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Abstract.

The possibility of using a combination of mineral admixtures as a replacement for cement may reduce the CO;

emission which causes global warming and climatic changes on the environment. By using the combination of different by-
products from various industries, for replacing cement in concrete leads to saving in energy and natural resources. In this article,
an attempt has been made to study the mechanical and water absorption properties of concrete incorporated with combination of
Fly ash (FA), Alccofine (ALC) and Collodial Nano Silica (CNS) at 7, 28 and 56 days curing period. Cement has been partially
replaced by combination of FA at 25%, ALC at 10% and CNS at 0.5%, 1%, 2% and 3% with water cement ratio of 0.43. The
result indicates that the incorporation of combination of FA, ALC and CNS can be very effective in improvement of mechanical
and water absorption properties of concrete. The Mix with a combination of 25% FA, 10% ALC and 1% CNS is most effective
in improvement of mechanical and water absorption properties as compared with all other mixes.
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1. Introduction

Now-a-days cement is being used on large scale in the
production of concrete worldwide. Due to this the global
demand of cement has reached about 5 billion metric tons.
Due to which the large amount of raw material is consumed
for the production of cement, which causing huge amount
of CO; release into the atmosphere (Andrew et al. 2018,
Reddy et al. 2018, Varun Teja et al. 2017, Aly et al. 2012,
Gopala Krishnan et al. 2011, Zhang et al. 2011). About 5%
to 7% of manmade CO; gas emission is released during the
production of cement (Andrew et al. 2018, Bala et al. 2017,
Malhotra 2002). The lot of research is being done to find
the supplementary cementitious material in order to
safeguard the environment. Efforts are being made for
usage of industrial by products as cementitious materials
possessing pozzolanic properties (Varun Teja et al. 2017,
Bala et al. 2017, Martin et al. 2015). The pozzolanic
materials such as the Silica Fume (SF), Ground Granulated
Blast Furnace Slag (GGBS), Rice Husk Ash (RHA), Fly
Ash (FA) etc, which are by-product from various industries
are being used as replacing material for cement (Varun Teja
et al. 2017, Saha et al. 2016, Li 2007, Shi et al. 2012,
Morsy et al. 2012, Nazari et al. 2011, Yuvaraj et al. 2012,
Barbhuiya et al. 2014, Singh et al. 2013, Kupwade-Patil et
al. 2016, Martin Antonia et al. 2015). The utilization of
pozzolanic materials diminishes the cement consumption
and furthermore expands the strength and durability of
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concrete (Kupwade-Patil et al. 2016, Martin Antonia et al.
2015).

Recently some of the researchers have reported that the
micro fine material namely Alccofine (ALC), obtained as a
by-product from iron ore industry in India also possess
pozzolanic nature and can be used as a partial replacement
of cement in concrete (Jariwala et al. 2016). By using ALC
as an admixture a significant improvement in workability
and mechanical properties of concrete was observed (Jindal
et al. 2016, Jindal et al. 2017). Due to the ultrafine particle
size, ALC improves the micro pore filling ability and offers
resistance to segregation which helps in enhancing fresh,
mechanical and durability properties of concrete
significantly. It is very much economical than all other
micro pozzolanic materials like SF, MK (Varun Teja et al.
2017, Bala et al. 2017, Reddy et al. 2017). However, very
little work has been reported on the use of ALC in concrete
and mortars.

From the past few years, the nanotechnology had a
potential use of particles at the nanometre scale (Shaikh et
al. 2014, Oltulu et al. 2011, Nazari et al. 2010, Jalal et al.
2012). Nano particles plays a major job in the enhancement
of mechanical and durability properties of concrete by
giving incredible surface area, which prompts increasing
acceleration of pozzalanic reactions (Bhuvaneshwari et al.
2012, Oltulu et al. 2011, Quercia et al. 2010, Quercia et al.
2012). They also additionally fill pores with nonreactive
particles within the presence of cement. All these
improvements influence the mechanical and toughness
qualities of concrete. These improvement leads to extend
the lifespan of concrete structures and a reduction in
expense for repair of such structures as a result (Oltulu et al.
2011, Quercia et al. 2010, Quercia et al. 2012). A few kinds
of nano particles are utilized in concrete, for example nano
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Table 1 Physical properties of Ordinary Portland Cement
(OPC)

Values as per

TestResults  po19969 - 2013

Characteristics

Grade 53 53
Fineness modulus 6.5% < 10%
Specific gravity 3.12 3.15
Standard consistency 32% 30% - 35%

Table 2 Chemical properties of Ordinary Portland Cement
(OPC)

Characteristics Result by Mass (%)

Silicon dioxide 21.1
Calcium oxide 62.4
Ferric oxide 2.49
Aluminium oxide 4.50
Loss on ignition 2.40

silica, nano aluminium, nano titanium etc, there are many
research provides details regarding the usage of nano
particles in building materials.

However, the most widely recognized and important
Nano material in the production of concrete is Nano Silica
(NS). From past few years, NS has transformed into an
effective material for the enhancement of mechanical and
durability properties of concrete (Reddy et al. 2017,
Ghaseni et al. 2010). It is also found that the use of NS in
concrete had two advantages, the first one is the NS can
produce a pozzolanic reaction with free calcium hydroxide
crystals to form more C-S-H gel in the concrete and the
second one is due to the nano size particles, NS has an
ability to fill the micro pores which helps to improve the
density of Interfacial transition zone (ITZ) of concrete (Li et
al. 2007, Beera et al. 2012, Erdem et al. 2012, Reddy et al.
2017). NS can either be used as a replacement of cement or
as an additive to concrete, mortar and cement paste. In all
cases, NS enhances the performance of concrete in fresh
and hardened states (Senff et al. 2012, Naji et al. 2010, Ltifi
etal. 2011).

The main intension of this work is to find out at the
effect of combination of FA at 25%, AL at 10% and various
percentages (0%, 0.5%, 1%, 2% and 3%) of NS as
replacement of cement on properties like Compressive
Strength, Split Tensile Strength, Flexural Strength and
Water Absorption of Tetranary Blended Concrete. The paper
moreover moreover focuses at the effects of using the
combination of FA, ALC, and CNS on initial stage and
long-time properties of TBC. Hence the efforts are to
address the improvement in TBC and examine some of the
hardened properties which lead to a sustainable
construction.

2. Research significance
The ordinary portland cement which is a major

constituent of conventional concrete plays a significantly
important role in attaining the strength properties. But now-

Table 3 Properties of fine aggregate

Values as per

Characteristics Test Results

BI1S:383 - 2016
Specific gravity 2.682 21-32
Fineness modulus 2.71% 2% - 4%
Water absorption 1.023% <5%

Table 4 Properties of coarse aggregate

Values as per

Characteristics Test Results

BI1S:383 - 2016
Specific gravity 2.781 21-32
Fineness modulus 7.22% 6.5% - 8%
Water absorption 0.83% <5%

a-days cement had become a major source for pollution
which compels the researchers to replace cement by some
alternative pozzolanic materials which can provide the
desirable mechanical and durability properties to concrete
as well as address the pollution menace such as dumping of
industrial waste. Previous researchers have focused on the
use of combination of Fly Ash and Nano silica in concrete
mix to improve the properties of concrete. In the present
study, an attempt has been made to study the effect of
combination of different pozzolanic materials like Fly Ash,
Alccofine and Colloidal Nano Silica as partial replacement
of cement on mechanical and water absorption properties of
concrete so that their scope to address environmental
pollution caused by industrial by-products.

3. Materials

3.1 Cement

Ordinary Portland Cement (OPC) of 53 grade
confirming to BIS: 12269-2013 was used for preparation of
various mixes.

3.2 Fine aggregate

Locally available river sand passing through 4.75 mm
sieve with fineness modulus of 2.71%, falling under
Grading Zone Il confirming to BIS: 383-2016 was used as
fine aggregate.

3.3 Coarse aggregate

Locally available crushed rocks passing through 20 mm
sieve confirming to BIS: 383-2016 was used as coarse
aggregate.

3.4 Water

Tap water with pH value ranging from 7 to 8 was used.

3.5 Mineral admixtures

FA, ALC and CNS were used as mineral admixtures.
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Table 7 Properties of superplasticizer

Characteristics Test Results

Characteristics Test Results

Fly Ash Appearance Brown liquid
Fineness modulus 1.19% Specific gravity 1.08
Specific gravity 2.3 Chloride content <0.2%
Alccofine Water reduction 24%
Specific gravity 2.9
Specific surface area [m2/kg] 1200 Table 8 _Mix proportions of controlled conventional
Bulk density [kg/m’] 680 concrete mixture and concrete with FA, ALC and CNS
Particle Size Mix Cement FA  ALC A Fine . Acoarset
D1 1.5 micron ID (kg/m®) (kg/m®) (kg/m®) (kg/m?) (?(%r/erg%e (?(ggr/erg?)e(kg/m%
Dso 5 micron CM 35022 - - -~ 72151 127386 150.59
Dso 9 micron NO 23641 8755 2626 - 72151 1273.86 150.59
Colloidal Nano Silica N1 23522 8755 2626 119 72151 1273.86 15059
Grade CemSyn N2 23404 8755 2626 237 72151 1273.86 150.59
Nano solids 29.4-40.5% N3 23168 87.55 2626 4.73 72151 1273.86 150.59
Par_tl_cle S'Z? 10-20 nanometer Mix Proportion =1: 2.06: 3.63: 0.43
Specific gravity 121 CM: Conventional Concrete Mix; NO-N4: Tetranary Blended
Viscosity 4-7 centipoises Concrete (TBC) Mix; SD: Standard Deviation

Table 6 Chemical properties of mineral admixtures
Fly Ash Result

Characteristics Alccofine Result

by Mass (%) by Mass (%)

Silicon Dioxide 59.14 34.83
Aluminum Oxide 24.08 21.44
Iron Oxide 12.02 1.39
Calcium Oxide 2.22 3391
Sulphur Trioxide 0.15 0.10
Magnesium Oxide 0.43 6.81
Loss of ignition 0.63 142

FA was acquired from Dr. NTR Vijayawada Thermal
Power Station (VTPS), Vijayawada, Andhra Pradesh. Low
calcium FA (class F type) confirming to BIS: 3812-2013
was used. ALC is a specially processed slag based
secondary cementitious material with high glass content
with a higher reactivity and lower silicate content obtained
from controlled granulation. Due to its ultra fine particle
size, ALC is generally used as a water reducer to improve
mechanical properties along with high workability. ALC
1203 was acquired from Ambuja Cement Ltd, Goa
confirming to ASTM (C989-1999. CNS which is a
nanometric particle size solution of silica particles in water
was acquired from Beechems Chemicals, Kanpur.

3.6 Superplasticizer

A poly-carboxylic ether based superplasticiser with
brand name Master Glenium Sky 8233 which is a new
generation chlorides free, super plasticizing admixture
confirming to ASTM C494-2017 was used.

4. Research methodology

4.1 Mix proportions

In the present investigation, M30 grade concrete mix
design was carried out according to BIS: 10262-2009
(reaffirmed in 2014). The details of the mix design are as
shown in Table 8. The cement content was partially
replaced with a combination of FA, ALC and CNS. FA and
ALC that were kept constant at 25% and 10% respectively,
totally 35% of cement. The CNS content was varied as 0,
0.5%, 1%, 2% and 3% by weight of cement content. The
CNS was mixed with water and added to the concrete. The
effect of CNS on the mechanical and durability properties
of TBC is evaluated. The water/binder ratio of 0.43 was
used throughout the mix design. The mix proportions for
conventional concrete mix (CM) and TBC are shown in
Table 8, respectively.

4.2 Casting and curing

All the concrete mixes were prepared at room
temperature i.e., 27°C+10. Dry mixing of cement, FA, ALC,
fine aggregate and coarse aggregate was done for
approximately for 3 minutes. Water, CNS, and super-
plasticizer were mixed for 2-3 minutes prior to mixing with
dry mix. The cube samples of size 100 mmx100 mmx100
mm, cylindrical samples of size 200 mmx100 mm diameter
and beam samples of size 500 mmx100 mmx100 mm were
cast and de-molded after 24 hours. The concrete specimens
so prepared were cured under water at room temperature.

4.3 Testing procedure

The mechanical properties of concrete like compressive
strength, splitting tensile strength and flexural strength were
determined according to BIS: 516-1959 (reaffirmed in
2013). The water absorption test was performed according
to ASTM C642-2013. Concrete gains more than 90% of its
targeted compressive strength by 28 days of curing period
and further the rate of gain in strength becomes very slow.
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Literature study reveals that fly ash based concrete may
gain more compressive strength in comparison to
conventional concrete till a long term curing period
(Sabarish et al. 2017, Bala et al. 2017, Sigh et al. 2015).
Therefore in the present study 7, 28 and 56 days curing
period were adopted for all mechanical and water
absorption tests.

4.3.1 Testing procedure for compressive strength

The cube samples of size 100mm x100mm x100mm
were placed in between the steel plates the without packing.
The load applied was increased constantly at 1.4 N/ mm?/
minute till the cube failed. From the dial, the maximum load
reading is noted.

4.3.2 Testing procedure for split tensile strength

The cylindrical specimens of size 200 mmx100 mm
diameter were placed horizontally between the loading
surface of compression testing machine and the load was
applied at a nominal rate of 1.2 N/mm?/ minute without any
shock until the failure of the sample occurs.

4.3.3 Testing procedure for flexural strength

The beam samples of size 500 mmx100 mmx100 mm
were placed in the flexural testing machine and three point
loading was applied at a nominal rate of 0.7 N/mm?2/minute
without any shock or vibration. The load was increased
until the specimen failed and the failure load was recorded.
The appearance of the fractured faces of concrete and any
unusual features in the type of failure were noted.

4.3.4 Testing procedure for water absorption

The water absorption test was performed according to
ASTM C642 - 2013. Water absorption tests were conducted
on cube samples for 7, 28 and 56 days curing period. The
samples were allowed to complete the curing under room
temperature and allowed to dry in open sky for 2 - 3hours,
so that the surface moisture content will get evaporated.
Now the specimens are kept in oven at 110°C. After 24
hours the samples were removed from oven and allowed to
cool upto room temperature. Weights of samples (A) were
measured after cooling of samples upto room temperature.
After measuring the weight — A, samples were again
immersed in water. After 48 hours the samples were
removed from the water and they were weighed as weight -
B. The water absorption percentage of samples was
calculated by using the formula.

Water Absorption % = [(B-A)/A]x100 1)

A= Weight of the oven dried sample at 110°C for 24
hours,
B = Weight of the sample after 48 hours of immersion in
water.

5. Results and discussions

The test results of compressive strength test, split tensile
strength test, flexural strength test and water absorption test
on Tetranary Blended Concrete with varying percentage of
CNS are explained in the subsequent sub-sections.

Compressive Strength in MPa

7 Day 28 Day 56 Day
Date of curing

Fig 1. Graphical representation for compressive strength of
TBC mixes

5.1 Compressive strength test

Fig. 1 compares the compressive
conventional concrete mix and TBC mixes.

From the results, it is clearly observed that the Tetranary
Blended Concrete mixes made with Colloidal Nano Silica
showed higher compressive strength than conventional
concrete mix. The early age (7 days) compressive strength
of mixes NO, N1, N2,N3 and N4 was improved by 9.86%,
20.68%, 26.84%, 23.97%, and 14.10% respectively, in
comparison to conventional concrete mix. It was also
noticed that the compressive strength of Tetranary Blended
Concrete samples were enhanced when cement content was
replaced up to 1% Colloidal Nano Silica and declined
slightly on increasing the CNS material. The improvement
in early age compressive strength of Tetranary Blended
Concrete mix might be due to the accelerated hydration
reaction on addition of Alccofine and Colloidal Nano Silica
(Li et al. 2007, Reddy et al. 2017, Jindal et al. 2016, Jindal
et al. 2017). Similar types of results were observed at the
age of 28 and 56 days. For 28 days curing period the mixes
with Colloidal Nano Silica, Fly Ash and Alccofine i.e., NO,
N1, N2 and N3 showed an improvement in compressive
strength by 7.08%, 9.78%, 14.10%, 12.17% and 8.78%
respectively with respect to the conventional concrete mix.
The later age strength (56 days) showed a negligible change
with respect to 28 days strength is may be due to the
acceleration of heat of hydration by CNS and ALC in
concrete lead to dense micro structure, from the results it
has been observed that maximum percentage of the
hydration is completed at 28 days, the rest negligible
percentage of hydration will be very very slow and keep
going with the time so it had showed the negligible change
of strength for 56 days curing period. From the above
results, it was observed that the percentage strength gain is
higher for 7 days of curing when compared with other ages
of curing. Therefore it can be concluded that the rapid
development of the compressive strength of Tetranary
Blended Concrete at early age shows that the Alccofine and
Colloidal Nano Silica not only serves as a filler to increase
the density of the micro and nanostructure of concrete but
also serves as an activator in the hydration process. The
decrease in strength on addition of Colloidal Nano Silica

strength  of
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5.5 1

Split Tensile Strength in MPa

7 Days 28 Days 56 Days

Curing Period

Fig. 2 Graphical representation of the split tensile strength
of TBC mixes

beyond 1% is attributed to the reason that the quantity of
Colloidal Nano Silica particles is higher than the of
liberated lime quantity in the hydration process resulting in
leaching out of excess silica that leads to decrease in pore
bonding strength (Li et al. 2007, Chitra et al. 2016). Thus,
at this stage the combination of Fly Ash, Alccofine and
Colloidal Nano Silica acts as cement replacement materials
used for filling the pores but does not involve in the
hydration process (Li et al. 2007, Chitra et al. 2016). The
inclusion of Fly Ash, Alccofine and Colloidal Nano Silica
enhanced the compressive strength for all the employed
cases, in comparison with the conventional concrete mix.

5.2 Split tensile strength test

The variation in split tensile strength for CM and TBC
mixes are shown in Fig 2.

From the results, it is clearly observed that the Tetranary
Blended Concrete mixes made with Colloidal Nano Silica
showed higher Split tensile strength than conventional
concrete mix. The early age (7 days) Split tensile strength
of mixes NO, N1, N2, N3 and N4 was improved by 4.03%,
9.53%, 11.07%, 9.84% and 6.15% respectively, in
comparison to conventional concrete mix. Similar types of
results were observed at the age of 28 and 56 days. The
mixes with CNS and ALC i.e., NO, N1, N2 and N3 showed
an improvement in split tensile strength by 3.73%, 4.62%,
7.24%, 4.90% and 4.20% respectively compared to
conventional concrete mix for 28 days curing period. At 56
days curing period Tetranary Blended Concrete mixes
showed a negligible change in tensile strength compared 28
days strength is may be due to the acceleration of heat of
hydration by CNS and ALC in concrete lead to dense micro
structure. From the results it has been observed that
maximum percentage of the hydration is completed at 28
days, the rest negligible percentage of hydration will be
very very slow and keep going with the time so it had
showed the negligible change of strength for 56 days curing
period. This increase in tensile strength may be attributed to
the improved properties of the concrete matrix and the
strong inter-phase bond between the binders (i.e., between
cement, Fly ash, Alccofine and Collodial Nano Silica) and
the aggregates used (Chitra et al. 2016). The Interfacial

6.5 1
6.0
5.5
5.0 4
4.5 4
4.0 4
3.5
3.0
2.5
2.0
1.5
1.0 1
0.5
0.0

Flexural Strength in MPa

7 Days 28 Days 56 Days
Curing Period

Fig. 3 Graphical representation of the flexural strength of
TBC mixes

Transition Zone (ITZ) plays a key role in the development
of split tensile strength. By utilizing micro and nano
particles like Alccofine and Colloidal Nano Silica, the ITZ
becomes denser resulting in improvement of split tensile
strength (Sanchez et al. 2010, Said et al. 2012). It was also
noticed that the Split tensile strength of Tetranary Blended
Concrete samples was enhanced when cement content was
replaced up to 1% CNS and declined slightly on increasing
the Colloidal Nano Silica content. The decrease in tensile
strength with greater than 1% CNS replacement is attributed
to the reason that the quantity of Colloidal Nano Silica
particles is higher than the of liberated lime quantity in the
hydration process resulting in leaching out of excess silica
that leads to decrease in strength (Li et al. 2007, Chitra et
al. 2016).

5.3 Flexural strength test

The variation in flexural strength for CM and TBC
mixes are shown in Fig. 3.

From the results, it is clearly observed that the Tetranary
Blended Concrete mixes made with Colloidal Nano Silica
showed higher flexural strength than conventional concrete
mix. The early age (7 days) flexural strength of mixes NO,
N1, N2,N3 and N4 was improved by 5.71%, 17.14%,
22.85%, 20%, and 11.42% respectively, in comparison to
conventional concrete mix. Similar types of results were
observed at the age of 28 and 56 days. The mixes with CNS
and ALC i.e., NO, N1, N2 and N3 showed an improvement
in flexural strength by 4.08%, 7.41%, 12.24%, 9.18% and
6.12% respectively with respect to the conventional
concrete mix for 28 days curing period. The later age
flexural strength (56 days) showed a negligible change with
respect to 28 days flexural strength. It was also noticed that
the flexural strength of Tetranary Blended Concrete samples
was enhanced when cement content was replaced up to 1%
CNS and declined slightly on increasing the Colloidal Nano
Silica content. From the above results, the inclusion of Fly
ash, Alccofine and Colloidal Nano Silica enhanced the
strength for all the employed cases, in comparison with the
conventional concrete mix. However the compressive
strength, splitting tensile strength and flexural strength for
all the samples were closer to each other.
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Fig 4. Graphical representation of the water absorption test
of TBC mixes

5.4 Water absorption test

The impact of combination of FA, ALC and CNS on the
water absorption of TBC mixes at the age of 7, 28 and 56
days are shown in Fig. 4.

From the results, it is clearly observed that the Tetranary
Blended Concrete mixes made with Colloidal Nano Silica
showed lower water absorption percentage than the
conventional concrete mix. The early age (7" day) water
absorption percentage was decreased by 4.68%, 4.37%,
4.24%, 4.34% and 4.50% respectively for NO, N1, N2, N3
and N4 mixes compared to conventional concrete mix.
Similar types of results were observed at the age of 28" and
56M days. The mixes with CNS and ALC i.e., NO, N1, N2
and N3 showed decrease in water absorption percentage of
3.40%, 3.11%, 2.84%, 2.91% and 3.17% respectively with
respect to the conventional concrete mix for 28" day and on
56" day the water absorption showed a decrease in
percentage by 2.99%, 2.67%, 2.42%, 2.61% and 2.74%
respectively for NO, N1, N2, N3 and N4 mixes compared to
conventional concrete mix. The low water absorption
percentage results in Tetranary Blended Concrete mixes
may be due to occurrence of higher pozzolanic effect by
Alccofine and Colloidal Nano Silica due to their micro and
nano particle size which made the concrete more denser,
more compacted and also improved the pore structure of the
concrete which helped to reduces the water absorption
percentage (Chitra et al. 2016, Li et al. 2007). It was also
noticed that the water absorption percentage of Tetranary
Blended Concrete samples was decreased up to 1% CNS as
replacement for cement and increased slightly on increasing
the Colloidal Nano Silica content. The decrease in water
absorption percentage with greater than 1% CNS
replacement is attributed to the reason that the quantity of
Colloidal Nano Silica particles is higher than the of
liberated lime quantity in the hydration process resulting in
leaching out of excess silica which my leads to effect pore
structure of concrete that leads to increase in water
absorption slightly (Li et al. 2007, S. Chitra et al. 2016).

5.5 Regression analysis

In the present study, the correlation between

52+
5.0 4 -

4.8 o

4.6
1 Ts=0.691x(CS)°**

4.4 o
1 R® = 0.99

4.2

4.0 H

3.8

3.6+

Split Tensile Strength(TS) in Mpa

3.4

T T T T T T 1
20 25 30 35 40 45 50 55

Compressive Strength (CS) in MPa

Fig 5. Graphical representation of the relationship between
compressive strength (CS) and splitting tensile strength
(TS) of TBC mixes

compressive strength and splitting tensile strength as well as
between compressive strength and water absorption
percentage was also developed for Tetranary Blended
Concrete.

5.5.1 Relationship between compressive strength
and split tensile stength

Fig. 5 illustrates the relationship between compressive
strength (CS) and split tensile strength (TS) for Tetranary
Bended Concrete which can be represented by Eq. (2).

TS =0.691 x (CS) °5 )

It can be noted that the relationship between
compressive strength and split tensile strength of TBC is
very similar to that recommended by BIS:456 - 2000 for
conventional concrete. From the results it clearly seen that,
as the split tensile strength of TBC concrete increased as the
compressive strength increased. It also indicate that the
Split tensile strength of TBC concrete increased as the time
until testing increased from 7 to 56 days (Chitra et al.
2016). The analysis in Fig. 5 shows that the best fit line
representing the relationship between split tensile strength
with compressive strength at all the ages of curing. The R?
value was found to be 0.99. It is clearly seen that the
regression line for Tetranary Blended Concrete does not
depend on variables like binders used and other parameters.
The coefficient of correlation, R?=0.99 indicates very good
level of correlation. R?value is replicating a good relation
between compression and split tensile strength with the
replacement of cement with combination of FA, ALC and
CNS.

5.5.2 Relation between compressive strength and
water absorption (%)

Fig. 6 illustrates the relationship between Water
absorption and compressive strength (CS) for Tetranary
Bended Concrete which can be represented by Eq.()3.

y =-22.631x + 147.43 3)

A good relationship was found between water
absorption and compressive strength for Tetranary Blended
Concrete. The correlation coefficient R?=98.7% indicates
the strong relation between the water absorption and
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Fig. 6 Graphical representation of the relationship between
compressive strength and water absorption percentage of
TBC mixes

compressive strength of TBC. By this relation it is possible
to predict the water absorption behavior by knowing the
trend of compressive strength for Tetranary Blended
Concrete. Therefore it can be concluded that as the
compressive strength increases, the water absorption
percentage decreases (Jindal et al. 2016, Jindal et al. 2017).

6. Conclusions

Based on the experimental investigation carried out on
Tetranary Blended Concrete mixes, it can be concluded that
the mechanical and water absorption properties of TBC
increased due to higher specific surface area and high
pozzolanic activity nature of ALC and CNS resulting in
high production of C-S-H gel which helps in formation of
compact structure in the concrete and also helps in
improving the early strength gaining capacity and pore
filling effect making the concrete denser and compacted.
From the above studies it is concluded that 25% FA, 10%
ALC and 1% CNS in concrete was found to be more
beneficial and better performance in mechanical and water
absorption properties when compared with all other mixes.
Beyond 1% CNS content the strength and water absorption
properties tends to decrease due to the higher quantity of
CNS particles than that of liberated lime quantity in the
hydration process resulting in leaching out of excess silica
which may leads to effect pore structure of concrete. Using
the combination of FA, ALC, and CNS as a replacement for
cement leads to eco-friendly and sustainable concrete.
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