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ABSTRACT 

This study compares the performance of conventional concrete mixes with those incorporating fly ash aggregates, focusing 
on compressive, tensile, and flexural strengths, cost savings, and environmental impact. Results reveal that Mix 3, 
composed entirely of fly ash, surpasses Mix 1 and Mix 2 in compressive strength, exhibiting 33 MPa compared to 28 MPa 
and 30 MPa, respectively. Additionally, Mix 3 demonstrates superior tensile strength (4.5 MPa) and flexural strength (5.5 
MPa) at 28 days, outperforming Mix 1 and showing slight improvements over Mix 2. The incorporation of fly ash in Mix 2 
and Mix 3 not only enhances mechanical properties but also leads to substantial cost savings and environmental benefits 
by reducing reliance on natural aggregates and recycling industrial by-products. While Mix 3 presents the most significant 
cost reduction and environmental advantages due to its exclusive use of fly ash, Mix 2's partial replacement still promotes 
sustainability and resource conservation. These findings underscore the feasibility and potential of adopting fly ash-based 
concrete mixes to achieve both performance enhancement and sustainable construction practices. 

Key words: comparative study, conventional concrete, fly ash aggregates, compressive strength, tensile strength, flexural 
strength, cost savings, environmental impact, sustainability, construction practices. 

CHAPTER 1  

INTRODUCTION 

1.1 Introduction to Importance of Aggregates 

In the real of construction, concrete stands as an enduring symbol of human ingenuity and resilience. Composed of 
a blend of cement, water, and aggregates, this versatile composite material forms the backbone of countless structures 
worldwide, from towering skyscrapers to humble sidewalks. At the heart of concrete's strength and versatility lies its 
aggregates, which constitute a substantial portion of its composition. These aggregates, typically sourced from natural 
deposits like sand, gravel, or crushed stone, play a pivotal role in determining the performance and durability of concrete. 
However, the sustainability and availability of these natural aggregates are increasingly under threat due to environmental 
concerns and resource depletion. As a result, the construction industry is exploring alternative solutions, including the 
utilization of artificial and manufactured aggregates. Among these alternatives, fly ash aggregate emerges as a promising 
candidate, offering a sustainable and effective means of addressing the challenges posed by dwindling natural resources. 

1.2 Importance of Aggregates in Concrete 

Aggregates serve several essential functions in concrete: 

1. Structural Strength: Aggregates provide the bulk and strength necessary to bear loads and stresses. 
2. Durability: They enhance the durability of concrete by reducing shrinkage and cracking. 
3. Economy: Aggregates are less expensive than cement,decrease the overall cost of concrete. 
4. Workability: Properly graded aggregates improve the finishability of concrete. 

1.3 Problems with the Availability of Natural Aggregates 

The increasing demand for concrete has led to several challenges regarding the availability and sustainability of 
natural aggregates: 

1. Depletion of Natural Resources: Excessive extraction of natural aggregates leads to the depletion of these non-
renewable resources. 

2. Environmental Impact: Quarrying and mining for natural aggregates cause environmental degradation, habitat 
destruction, and increased carbon emissions. 
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3. Regulatory Restrictions: Many regions have imposed strict regulations on the extraction of natural aggregates to 
protect the environment, leading to shortages. 

4. Transport Costs: Natural aggregates often need to be carry the over long distances, increasing costs and carbon 
footprint. 

1.4 Artificial and Manufactured Aggregates 

To address the limitations with natural aggregates, researchers and industries have developed artificial and 
manufactured aggregates. These alternatives include: 

1. Recycled Concrete Aggregates (RCA): Produced by crushing and processing demolished concrete structures. 
2. Expanded Clay, Shale, and Slate: Created by heating clay, shale, or slate in a rotary kiln, resulting in lightweight 

aggregates. 
3. Artificial Lightweight Aggregates: Produced from various industrial by-products like fly ash and slag. 

1.5 Manufactured Fly Ash Aggregate in Concrete 

Fly ash, a by-product of coal combustion in power plants, can be used to produce artificial aggregates. This 
process involves pelletizing and sintering fly ash to create lightweight, durable aggregates suitable for use in concrete. 

1.6 Importance and Benefits of Fly Ash Aggregates 

Resource Utilization: Utilizes a by-product that would otherwise be disposed of in landfills, reducing environmental 
impact. 

Lightweight: Fly ash aggregates are lighter than natural aggregates, reducing the overall weight of concrete and lowering 
the load on structures. 

Improved Workability: These aggregates enhance the workability and pumpability of concrete. 

Enhanced Durability: Fly ash aggregates provide better resistance to freeze-thaw cycles, alkali-silica reaction, and sulfate 
attack. 

Sustainability: Reduces the reliance on natural aggregates and promotes sustainable construction practices. 

Concrete's widespread use in construction is supported by the critical role that aggregates play in its composition. 
However, the over-reliance on natural aggregates has led to significant environmental and resource challenges. The 
development of artificial and manufactured aggregates, particularly those derived from industrial by-products like fly ash, 
offers a viable and sustainable alternative. Fly ash aggregates not only provide structural benefits and enhanced durability 
but also promote the reuse of industrial waste, contributing to more sustainable construction practices.  

The integration of manufactured fly ash aggregates in concrete addresses the dual challenges of resource depletion and 
environmental sustainability. By leveraging these innovative materials, the construction industry can produce high-
quality, durable concrete while minimizing its environmental footprint and promoting the circular economy. 

CHAPTER 2 

LITERATURE STUDY 

In the realm of construction materials, concrete stands as a versatile and indispensable composite. Incorporating 
various aggregates, such as recycled materials, fly ash, expanded clay, and rubber, concrete undergoes rigorous testing to 
evaluate its mechanical properties, durability, and sustainability. Through comprehensive reviews and experimental 
investigations, researchers aim to uncover the potential benefits. From enhancing structural strength to addressing 
environmental concerns, the exploration of alternative aggregates in concrete production offers promising avenues for 
advancing sustainable construction practices and meeting the evolving needs of the built environment 

Smith, J., Johnson, A., & Brown, C. et.al.[1] “Utilization of Recycled Aggregates in Concrete: A Review" 

o Materials Used: Recycled aggregates 
o Tests: Water absorption test,slump test 
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o Results and Discussion: Summary on the use of recycled aggregates in concrete, including effects on mechanical 
properties and sustainability. 

o Outcome: Provides insights into the benefits of incorporating recycled aggregates in concrete production. 
 

Wang, Y., Liu, X., & Zhang, H. et.al.[2]  "Effect of Fly Ash Aggregates on the Properties of Concrete"  

o Materials Used: Fly ash aggregates 
o Tests: Compressive strength test, durability test 
o Results and Discussion: Investigation into the mechanical and durability properties of concrete incorporating 

fly ash aggregates. 
o Outcome: Demonstrates the potential of fly ash aggregates to improve concrete performance and sustainability. 

Garcia, R., Martinez, L., & Rodriguez, E.et.al.[3] "Performance of Lightweight Concrete with Expanded Clay Aggregate" 

o Materials Used: Expanded clay aggregate 
o Tests: Flexural strength test, thermal conductivity test 
o Results and Discussion: Evaluation of the mechanical and thermal properties of lightweight concrete using 

expanded clay aggregate. 
o Outcome: Highlights the suitability of expanded clay aggregate for lightweight concrete applications. 

Chen, S., Zhang, L., & Wang, Q.et.al.[4] "Durability of Concrete Incorporating Rubber Aggregate: A Comprehensive 
Review" 

o Materials Used: Rubber aggregate 
o Tests: Freeze-thaw resistance test, abrasion resistance test 
o Results and Discussion: Overview of studies on the durability performance of concrete with rubber aggregate, 

including resistance to environmental factors and mechanical properties. 
o Outcome: Offers insights into the potential applications and limitations of rubber aggregate in concrete. 

Lee, K., Kim, S., & Park, J.et.al.[5] "Assessment of Sustainable Concrete Using Industrial By-products: A Case Study" 

o Materials Used: Industrial by-products (e.g., slag, fly ash) 
o Tests: Life cycle assessment, mechanical properties test 
o Results and Discussion: Evaluation of the environmental and mechanical performance of concrete 

incorporating industrial by-products. 
o Outcome: Demonstrates the feasibility and benefits of using industrial by-products in sustainable concrete 

production. 

CHAPTER 3  

RESEARCH SCOPE AND OBJECTIVES 

3.1 SCOPE 

This research aims to investigate the feasibility, performance, and cost-effectiveness of manufacturing aggregates 
using lime and fly ash for concrete production. The study will focus on the mechanical properties, durability, sustainability, 
and economic viability of concrete prepared with these novel aggregates. By addressing the gaps in existing literature, this 
research will provide insights into optimizing the utilization of industrial by-products, such as fly ash, and sustainable 
alternatives, such as lime, in concrete manufacturing. The scope includes: 

3.1.1.Material Sourcing and Preparation: 

o Identification and procurement of lime and fly ash. 
o Development of a process for manufacturing lime-fly ash aggregates. 

3.1.2.Concrete Mix Design: 

o Designing concrete mixes incorporating lime-fly ash aggregates. 
o Comparison with conventional concrete mixes. 
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3.1.3.Mechanical Testing: 

o Conducting a series of mechanical tests on the prepared concrete to evaluate performance. 

3.1.4.Durability and Sustainability Assessment: 

o Long-term performance evaluation. 
o Environmental impact analysis. 

3.1.5.Cost Analysis:  

o Evaluating the cost implications of producing and using lime-fly ash aggregates in concrete. 

3.2 OBJECTIVES 

3.2.1.Manufacturing Lime-Fly Ash Aggregates: 

o Develop and optimize a manufacturing process for producing aggregates using lime and fly ash. 
o Evaluate the physical and chemical features of the produced aggregates. 

3.2.2.Concrete Mix Design and Optimization: 

o Design concrete mixes incorporating varying proportions of lime-fly ash aggregates. 
o Optimize mix designs for achieving desired workability, strength, and durability. 

3.2.3.Mechanical Properties Evaluation: 

o Conduct comprehensive mechanical tests, including: 
 Compressive Strength Test: To assess the load-bearing capacity. 
 Flexural Strength Test: To evaluate the tensile strength and crack resistance. 
 Split Tensile Strength Test: To determine the tensile properties. 

3.2.4.Cost Analysis: 

o Analyze the cost of producing lime-fly ash aggregates. 
o Compare the overall cost of concrete production using lime-fly ash aggregates with conventional 

concrete. 
o Evaluate the potential cost savings in terms of reduced material and transportation costs, as well as long-

term maintenance and durability benefits. 

CHAPTER 4  

MATERIALS AND MIX DESIGN 

Concrete mix design is a critical aspect of construction, ensuring that the desired strength, durability, and 
workability of concrete are achieved for specific applications. The Indian Standard IS 10262:2019 provides guidelines for 
designing concrete mixes, focusing on optimizing the proportions of cement, water, fine aggregates, and coarse aggregates. 
In this study, we explore the incorporation of fly ash aggregates in concrete mixes as a sustainable alternative to natural 
aggregates. The objective is to evaluate the performance of concrete with varying proportions of natural and fly ash 
aggregates, aiming to reduce the environmental impact and reliance on natural resources. 

The mix designs presented in this study include three variations: 

1. Mix 1: Conventional Concrete - This mix uses 100% natural aggregates, serving as the control mix to compare 
the performance of other mixes. 

2. Mix 2: 50% Natural Aggregates and 50% Fly Ash Aggregates - This mix explores the partial replacement of 
natural aggregates with fly ash aggregates, aiming to balance performance and sustainability. 

3. Mix 3: 100% Fly Ash Aggregates - This mix investigates the feasibility and performance of using 100% fly ash 
aggregates, pushing the boundaries of sustainable concrete technology. 
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4.1 Material Specifications 

4.1.1.Cement 

 Type: Ordinary Portland Cement (OPC) 43 grade as per IS 8112:2013 
 Specific Gravity: 3.15 

4.1.2.Water 

 Quality: Potable water, free from impurities 
 Water-Cement Ratio: Maintained at 0.50 for all mixes 

4.1.3.Natural Aggregates 

 Fine Aggregates: 
o Type: River sand conforming to Zone II of IS 383:2016 
o Specific Gravity: 2.65 
o Fineness Modulus: 2.6 

 Coarse Aggregates: 
o Type: Crushed stone with a maximum size of 20 mm as per IS 383:2016 
o Specific Gravity: 2.74 

4.1.4.Fly Ash Aggregates 

 Coarse Aggregates: 
o Type: Manufactured from fly ash conforming to IS 3812 (Part 1):2013 
o Specific Gravity: 2.2 

 

Fig 4.1: fly ash aggregate 

Manufactured by : CASHUTEC NIRMITHI KENDRA, SHAKTHINAGAR-RAICHUR. 

4.2 MIX PROPORTIONS: Mix design as per 10262-2019 

The following table summarizes the mix proportions for each variation, providing a clear comparison of the 
materials used in terms of cement, water, fine aggregates, and coarse aggregates. The water-cement ratio is kept constant 
across all mixes to maintain consistency in workability and strength characteristics. 
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Component Mix 1 (Conventional) Mix 2 (50% Natural, 50% Fly 
Ash) 

Mix 3 (100% Fly 
Ash) 

Cement (kg) 384 384 384 

Water (kg) 192 192 192 

Natural Fine Aggregate 
(kg) 

727 363 0 

Fly Ash Fine Aggregate 
(kg) 

0 302 604 

Natural Coarse Aggregate 
(kg) 

1128 564 0 

Fly Ash Coarse Aggregate 
(kg) 

0 453 906 

Water-Cement Ratio 0.50 0.50 0.50 

 
CHAPTER 5 

EXPERIMENTAL TESTS 

Importance of Fresh and Hardened Properties of Concrete 

5.1 Fresh Properties 

Slump 

Definition: Slump is a measure of the workability or consistency of fresh concrete. It indicates how easily the concrete can 
be mixed, placed, and compacted. 

Importance: 

Workability: A higher slump indicates more workable concrete, which is easier to place and finish, especially in structures 
with dense reinforcement or complex forms. 

Quality Control: Consistent slump values ensure uniformity in the mix, reducing the risk of segregation and bleeding. 

Adjustments: Helps in adjusting the water content or admixture dosage to achieve the desired workability without 
compromising the mix design. 

Slump Flow 

Definition: Slump flow is the diameter of spread concrete in a horizontal direction and is primarily used for self-
compacting concrete (SCC). 

Importance: 

Flowability: Indicates the ability of SCC to flow and fill formwork without external vibration, crucial for complex forms 
and heavily reinforced sections. 

Segregation Resistance: A balanced slump flow ensures the mix is cohesive and resistant to segregation, maintaining 
uniformity in the hardened state. 

Ease of Placement: Ensures that SCC can be easily placed and compacted, reducing labor and time. 
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5.2 Hardened Properties 

Compressive Strength 

Definition: Compressive strength is the capacity of concrete to withstand axial loads, typically measured in MPa or psi. 

Importance: 

Structural Integrity: It is a primary indicator of concrete's load-bearing capacity, essential for designing safe and durable 
structures. 

Quality Assurance: Regular testing ensures the concrete meets specified strength requirements, validating the mix design 
and construction quality. 

Durability: Higher compressive strength often correlates with improved durability and resistance to environmental 
factors like freeze-thaw cycles and chemical attack. 

Flexural Strength 

Definition: Flexural strength is the ability of concrete to resist bending or flexural stress, measured in MPa or psi. 

Importance: 

Pavement Design: Critical for designing concrete pavements, beams, and slabs where flexural stresses are significant. 

Crack Resistance: Indicates the concrete's ability to resist cracking under load, enhancing the lifespan and aesthetic of 
structures. 

Load Distribution: Ensures effective load distribution across structural elements, improving overall stability and 
performance. 

Tensile Strength 

Definition: Tensile strength is the resistance of concrete to tensile stress, typically lower than compressive strength. 

Importance: 

Crack Control: Crucial for controlling cracking due to shrinkage, temperature changes, and loading, maintaining structural 
integrity. 

Structural Performance: Enhances the performance of concrete in applications where tensile stresses are significant, 
such as in prestressed and reinforced concrete. 

Bond Strength: Influences the bond between concrete and reinforcing steel, critical for the composite action in reinforced 
concrete structures. 

5.3 Cost Analysis 

Importance: 

Material Costs: Evaluating the cost of materials (cement, aggregates, fly ash, admixtures) helps in optimizing the mix 
design for cost-effectiveness without compromising quality. 

Production Costs: Includes labor, equipment, and energy costs associated with producing and placing concrete. Efficient 
mix designs can reduce these costs by improving workability and reducing placement time. 

Life Cycle Costs: Consider long-term costs related to maintenance, repair, and durability. High-quality concrete with 
superior mechanical properties may have higher initial costs but lower life cycle costs due to reduced maintenance needs. 

Sustainability: Incorporating fly ash aggregates can reduce the environmental impact and material costs, contributing to 
more sustainable construction practices. Cost analysis helps quantify these benefits in economic terms. 
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5.4 Application in Mix Designs: 

 Mix 1 (Conventional Concrete): Baseline cost analysis considering traditional materials. 
 Mix 2 (50% Natural Aggregates and 50% Fly Ash Aggregates): Evaluate cost savings from partial replacement 

of natural aggregates with fly ash aggregates, considering both material and production costs. 
 Mix 3 (100% Fly Ash Aggregates): Comprehensive cost analysis to assess the feasibility and economic benefits 

of fully replacing natural aggregates with fly ash aggregates, accounting for potential savings and performance 
impacts. 

CHAPTER 6 

EXPERIMENTAL TESTS RESULTS 

6.1 Test Results for Natural Aggregates 

Property Result 

Chemical Properties 

- Composition SiO2: 65%, Al2O3: 20%, Fe2O3: 5%, CaO: 3%, MgO: 2%, K2O: 1%, Na2O: 1% 

- pH 7.5 

Physical Properties 

- Particle Size Passing 20mm sieve: 100%, Passing 10mm sieve: 90%, Passing 5mm sieve: 50% 

- Specific Gravity 2.65 

- Water Absorption 1.5% 

- Los Angeles Abrasion 20% 

- Flakiness Index 15% 

- Shape 8 

 
6.2 Test Results for Fly Ash-Lime Aggregates 

Property Result 

Chemical Properties 

- Composition SiO2: 55%, Al2O3: 25%, Fe2O3: 6%, CaO: 8%, MgO: 3%, K2O: 1%, Na2O: 1% 

- pH 9.0 

Physical Properties 

- Particle Size Passing 20mm sieve: 100%, Passing 10mm sieve: 95%, Passing 5mm sieve: 60% 

- Specific Gravity 2.20 

- Water Absorption 2.0% 

- Los Angeles Abrasion 15% 

- Flakiness Index 12% 

- Shape 7 

 
Note : Source of Chemical Composition results is from - CASHUTEC NIRMITHI KENDRA, SHAKTHINAGAR-RAICHUR. 
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6.3 Fresh Properties 

Mix Slump (mm) Slump Flow (mm) 

Mix 1 (Conventional) 80-100 Not Applicable 

Mix 2 (50% Natural, 50% Fly Ash) 100-120 550-600 

Mix 3 (100% Fly Ash) 120-140 600-650 

 
6.4  Hardened Properties 

a) Compressive Strength Results (MPa) 

Concrete Mix 7 Days 14 Days 28 Days 

Mix 1 (Conventional Concrete) 18 23 28 

Mix 2 (50% Natural, 50% Fly Ash) 20 24 30 

Mix 3 (100% Fly Ash) 22 27 33 

 
b) Tensile Strength Results (MPa) 

Concrete Mix 7 Days 14 Days 28 Days 

Mix 1 (Conventional Concrete) 2.5 3.0 3.5 

Mix 2 (50% Natural, 50% Fly Ash) 2.8 3.5 4.0 

Mix 3 (100% Fly Ash) 3.0 3.8 4.5 

 
c) Flexural Strength Results (MPa) 

Concrete Mix 7 Days 14 Days 28 Days 

Mix 1 (Conventional Concrete) 3.5 4.5 5.0 

Mix 2 (50% Natural, 50% Fly Ash) 4.0 5.0 5.5 

Mix 3 (100% Fly Ash) 4.0 5.0 5.5 

 
6.5 Introduction to Cost Analysis 

In the pursuit of sustainable and economical concrete production, understanding the cost implications of different 
aggregate sources is crucial. This analysis compares the costs associated with using natural aggregates versus 
manufactured fly ash-lime aggregates. By evaluating the cost per ton for each type of aggregate and considering the 
associated manufacturing and transportation costs, we can determine the overall cost per cubic meter  of concrete for 
different mix designs. 

Cost Analysis for Aggregates and Concrete Mixes in Indian Rupees 

Manufactured Aggregates Cost per Ton: 

 Fly Ash: 200/ton  
 Lime: 600/ton 
 Manufacturing Cost: 200/ton 
 Total: 200 (Fly Ash) + 600 (Lime) + 200 (Manufacturing) = 1000/ton 
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Natural Aggregates Cost per Ton: 

 Natural Aggregates: 1200/ton 
 Transportation Cost (Assumed): 200/ton 
 Total: 1200 (Aggregates) + 200 (Transportation) = 1400/ton 

Detailed Tables For Mix 1, Mix 2, And Mix 3 With The Cost In Indian Rupees : 

Cost Analysis for Mix 1 (Conventional Concrete) 

Component Quantity (ton) Cost per Unit () Total Cost () 

Natural Aggregates 0.7 1400 per ton 980 

Cement (Assumed) 1 4000 per ton 4000 

Water (Assumed) 1 cubic meter 50 per cubic meter 50 

Total Cost   5030 

 
Cost Analysis for Mix 2 (50% Natural, 50% Fly Ash) 

Component Quantity (ton) Cost per Unit () Total Cost () 

Natural Aggregates 0.35 1400 per ton 490 

Fly Ash Aggregates 0.35 1000 per ton 350 

Cement (Assumed) 1 4000 per ton 4000 

Water (Assumed) 1 cubic meter 50 per cubic meter 50 

Total Aggregates Cost   840 

Total Cost   4890 

 
Cost Analysis for Mix 3 (100% Fly Ash) 

Component Quantity (ton) Cost per Unit () Total Cost () 

Fly Ash Aggregates 0.7 1000 per ton 700 

Cement (Assumed) 1 4000 per ton 4000 

Water (Assumed) 1 cubic meter 50 per cubic meter 50 

Total Cost   4750 

 
Summary for Total Cost Comparison 

Mix Type Total Cost () per Cubic Meter 

Mix 1 (Conventional Concrete) 5030 

Mix 2 (50% Natural, 50% Fly Ash) 4890 

Mix 3 (100% Fly Ash) 4750 
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6.6 DISCUSSION ON RESULTS 

Compressive Strength: 

1. Mix 1 (Conventional Concrete): 
o At 28 days, Mix 1 exhibited a compressive strength of 28 MPa, indicating good performance. This strength 

is within the typical range for conventional concrete mixes. 
o The gradual increase in strength from 7 to 28 days demonstrates proper curing and hydration processes. 

2. Mix 2 (50% Natural, 50% Fly Ash): 
o Mix 2 showed higher compressive strength compared to Mix 1 and achieved 30 MPa at 28 days. 
o The inclusion of fly ash aggregates enhanced the compressive strength, attributed to the pozzolanic 

reaction and densification of the matrix. 
3. Mix 3 (100% Fly Ash): 

o Mix 3 demonstrated the highest compressive strength among the three mixes, reaching 33 MPa at 28 
days. 

o The exclusive use of aggregates resulted in a high-strength concrete, indicating the effectiveness of fly ash 
as a supplementary cementitious material. 

Tensile Strength: 

1. Mix 1 (Conventional Concrete): 
o Mix 1 exhibited tensile strengths of 2.5 MPa, 3.0 MPa, and 3.5 MPa at 7, 14, and 28 days, respectively. 
o These values are typical for conventional concrete mixes and demonstrate adequate bonding between 

aggregates and cement paste. 
2. Mix 2 (50% Natural, 50% Fly Ash): 

o Mix 2 showed slightly higher tensile strengths compared to Mix 1 at all ages, attributed to the improved 
properties of fly ash aggregates. 

o The tensile strength increased progressively over time, indicating continued hydration and development 
of bond strength. 

3. Mix 3 (100% Fly Ash): 
o Mix 3 exhibited the highest tensile strengths among the three mixes, reaching 3.0 MPa, 3.8 MPa, and 4.5 

MPa at 7, 14, and 28 days, respectively. 
o The use of aggregates exclusively contributed to the enhanced tensile strength, highlighting the 

effectiveness of fly ash in improving concrete properties. 

Flexural Strength: 

1. Mix 1 (Conventional Concrete): 
o Mix 1 showed flexural strengths of 3.5 MPa, 4.5 MPa, and 5.0 MPa at 7, 14, and 28 days, respectively. 
o These values indicate adequate resistance to bending and cracking, ensuring the structural integrity of 

the concrete. 
2. Mix 2 (50% Natural, 50% Fly Ash): 

o Mix 2 demonstrated higher flexural strengths compared to Mix 1, attributed to the improved properties of 
fly ash aggregates. 

o The flexural strength increased steadily over time, indicating progressive development of bond strength 
and durability. 

3. Mix 3 (100% Fly Ash): 
o Mix 3 exhibited the highest flexural strengths among the three mixes, reaching 4.0 MPa, 5.0 MPa, and 5.5 

MPa at 7, 14, and 28 days, respectively. 
o The exclusive use of fly ash aggregates resulted in superior flexural performance, indicating its potential 

for high-strength concrete applications. 

6.7 Comparative Analysis and Savings 

Analysis and Conclusion 

1. Cost Efficiency 
o Mix 3 (100% Fly Ash) is the most cost-efficient at 4750 per cubic meter. 
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o Mix 2 (50% Natural, 50% Fly Ash) is slightly more expensive at 4890 per cubic meter. 
o Mix 1 (Conventional Concrete) is the most expensive at 5030 per cubic meter. 

2. Cost Savings 
o Switching from Mix 1 to Mix 2 results in a cost saving of 140 per cubic meter. 
o Switching from Mix 1 to Mix 3 results in a cost saving of 280 per cubic meter. 

3. Environmental Impact 
o Using fly ash, a by-product of coal combustion, helps in waste utilization and reduces the reliance on 

natural aggregates, which can help in environmental conservation. 
o Mix 3, being 100% fly ash aggregates, maximizes the use of industrial by-products, thus promoting 

sustainable construction practices. 
4. Practicality and Performance 

o The use of fly ash in concrete can improve certain properties like workability, durability, and resistance to 
alkali-silica reaction. However, it is important to consider the potential differences in setting time and 
early strength gain compared to conventional concrete. 

o A thorough assessment of the performance characteristics of Mix 2 and Mix 3 in comparison to Mix 1 is 
essential before large-scale adoption. 

CHAPTER 7 

CONCLUSION 

Comparative Conclusion over Conventional Concrete 

Compressive Strength: Mix 3 (100% Fly Ash) showed the highest compressive strength (33 MPa) compared to Mix 1 (28 
MPa). Mix 2 (50% Fly Ash) had a compressive strength of 30 MPa, higher than Mix 1. 

Tensile Strength: Mix 3 exhibited the highest tensile strength (4.5 MPa at 28 days) versus Mix 1 (3.5 MPa). Mix 2 also 
showed improved tensile strength (3.8 MPa) compared to Mix 1. 

Flexural Strength: Mix 3 achieved the highest flexural strength (5.5 MPa at 28 days) over Mix 1 (5.0 MPa). Mix 2 
demonstrated better flexural strength (5.0 MPa) than Mix 1. 

Cost Savings: Switching to concrete mixes that incorporate fly ash aggregates (Mix 2 and Mix 3) can result in significant 
cost savings and promote more sustainable construction practices. Mix 3 (100% Fly Ash) offers the most considerable cost 
reduction and environmental benefits. However, it is crucial to ensure that the performance of these alternative mixes 
meets the required standards for specific construction applications. 

Environmental Impact: Mix 2 and Mix 3 reduce the reliance on natural aggregates, promoting sustainability. The use of 
fly ash in Mix 2 and Mix 3 helps in recycling industrial by-products. 

Sustainability: Mix 3’s exclusive use of fly ash aggregates highlights its potential for sustainable construction. Mix 2’s 
partial replacement promotes reduced natural resource consumption. 
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