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Abstract— The use of a High Volume of Fly Ash in concrete 

is becoming more important and is seen as a sustainable 

choice for many concrete buildings. However, as time goes 

on, the strength of HVFA concrete becomes steadily stronger. 

This has been shown via several tests. Comparable prices, 

higher strength, and improved workability may be found in 

HVFA Concrete. It is thus more suited for warm-weather 

sand when early strength is less critical. High Volume Fly 

Ash Concrete's workability and strength are shown in this 

project. Progressing construction methods focus on high-

strength, thick, and consistent surface texture, extra 

trustworthy quality, enhanced sturdiness, and faster building. 

Regarding its predecessors, such as High Strength Concrete 

(HSC) and High-Performance Concrete (HPC), this project 

demonstrates the development of High Volume Fly Ash 

Concrete for building purposes (HPC). HVFA concrete 

acquired strength at a slower pace than conventional concrete, 

according to this study. By the time it is 60 days old, HVFA 

concrete is as strong as regular concrete. 
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I. INTRODUCTION 

Concrete has been used in buildings since the days of the 

Greek and Roman civilizations. The concrete home business 

is unsustainable for a variety of reasons. Cement, the primary 

raw material used in concrete, is a major contributor to 

greenhouse gas emissions, which pose a danger to the 

environment by increasing global warming. Large volumes 

of carbon dioxide (CO2) are emitted during cement 

manufacture. Because this gas is a key contributor to the 

greenhouse effect and global warming, industrialized nations 

are proposing very strict laws and limits on CO2 emissions. 

It's a matter of global sustainability. 

 Fly ash, a by-product of thermal power plants, is the 

most readily accessible additional cementing ingredient 

globally. It must be utilized to replace considerable 

percentages of cement in the concrete industry. As a 

substitute for cement, concrete containing enormous volumes 

of ash must be promoted for use to enhance the use of ash that 

would otherwise be wasted and to have a considerable 

influence on the production of cement. As a result, the 

industry has seen a wide range of concretes in its hunt for a 

sustainable solution. High-performance concrete, self-

compacting concrete, and high-volume fly ash concrete 

(HVFA) are among the various varieties of high-strength 

concrete used in new construction. With the evolution of 

technology, concrete's properties have evolved from one to 

another. Concrete and mortar include cement as a primary 

constituent. Cracking due to drying shrinkage or early-age 

thermal cracking is caused by an excess of cement in 

concrete, which increases the likelihood of damage from the 

alkali-silica reaction. Concrete does not benefit from an 

increase in cement content. The idea that the more cement in 

a product, the more durable it is is false. To improve the 

qualities of concrete, such as reducing the heat of hydration, 

improving strength, and lasting longer, most structures built 

with concrete utilize less cement than traditional ones. Fly ash 

with a high volume Lower amounts of cement and more fly 

ash are used to make a better concrete mix (up to 60 percent). 

Fly ash content in concrete may range from 30 to 80 percent, 

according to accessible literature, depending on the concrete 

grade. HVFA concrete was used in this project in three 

grades, M20, M30, and M40. Using the IS approach, the mix 

was created (IS 10262:2009). HVFA concrete 

superplasticizer (SNF-based) was utilized to improve 

workability. Workability, compressive strength, and split 

tensile strength were tested. 

II. LITERATURE REVIEW 

Tarun Naik and Shiw Singh (1991) investigated the 

performance of concrete containing cement replacement by 

flyash. 28-day compressive strength concrete containing 

flyash is consistently higher compared to conventional 

concrete. Analysis of results shows that ASTM class C flyash 

could be substituted for cement replacements up to 70%. 

 Mark Reiner and Kevin Rens (2006) looked at high-

volume percentage replacements from 40 to 70% of cement 

with class C flyash. The environmental benefits included a 

25% reduction in smog, human health effects, and fossil fuel 

use compared to the same element built with a 100% Portland 

cement mix. Full-scale testing included the construction of 

four concrete infrastructure products. 

 Bhanumathidas and Mehta (2004) carried out a 

preliminary research study on the role of RHA in enhancing 

the properties of fly ash concrete. The gel proceeds 

immediately to coat and fill and fill in the pores between the 

RHA materials. 

III. METHODOLOGY 

A. Used Materials   

1) Cement 

Ordinary Portland cement, grade 53, was used to construct it. 

2) Aggregate (Fine) 

Fine aggregate is categorized into four zones according to 

ISO 383:1970: Zone-I, Zone-II, Zone-III, and Zone-IV. This 

project's fine aggregate is classified as Zone II. 

3) Aggregate (Coarse) 

In this project, coarse aggregate (crushed basalt) with a 

diameter of 12.5mm and a thickness of 10 mm was employed. 

4) Admixture 

Maserrheobuild 825GJ, a high-performance superplasticizer 

from BASF chemicals, was created for use in self-compacted 
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concrete, pumped concrete, concrete with extended 

workability retention, and high-performance concrete. 

Sulphonated naphthalene Formaldehyde Condensates is a 

superplasticizer (SNF). 

5) Fly Ash  

Class F fly ash was developed for this study. 

Properties Unit 
IS-3812 

Specifications 

Pozzocrete 

100 

Fineness– 

Specific surface 

by Blaine’s 

method 

M2/K 

g 
320 637 

ROS # 350 (45 

MIC) Max. 
% 34 0.03 

Moisture 

Content (Max.) 
% 2 0.21 

Loss on 

Ignition (Max.) 
% 5 0.77 

Sio2 +  Al2O3 

+ Fe2O3 
% 

70 Minimum 

by mass 
93.19 

SiO2 % 
35 Minimum 

by mass 
58.69 

MgO % 
5  Minimum   

by mass 
1.46 

SO3 % 
3.00 Maximum 

by mass 
0.50 

Na2O % 
1.5 Maximum 

by mass 
0.43 

Total Chlorides % 
0.05 Maximum 

by mass 
0.022 

Table 1: Class F fly ash chemical and physical qualities 

B. Mix Design of Different Standard Grades 

Create a mix of the proportion for plain concrete grade  

1) M20-M20 is 1:1.49:2.62. This mix percentage was 

tested, and certain tweaks were made to get the necessary 

strength and workability. For standard concrete, the final 

mix percentage was 0.45:1:1.74:3.15, whereas, for 

HVFA concrete, the final mix proportion was 

0.45:1:2.04:2.71. 

2) M30-Similarly, the mix proportions for M30 grade 

normal concrete were 0.4:1:1.54:2.76 and 

0.4:1:1.51:2.01 for HVFA concrete. 

3) M40-M40 grade regular concrete, the mix proportions 

were 0.38:1:1.62:2.39, and for HVFA concrete, they 

were 0.38:1:1.60:2.11. 

C. Concrete Experiments and Test 

1) Old Concrete Testing   

2) Slump Cone Test  

3) Compaction Factor Test 

4) Compressive Strength Test  

5) Split Tensile Strength Test  

6) New Concrete Testing 

IV. DISCUSSION AND RESULT 

After 7 days of curing, the M20 grade of HVFA concrete 

achieves 80.60 percent of the compressive strength of 

conventional concrete, and after 28 days, it achieves 86.50 

percent compressive strength. In comparison to regular 

concrete, the maximal compressive strength is obtained in 90 

days or 96.93 percent. After 7 days of curing, the HVFA M30 

grade of concrete achieves 75.47 percent of the compressive 

strength of conventional concrete, and after 28 days, it 

achieves 86.79 percent compressive strength. In comparison 

to regular concrete, the maximal compressive strength is 

obtained in 90 days or 96.46 percent. After 7 days of curing, 

the M40 grade of HVFA concrete achieves 86.67 percent of 

the compressive strength of conventional concrete, and after 

28 days, it achieves 87.24 percent compressive strength. In 

comparison to regular concrete, the maximal compressive 

strength is obtained in 90 days or 94.30 percent. 

 
Fig. 1: Comparison Graph of HVFAC and Concrete of the 

same strength 

 
Fig. 2: Comparison of Compressive strength of Concrete 

with 60% class F fly ash 

V. CONCLUSIONS 

 High Volume Fly Ash Concrete is more environmentally 

friendly than normal concrete since it uses less cement 

and emits fewer pollutants. At a later stage, HVFA 

concrete performs better than it does at an earlier stage. 

 At 7 days, the compressive strength of HVFA concrete is 

much lower than that of conventional concrete. At a later 

age, the disparity diminishes. 

 HVFA concrete's split tensile strength follows the same 

pattern as its compressive strength. 

 When 60 percent of the cement is replaced with fly ash, 

the compressive strength is good for 28 days. The 

strength reached after 90 days is comparable to that of 

regular concrete. 

 Fly ash levels of up to 60% may be appropriate for most 

components if the project's early-age strength 

requirements are satisfied and enough wet curing is 

guaranteed. 

 When compared to Ordinary Portland Cement, fly ash 

makes concrete more impermeable and solid. Fly ash's 

long-term strength (at least 90 days) Concrete is 
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comparable to regular concrete. Because the Pozzolanic 

material in fly ash reacts with the calcium hydroxide 

freed by the hydrating Portland cement to generate 

cementitious compounds known as Calcium Silicate 

Hydrate (C-S-H) gel, the strength development in HVFA 

concrete is slower. 
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