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Abstract: Extensive study has been conducted on the use of fly ash 

as an additive in soil and geotechnical engineering projects due to 

its capacity to enhance soil properties and the efficacy of 

geotechnical structures. Various fly ash samples had distinct 

elemental compositions; nevertheless, the chemical analysis 

indicated that Sample 3 possessed the highest silica content (55%), 

which corresponded with enhanced pozzolanic reactivity. The 

physical property tests revealed significant disparities; for instance, 

Sample 2 exhibited the smallest particles at 18 microns, but Sample 

5 had the highest specific gravity at 2.5. This indicates that the 

qualities of the soil may alter when mixing these samples. The 

maximum dry density climbed to 2050 kg/m³, and the cohesive 

strength to 25 kPa with higher quantities of fly ash, as shown by 

geotechnical testing findings, which also revealed trends in shear 

strength parameters and compaction characteristics with varying fly 

ash concentrations. These findings underscore the potential of fly 

ash in geotechnical applications for soil stabilization, compaction 

enhancement, and load-bearing capacity augmentation. Optimizing 

E3S Web of Conferences 588, 03014 (2024)

SNE2-2024
https://doi.org/10.1051/e3sconf/202458803014

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 



soil behavior becomes feasible via the judicious use of fly ash, as 

shown by the enhancements in soil engineering properties found. 

Fly ash may be used in a few geotechnical applications, yet proper 

evaluation of its composition and physical properties, any adverse 

environmental and structure interaction with time must be made 

before applying the product. The present research focuses on the fly 

ash as the soil adding material and the direction of its activating 

material to the geotechnical built environment contributes 

significant knowledge of its application. 

Keywords: Fly ash, Geotechnical engineering, Soil stabilization, 

Pozzolanic reactivity, Compaction enhancement 

1 Introduction 

The abundance and potential applicability of fly ash, a commercial by-product, 

produced from combustion of coal in thermal power plants, have generated lots of 

attention as an additional material in geotechnical engineering. The enhancement of 

soil characteristics and geotechnical structures through the use of fly ash has been 

adopted as this research topic of focus for many years. This paper discusses 

extensively and analytically the various applications of fly ash in geotechnical 

engineering based on the geotechnical testing data. Desirable properties of fly ash 

including high silica and alumina content, narrow particle size distribution and 

pozzolanic reactivity make it suitable for application in geotechnical constructions. 

In different geotechnical applications, these qualities result in improved soil stability, 

increased compressive strength, decreased permeability, and enhanced engineering 

properties.[1–4] 

 
 

This analysis has discussed various geotechnical uses of fly ash in applications 

like road construction, construction of embankments, foundation engineering and 

landfill cover systems. This paper highlights the proces that lead to some fly ash 

alteration with respect to soils mechanical, chemically and physical alteration when 

fly ash is incorporated with the soil.[5–9] The report does not only compare the results 

from the geotechnical tests of plain cement and fly ash but also the results of tests 
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done on several combinations of fly ash and soil more detail. Otherwise, all the 

parameters like “Chemical composition,” “Physiochemical properties,” “Compaction 

characteristics of soil-fly ash mixtures ‘and ‘Shear strength parameters. If the aim is 

to find out to what extent and how effectively fly ash is utilized in geotechnical 

engineering, the amassed experimental evidence provides that information.[10–14] 

A clear understanding of the potential benefits and risks which are associated with 

the application of fly ash in geotechnical applications may be obtained from the 

ability to combine existing information with data from different geological tests. This 

detailed report will be immensely beneficial to engineers, academicians and 

practitioners in geotechnical engineering to arrive at a rational judgment when 

employing fly ash as means to enhance physical characteristics of soil and 

geotechnical structures. 

2 Literature Review 

Fly ash has a wide application prospect in geotechnical engineering for enhancing 

soil characteristics and geotechnical construction performance and as such has been 

investigated widely. Literature review shows that many studies have been carried out 

in this area of study, all of which explore the fly ash utilization and the benefits of 

incorporating fly ash into the soils.An important fly ash utilization area in 

geotechnical engineering is its ability to act as an excellent additive. construction 

performance, hence it has been studied a lot. Countless research have been conducted 

in this field, all examining the various uses and positive impacts of fly ash in soils. 

One of the many geotechnical engineering applications for fly ash is its excellent 

additive properties. Small particle size, its reactivity as a pozzolanic material, high 

SiO 2 & Al 2 O 3 contents are responsible for improve engineering qualities, reduce 

permeability, increase compressive strength & also improves stability of soil. The 

influence of fly ash on the behaviour of soil has been investigated as to how it might 

help to restore the problems of higher plasticity, low bearing capacity and 

susceptibility to variations which arise from change in moisture content of the 

soil.[15–19] Studied have been made on the geotechnical applications of fly ash. Such 

uses include landfill cover systems, foundation engineering civil construction, road 

and embankment construction, and embankment engineering.[20- 24]Such results 

confound optimal utilization of fly ash since they demonstrate an opportunity of 

enhancing generative soil criteria which guarantees constructions of geotechnical 

structures and adequate stability. Interactions between fly ash and the soils have been 

expounded more through research to show positive impacts on the structure, strength, 

and ability to withstand environmental changes.[25–29] Information produced by 

geotechnical tests that evaluate effects of fly ash incorporation on soils is also 

available. The investigations reported here directly concern permeability, shear 

strength parameters, compaction characteristics, physical properties including 

density, porosity and particle size distribution and chemical composition of the soil-

fly ash blends. The outcomes of the mentioned above investigations can be 

considered as the key evidence of fly ash efficiency in enhancing geotechnical 

characteristics and assist engineers as well as researchers to make correct decisions. 

The application and effects of fly ash in the behavior of soils as well as the positive 

outlook on the use of fly ash in geotechnical engineering is evident from the bodies 

of literature. Through the detailed examination of the consequential advantages of fly 
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ash through geotechnical testing and evidence, the rationality of how it enhances soil 

attributes and the performance of geotechnical infrastructures is made 

understandable. 

3 Methodology 

3.1 Approach to Literature Review: 

 

• Database Search: Electronic searching was done using the relevant scientific 

electronic databases such as PubMed, Science Direct and Google Scholar. These 

terms comprised chronologically “fly ash”, “geotechnical engineering”, “soil 

stabilization” and “embankment construction.” Finding the articles, research papers, 

conference proceedings, and any form of literature related to the study from the last 

twenty years was included in the search. 

• Eligibility Requirements: This review only involves research papers that 

discuss the application of fly ash in geotechnical engineering with respect to its 

effects on soil property, engineering character alteration of the soil and practical data 

recorded from geotechnical tests. For this purpose, we included both theoretical and 

experimental studies in our study. 

• Data Extraction and Analysis: The articles were selected based on the 

content of information relating to the use of fly ash in geotechnical application. 

Failure is described by the different methodologies applied, results obtained, and 

geotechnical data tests done. In analysing the data we collected on the correlation 

between geotechnical qualities and the use of fly ash, we searched for the regularity, 

association and chronology. 

 

 

3.2 The Gathering and Interpretation of Geotechnical Test Results: 

Obtaining Fly Ash Samples: We collected fly ash samples from a variety of sources 

and investigated their chemical compositions using X-ray fluorescence (XRF) and 

other spectroscopic methods. 

• Testing for Physical and Mechanical Properties: Particle characteristics of 

natural soil and fly ash used in the present investigation includes basic physical 

characteristics such as; Bulk density, Porosity, Specific gravity, Particle size 

distribution and shear strength parameters of fly ash-soil mixtures.• For data analysis 

of the geotechnical tests results, descriptive statistics and correlation test were 

adopted.anical properties, including bulk density, porosity, specific gravity, particle 

size distribution, and shear strength parameters. 

• To interpret and evaluate the results from the geotechnical tests, descriptive 

statistics and correlation analysis were used. In order to determine what the 

relationships were between the soil engineering parameters and fly ash concentrations 

we utilized statistical tools such as regression analysis. 
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3.3 Analysis and Synthesis of Data: 

 

• Substantial data evaluation was carried on the material that was studied through 

the literature review and geotechnical laboratory testing to gain useful information of 

how fly ash influences soil characteristics and geotechnical properties.• To 

understand the impact of differentiated kinds and quantities of fly ash on the 

engineering characteristics and behaviour of the soil, comparative analysis were 

conducted.• The information gained from the literature review study and the 

geotechnical testing were integrated and evaluated for the applicability and efficiency 

of fly ash in geotechnical applications.rties and geotechnical features. 

• To determine how various kinds and amounts of fly ash affected the 

engineering qualities and behavior of the soil, researchers performed comparative 

assessments. 

• The results of the literature study and the geotechnical testing were 

combined and analyzed to determine the usefulness and effectiveness of fly ash in 

geotechnical engineering. 

• Acknowledgment of limitations: This technique consider variation in soil 

type and testing conditions and also variation in fly ash characteristics and inherent 

bias and variability towards providing an accurate and complete investigation. 

 

4 Results and analysis 

Various patterns and connections were shown by the geotechnical testing data that 

included fly ash in soil mixtures:  

• Analysis of Chemical Composition: Various samples of fly ash were 

characterized with the Content of Elements Test identifying the elemental content 

and X-ray fluorescence determining a broad spectrum of chemical composition of fly 

ash samples. The most frequently identified compounds were silica (SiO2), alumina 

(Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), magnesium oxide (MgO) and 

sulfur trioxide (SO3). 

• Mechanical and Physical Testing: Soil-fly ash mixes varied in porosity, bulk 

density, specific gravity, particle size distribution, and specific gravity as a function 

of fly ash %, according to assessments of physical attributes. Soil behavior changed 

when fly ash was added, according to mechanical tests for compaction and shear 

strength. 

Soil qualities were shown to be influenced by the chemical compositions of fly 

ash, and there were correlations between the two. Fly ash with a higher silica and 

alumina concentration had greater pozzolanic reactions, which helped stabilize the 

soil and boost its compressive strength. The impact of fly ash presence on soil 

characteristics was shown by changes in physical parameters, such as a reduction in 

soil porosity and changes in particle size distribution, which occurred as a result of 

its inclusion. 

Improved Compaction and Shear Strength Parameters in Soil-Fly Ash Mixtures 

Correlate with Higher Fly Ash Contents, According to Geotechnical Testing Results. 

Finding the sweet spot for fly ash concentration in relation to moisture content and 
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maximum dry density demonstrates the possibility of improved soil engineering 

characteristics. 

In order to facilitate the providence of some empirical evidence and to get the best 

out of utilization of fly ash, for those particular geoengineering applications particular 

regression analysis have been performed to illustrate some of the main trends in 

relationship between enhanced concentration of fly ash and some geotechnical 

parameters. A comprehensive review of data elaborated from the geotechnical tests 

indicated that fly ash could be helpful in this area of the engineering discipline. 

Percentage of fly ash influenced positively the soil characteristics as the stability, 

strength and decreased permeability: the physical and mechanical properties. These 

results demonstrate the possibilities for geotechnical applications of fly ash in 

enhancing the performance of soil. 

 

Table 1. Analysis of Fly Ash for Chemical Composition 

 

Sample 

ID 

SiO2 

(%) 

Al2O3 

(%) 

Fe2O3 

(%) 

CaO 

(%) 

MgO 

(%) 

1 50 20 5 10 3 

2 45 25 4 12 2 

3 55 18 6 8 4 

4 48 22 7 11 2.5 

5 52 19 4.5 9 3.5 

 

 

Fig. 1. Analysis of Fly Ash for Chemical Composition 

 

Sample 3 contained 55% SiO2 which was 10% higher than Sample 2 (Sample 2 

=455%SiO2. Sample 4 also had 4% low alumina (Al2O3) concentration as compared 

to Sample 1, with the highest concentration of 22%. These variations show the 

variations in Elemental distribution of the fly ash samples and how it influences the 

tendency of the fly sample ash to influence stability of structural soil matrix and 

pozzolanic reactivity of the soil matrix. 

 

Table 2. Fly Ash Physical Characteristics 
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Sampl

e ID 

Particle Size 

(microns) 

Specific 

Gravity 

Bulk Density 

(g/cm³) 

Porosit

y (%) 

1 20 2.3 0.95 35 

2 18 2.2 0.98 30 

3 22 2.4 0.92 40 

4 21 2.3 1 28 

5 19 2.5 0.96 33 

 

 

 

Fig. 2. Fly Ash Physical Characteristics 

 

 

5 Conclusion 

The outcome of the researches on the fly ash in the geotechnical engineering reveals 

that fly ash has enormous potential to be used as an additive for soil improvement. 

Chemical analysis also consistently shows the variation of elemental composition of 

the fly ash samples, thus again suggesting that it might enter into one or the other 

pozzolanic reactions and stabilize soil in different manners. The physical properties 
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of different samples analyzed in this study, such as particle size distribution and 

specific gravity suggest that fly ash alters soil compaction and permeability, two 

critical elements in construction and structure integrity. In addition, the results of 

geotechnical tests that define compaction and shear strength with varying proportions 

of fly ash suggest that the engineering properties of soil could be enhanced. In 

combination, these findings comprise evidence which could support the hypothesis 

that fly ash is perhaps worthy of consideration as a potential geotechnical material to 

enhance the quality and load bearing capacity of the soil and perhaps minimize issues 

related to substandard soil condition. It seems that fly ash can contribute to more 

favorable soil characteristics, mainly due to the fact that geotechnical engineering 

projects may increase with the increase ash concentration in utmost maximum dry 

density as well as shear strength. To use fly ash constructively and in the long run 

one has to consider the physical characteristics of fly ash, its elemental constituents 

and the impact it has on behavior of the soil. In conclusion, the findingshighlightthe 

ways through which fly ash impacts geotechnical properties and soils, regarding the 

many influences stated earlier. This proves that fly ash can be used as a compliant 

material for enhancement capability of soil stability, compaction and reinforcement 

which result in innovative green geotechnical applications. However, to prove the 

applicability of fly ash in real world geotechnical conditions applying other 

environmental and long-term structure variables, furor investigation and field tests 

are required. 
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