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Abstract

Buildings will have to figure out how to use new technologies and materials that deliver good performance at a
reasonable cost while also minimising their environmental impact in the future.

There has been a great deal of study and practical experience in the application of FA in concrete during the last
decade. Consequently, the use of FA in the production of concrete is on the rise for a variety of reasons,
including both performance and costs. As it becomes increasingly apparent, FA is a valuable tool in the
production of high-performance concrete, high-volume FA concrete, and RCC. In the early years of low calcium
FA use, there was a noticeable slowdown in strength gains. However, this may now be remedied. During the
early years of employing low calcium FA, several issues were observed. Ash that has passed quality control has
been employed, in part, to achieve this goal, as well as simple alterations to the proportions of different
ingredients in concrete mixes (such as ash, sand and stone), cement and water.
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Introduction

It has been decided by the Indian Ministry of Road Transport and Roads that rigid pavement shall be the
predominant technique of construction for national roads in the near future. This decision was based on factors
such as service life, fuel consumption, weather conditions, and the costs of maintenance and natural resources.
The decision aims to encourage environmentally-friendly construction practises. There's also been an increase in
worldwide attention to environmental degradation in the recent year. It was first introduced during the Rio
Summit in 1992 when the term "sustainable development™ was coined. Sustainable development is defined as
"economic activity that is compatible with Earth's environment."”

Gravel, sand, water, and PC are the main ingredients of concrete, which is one of the most versatile building
materials. Reinforced concrete is very strong and can be moulded into any shape. Environmental concerns have
risen sharply as a result of the increased manufacture of PC. PC manufacturing accounts for 6% to 7% of all
human-produced carbon dioxide (CO2) emissions. That's the equivalent of 330 million cars travelling 12,500
miles each year" in greenhouse gas emissions. Although FA is a waste product, it may be utilised to replace a
significant amount of PC. This has a significant impact on concrete's environmental performance. FA, which is
mostly composed of silica, alumina, and iron, generates a chemically comparable result to PC when mixed with
lime and water. As a byproduct of combustion in coal-fired power plants, FA is typically thrown in landfills.
Additives that have less of an influence on the environment and so are more ecologically friendly may be used in
big volumes to create more durable and long-lasting concrete. Because of its strength and lower water content,
cracking is reduced.

Problem Definition

Future smart cities and environmentally friendly projects will face a huge competition from infrastructure and
construction sectors when it comes to the use of new technologies and high performance that are created at cheap
and acceptable prices while having a lower environmental effect. In the long run, this is going to be the most
difficult thing to get over. A common side effect of focusing only on a project's budget is an increase in
construction speed. We'll need to know more about the environmental and social consequences of our decisions
in the future. The usage of significant quantities of FA concrete may result in increased durability.
Environmental concerns have been highlighted lately due to the release of large volumes of FA from coal-fired
power plants. Besides its use and disposal, this is a concern because of its environmental danger and the role it
plays in the plastic properties of concrete, such as its durability, workability and strength. In the form of slurry or
earth fill, it is often put near plants or used for embankment fillings. It's even been known to catch fire. PFA is a
resource that may be used to a variety of different applications. This is due to FA's pozzolanic characteristics.
Cement and other ash-based products benefit greatly from its use as a raw material. Groundbreaking projects

26


https://doi.org/10.33545/26648776.2022.v4.i1a.43

International Journal of Research in Engineering www.engineeringpaper.net

ranging from embankment construction to structural fill to low-lying area development may benefit from the
geotechnical properties of bottom ash; pond ash; and coarse FA. A broad spectrum of nutrients essential for plant
growth may be found in pond ash, which is similar to soil in terms of both physical and chemical properties. In
agriculture and soil amendment, "soil amender and source of micronutrients” may profit from these properties.

Aggregates

Aggregate is used as reinforcement in concrete and asphalt concrete, increasing the overall strength of the
composite. Using aggregates in drainage applications such as foundation and French drains, septic drain fields,
retaining wall drains, and roadside edge drainage is a common occurrence. Aggregate isn't only used for
foundations, roads, and rail lines. In the construction of concrete, it may be utilised as a low-cost cement or
asphalt extender, as well as a solid foundation or road/rail base with predictable and homogeneous characteristics
(e.g. to help minimise differential settling under the road or structure). The American Society for Testing and
Materials (ASTM) classifies a wide range of aggregate building materials according to their specific design,
making them appropriate for a wide range of construction projects. This category includes aggregates that may
be used in asphalt and concrete mixes, as well as in other construction projects. Aggregate material criteria are
being updated by state transportation agencies so that aggregate usage may be adapted to local demands and
availability.

Results and Discussions

Compressive, Flexural and Split Tensile Strength Tests on Regular Concrete as well as Large Volume FA
Concrete at Different Curing Days with Different Percentage of Cement Substitution will be Given and
Discussed in this Article In order to provide the current research concept, it is necessary to compare the results of
various samples. After the required curing period, the specimens were allowed to dry before being tested as well.

Compressive Strength

Compression testing machine with a capacity of 200 tonnes. When a 150mm3 specimen was put between two
movable but permanently attached plates, a hydraulic jack raised it to the appropriate height for testing. When
the hydraulic jack was connected to an electronic monitor, the load was instantly measured. The loading rate was
maintained at the same level throughout the study. averaging three cubes' compressive strengt.

Table 1: Comparison of variation of compressive strength of M40 for different replacement Level of cement by

FA
Compressive Strength (MPa)
Mix Designation Percentage Replacement by fly ash Duration of moist curing (days
7 28 56
Mix 1 0% 35.55 51.15 54.27
Mix 2 20% 35.42 55.47 55.55
Mix 3 30% 28.52 48.43 54.55
Mix 4 40% 25.52 43.15 48.51
Mix 5 50% 20.71 35.18 45.29
Mix 6 60% 15.82 28.11 35.44
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Fig 1: Variation in compressive strength of M40 at different FA content and curing days

27



International Journal of Research in Engineering

Table 2: Variation of Flexural strength M40 for different replacements levels of Cement by FA
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Flexural Strength (MPa)
Mix Designation | Percentage Replacement by FA Duration of moist curing (days)
28 56
Mix 1 0% 7.02 7.15
Mix 2 20% 6.90 7.20
Mix 3 30% 6.25 7.05
Mix 4 40% 5.40 6.28
Mix 5 50% 450 5.20
Mix 6 60 % 3.25 3.85
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Fig 2: Variation of flexural strength of M40 with age at different FA content

Split Tensile Strength

Concrete's tensile strength may be determined using a test that breaks a concrete cylinder in two. Identifying the
maximum load at which concrete will break under direct tensile stress is critical because of the nature of
concrete's brittleness. The split tensile strength of all the mixes was evaluated after 28 and 56 days.

Table 3: Variation of split tensile strength of M40 for different replacement levels of cement by FA

Fig 3: Variation of Split tensile strength of M40 with age at different FA content

Split tensile strength
Mix Designation Percentage Replacement by FA Duration of moist Curing days
28 56
Mix 1 0% 441 4.45
Mix 2 20% 4.28 4.59
Mix 3 30% 3.80 4.34
Mix 4 40% 3.37 3.95
Mix 5 50% 2.74 2.88
Mix 6 60 % 1.87 241
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The control mix with 0% FA had the greatest "split tensile strength" after "28 days of curing" of 4.3 Mpa. After
56 days of curing, the split tensile strength rises as the FA concentration falls. The maximal strength is found to
be at an FA replacement rate of 20% after 56 days (4.49 Mpa). Split tensile strength after 56 days of curing is
similar to the control mix's after 28 days of curing if 30 percent is used. It is because of the FA's pozzolanic
activity that FA concrete develops strength faster than normal concrete after 28 days of curing. Using 40% FA
reduces the rise in tensile strength percentage. After cement hydration to FA, there is no free lime left, hence
strength decreases as FA concentration rises.

Conclusion

The price of concrete rises as the amount of fatty acid (FA) in it increases. A cubic metre of M40 concrete with
50% FA content costs Rs 1358 less per cubic metre than a cubic metre of M40 control mix after 56 days of
curing After 7 and 28 days of curing, the compressive, tensile, and flexural strength of M40 concrete with a
control mix (i.e. 0% fly-ash) reaches its maximum, whereas the strength of M40 concrete with 20% fly-ash
content reaches its maximum after 56 days (i.e. the maximum strength). With the addition of FA, strength starts
to deteriorate. After 56 days of curing, the mix reaches its unique compressive strength even with a 50% FA
content. Throughout the years, the concrete mix's strength considerably increases. Concrete containing 50% FA
demonstrated the largest gain in compressive strength after 56 days, up 22%. Large-volume FA concrete may
decrease the cost of green pavements compared to a control mix.
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