017) suggested that the
increase in the replacement of lightweight coarse aggregate
affecting the strength and permeability properties negatively.
On the other hand, the results indicate that the addition of 3%
nanosiica to high strength light weight concrete reduce the
negative properties of lightweight coarse aggregate and leads
to remarkable increase in mechanical properties while the
sorptivity and gas permeability values have been decreased

I1l. CONCLUSIONS

1) Compressive and tensile strength of the concrete
increases with adding the nano-silica, especially at early
ages.

2) Nano-silica consumes calcium hydroxide crystals,
reduces the size of the crystals at the interface zone and
transmute the calcium hydroxide feeble crystals to the C-
S-H crystals, and improves the interface zone and cement
paste structures.

3) The water absorption, capillary absorption and
distribution of chloride ion tests indicate that the nano-
silica concrete has better permeability resistance than the
normal concretes, Due to the microstructure of the nano
silica, concrete is more uniform and denser than that of
reference concrete

REFERENCES

[1] Dr D.V. Prasada Rao, M. Pavan Kumar IJARET (2014)
vol.5 pp. 94-102. “A study on influence of fly ash and
Nano- silica on strength properties of concrete.”

[2] G.Quercia and H.J.H.Brouwers (2010)."Application of
Nano silica (ns) in concrete mixture.”

[3] G.Quercia "8th fib PhD symposium in kgs.lyngby,
Denmark (2010). “Application of Nano silica in concrete
mixtures.”

[4] Hasan Biricik, Nihal Sarier (2014). “Comparative study
of the characteristics of Nano silica, silica fume and fly
ash-incorporated cement mortars.”

[5] Saloma Amrinsyah  Nasution, Iswandi Imran,
Mikrajuddin Abdullah ELSEVER (2015).
“Improvement of concrete durability by Nano
materials.”

[6] S. Suresh Sankaranarayannan, J. Revathi Jagadesan
(2016). “Comparison of high performance fly ash
concrete using Nano silica fumes on different mixes.”

[7] S. Tanveer Hussain, K.V.S. Gopala IJRET (2014).
“Study of strength, properties of concrete by using Nano
silica.”

[8] Vangala Dhanunjana Chari et.al vol.36 no.4 pp.517-520
(2013) “Dependence of thermal conductivity in micro to
Nano silica.”

[9] G.S Jadhav, J. Kumber Abhijit, V.Jadhav Vishal,
C.Jadhav Dipali” Partial Replacement Of Waste

[10]B. Jitendra Jangid, A.C Saoji “Experimental
Investigation of Waste Glass Powder As The Partial

[11] Ahamd Shyan‘Value-added Utilisation of Waste Glass
in Concrete”

[12] Tung-Chaii Linga, b Chi-Sun poona, Hau-Wing Wong
“Management and recycling of waste glass in concrete
products: current situations in Hong Kong Resources,
Conservation and Recycling

[13] Santosh Kumar, Sonu Pal, Prof. N. Kisku, Prof. V.
Pandey, Experimental Investigation of Recycled
Aggregate Concrete Using Pre-Soaked Slurry Two Stage
Mixing Approach.

[14] Ing John K. Makunza, Sustainable Concrete Made From
Recycled Aggregates

All rights reserved by www.ijsrd.com| 2090



