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ODUCTION

The construction industries are presenting numerous new and propelled materials for
the development of structures. Cement is one of the commodities used in large
quantities for the structures, yet increasing the cement production leads to
environmental pollution'. The essential strategy is to reduce the cement quantity in
concrete, to replace cementwith other materials having pozzolanic nature such asssilica
fume or micro silica and Nano silica, thereby reducing pollution of environment?*. The
use of nS and its impact in concrete is not yet completely analysed. This study intends
to display the significance of nS applications in cement concrete and to concentrate on
the nS properties torender the appropriateness in concrete>s. Only very few studies has
been carried out on the usage of Nano silica and fly ash in concrete. Many research
works were carried out using Nano materials but the works on combination of fly ash
and Nano materials are very less’.

Calcium silicate hydrate formed by good pozzolanic nature of silica fume reacts with Ca
(OH),. Stronger concrete with minimum pores can be achieved by the hydrate present
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of silica fume is 25 m? g=', which is 80 times more than
ordinary Portland cement. The size of Nano silica particles
which is lesser than silica fume increases the surface area and
reduces the pores giving a stronger mix of concrete. There is
no much considerable effect on the characteristics of cement
by the blending of cement and silica fume. Water absorption
and compressive strength test were conducted using the
Nano silica prepared by sol-gel method®'%. Agglomerates of
silica particles developed from pyrogenicsilica powder are less
than colloidal Nano silica, this act as filler and helps more
effectivelyin developing Calcium silicate hydrate gel. Atinitial
days, colloidal form of Nano silica in concrete gives more
compressive strength than powder form of Nano silica, but on
later ages both colloidal as well as powder Nano silica will give
equal strength™2,

Fly ash plays an important role in reducing the pollution
caused due to cement production. Strength of mortar can be
enhanced by adding Nano silica and fly ash by high
temperature curing™°. Analysis made for effective dispersion
of Nano particles in concrete mixes states that it will give
better mechanical and durable strength resulting in high
strength concrete's". This study mainly focused on
development of M30 blended concrete using flyashand Na
silica.

MATERIALS AND METHODS

Cement: In the present investigation,
Ordinary Portland Cement satisfyi
12269: 2013 was used forall
Zurai Cements Pvt Ltd.

pple tary Cémentations
ct of combustion of
nerating plants. During

material in concr
pulverized coal in

away from the com amber by the exhaust gases. In
the process, the fused Tiaterial cools and solidifies into
spherical glassy particles called Fly ash.

Coarse aggregate: Natural rounded uncrushed gravel was
used as the coarse aggregate in this investigation. It passed
through a 20 mm sieve whereas was retained on a 16 mm
sieve.

Fine aggregate: Locally available river-bed sand was used as
the fine aggregate in this investigation.

Table 1: Mix proportion for M30 grade of concrete
Cement  Fineaggregate Coarse aggregate Water
(kgm~3)

Materials
Quantity 350.2 7215 1273.8 150.5
Mix proportion =1: 2.06: 3.63 with water cement ratio (w/c) of 0.43

Nano silica: Four different types of colloidal Nano silica’s
namely XFX with crystalline size of 10-50 NM, XTXla with
crystalline size of 10-30 NM, XTX with crystalline size of
20-50 NM, XLP with crystalline size of 40-50 NM) manufactured
by Beechems Chemical manufacturer were used in this
investigation.

Water: Tap water available i

[Or the purpose of mixing the materials,
and horizontal pans were employed.
Portland Cement, Fly ash, coarse aggregate and fine
ere alldry-mixed in thefirst step. This process was
out for about 30 sec; after that, water and colloidal
silica was added to the mix to form the concrete mixes.

Casting and curing of moulds: After mixing was
accomplished, concrete was placed in pre-oiled cube moulds
of dimension 100X100X100 mm, Cylinder moulds of
200X 100 mm and beam size of 500X 100X 100 mm. After
allowing the specimens under dry conditions for 24 h, they
were immersed in water for the purpose of curing for a period
of 7, 14 and 28 days as may be applicable to the individual
cases.

RESULTS AND DISCUSSION

Compressive strength: The specimens were subjected to
compression test on the Compression Testing Machine
(CTM).This part of the research work was performed in two
phases.

Phase I-Selection of optimum percentage of Fly ash: Phase
| describes the investigation carried out to evaluate the
compressive strength of concrete into different percentages
of fly ash as a partial replacement of cement to find the
optimum percentage of fly ash replacement (M1). The results
are graphically illustrated in Fig. 1.
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Compressive strength for optimum percentage of fly ash
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Fig. 1: Graphical representation of selection of optimum
percentage of fly ash at different ages

The mix with 25% Fly ash replacement of cement has shown
the maximum strength. Hence, it was concluded that the
optimum percentage of replacement of cement by Fly ash
could be taken as 25%.

Phase Il - Compressive strength of concrete with Fly ash
Nanosilicacombination: Phase |l deals with the investig
carried out for the evaluation of the compressive strengd
the mixes with nano silica content 1 and 2% g

ixesincreased with age.
blended concrete mix
o silica has developed higher
nded concrete mixes. The rapid
development of the strength of blended concrete with Nano
silica shows that it not only serves as a filler to increase the
density of the nano structure of concrete, but also serves as an
activator in hydration process?. The inclusion of Nano silica
enhanced the compressive strength for all the employed
cases, in comparison with the conventional control™.

Split tensile strength test: Split tensile strength test was

performed on mixes M2 to M9. The experimental results are
depicted in Fig. 3.
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Fig. 2: Graphical representation of compressive strength of
concrete at different ages

Split tensile strength (MPa)

with constant 25% of Fly ash replacement for cement is
wn in Fig. 3. The split tensile strength of all types of nano
ca mixes was higher than the conventional concrete. The
split tensile strength of all concrete mixes increased with age.
From the result, it is clearly seen that blended concrete mix
containing 1% XTXla Nano silica has developed higher
strength than that of other blended concrete mixes. Due toan
increase in particle packing and a reduction of unfavorable
crystals (e.g., Ca(OH), and ettringite) dimensions have direct
effects onimproving ITZ strength, the fourfold performance of
well-dispersed nano-SiO, particles can develop ITZ and
consequently significantly increase the splitting tensile
strength in comparison with the compressive strength'*'¢. The
denser ITZ did not necessarily result in the highest
compressive strength but the improvement of the ITZ can
affect tensile strength and even durability®.

Flexural strength test: Test for Flexural strength of the mixes
M2 to M9 were performed in Universal Testing Machine (UTM).
The experimental results are depicted in Fig. 4.

The effect of using nano silica on flexure strength is presented
in Fig. 4. The flexural strength of all types of nano silica mixes
was higher than the conventional concrete. The flexural
strength of all concrete mixes increased with age. From the
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