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Abstract 

Concrete is predominantly made up of cement. Cement manufacturing results in the emission of a large 

quantity of carbon dioxide in the air. Use of fly ash in concrete is advantageous for the environment 

and provides lasting durability. By utilizing a reduced amount of cement, it contributes to the 

conservation of materials such as limestone and coal that are essential for cement production.  

While it remains ever-present and never diminishes, generating it requires a considerable amount of 

power. So, it's a good idea to use cement carefully. Concrete is a durable substance can be moulded 

into various forms. It is frequently employed in construction for its multifunctionality. Finding a good 

replacement for cement in concrete is really important because we don't want to make the quality of 

the concrete worse. A powdery substance known as fly ash contains a significant quantity of cement. 

The study investigated the replacing other materials with fly ash on the M30 grade high strength 

concrete. We tested different quantities of cement, such as no cement, 10%, 20%, and 30%. 

Incorporating a larger amount of fly ash in the concrete mix creates a more manageable and robust 

material. Furthermore, it's been discovered that the inclusion of higher proportions of fly ash results in 

a reduction of concrete durability. 
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INTRODUCTION 

The use of waste in reinforced concrete has environmental benefits. This form of concrete is known as 

"Eco-friendly or Green Concrete". Factories can use different types of waste to make concrete. The 

waste from industrial processes, such as rice husk ash, iron production waste, pond ash, red mud, 

phosphorus production waste, gypsum, and crushed glass, is commonly used in concrete instead of 

sand and cement. The environment will face major issues if fly ash continues to be dumped in large 

quantities. The term "ash" refers to the byproduct created during coal combustion in thermal power 

plants. Ash particles range in size from one to 600 microns. Cement is made up of tiny particles known 

as fly ash.  

The residual fly ash are mixed with water to form a sludgy slurry, which is subsequently deposited in 

ponds called as Ash ponds. 

For that reason, researchers worldwide are striving to identify ways to repurpose this waste material 

in diverse ways. It is a good idea to utilize it within the cement industry for this specific purpose. There 

is an increasing need for fine aggregate, but there is a decreasing natural supply of it. Therefore, we 

must locate an alternative source for obtaining it to use in concrete production. The idea of utilizing 

pond ash, a byproduct of power plants, rather than sand in concrete, is under consideration. 

Producing concrete necessitates the use of an expensive substance known as cement. Although it is 

easy to find, making it uses up a lot of energy. So, it's a good idea to use less cement. Concrete is a 

highly practical material for construction due to its durability, strength, and versatility in shaping. 

Finding a substitute material for cement into concrete without reducing its quality is highly beneficial. 

Fly ash is substance that behaves similarly to cement. 
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ASH PRODUCTION AND ITS AVAILABILITY  

A country's economy and industries need power to grow. In India, coal is a major source for electricity 

production. The burning of coal contributes to about 60% of the energy we consume. Indian coal does 

not burn effectively, leading to a substantial amount of ash remaining after combustion. This indicates 

that coal-burning power plants create a large quantity of ash. From 2021 to 2022, the total ash 

production from these power plants amounted to 109 million tons. Four varieties of ash can be 

produced by a coal-powered thermal power plant. 

Fly Ash: Electrostatic precipitation is the method used to collect fly ash, the dry form of ash from flue 

gas. The strong properties of this ash make it suitable for use in cement production. 

Bottom Ash: The ash that accumulates at the bottom of the boiler furnace is known as bottom ash. The 

material is rough to the touch and has a significant amount of carbon remaining. It isn't similar to 

pozzolan. 

Pond ash: is created by combining fly & bottom ash with water to form a slurry. Next, the slurry is 

transferred to ponds with the water being extracted. Pond ash is the material left over from deposits in 

a pond. 

Mound ash: When fly ash & bottom ash are blended together and stacked in a dry area, the resulting 

product is called mound ash. 

All varieties of ash are classified as Pulverized Fuel Ash (PFA) according to the Indian Standard IS: 

3812 (Part-1). 

The fly ash produced in India's modern power plants is of great quality as it contains very little carbon 

and sulphur remnants. An organization that doesn't waste much. Air power is utilized in this system to 

extract fly ash from (ESP) Electrostatic Precipitators and store it in bins. The option exists to move it 

from storage silos or closed tankers to an open truck, or to package it into bags using a bagging 

machine. The number of sections the ESP can vary, ranging from 6 to 8 depending on its design. The 

section located near the boiler is known as the first field, and each successive section is counted as 

second, third, and beyond.  

The Objective of the research is to find out something new. 

1. Calculate the stability of fly ash as a substitute for concrete in both reinforced and unreinforced 

scenarios. 

2. Determine which proportion of fly ash generates the best compressive strength. 

 

REVIEW STUDY OF LITERATURE 

This section briefly discusses the findings of other research on the significant characteristics of fly ash. 

Moreover, it will investigate the written work on the simultaneous use of fly ash and cement, and how 

the inclusion of fly ash impacts the ease of handling and the structural integrity of concrete. They also 

looked at researchers have found on blended cements. fly ash activation experiments have been 

thoroughly examined. Additionally, we have explored the combination of fly ash with other substances, 

the consequences of extreme heat, and the influence of varying harsh environments on blended fly ash. 

We have only given a brief overview of these topics. 

1. Z. Zimar et al. (2022) First, the review describes the advantages of using fly ash for stabilizing soil 

before delving into the characteristics of fly ash. The functionality of stabilized pavements is illustrated 

through the use of small models containing both Class C and F fly ashes. The chemical reaction in fly 

ash is stronger than the process of exchanging particles, based on detailed research at a small scale. 

Except for peat clays, adding fly ash and letting the soil cure for a longer time made most soft soils 

stronger. To achieve the best results, An ideal approach would be to incorporate 15% of class C fly ash 

and monitor its strength and waterproofing capabilities over a 7-day curing process. 

2. Bose (2018) In our investigation, we tested the durability of clay when blended with fly ash. This 

involved measuring how the soil changes in size and strength when it dries or gets wet. Adding 

different amounts of fly ash made the soil stronger. The research showed that adding more fly ash 
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made the clay-fly ash mixtures less flexible. By mixing of ash with cement, the particles are made 

smaller and a chemical reaction is initiated, making it easier to work with. The increase in fly ash in 

the mixture leads to a decrease in clay swelling. Furthermore, adding fly ash reduced the perfect 

amount of moisture in the mixture, but it made the mixture denser and stronger.  

3. Phani Kumar and Sharma (2017) The study analysed how fly ash influences the size fluctuation 

of two distinct clay types, with one showing minimal alteration and the other exhibiting substantial 

changes in size. The research explored how fly ash influences the swelling properties of clay. 

Additionally, we gained insights into the compressibility of the clays and their evolution as they settle 

over time. According to the research, the soil's swelling ability and pressure decreased consistently 

when fly ash was introduced at a constant dry weight. However, as the clay's weight remained constant, 

the swelling pressure rose. Therefore, the buildings constructed on these solid clay grounds settled less 

and became more stable in a shorter amount of time. Additionally, as the quantity of fly ash rose, the 

maximum dry soil weight increased while the optimal moisture level decreased. 

4. Bin-Shafique et al. (2017) This research examined the impact of weathering on the effectiveness 

of fly ash in enhancing two soil types, such as exposure to moisture and subsequent drying, as well as 

freezing and thawing. They wanted to see how it holds up over time. We gathered soil samples from 

both malleable and non-malleable soil for testing. The incorporation of Class C fly ash improved the 

quality of the soil. 

5. Kate (2013) The research explored how addition of ash, with or without lime, could increase  

strength & stability of soil when it experiences changes in volume. Different quantities of bentonite 

and kaolin clay were mixed to examine the soil's swelling behavior, pressure generation, and 

unconfined strength. The findings indicated that greater amounts of fly ash led to a reduction in the 

material's swelling. By mixing in a small amount of lime, the reduction of these numbers in fly ash can 

be achieved. When more fly ash is used, there is little difference in the strength of the material. Adding 

lime makes these values go up a lot. At first, incorporating fly ash did not result in a significant 

improvement in the strength of the stabilized soils. On the other hand, their strength increased 

significantly following improvements. By incorporating the correct quantity of fly ash, it is possible 

to enhance the strength of less resilient soils. When utilizing materials with high expansion, it is 

advisable to use a small amount of lime and fly ash. 

6. Lin et al. (2013) Analysed different samples of soil under a microscope to determine their response 

to the application of Class C Fly Ash. This included looking at their ability to exchange certain 

particles, their minerals, and their small structures. We employed XRD to detect changes in minerals 

and SEM to examine detailed features. Using the method of Energy Dispersive X-ray Spectroscopy 

(EDXS), the scientists were able to analyze the distribution of the stabilizing agent in the material. The 

soil's strength was improved and its tendency to swell was decreased through the CFA stabilisation 

process. It also reduced the amount of clay and water in the soil. A reaction occurred between the soil 

and fly ash, leading to the creation of a layer of iron-oxide. This was confirmed by researchers through 

the use of X-ray diffraction and energy-dispersive X-ray spectroscopy. 

7. Prasad and Sharma (2011) Through our observation of the ground, we discovered that the 

combination of clayey soil, sand, and fly ash can increase the soil's strength. The main objective of 

this study is to discover a solution for disposing of fly ash while also creating suitable subgrade 

material for road construction. When compressed, the combination of clay, sand, and fly ash became 

more solid and sturdy, capable of supporting greater weight. After the clay became stable, it didn't 

swell as much. The mixture became less tightly packed and required additional water after the inclusion 

of fly ash. So, in places where there aren't many cars, we can use stabilized soil to make the roads. 

8. Cokca (2010) We experimented with various combinations of soil and additives such as lime, 

cement, and fly ash to determine their effectiveness in stabilizing unstable soil. The mixtures contained 

both high-calcium and low-calcium fly ash. The spacious soil contained varying mixtures of lime, 

cement, and fly ash. The samples were tested to see how consistent they were, what size grains they 

had, what chemicals were in them, and how much they swell for free. In addition, the fly ash samples 
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were kept in the right conditions before being tested for swelling in the oedometer. By using fly ashes, 

it is possible to improve the soil's resilience and prevent excessive expansion. Also, as the amount of 

stabilizer and cutting time increased, the plasticity index, activity, and swelling potential of the samples 

decreased. 

9. Zha et al. (2008) We analysed elements like soil grain size, water retention ability, and soil 

durability. In this study, we looked at how long curing affects how much the soil swells and how strong 

it gets. Our conversation cantered on the connection between the plasticity index and the expansion 

and contraction of soil. The findings indicated that increased fly ash or fly ash-lime content led to a 

decrease in the soil's plasticity, swelling potential, and shrinkage. With longer treatment, the soil 

experienced reduced swelling and pressure. There was not a significant variation in the unconfined 

compressive strength. After the samples were treated, their strength went up a lot.  

10. Senol et al. (2006) Presented a method for stabilizing soft ground using only fly ash, without the 

need for other additives. The specimens were formed by combining varying quantities of fly ash with 

varying quantities of water. In the laboratory, we utilized tests such as the CBR test, compaction, 

unconfined compressive strength, and index properties. We assessed the samples' strength and ability 

to support weight after a seven-day wait, in order to understand how their water content influenced 

these qualities. Utilizing fly ash in place of soft subgrade has been found to increase the strength of 

roads, as indicated by the research. It increased the strength of the road and improved its ability to bear 

heavy loads. So, making the soil more compact and stable at certain water levels could make the 

mixture stronger. 

11. Misra et al. (2005) Through a laboratory study, the researchers observed the solidification 

properties of C class ash and its combination with clay soils. Properties that make something stay 

steady or balanced. Measuring how strong, stiff, and prone to swelling the material is helped us see 

how well it can stabilize. We experimented with twelve diverse compositions of clay soil, water, fly 

ash, and varying quantities of kaolinite and montmorillonite to achieve self-hardening. We packed 

them together and let them harden. The treated samples were put underwater and checked for swelling 

using a special device. Also, we tested how well the material can withstand forces pressing on it 

without any restrictions, and we also tested its ability to resist being compacted. According to the study, 

the optimal water quantity required is influenced by the introduction of fly ash. During the week, the 

samples got a lot stronger and tougher, especially in just one day because of how fast the fly ash reacted 

with water.  

12. Temimi et al. (1998) The researchers investigated how the addition of fly ash could alter clay soils. 

The research investigated the impact of incorporating fly ash on the durability of clay. Various 

combinations of clay and fly ash were tested in experiments to observe their outcomes. By 

incorporating fly ash, the clay became more durable and better able to be molded together. Clay's 

pliability decreased while its capacity to harden and solidify heightened. 

13. Sivapullaiah et al. (1996) Highlighted the varying effects of using fly ash lime to modify soil 

expansion, plasticity, and liquid limits. The study focused on black cotton soil as the primary soil type. 

According to the research, the addition of fly ash had a notable effect on the soil's features. The way 

fly ash transforms is influenced by the size of its particles, the amount of free lime it contains, and its 

reactivity with pozzolanic materials. The coarseness of fly ash particles reduces its reactivity. 

Incorporating fly ash enhances the characteristics and increases the workability of the black cotton 

soil. 

14. Z. Zimar et al. (2022) First, the review describes the advantages of using fly ash for stabilizing 

soil before delving into the characteristics of fly ash. The functioning of stabilized pavements is 

illustrated through a small-scale representation using Class C and F fly ashes. The chemical reaction 

in fly ash is stronger than the process of exchanging particles, based on detailed research at a small 

scale. Except for peat clays, adding fly ash and letting the soil cure for a longer time made most soft 

soils stronger.  
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MATERIALS & DESIGN METHODOLOGY 

GENERAL 

We are interested in evaluating the performance of M30 grade concrete with the substitution of some 

cement with fly ash. The aim is to identify the most suitable proportion of fly ash to improve the 

concrete's strength. An investigation will be conducted to assess the durability of different concrete 

blends with varying proportions of fly ash replacing cement. We will measure compressive strength 

for each type of concrete. The research decided to vary the cement replacement levels, including 0%, 

10%, 20%, and 30%. 

MATERIALS USED 

CEMENT  

The introduction to water to cement results in a paste with a glue-like consistency. Once dried, it 

becomes hard and strong. Cement is a sturdy element that facilitates the quick adhesion of objects. The 

mixture of water, large rocks, and small rocks result in form of cement. Different kinds of cement are 

utilized in building construction which depends on the specific requirements of the project or unique 

design considerations. Many varieties of cement have been crafted by humans, yet Portland cement 

stands out as the most widespread and is utilized as the reference point for evaluating other innovative 

cements. 

 
Fig 2 Cement 

Throughout the investigation, we utilized Grade 43 Ordinary Portland Cement (OPC) from a single 

batch. The cement's physical properties, tested according to India Standard IS: 1489-1991, are listed 

in Table 3. 1 All tests were done based on the suggestions in IS: 4031-1988. Cement was kept in storage 

so it wouldn't get damaged by moisture. 

Table 1 Physical Properties of Cement 

Sr. No. Properties Observations 

1. Fineness (90 micron IS Sieve) 8 % 

2. Initial Setting Time 60 Min 

3. Final Setting Time  400 Min 

4. Standard Consistency 33 % 

5. 28-Days Compressive Strength 45 MPa 

 

FINE AGGREGATES 

In construction, river sand was employed as a material for small rocks. The dimensions and other 

physical application of the tiny clusters found in the Table 2. We took out pieces of clay and other soil 

before mixing it into the concrete. 

Table 2 Fine Aggregates (Physical Properties)   

Sr. No. Properties Observation 

1. Fineness Modulus  2.47 
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2. Specific gravity  2.54 

3. Bulk Density  1787 kg/m3 

4. Fine Aggregates Capacity to Absorb Water 0.14% 

COARSE AGGREGATES 

The proper functionality of concrete cannot be achieved by just mixing water and Portland cement. 

Utilizing sand, gravel, and crushed stones is essential for the production of concrete. They don't 

combine with other materials in concrete. In order to create durable concrete, it is essential to utilize 

clean rocks and sand. The concrete must be devoid of any contaminants and thoroughly cleaned to 

ensure its stability. Concrete utilizes a combination of small and large materials in its composition We 

utilized crushed rocks that were sourced locally and measured 12.5 mm in  in size as the big pieces in 

our project. In order to create durable concrete, it is essential to utilize clean rocks and sand. The 

concrete must be devoid of any contaminants and thoroughly cleaned to ensure its stability. Table 3 

shows the sieve analysis and other characteristics of aggregates. 

Table 3 Physical Properties of Course Aggregates 

Sr. No. Properties Observations 

1. Fineness Modulus of Course Aggregates 6.45 

2. Specific gravity of Course aggregates 2.62 

3. Bulk Density of Course Aggregates 1733.41 kg/m3 

4. Water absorption of course aggregates 0.88% 

FLY ASH 

Fly ash is produced as a waste material during the functioning of power plants. When power plants 

burn pulverized coal. The rocks and other substances in coal, like clay, quartz, and feldspar, will break 

apart to different extents. This leftover carbon is gathered as ash. The bigger bits of stuff sink to the 

Furnace's bottom. The smaller bits are gathered using cyclone separators. It's called fly ash.  

The burning of coal or lignite in power plant boilers results in the formation of fly-ash. In addition to 

its common name of fly-ash. 

WATER 

It's important for the water used in mixing to be fresh, clean, and easy to transport. It is important that 

the water used for mixing or drying concrete is devoid of any contaminants or impurities that could 

potentially undermine its integrity. It is acceptable to utilize water from a portable source for this 

purpose. 

 

MIX DESIGN 

We used the BIS 456-2000 & 10262-1982 guidelines to create a concrete mix : 

Table 4 Mix design of concrete 

S.No. Material Mix Design 

1. Grade  M30 

2. Type of Aggregate Cement Grade OPC43  

3. Aggregates Size 20mm 

6. Type of Aggregate  Crushed angular Aggregate OPC43 

7. Admixture Fly Ash 

 

METHODOLOGY 

Compressive Strength Test 

In accordance with the specifications outlined in IS 516-1959, we conducted tests to determine the 

compressive strength of various samples. After clearing the surface of any dust and water, the cube 

was inserted into a powerful press machine with a force of 200 tons. 

Procedure 
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1. In accordance with IS code 516-1959, the testing was conducted on cubes measuring 150 mm in 

every dimension. 

2. The samples were taken out of the water and examined after 7, 14, and 28 days. 

3. The apparatus was set up to evenly distribute the weight on each side of the cube during its 

production. 

4. The cube's capacity was exceeded as the weight was slowly raised with no sudden movements. 

5. The image depicts the cube being relocated to a different location as part of the experiment. 

6. The circular dish was precisely positioned to match the specimen's axes. 

7. The cube was given information about its maximum weight capacity. 

8. To determine compressive strength, divide the maximum weight by the cube's side area. 

 

RESULT & DISCUSSION 

Compressive Strength of M30 Concrete: The Compressive Strength test was performed on a range 

of specimens in accordance with IS 516-1959 criteria. The table displays the compressive strength of 

the cube after 7 and 28 days. To find out each sample's compressive strength, we tested them.  

Table 5 Result (Compressive Strength use fly ash grade M30) 

MIX % Replacement Cube Compressive Strength N/mm2 

7 Days 28 Days 

 

 

Fly Ash 

0% 20.39 30.72 

10% 22.17 32.59 

20% 22.55 34.12 

30% 23.02 35.16 

 

 

 
CONCLUSIONS  

The researchers examined the early hardness and resilience of recently cured concrete within a 

controlled environment. The amount of marble powder applied to the concrete was changed. The 

researchers are looking into how fly ash affects these qualities. Important information was acquired 

from the test. 

COMPRESSIVE STRENGTH OF CONCRETE 
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1. To determine the effectiveness of the mortar design mix, we formed cubes and tested their strength 

after a set hardening period. 

2. We experimented with varying levels of fly ash combined with cement in M30. We tried 0%, 10%, 

20%, and 30% fly ash. 

3. The M30 concrete's compressive strength after 7 days was 20. 39 with 0% replacement, 22. 17 

with 10% replacement, 22. 55 with 20% replacement, and 23. 02 with 30% replacement. 

4. After 28 days with varying replacement amounts, the strengths of M30 concrete are 30.72, 32.59, 

34.12, and 35.16. 

SCOPE FOR FUTURE STUDIES 

1. Discovering how to make concrete more efficient by incorporating specific materials like fly ash. 

2. By reducing the amount of cement and incorporating fly ash, we can investigate the durability of 

strong concrete. 

3. An increasing number of individuals will begin utilizing fly ash in concrete due to its ability to 

enhance building strength and its cost-effectiveness. 

4. By minimizing the negative effects of waste and discovering more efficient disposal methods, this 

study has the potential to contribute to a healthier environment. 

5. This will help to minimize industry waste and tackle the problem of dumping. 
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