IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 12 Issue: XiIi Month of publication: December 2024

DOIl: https://doi.org/10.22214/ijraset.2024.66050

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue X1 Dec 2024- Available at www.ijraset.com

Experimental Investigation of the Mechanical
Characteristics of Concrete Including Wollastonite
and Fly Ash as Partial Substitutes for Cement

S. Harun Rasheed", Jollireddy Omprakash’
PG Scholar, Department of Civil Engineering, Dr. KVSRIT, Kurnool
*Assistant Professor, Department of Civil Engineering, Dr. KVSRIT, Kurnool

Abstract: The demand for concrete is rising exponentially as infrastructure expands globally because cement is the essential
ingredient that holds the components together during the concrete-making process. The main issue, though, is that throughout
the cement-making process, the environment releases toxic gasses like CO2, sulphur, etc. In order to address this issue, cement
has been used in place of some or all of the mineral combination, a kind of cementations material. These elements prolong the
life of concrete in addition to using less cement. The activation of inorganic particle substances provides a new and extra
development material that can partially replace cement in concrete. The primary focus of this work is the compressive strength of
M40 ternary mixed concrete made with cementations elements such cement, fly ash, and wollastonite. While wollastonite is a
naturally occurring mineral that may be ground into a fine powder and used as a partial substitute for cement, fly ash is an
industrial by-product that is utilized as a binding agent. The mix design was created to give the current M40 grade concrete the
necessary workability. We investigate the concrete's strength characteristics when Fly ash (5%, 10%, 15% & 20%) is added. If
the ideal percentage of Fly ash replacement is maintained, then additional cement can be substituted with mineral admixtures,
like Wollastonite (5%, 10%, 15% & 20%). There is a modest increase in compressive strength and a decrease in workability when
fly ash and wollastonite are used in place of some of the cement. For 70% cement, 15% fly ash, and 15% wollastonite, the
workability stays within the necessary range; however, as the amounts of fly ash and wollastonite increase, the workability
declines.

Keywords: Ternary Blended Concrete, Wollastonite, Fly ash, Compressive Strength and Workability.

I. INTRODUCTION

The biggest and most devastating environmental problem is global warming. Greenhouse gases, especially carbon dioxide (CO2),
are the cause of this phenomenon. Finding ways to reduce our carbon footprint is a new science. of this world. A difficult and
important task for the development of future security. To achieve the above goals, around 195 countries have signed the Paris
Agreement. According to the Paris Agreement, global temperature needs to drop from 1.5 degrees to 2 degrees, which means that
carbon dioxide emissions need to be reduced by 45% by 2030. We can also conclude from many extensive studies that adding
additional minerals to concrete can make it more durable. Equipment. Concrete consists of three main ingredients: cement, water,
and aggregate, which can be stone, gravel, or sand. The use and production of concrete has a significant impact on the environment,
mainly due to carbon dioxide emissions from cement production. Cement production consumes a lot of energy and also releases a
lot of greenhouse gases such as carbon dioxide, causing global warming problems. In addition, the removal of raw materials such as
sand and stone, which are required to make concrete, will have negative effects on ecosystems, landscapes and buildings. To solve
these problems, scientists are looking for ways to reduce the environmental impact of concrete, including the development of green
production processes and the addition of other ingredients such as GGBS, fly ash, slag and wollastonite powder. In addition, the use
of concrete in construction can be beneficial to the environment by extending the life and energy consumption of buildings and
structures. Due to the need for sustainable construction, the development and use of the production process is important. The
addition of supplementary cementations materials (SCM) to concrete is one way to reduce the environmental impact of the cement
production process. SCM is a material that can replace ordinary cement when making concrete. This will reduce the energy
consumption and greenhouse gas emissions associated with cement production. Examples of SCMs include waste materials
produced in industrial processes such as fly ash, slag, lime mud, wollastonite, GGBS and silica dust. These compounds reduce the
cement content while improving workability, strength and durability.
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In addition, the use of SCM will increase the durability of concrete by reducing shrinkage and cracking, increasing chemical
resistance and freeze-thaw resistance, and extending the service life of samples. The use of SCM in construction has the potential to
increase the durability and performance of concrete while reducing the environmental impact of construction. The addition of SCM
to the cement mixture is called ternary and quaternary binders, and these are another way to improve the properties of concrete.
Many studies have been conducted to examine the microstructure, strength, and durability of quaternary concrete composites by
considering the effects of various factors. In addition, the damage and performance of concrete produced from quaternary cement
has been investigated using methods such as correlation of digital images.

1. OBJECTIVE
To bring out the weak concrete, it can be replaced by partially replacing the cement with fly ash at the rates of 5%, 10%, 15% and
20% and keeping the ideal fly ash replacement rate as one hundred, then add cement. in ordinary stone, there are additional minerals
such as 0%, 5%, 10%, 15% and 20% wollastonite. fly ash partially replaces the cement.

IHHLLMATERIALS

Concrete is made by mixing cement or glue for material or material to fill the gaps left by assembly and joints. This experiment was
designed to determine how the combination of wollastonite-fly ash (WP-FA) affects the mechanical properties and durability of
M40 concrete specimen. The strength of concrete containing 5%, 10%, 15% and 20% fly ash was investigated. The replacement of
fly ash remained unchanged, while more cement can be replaced with mineral materials such as wollastonite (5%, 10%, 15%, 20%).
The main components used in this study are water, fine and coarse aggregates, wollastonite-fly ash and cement. Quality data as per
IS: 383-2016 Standards, IS: 383-2016 Water [Portable], Coarse Aggregate, Wollastonite Fly Ash Compliant.
Class 53 Common Portland Cement, adhering to IS: 269-2015
Fine Aggregate, adhering to IS: 383-2016
Coarse Aggregate, according to 1S: 383-2016
Water [Portable]
Wollastonite & Fly ash
Super plastisizer Conplast wl xtra

IV.EXPERIMENTAL INVESTIGATION

Normal Consistency of Cement 34%
Setting Time of Standard Cement Intial -37 min
Final - 562 min
Specific Gravity Of Cement 3.10
Fineness Test of Cement by Sieve Analysis 97%
Soundness of Cement 3mm
Fineness Modulus of Fine Aggregate 4.07
Fineness Modulus of Coarse Aggregate 3.9
Specific Gravity of Fine aggregate 2.56
\Water Absorption Test on Fine Aggregate 1.59%
Bulking of Fine Aggregate 30.73%
Specific Gravity & Water Absorption of Coarse aggregate 268 & 1.68%
Specific Gravity of Wollastonite & Fly ash 297 & 2.24
Size(um) of Wollastonite & Fly ash <1t020 &
<10to 100
Colour of Wollastonite & Fly ash White & Greyish white
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V. MIXDESIGN

Grade M40
Proportion 1:1.65:2.92
WI/C ratio 0.36

Cement 414 Kg/m?®

Fine Aggregate 684 Kg/m®
Coarse Aggregate 1208 Kg/m?
Water 149 Kg/m?
Chemical admixture 4.03 Kg/m®

VI.PERFORMANCE TESTING AND RESULTS

Table No. 6.1 Test results of Compressive Strength for 7, 14 & 28 days for M40

Compressive Compressive Compressive
Mix % Replacement Strength for 7 days | Strength for 14 days | Strength for 28 days
in MPa in MPa in MPa
0%FA +100% Cement 30.46 43.38 49.29
5%FA + 95% Cement 31.69 44.13 50.72
10%FA + 90% Cement 32.85 45.89 51.84
15%FA + 85% Cement 33.94 46.68 52.51
20%FA + 80% Cement 29.64 41.35 48.63
15% FA+5%WP+80% Cement 34.14 47.71 52.70
15% FA+10%WP+75% Cement 34.89 48.04 53.64
15% FA+15%WP+70% Cement 35.53 49.67 55.25
15% FA+20%WP+65% Cement 34.77 48.41 53.39
&0
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Graph No. 6.1 Development of Compressive strength after curing 7, 14& 28 days for M40
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Graph No 6.2 Relation between optimum Fly ash (15%)+%WP replacement and Compressive strength

Table no 6.2 Test results of Split Tensile Strength for 7, 14 & 28 days for M40

Split Tensile Split Tensile Split Tensile
Mix % Replacement Strength for 7 days Strength for 14 Strength for 28
in MPa days in MPa days in MPa
0%FA + 100% Cement 2.62 3.76 4.28
5%FA +95% Cement 2.69 3.83 4.31
10%FA + 90% Cement 2.71 3.89 4.37
15%FA + 85% Cement 2.83 3.96 4.46
20%FA + 80% Cement 2.80 3.91 4.39
15% FA+5%WP+80% Cement 2.89 4.02 4.50
15% FA+10%WP+75% Cement 3.01 4.24 4.73
15% FA+15%WP+70% Cement 3.62 4.77 5.12
15% FA+20%WP+65% Cement 3.14 4.20 4.58
° O%aFaA + 10O0%s S5%aFA + 95%5 A0%sFA + 90%6 15%sFa + B5%6 2098 FA + B0%6
Cement Cement Cement Cement Cement

m Split Tensile Sstrength for 7 days in MPa
m Split Tensile Strength for 14 days in MPa
m Split Tensile Strength for 28 days in MPa

Graph No 6.3 Development of Split Tensile strength after curing 7, 14 & 28 days for M40
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Graph No 6.4 Relation between optimum Fly ash (15%)+%W?P replacement and Split Tensile strength
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Table No 6.3 Test results of Flexural Strength for 7, 14 & 28 days for M40

Mix % Replacement Flexural S'_crength Flexural St_rength Flexural St_rength for
for 7 days in MPa for 14 days in MPa 28 days in MPa
0%FA + 100% Cement 4.71 5.91 6.62
5%FA + 95% Cement 4.92 6.72 7.04
10%FA + 90% Cement 5.18 6.94 7.23
15%FA + 85% Cement 5.57 7.13 7.59
20%FA + 80% Cement 5.04 6.74 7.08
15% FA+5%WP+80% Cement 5.58 7.17 7.64
15% FA+10%WP+75% Cement 5.74 7.42 7.95
15% FA+15%WP+70% Cement 6.02 7.86 8.28
15% FA+20%WP+65% Cement 5.72 7.45 8.02
2.3 7.59

O KB KMOW s WM s m

0%eFA + 1009 5% FA + 95% 10%FA + 90% 15%FA + B5% 200eFA + B0%
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B Flexural Strength for 14 days in MPa
m Flexural Strength for 28 days in MPa

Graph No 6.5 Development of Flexural strength after curing 7, 14 & 28 days for M40
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Graph No 6.6 Relation between optimum fly ash (15%)+%WP replacement and Flexural strength
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Table no 6.4 Test results of Compressive, Tensile & Flexural Strength for 28 days for M40

. Compressive Tensile Strength in Flexural Strength in
Mix % Replacement Strengfh in MPa MPa ’ MPa ’
0%FA + 100% Cement 49.29 4.28 6.62
5%FA + 95% Cement 50.72 4.31 7.04
10%FA + 90% Cement 51.84 4.37 7.23
15%FA + 85% Cement 52.51 4.46 7.59
20%FA + 80% Cement 48.63 4.39 7.08
15% FA+5%WP+80% Cement 52.70 4.50 7.64
15% FA+10%WP+75% Cement 53.64 4.73 7.95
15% FA+15%WP+70% Cement 55.25 5.12 8.28
15% FA+20%WP+65% Cement 53.39 4.58 8.02
%0 51.84 5251
5 | 2929 50.72 - 48.63
40
a0
20
10 28562 31794 37’23 as’>° 397 08
0

0%FA + 100% 5%FA +95% 10%FA +90% 15%FA + B5% 20%FA + BO%
Cement Cement Cement Cement Cement

B Compressive Strength in MPam Tensile Strength in MPam Flexural Strength in MPa

Graph No 6.7 Development of Compressive, Tensile & Flexural strength after 28 days for M40

It was found that when cement was replaced with 15% fly ash, the strength properties increased and then decreased. The maximum
Compressive strength of the 15% fly ash mixture is 52.51 N/mmz2, which is 6.53% higher than the reference mixture where as
Tensile strength is 4.46 N/mm2 which is 4.20% higher than reference mixture and Flexural strength is 7.59 N/mm2 which is 14.65%
higher than reference mixture. The change in strength properties with different proportions of fly ash replacement cement of class
M40 is shown in Graph No 6.7.
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Graph No 6.8 Relation between optimum fly ash (15%)+%WP replacement and Compressive, Tensile & Flexural strength
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Among all WP substitutes, the highest strength is achieved when mixed with grade M40, which contains 15% fly ash and 15% WP.
As the WP content of concrete increases, its strength properties first increases up to 15% and then decreases. The maximum strength
is achieved when the fly ash content is 15%, and 15% WP reaches a compressive strength of 55.25 N/mm2 which is 12.09% higher
than the composite material where as tensile strength of 5.12 N/mm2 which is 19.62% is higher than the composite material and
flexural strength of 8.28 N/mm2, which is 25.07% higher than the composite materials. The changes in the strength properties of
WP concrete containing 15% fly ash and above are shown in Graph No 6.8.

A. Durability Test

The most immediate threat to the longevity of concrete is chloride assault. It accounts for over 40% of concrete structural failures.
Chloride attack weakens the steel's resistance to deterioration in the presence of oxygen and water, hence decreasing the structure's
longevity. Concrete cubes measuring 150 mm were cast and allowed to cure for a total of 28 days in order to conduct this test.
Specimens were allowed to cure for 28 days before cube surfaces were cleaned and weighed. The specimens were submerged in a
sodium chloride solution made by mixing 50 liters of distilled water with 5% sodium chloride salt (by volume of water).
Periodically, the solution was examined. The specimens were taken out of the solution after 28 days. Table displays the percentage
of strength reduction that was calculated.

Table no 6.5 compressive strength after exposure to 5% sodium chloride for a month

Compressive strength after | Compressive strength after N
. . . Reduction in

Mixes 28 days of normal 28 days of sodium chloride strenath %
curing(MPa) curing(MPa) gih >

Conventional mix 49.29 46.78 5.09

0, 0, 0,
15% Fly ash + 15% WP + 70% 55.95 53.26 3.60
Cement
VII. CONCLUSIONS

Based on the over investigate, the taking after investigation was carried out on fake concrete in which cement was in part supplanted

with Fly fiery debris and the mineral added substance Wallostonite.

1) As the wollastonite proportion within the Concrete changes, its workability decreases.

2) It was found that the greatest quality within the add up to rate of cement altered with Fly fiery remains happened at 15% Fly
ash.

3) Compared to other blends, the most elevated concrete properties were gotten with concrete blends containing 15% Fly fiery
debris and 15% Wollastonite.

4) According to the test comes about, it was decided that the quality of the concrete combined with fly fiery debris and
wollastonite expanded way better than the fly fiery remains concrete mixture.

5) It is seen that the utilize of 15% fly fiery remains increments the compressive quality by 6.53%, part pliable quality by 4.46%
and twisting quality by 14.65% compared to ordinary concrete.

6) Compared to ordinary concrete, it is seen that the utilize of 15% Fly fiery remains and 15% Wallostonite increments the
compressive quality by 12.09%, part malleable quality by 19.62% and twisting quality by 25.07%.

7) When half supplanted by 15% wollastonite cement and 15% fly fiery remains cement, it has exceptionally great resistance
tochloride assault compared to ordinary concrete.
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