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Abstract - Concrete is a construction material composed of
cement, fine aggregate (sand) and coarse aggregate. The
application of nano technology in self-compacting concrete
has added a new dimension to the efforts to improve its
properties. Nano materials, by virtue of their very small
particle size can affect the concrete properties by altering the
microstructure. In this research self-compacting concrete has
been tested with and without Nano-silica as partial
replacements of cement by 0%, 3%, 4% and 5% by the weight
of cement. Fresh properties by L-Box, slump test, V-funnel, of
concrete has been tested and Compressive strength, tensile
strength and flexural strength has been checked after 7 days,
14 days, 28 days and 56 days., consumption of cement in
concrete in this research his reduced by replacing cement by
Nano-silica. Self-compacting concrete flows and settles under
its own weight and any kind of vibration for compaction is not
required. Hence, reduces noise and on site manpower (labour)
to operate vibrator. Nano-silica is very fine material its size is
in Nano range 236 nm and is pozzolanicin nature. The results
further revealed that optimum dosage is 4%.

Key Words: Nano silica, compressive strength, tensile
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1. INTRODUCTION

Concrete is the material of present as well as future. The
wide use of it in structures, from buildings to factories, from
bridges to airports. Due to the rapid population explosion
and the technology boom to cater to these needs. Self-
compacting concrete is a special and recent development of
concrete in construction world, which flows and fills all the
gaps of the formwork/molds under the influence of its own
weight, even in congested reinforcement bars. It reduces
noise as well due to absence of vibrator at construction site
as well as in the plants.

2. MATERIALS USED

2.1. Cement :-

Cement is fine binder, usually organic substance which
hardens and adheres to other materials together. In concrete
it is used to bind fine and coarse aggregate together. In this
study ordinary Portland cement of grade 53 is used produced
by Trumbo industries PVT LTD, which sets quickly as
compared to 43 grade.

2.2. Fine Aggregates:-

In this study natural sand is used as fine aggregate with
specific gravity 2.67 and water absorption of 1%. Moisture
content should be supervised closely as this affect the quality
of SCC.

2.3. Coarse Aggregate:-

According to EFNARC guidelines and specifications the
maximum size of aggregates are limited to 20mm. but in
this study I have used 10mm size aggregate with specific
gravity 2.65 and water absorption of 0.5%.

2.4. Super plasticizer:-

SCC is made with low water-binder ratio, to compensate
water requirement and to decrease viscosity or to increase
flow ability of concrete super plasticizer is used. In this
study SNF was used as super plasticizer.

2.5. Nano-silica:- Nano-silica was used as partial
replacement of cement obtained from ASTTRA CHEMICALS
PVT LTD.

3. RESULTS AND DISCUSSION

Itisrevealed from the results that Nano-silica significantly
increases compressive, tensile and flexural strength of Self-
Compacting Concrete. It was also revealed that Nano-silica
increases water demand as we go on adding this material.
Even though the cost of Nano-silica is very high but for
lifelong buildings were main motive is its strength properties
we can go for Nano-silica. One important thing which
observed during experiments was that the surface of
specimen was very smooth and there was no requirement of
any kind of finishing.

3.1 Fresh properties of concrete

During experimentation it was observed that as we keep
on adding Nano-silica, there is increase in water demand.
Various tests were performed like L-box, V-funnel, slump
flow diameter, T50 slump. First we add 1% super plasticizer
to reference mix and all the above mentioned tests were
performed and it was revealed from the results that all the
values were in range as mentioned in EFNARC. Then we
replaced cement by 3% Nano-silica and same quantity of
super plasticizer was used, but there was no flow ability in
Self-Compacting Concrete. So we keep on adding super
plasticizer till we got the results in the range mentioned in
EFNARC. Same procedure was repeated for 4% and 5%.
Finally we conclude that as we keep on incrementing Nano-
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silica more and more requirement of Nano-silica was there
by the weight of cement, as presented in table and chart.

Table -3.1: Super plasticizer requirement

Serial No. Mix id Requirement of
super plasticizer
1 ScC 1%
2 NSN 3% 1.5%
3 NSN 4% 1.7%
4 NSN 5% 2%
L
o §
5o 1% =4=S50ries 1
0o
a3 0%
5CC NSN3% NSN4% NSNS%

Chart -1: Percentage of Superplasticizer

Various tests as mentioned above were conducted and the
results of those tests are presented in table 3.2 below.

Table -3.2: Fresh property results
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Chart -2: Average Compressive strength

The reason behind increase in compressive strength is
reaction mechanism of Nano-silica. Which is pozzolanic
nature and nano filling effect of Nano-silica. During hydration
of cement that is when cement is reacted with water,
Calcium-Hydroxide and Calcium-Silicate hydrate is
produced. This produced Calcium Hydroxide is harmful to
concrete as this create voids in the concrete so we need to
utilize this. So, when we add Nano-silica to concrete as
replacement of cement this Nano-silica reacts with this
calcium hydroxide and converts this into Calcium-Silica te
Hydrate which is cementitious material hence there is
significant increase in compressive strength. This is
pozzolanic nature of Nano-silica.

3.2.2. Split tensile strength: Split tensile strength results
are presented in table below and in figures below.

Table 3.4 Average split tensile strength

Mixid | Slump T50 L-Box | V-funnel
flow slump hz/h, sec Mix id 7 14 Days | 28 Days | 56 Days
sec Days(N/ | (N/mm?) | (N/mm?) | (N/mm?)
scc 714 4 0.93 9 mm?)
NSN 3% 711 4 0.90 10 SCC 3.7 3.9 4.1 4.3
NSN 4% 706 5 0.86 10 NSN 3% 3.8 4.2 4.5 4.7
NSN 5% 713 4 091 9 NSN 4% 4.1 44 4.8 4.95
NSN 5% 3.95 4.31 4.7 4.75
3.2 Hardened properties of concrete
6
3.2.1. Compressive Strength :-Cubes were tested for ;
compressive strength and the results obtained are presented %, fﬂ—q —=7day
in table below. 2, 1000,
Table 3.3 Average Compressive strength F —iigj\:
0

Mix id 7 14 Days | 28 Days | 56 Days
Days(N/ | (N/mm?) | (N/mm?2) | (N/mm?)
mm?)

ScC 27 36 45 47
NSN 3% 29 40 48 51
NSN 4% 32 43 52 54
NSN 5% 30 415 50 52

sCC SNS3% SNS4% SNS5%

Chart 3: Tensile strength

The main reason behind increase in tensile strength is
that there is strong bond formation between aggregates and
cement paste but as we keep on increasing percentage of
Nano-silica there is agglomeration of concrete which
decreases strength of concrete.
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3.2.3. Flexural strength:
Table 3.5 average flexural strength

Mix id 7 14 Days | 28 Days | 56 Days
Days(N/ | (N/mm?) | (N/mm?) | (N/mm?2)
mm?)
SCC 6.1 6.4 7.1 7.3
NSN 3% 6.3 6.65 7.5 7.7
NSN 4% 6.7 6.97 7.8 7.98
NSN 5% 6.45 6.85 7.75 7.84
10
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Chart 4: Flexural strength

Reason behind increase in flexural strength is that
compressive strength and tensile strength, which is due to
pozzolanic nature and nano filling effect of Nano-silica.
During hydration of cement that is when cement is reacted
with water, Calcium-Hydroxide and Calcium-Silicate hydrate
is produced. This produced Calcium Hydroxide is harmful to
concrete as this create voids in the concrete so we need
to utilize this. So, when we add Nano-silica to concrete as
replacement of cement this Nano- silica reacts with this
calcium hydroxide and converts this into Calcium-Silicate
Hydrate which is cementitious material hence there is
significant increase in strength. This is pozzolanic nature
of Nano-silica.

4. CONCLUSIONS

o Self-compacting concrete shows more strength
properties and is found to be economical as
compared to conventional vibrated concrete

e It is revealed that nano-silica in corporate in
concrete enhance strength properties and
workability as well.

e Itis observed that compressive strength increases
in mixes incorporated with Nano-silica upto 4%
and then it decreases at 5% but is still more than
reference mix and mix incorporated with 3% Nano-
silica.

e Itisrevealed that split tensile and flexural strength
increases in concrete incorporate with nano-silica
up to 4% and then it decreases at 5% but is still
more than reference mix and mix incorporated
with 3% Nano-silica.

e The reason behind increase in strength is its
nano-filling nature and pozzolanic reaction of
Nano-silica, by which calcium-silicate-hydrate gel is
produced which fills the voids. The fact behind

decrease in strength is that, at 5% there is
agglomeration form of concrete by which unstable
balls are formed which results in decrease in
strength.
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