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ABSTRACT

Due to increase in urbanization and increase in population there has been a tremendous increase in the
demand of concrete structure for fulfilling the requirements. This has led to a massive growth in the production
of cement. Globally about 5000 million tons of cement is manufactured annually which leads to production of
about 2000 million tons of carbon dioxide. This paper gives a thorough investigation into the production of
long-lasting concrete using Class F fly ash and Micro Silica. The percentage of replacement cement has been
enhanced without sacrificing acceptable qualities by determining an ideal replacement value utilizing two
different supplemental cementitious materials. In the first phase of the project, a study was conducted to
determine the workability of various concrete mixes containing fly ash and micro silica. The workability of
concrete was assessed using the slump cone test. In the final part of work a study on durability of concrete has
been done. To check the durability of concrete accelerated carbonation test and water permeability test have
been performed.
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I. INTRODUCTION

Concrete is one of the major building materials required for construction of structures concrete buildings,
concrete bridges, rigid pavements etc. Since concrete is stronger in compression, therefore the basic purpose of
using concrete is to provide required compressive strength to the structural elements that are constructed by
using concrete alone or concrete along with other materials. But over the years there has been a rapid change in
the field of construction technology that has subsequently led to the change in all kinds of things related to it.
There was a requirement of concrete that has improved compressive as well as tensile strength. There was a
requirement of concrete that has properties like self-compaction, self-healing, improved workability, improved
early age strength, reduced carbon footprint etc.

A detailed work has been done on development of sustainable concrete. Research on numerous engineering
properties of said concrete has been presented in various reputed journal. Following a thorough review of
these studies, it is possible to infer that the use of materials such as fly ash, silica fumes, GGBS, or other types of
pozzolanic improve the durability of concrete in general. Although much research has been done on the subject
of the durability of sustainable concrete, the majority of these studies have focused on the mechanical qualities
and durability of concrete. However, it was shown that while the addition of fly ash increases the workability of
concrete, the addition of micro silica or nano silica diminishes it. The workability of concrete is a key aspect in
determining its quality, as poor workability restricts the use of concrete for a wide range of applications. Also
most of the work done on sustainable concrete has been limited to either use of a single type of pozzolanic
material or keeping the percentage of one type of pozzolanic material constant and varying the percentage of
second type of pozzolanic material used to partially replace the cement. So this study aims at replacing cement
partially by three percentages of micro silica along with three different percentages of fly ash. A total of nine
different combinations have been used to partially replace the cement. The goal of utilising fly ash in concrete is
to improve its durability and workability, whereas the goal of using micro silica in concrete is to raise the rate
of hydration and density.
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II. OBJECTIVES

The key objectives of present work are as under:-

1. To investigate the effect of addition of various combinations micro silica and fly ash on workability concrete.
2. To investigate the effect of different combinations of fly ash and micro silica on permeability of concrete.

3. Toinvestigate the effect of different combinations of fly ash and micro silica on durability of concrete.

III. METHODOLOGY

The current work comprises an experimental analysis of blended concrete with nine distinct combinations of
micro silica and fly ash replacing cement. The percentages of fly ash used are 20%, 30% and 40%.While the
percentages of micro silica used are 7%, 14% and 21%. A total of nine different combinations have been used.
All combinations used have been tabulated below along with their code:

Table 1: Details of different concrete mix used in this research work

S.No Code Fly Ash % Micro Silica % Cement %
1 Reference Mix 0 0 100
2 F20S7 20 7 73
3 F20S14 20 14 66
4 F20S21 20 21 59
5 F30S7 30 7 63
6 F30S14 30 14 56
7 F30S21 30 21 49
8 F40 S7 40 7 53
9 F40 S14 40 14 46
10 F40 S21 40 21 39

IV.  TESTING OF CONCRETE

Various experiments on fresh and hardened concrete were carried out as part of this study. All the necessary
codal provisions as per relevant IS code have been followed during respective testing of concrete. The list of
tests performed in this study have been listed below:

i. Workability Test

il. Compressive Strength Test
iii. Permeability Test

iv. Carbonation Test

V.  RESULTS AND DISCUSSION

The findings of the concrete testing have been thoroughly discussed in this chapter. The grade of concrete
selected for the study was M30. For investigation as per requirement of the research cement in the concrete
was partially replaced by 20%, 30%, 40% fly ash and 7%, 14%, 21% micro silica in combination with each
other. On fresh concrete, a slump cone test was done, followed by several durability tests on hardened concrete.
Carbonation and water permeability experiments were performed as part of the durability testing. Concrete
was also subjected to a compressive strength test in order to determine its mechanical qualities. A tilting type
mixer was used to properly mix the concrete, which was followed by the filling of the moulds. For performing
permeability and compressive strength tests (150x150x150) mm moulds were used and for performing
carbonation tests (100x100x100) mm moulds were used.
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Table 2: Slump test results
S. No. Combination Slump Value (mm)
1 Reference mix 60
2 F20S7 75
3 F20S14 65
4 F20S21 60
5 F30S7 80
6 F30S14 75
7 F30S21 70
8 F40 S7 90
9 F40 S14 85
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Figure 1: Slump Test Results
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Figure 2: Compressive Strength Test Results
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Figure 3: Carbonated Concrete
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Figure 4: Carbonation Test Results
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Figure 5: Water Permeability of Concrete
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Results of water permeability test (k)
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Figure 6: Water Permeability Test of Concrete
VI. CONCLUSION

e The workability results show that as the amount of fly ash in the concrete increases, so does its workability.
This is mainly because of the spherical geometry and smooth texture of fly ash due to which there is
addition of lubricative fluid and reduction in water demand for maintaining same workability. But on the
other hand workability was found to get reduced on increasing the content of micro silica. This is mainly
because of the fact that particles of micro silica are finer than that of cement particles and fly ash which
increase the requirement of water content due to increase in surface area to be lubricated. Also micro silica
accelerates the process of hydration which ultimately decreases the workability of mix.

e When cement was substantially replaced with fly ash, the 28-day strength of the concrete was significantly
reduced. Because fly ash slows the rate of strength growth, the 28th day strength of fly ash concrete is
typically lower than that of concrete that does not include fly ash. However, when cement was replaced with
micro silica in fly ash concrete, there was an increase in strength, and it was discovered that adding micro
silica to concrete improves its compressive strength. The F20S14 mix, which contains 20% fly ash and 14%
micro silica, was judged to be the best value for substitute or replacement.

e The addition of fly ash has a detrimental influence on the carbonation resistance of concrete, according to
the results of the carbonation test. The addition of fly ash to concrete increased the carbonation depth. After
28 days of exposure, the carbonation depth measured in the reference mix was 10.3 mm, whereas the
lowest carbonation depth was obtained in a mix comprising 20% fly ash and 21% micro silica, known as
F20S21 in this study The main explanation for the negative effect of fly ash on concrete carbonation
resistance is that adding fly ash reduces the alkaline reserves of the concrete due to the consumption of
Ca(OH)2, which speeds up the carbonation process. Micro silica, on the other hand, diminishes concrete's
alkaline reserves while simultaneously increasing its density, which reduces permeability and so limits
carbon dioxide penetration into the concrete.

® The results of a water permeability test performed on concrete samples to investigate the permeability of
concrete confirmed the results of the accelerated carbonation test. The permeability of concrete rose with
the addition of fly ash, but decreased with the addition of micro silica. Permeability depth of the reference
mix was measured as 21 mm and lowest value of permeability was measured in concrete mix containing
20% fly ash and 21% micro silica designated as F20S21 in this research work. Water permeability was also
measured by calculating the coefficient of permeability for different concrete mixes. The results obtained
showed the mix F20S21 has least value of coefficient of permeability and mix F40S7 has the maximum value
of coefficient of permeability. These results were validating the results of the water penetration test.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science
[47]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:03/Issue:11/November-2021 Impact Factor- 6.752 WwWw.irjmets.com

ACKNOWLEDGEMENTS

I am highly grateful to Dr. Sehijpal Singh, principal Guru Nanak Dev Engineering College (GNDEC), Ludhiana for
providing me this opportunity to carry out the present thesis work. I sincerely thank Dr. H. S. Rai, Head of
Department, Civil Engineering, for providing necessary support and guidance.

[ sincerely thank my guides Dr. H. S. Rai, Professor and Head of Department, Department of Civil Engineering

and Er. Bhupinder Singh Walia, Asst. Professor, Department of Civil Engineering, for providing necessary

support for the completion of this project. Without their wise counsel and able guidance, it would have been
impossible to complete the research work in this manner.

I am greatly thankful to all the faculty members of Civil Engineering Department, GNDEC for providing

continuous support for learning. I am greatly thankful to Guru Nanak Dev Engineering College, Ludhiana for

creating an opportunity to study advanced techniques in civil engineering. I heart fully thank all my friends and
well-wishers for their continuous Professional and Personal support during my studies. I heart fully thank my
parents and my family for their support and love during my studies.

VII. REFERENCES

1] Aggregate, F., and Concrete, F. 0. R. (2019). “Product Manual for Coarse and Fine Aggregate for
Concrete According To Is 383 : 2016 Annex-a.” (August), 1-14.

[2] Antoni, Chandra, L., and Hardjito, D. (2015). “The impact of using fly ash, silica fume and calcium
carbonate on the workability and compressive strength of mortar.” Procedia Engineering, Elsevier B.V,,
125,773-779.

[3] Bendapudi, S., and Saha, P. (2011). “Contribution of fly ash to the properties of mortar and concrete.”
Int ] Earth Sci Eng, 04(06), 1017-1023.

[4] Berra, M., Carassiti, F., Mangialardi, T., Paolini, A. E., and Sebastiani, M. (2012). “Effects of nanosilica
addition on workability and compressive strength of Portland cement pastes.” Construction and
Building Materials, 35, 666-675.

[5] BIS:10262. (2009). “Indian Standard Guidelines for concrete mix design proportioning.” Bureau of
Indian Standards, New Delhi, New Delhi, India.

[6] BIS:3085. (2002). “Indian Standard Method of Test for Permeability of cement mortar and concrete.”
Bureau of Indian Standards, New Delhi, (Reaffirmed 1997), 1-12.

[7] Chousidis, N., Rakanta, E., loannou, I, and Batis, G. (2015). “Mechanical properties and durability
performance of reinforced concrete containing fly ash.” Construction and Building Materials, 101, 810-
817.

[8] Damera, H., Murthy, N. R. D., and Rao, N. V. R. (2020). “Mechanical and durability studies on blended
pozzolonic concretes with fly ash recycled aggregates.” Materials Today: Proceedings, Elsevier Ltd., 27,
1522-1529.

[9] Gopalakrishnan, R., Sounthararajan, V. M., Mohan, A., and Tholkapiyan, M. (2020). “The strength and
durability of fly ash and quarry dust light weight foam concrete.” Materials Today: Proceedings,
Elsevier Ltd., 22(xxxx), 1117-1124.

[10] Hosan, A., and Shaikh, F. U. A. (2021). “Compressive strength development and durability properties of
high volume slag and slag-fly ash blended concretes containing nano-CaC03.” Journal of Materials
Research and Technology, Elsevier Ltd, 10, 1310-1322.

[11] IS: 3812 (Part-1). (2003). “Pulverized fuel ash — specification. Part 1: For use as Pozzolana in cement,
Cement Mortar and Concrete (Second Revision).” Bureau of Indian Standards.

[12] [S:15388. (2003). “Silica Fume-Specification.” Bureau of Indian Standards, New Delhi, India, 1-13.

[13] IS 1199: 1959. (2004). “IS: 1199-1959: Indian Standard Methods of sampling and analysis of
concrete.” Indian Standards, 1199-1959.

[14] IS 456. (2000). “Concrete, Plain and Reinforced.” Bureau of Indian Standards, New Delhi, 1-114.

[15] IS 516:2014. (2004). “Method of Tests for Strength of Concrete.” IS: 516 - 1959 ( Reaffirmed 2004 ),
New Delhi, India.

[16] Khan, M., and Ali, M. (2019). “Improvement in concrete behavior with fly ash, silica-fume and coconut
fibres.” Construction and Building Materials, Elsevier Ltd, 203, 174-187.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science
(48]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:03/Issue:11/November-2021 Impact Factor- 6.752 WwWw.irjmets.com

[17]

Kurda, R., De Brito, J., and Silvestre, ]. D. (2019). “Carbonation of concrete made with high amount of fly
ash and recycled concrete aggregates for utilization of CO2.” Journal of CO2 Utilization, Elsevier,
29(September 2018), 12-19.

[18] Van Lam, T., Bulgakov, B., Aleksandrova, O., Larsen, 0., and Ngoc Anh, P. (2018). “Effect of rice husk ash
and fly ash on the compressive strength of high performance concrete.” E3S Web of Conferences, 33, 1-
13.

[19] Nath, P., and Sarker, P. (2011). “Effect of fly ash on the durability properties of high strength concrete.”
Procedia Engineering.

[20] Bearau of India Standards “Indian Standard ORDINARY PORTLAND CEMENT, 43 GRADE —
SPECIFICATION

[21] Quan, H. Z., and Kasami, H. (2014). “Experimental study on durability improvement of fly ash concrete
with durability improving admixture.” Scientific World Journal, 2014.

[22] Rekha, S., Jagadheeswari, Arunprasath, and Sumathy. (2020). “Durability properties of copper slag and
fly ash based concrete for a sustainable environment.” Materials Today: Proceedings, Elsevier Ltd,
37(Part 2), 2535-2541.

[23] Singh, L. P,, Ali, D., Tyagi, I, Sharma, U., Singh, R, and Hou, P. (2019). “Durability studies of nano-
engineered fly ash concrete.” Construction and Building Materials, Elsevier Ltd, 194, 205-215.

[24] Suda, V. B. R, and Rao, P. S. (2020). “Experimental investigation on optimum usage of Micro silica and
GGBS for the strength characteristics of concrete.” Materials Today: Proceedings, Elsevier Ltd,
27 (xxxx), 805-811.

[25] Zareei, S. A., Ameri, F., Dorostkar, F., and Ahmadi, M. (2017). “Rice husk ash as a partial replacement of
cement in high strength concrete containing micro silica: Evaluating durability and mechanical
properties.” Case Studies in Construction Materials.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[49]



