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ABSTRACT 

This research work presents the efficacy of sodium based alkaline activators and class F fly ash as an 

additive in improving the engineering characteristics of expansive Black cotton soils. Sodium hydroxide 

concentrations of 10, 12.5 and 15 molal along with 1 Molar solution of sodium silicate were used as 

activators. The activator to ash ratios was kept between 1 and 2.5 and ash percentages of 20, 30 and 40 %, 

relatively to the total solids. The effectiveness of this binder is tested by conducting the Unconfined 

compressive strength (UCS) at curing periods of 3,7 and 28 days and is compared with that of a common 

fly ash based binder, also the most effective mixtures were analysed for mineralogy with XRD. Suitability 

of alkaline activated fly ash mix as a grouting material is also ascertained by studying the rheological 

properties of the grout such as, setting time, density and viscosity and is compared with that of common 

cement grouts. Results shows that the fluidity of the grouts correlate very well with UCS, with an increase 

in the former resulting in a decrease in the latter. 

INTRODUCTION 

Expansive soils:- 

Expansive soils also known as swelling soils or 

shrink-swell soils are the terms applied to those 

soils, which have a tendency to swell and shrink 

with the variation in moisture content. As a 

result of which significant distress in the soil 

occurs, causing severe damage to the overlying 

structure. During monsoon, these soils imbibe 

water, swell, become soft and their capacity to 

bear water is reduced, while in drier seasons, 

these soils shrinks and become harder due to 

evaporation of water. These types of soils are 

generally found in arid and semi-arid regions of 

the world and are considered as a potential 

natural hazard, which if not treated well can 

cause extensive damages to not only to the 

structures built upon them but also can cause 

loss of human life. Soils containing the clay 

minerals montomorillonite generally exhibit 

these properties. The annual cost of damage to 

the civil engineering structures caused by these 

soils are estimated to be ₤ 150 million in the 

U.K., $ 1,000 million in the U.S. and many 

billions of dollars worldwide. 

Expansive soils also called as Black soils or 

Black cotton soils and Regur soils are mainly 

found over the Deccan lava tract (Deccan Trap) 

including Maharashtra, Madhya Pradesh, 

Gujarat, Andhra Pradesh and in some parts of 

Odisha, in the Indian sub-continent. Black 

cotton soils are also found in river valley of 

Tapi, Krishna, Godavari and Narmada. In the  

north western part of Deccan Plateau and in the 

upper parts of Krishna and Godavari, the depth 

of black soil is very large. Basically these soils 

are residual soils left at the place of their 

formation after chemical decomposition of the 

rocks such as basalt and trap. Also these type of 

soils are formed due to the weathering of 

igneous rocks and the cooling of lava after a 

volcanic eruption.  

These soils are rich in lime, iron, magnesia and 

alumina but lack in the phosphorus, nitrogen and 

organic matter. 
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Their colour varies from black to chestnut 

brown, and basically consists of high percentage 

of clay sized particles. On an average, 20% of 

the total land area of our country is covered with 

expansive soils. Because of their moisture 

retentiveness, these soils are suitable for dry 

farming and are suitable for growing cottons, 

cereals, rice, wheat, jowar, oilseeds, citrus fruits 

and vegetables, tobacco and sugarcane. 

During the last few decades damage due to 

swelling action has been clearly observed in the 

semiarid regions in the form of cracking and 

breakup of pavements, roadways, building 

foundations, slab-on-grade members, channel 

and reservoir linings, irrigation systems, water 

lines, and sewer lines. 

Fly Ash 

Fly ash is a waste material, which is extracted 

from the flue gases of a coal fired furnace. These 

have close resemblance with the volcanic ashes, 

which were used as hydraulic cements in ancient 

ages. These volcanic ashes were considered as 

one of the best pozzolona used till now in the 

world. 

Now a day due to rapid urbanization and 

industrialization the demand of power supply 

has been grown up, this  results in setting up of a 

numerous number of thermal power plants. 

These thermal power plants use coal to produce 

electricity and after the coal is burnt, whatever 

mineral residue is left is called as Fly ashes. 

These fly ashes are collected from the Electro 

static precipitator (ESPs) of the plants. 

Safe disposal and management of fly ash are the 

two major issues concerned with the production 

of fly ash. Generally the wastes which are 

generated from the industries possess very 

complex characteristics and are very hazardous, 

therefore it is necessary to safely and effectively 

dispose these wastes, so that it will not disturb 

the ecological system and will not cause any 

catastrophe to natural and human life. There 

should be provision of pre-treatment of these 

industrial wastes before its disposal and storage; 

otherwise it will cause environmental pollution. 

Generally the fly ashes are micro sized particles 

which essentially consist of alumina, silica and 

iron. These particles are generally spherical in 

size, which makes them easy to flow and blend, 

to make a suitable mixture. The fly ash contains 

both amorphous and crystalline nature of 

minerals. Its composition varies according to the 

nature of the coal burned and basically is a non-

plastic fine silt. At present, the generation of fly 

ash is far in excess of its utilization. Fly ash is 

also a potential material for waste liners. In 

combination with lime and bentonite, fly ash can 

also be used as a barrier material 

 

Fly ash Generation and Disposal:  

For generation of steams, generally coal is used 

as a fuel in thermal power plants. In the past coal 

in the forms of lumps were used to generate 

steam from the furnaces of boilers, but that 

method proves to be non-energy efficient. Hence 

to optimize the energy from coal mass, the 

thermal power plants use pulverized coal mass. 

Firstly the pulverized coal mass is injected into 

combustion chamber, where it burns efficiently 
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and instantly. The output ash is known as fly 

ash, which consists of molten minerals. 

When the coal ash moves along with the flue 

gases, the air stream around the molten mass 

makes the fly ash particle spherical in shape. 

The economizer is subjected, which recovers the 

heat from fly ash and stream gases. During this 

process, the temperature of fly ashes reduced 

suddenly. If the temperature falls rapidly, the fly 

ashes are resulting amorphous or glassy material 

and if the cooling process occurs gradually, the 

hot fly ashes becomes more crystalline in nature. 

It shows that the implements of economizer, 

improves its reactivity process. 

When fly ash is not subjected to economizer, it 

forms 4.3% soluble matter and pozzolanic 

activity index becomes 94%. When it subjected 

to economizer, it forms 8.8% soluble matter and 

pozzolanic activity index becomes 103%. 

Finally, the fly ashes are removed from the flue 

gases by mechanical dust collector, commonly 

referred to electrostatic precipitator (ESPs) or 

scrubbers. The flue gases which are almost free 

from fly ashes are subjected to chimney into the 

atmosphere. 

Fly Ash Utilization  

Utilization of fly ash in particular, can be 

broadly grouped into three categories. 

• The Low Value Utilizations includes, 

Road construction, Embankment and 

dam construction, back filling, Mine 

filling, Structural fills, Soil stabilization, 

Ash dykes etc.  

• The Medium Value Utilizations includes 

Pozzolana cement, Cellular cement, 

Bricks/Blocks, Grouting, Fly ash 

concrete, Prefabricated building blocks, 

Light weight aggregate, Grouting, Soil 

amendment agents etc. 

• The High Value Utilizations includes 

Metal recovery, Extraction of magnetite, 

Acid refractory bricks, Ceramic 

industry, Floor and wall tiles, Fly ash 

Paints and distempers etc.  

Instead of these, there is large wastage of fly ash 

material, so large number of technologies 

developed for well management of fly ashes. 

This utilization of fly ash increased to 73 MT 

upto the year 2012. Fly ash has gained 

acceptance from the year 2010-12. The present 

production of fly ashes in the country India are 

about 130 MT per year and expected to increase 

by 400 MT by year 2016-17 by 2nd annual 

international summit for FLYASH Utilization 

2012 scheduled on 17th & 18th January 2013 at 

NDCC II Convention Centre, NDMC Complex, 

New Delhi. 

 

Table1.1 Production & Utilization of fly ashes in 

different country Ref: Alam and Akhtar , Int Jr 

of emerging trends in engineering and 

development , Vol.1 [2] (2011) 

Classification of Fly Ash 
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After Pulverizations, the fuel ash extract from 

flue gases, by electrostatic precipitator is called 

fly ash. It is finest particles among Pond ash, 

Bottom ash and Fly ash. The fly ashes are 

extracted from, high stack chimney. Fly ash 

contains non-combustible particulate matter, 

with some of unburned carbon. Fly ashes are 

generally contains silt size particles. Based on 

lime reactivity test, fly ashes are classified in 

four different types, as follows: 

• Cementitious fly ash 

• Cementitious and pozzolanic fly ash  

• Pozzolanic fly ash  

• Non-pozzolanic fly ash 

 

Table 1.3 Chemical requirement of class C and 

class F fly ashes (data source: ASTM C618-94a) 

Objective and Scope 

The objective of the current research work is to 

ascertain the suitability of alkali-activated fly 

ash as a soil stabilizing agent. 

SCOPE:. 

• Preparation of alkali-activated fly ash by 

using sodium silicate and 10, 12.5 and 

15 molal sodium hydroxide solutions.  

• Evaluation of unconfined compressive 

strength of fly ash treated soil on an 

interval of 3, 7 and 28 days (mixed with 

20, 30 and 40% fly ash with total solid 

to water ratio ranging from 0.15 to 0.25)  

• Evaluation of unconfined compressive 

strength of alkaline activated fly ash 

treated soil on an interval of 3, 7 and 28 

days (mixed with 20, 30 and 40% fly 

ash with total solid to activator ratio 

ranging from 0.15 to 0.25).  

• Rheological Study for assessment of 

alkali-activated solution as a grouting 

material. This research is focused on 

stabilizing black cotton soil treated with 

various percentages of Fly Ash (20%, 

30% and 40 by dry weight of soil, and 

water content varying from 15% to 

30%) and alkali-activated fly ash 

(containing 20%, 30% and 40 by dry 

weight of soil, activator to total solids 

ratio varying from 15% to 25%).  

Thesis Outline  

This thesis consists of eight chapters and the 

chapters has been organised in the following 

order. After brief introduction in chapter 1, the 

Literature review is presented in the chapter 2 

and the materials and methodology are described 

in the chapter 3. 

 

Table 1.2 Utilization of fly ash for different 

purpose Data source: Ministry of Environment 

& Forests 

Chapter 4 and 5 describes the results of 

stabilisation of expansive soils with application 

of Fly ash and alkali-activated fly ash and a 

comparison is made between the results of the 

two admixtures is also presented in chapter 6. In 

Chapter 7, the rheological studies of alkali-

activated fly ash has been presented, while in 

chapter 8 conclusions drawn from various 
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studies and scope for the future studies are 

presented. The general layout of the thesis work 

based on each chapter is presented in a flow 

diagram as shown below. 

 

Fig 1.3 Conceptual model for alkaline activation 

processes 

 

Fig 1.4 Descriptive model of the alkaline 

activation processes of fly ash 

LITERATURE REVIEW 

INTRODUCTION 

  Stabilization is one of the methods of 

treating the expansive soils to make them fit for 

construction. Variety of stabilizers may be 

divided into three groups (Petry 2002): (a) 

traditional stabilizers (lime, cement etc.), (b) by-

product stabilizers (fly ash, quarry dust, 

phosphor-gypsum, slag etc.) and (c) non-

traditional stabilizers (sulfonated oils, potassium 

compounds, polymer, enzymes, ammonium 

chlorides etc.). Disposal of large quantities of 

industrial by products as fills on disposal sites 

adjacent to industries not only requires large 

space but also create a lot of geo-environment 

problems. Attempts are being made by various 

organizations and researchers to use them in 

bulk at suitable 

places. Stabilization of expansive soil is one way 

of utilization of these by products. Some of the 

research work conducted by earlier researchers 

on the above has been described below. 

Stabilization using fly ash 

Sharma et al. (1992) studied stabilization of 

expansive soil using mixture of fly ash, gypsum 

and blast furnace slag. They found that fly ash, 

gypsum and blast furnace slag in the proportion 

of 6: 12: 18 decreased the swelling pressure of 

the soil from 248 kN/m2 to 17 kN/m2 and 

increased the unconfined compressive strength 

by 300%. 

Srivastava et al. (1997) studied the change in 

micro structure and fabric of expansive soil due 

to addition of fly ash and lime sludge from SEM 

photograph and found changes in micro 

structure and fabric when 16% fly ash and 16% 

lime sludge were added to expansive soil. 
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Srivastava et al. (1999) have also described the 

results of experiments carried out to study the 

consolidation and swelling behaviour of 

expansive soil stabilized with lime sludge and 

fly ash and the best stabilizing effect was 

obtained with 16% of fly ash and 16% of lime 

sludge. 

Cokca (2001) used up to 25% of Class-C fly ash 

(18.98 % of CaO) and the treated specimens 

were cured for 7 days and 28 days. The swelling 

pressure is found to decrease by 75% after 7 

days curing and 79% with 28 days curing at 20% 

addition of fly ash. 

Pandian et al. (2001) had made an effort to 

stabilize expansive soil with a class –F Fly ash 

and found that the fly ash could be an effective 

additive (about 20%) to improve the CBR of 

Black cotton soil (about 200%) significantly. 

Turker and Cokca (2004) used Class C and 

Class F type fly ash along with sand for 

stabilization of expansive soil. As expected 

Class C fly ash was more effective and the free 

swell decreased with curing period. The best 

performance was observed with soil , Class C fly 

ash and sand as 75% , 15% and 10% 

respectively after 28 days of curing. 

Satyanarayana et al. (2004) studied the 

combined effect of addition of fly ash and lime 

on engineering properties of expansive soil and 

found that the optimum proportions of soil: fly 

ash: lime should be 70:30:4 for construction of 

roads and embankments. 

Phani Kumar and Sharma (2004) observed that 

plasticity, hydraulic conductivity and swelling 

properties of the expansive soil fly ash blends 

decreased and the dry unit weight and strength 

increased with increase in fly ash content. The 

resistance to penetration of the blends increased 

significantly with an increase in fly ash content 

for given water content. They presented a 

statistical model to predict the undrained shear 

strength of the treated soil. 

Baytar (2005) studied the stabilization of 

expansive soils using the fly ash and desulpho-

gypsum obtained from thermal power plant by 0 

to 30 percent. Varied percentage of lime (0 to 

8%) was added to the expansive soil-fly ash-

desulphogypsum mixture. The treated samples 

were cured for 7 and 28 days. Swelling 

percentage decreased and rate of swell increased 

with increasing stabilizer percentage. Curing 

resulted in further reduction in swelling 

percentage and with 25 percent fly ash and 30 

percent desulphogypsum additions reduced the 

swelling percentage to levels comparable to lime 

stabilization. 

Amu et al. (2005) used cement and fly ash 

mixture for stabilization of expansive clayey 

Soil. Three different classes of sample (i) 12% 

cement, (ii) 9% cement + 3% fly ash and (iii) 

natural clay soil sample were tested for 

maximum dry densities (MDD), optimum 

moisture contents (OMC), California bearing 

ratio (CBR), unconfined compressive strength 

(UCS) and the undrained Triaxial tests. The 

results showed that the soil sample stabilized 

with a mixture of 9% cement + 3% fly ash is 

better with respect to MDD, OMC, CBR, and 

shearing resistance compared to samples 

stabilized with 12% cement, indicating the 

importance of fly ash in improving the 

stabilizing potential of cement on expansive soil. 

Sabat et al. (2005) observed that fly ash-marble 

powder can improve the engineering properties 

of expansive soil and the optimum proportion of 

soil: fly ash: marble powder was 65:20: 15 

Punthutaecha et al. (2006) evaluated class F fly 

ash, bottom ash, polypropylene fibers, and nylon 

fibers as potential stabilizers in enhancing 

volume change properties of sulfate rich 

expansive subgrade soils from two locations 
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(Dallas and Arlington) in Texas, USA. Ash 

stabilizers showed improvements in reducing 

swelling, shrinkage, and plasticity characteristics 

by 20–80% , whereas fibers treatments resulted 

in varied improvements. In combined 

treatments, class F fly ash mixed with nylon 

fibers was the most effective treatment on both 

soils. They also discussed the possible 

mechanisms, recommended stabilizers and their 

dosages for expansive soil treatments. 

Phanikumar and Rajesh (2006) discussed 

experimental study of expansive clay beds 

stabilized with fly ash columns and fly ash-lime 

columns. Swelling was observed in clay beds of 

100 mm thickness reinforced with 30 mm 

diameter fly ash columns and fly ash-lime 

column. Heave decreased effectively with both 

fly ash and fly ash-lime columns, with, lime-

stabilised fly ash yielded better results. 

Wagh (2006) used fly ash, rock flour and lime 

separately and also in combination, in different 

proportion to stabilize black cotton soil from 

Nagpur Plateau, India. Addition of either rock-

flour or fly ash or both together to black cotton 

soil improve the CBR to some extent and angle 

of shearing resistance increased with reduced 

cohesion. However, in addition to rock-flour and 

fly ash when lime is mixed to black cotton soil 

CBR value increases considerably with increase 

in both cohesion and frictional resistance. 

Phani Kumar and Sharma (2007) studied the 

effect of fly ash on swelling of a highly plastic 

expansive clay and compressibility of another 

non-expansive high plasticity clay. The swell 

potential and swelling pressure, when 

determined at constant dry unit weight of the 

sample (mixture), decreased by nearly 50% and 

compression index and coefficient of secondary 

consolidation of both the clays decreased by 

40% at 20% fly ash content. 

Kumar et al. (2007) studied the effects of 

polyester fiber inclusions and lime stabilization 

on the geotechnical characteristics of fly ash-

expansive soil mixtures. Lime and fly ash were 

added to an expansive soil at ranges of 1–10% 

and 1–20%, respectively. The samples with 

optimum proportion of fly ash and lime content 

(15% fly ash and 8% lime) based on 

compaction, unconfined compression and split 

tensile strength, were added with 0, 0.5, 1.0, 1.5, 

and 2% plain and crimped polyester fibers by 

weight. 

The MDD of soil-fly ash-lime mixes decreased 

with increase in fly ash and lime content. The 

polyester fibers (0.5–2.0%) had no significant 

effect on MDD and OMC of fly ash-soil-lime-

fiber mixtures. However, the unconfined 

compressive strength and split tensile strength 

increased with addition of fibers. 

MATERIALS AND METHODOLOGY 

Materials 

Expansive Soil:- 

In the present investigation, expansive black 

cotton soil was procured from a site having 

coordinates as N 21° 12‟ 34.03” and S 79° 09‟ 

29.09”, Khairi, Kanli road, Nagpur, 

Maharashtra. The black cotton soil was collected 

by method of disturbed sampling after removing 

the top soil at 500 mm depth and transported in 

sacks to the laboratory. Little amount of the 

sample was sealed in polythene bag for 

determining its natural moisture content. The 

soil was air dried, pulverized and sieved with 

4.75 mm Indian as required for laboratory test. 

The various geotechnical properties are shown 

in Table 3.1 
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Table 3.1 Geotechnical Properties of Expansive 

soil 

Fly ash:- 

The fly ash is light weight coal combustion by 

product, which result from the combustion of 

ground or powdered bituminous coal, sub-

bituminous coal or lignite coal. Fly ash is 

generally separated from the exhaust gases by 

electrostatic precipitator before the flue gases 

reach the chimneys of coal-fired power plants. 

Generally this is together with bottom ash 

removed from the bottom of the furnace is 

jointly known as coal ash. The fly ash is highly 

heterogeneous material where particles of 

similar size may have different chemistry and 

mineralogy. There is variation of fly ash 

properties from different sources, from same 

source but with time and with collection point 

(Das and Yudhbir, 2005). Fly ash contains some 

un-burnt carbon and its main constituents are 

silica, aluminium oxide and ferrous oxide. In dry 

disposal system, the fly ash collected at the 

bottom of the mechanical dust collectors and 

ESPs. From the dry storage silos also fly ashes 

are collected in closed wagonsor moisture proof 

bags or metallic bins, if the quality of the fly ash 

is good. The dry fly ash so collected is then 

transported to the required locations where it is 

subjected to further processing before its use in 

many non-geotechnical applications such as 

cement industry, brick manufacturing and the 

like. In the present study fly ashes were 

collected from the captive power plant of 

National Aluminium Company Ltd, Angul, 

Odisha. After procuring, the fly ash samples 

were screened through 2 mm IS sieve, to 

separate out the vegetative and foreign material. 

To get a clear homogeneity, the samples are 

mixed thoroughly and heated in an oven 

maintained at 105-110 0 C for 24 hours and then 

is stored in an air tight container, for subsequent 

use. 

Activator solution 

The alkaline activator solution used was a 

combination of sodium silicate and sodium 

hydroxide. The sodium silicate was originally in 

powder form and is procured Loba Chemie, 

Thane Maharashtra, having molecular weight of 

284.20 gm/mole and specific gravity of 1.5. 

While the sodium hydroxide was originally in 

flake form with a molecular weight of 40 

gm/mole, and specific gravity of 2.13 at 20º C 

and 95-99% purity. The sodium hydroxide 

pellets were procured from Merck specialities 

Pvt. Ltd. Mumbai, Maharashtra, India. 

1 mole of Sodium silicate solution was prepared 

by adding 284.20 gm of sodium silicate powder 

to 1 litre of distilled water. NaOH of different 

concentrations of 10, 12.5, 15 molal were 

prepared before testing. The ratio of sodium 

silicate to sodium hydroxide solution by mass 

was kept as 2. This value was chosen not only 

because the silicate is considerably cheaper than 

the hydroxide, but also because several studies 

that have analysed the influence of the activator 

composition concluded that higher ratios 

resulted in higher strength levels. 
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Methodology Adopted:- 

To evaluate the effect of the ash/soil ratio (by 

dry mass) on mechanical strength, three different 

fly ash percentages, regarding the total solids 

(soil + ash) weight, were used: 20, 30 and 40 %, 

corresponding to ash/soil ratios of 0.25, 0.43 and 

0.67, with activator/total solids ratios of 0.15, 

0.2 and 0.25. The details of the experimental 

specimens are shown in Table 3.3 The soil and 

the ash were previously homogenised before the 

activator was added to the mixture. After mixing 

for 3 min, the samples were cast into 50-mm 

moulds by tapping the moulds on the lab 

counter, which were then left in a sealed 

container. Since the behaviour of the mixtures 

was that of a viscous fluid, no density control 

was used during the preparation of the samples. 

However, when removed from the moulds, 

every sample was weighted, and an average unit 

weight of 20 kN/m3 was obtained, regardless of 

the fly ash percentage in the mixture. The 15 

molal mixtures showed a very high viscosity 

which made the preparation and handling 

process more difficult than with the remaining 

concentrations, to a point where this factor 

should be considered when designing future 

studies and/or applications. This effect is related 

to the SiO2 : Na2O mass ratio of the silicate + 

hydroxide solution which, for the 15 molal 

activator, is approximately 1, making the 

metasilicate solution very unstable and 

favouring crystallisation. This SiO2 : Na2O 

mass ratio was, in the original silicate solution, 

approximately 2, but the addition of the 

hydroxide solution reduced it significantly, 

especially in the 15 molal mixtures. After 48 h, 

the samples were removed from the moulds and 

wrapped in cling film and left at ambient 

temperature and humidity conditions (50–60 % 

RH and 32-35º C). Immediately before testing, 

at the ages of 3, 7 and 28 days, the samples were 

trimmed to 100 mm long and tested for 

unconfined compressive strength (UCS) on an 

Aimil hydraulic testing machine. Every single 

result obtained was the average of 3 tested 

samples. The details of the alkaline activator 

mixed soil specimens are shown in Table  

 

 

For the fly ash based mixtures, water to solid of 

15, 20, 25 and 30% were tested. In terms of fly 

ash percentage in the mixtures, values of 20, 30 
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and 40 % of the total dry weight were used. 

These values are used so as to have a direct 

comparison with the activated ash could be 

established. The details of the mix prepared is as 

shown in Table 

RESULTS 

RESULTS ON STABILIZATION OF 

EXPANSIVE SOILS WITH FLY ASH 

Introduction: 

This chapter presents the results of stabilization 

of expansive black cotton soil, with fly ash. The 

increase in strength criteria is ascertained by 

conducting unconfined compression test on 

samples, at 3, 7 and 28 days curing. The 

samples, casted were of 50 mm diameter and 

100 mm height, thereby ensuring L/D ratio as 2. 

These samples contains fly ash in 20, 30 and 

40% by weight of dry mass and water to total 

solid ratio is varied from 15, 20 and 25%. All 

the samples were covered with cling film, after 

casting and are kept in a air tight container for 

48 hours. After 48 h, the samples were removed 

from the moulds and wrapped in cling film and 

left at ambient temperature and humidity 

conditions (50–60 % RH and 32-35º C). 

Immediately before testing, at the ages of 3, 7 

and 28 days, the samples were trimmed to 100 

mm long and tested for unconfined compressive 

strength (UCS) on an Aimil hydraulic testing 

machine at constant strain rate of 1.2 mm/min. 

Every single result obtained was the average of 

3 tested samples 

 

COMPARISON OF RESULTS 

 

Table 6.1 Comparison of UCS results of 15% 

water and activator containing sample 
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Figure 6.1 Comparison of UCS results of fly ash 

treated and AAFA treated soil samples, 

containing 15% water or activator. 

 

Figure 6.10 Comparison of UCS results of fly 

ash treated and AAFA treated soil samples, 

containing 25% water or activator (3 Days 

Curing Period) . 

 

Figure 6.11 Comparison of UCS results of fly 

ash treated and AAFA treated soil samples, 

containing 25% water or activator (7 Days 

Curing Period) . 

 

Figure 6.12 Comparison of UCS results of fly 

ash treated and AAFA treated soil samples, 

containing 25% water or activator (28 Days 

Curing Period). 

Conclusions: 

Based on the obtained results and discussion 

thereof following conclusions can be made. 

• The unconfined compressive strength 

soil is found to vary with concentration 

of chemical in the activated fly ash and 

curing period.  

• 10 molal samples are giving better 3 and 

7 days strengths than 12.5 and 15 molal 

samples, which make it economical as 

compared to 12.5 and 15 molal samples.  

• Long term strength is more in case of 

12.5 molal samples.  

• Maximum 3 day strength attained by 

activated sample is 392.7 kPa, which is 

3.25 times more than that attained by fly 

ash treated samples.  

• Maximum 7 day strength attained by 

activated sample is 546.88 kPa, which is 

2 times more than that attained by fly 

ash treated samples.  

• Maximum 28 day strength attained by 

activated sample is 977.09 kPa, which is 

2.7 times more than that attained by fly 

ash treated samples.  
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• There is a strong dependency between 

the activator/ash ratio and mechanical 

strength. Results showed that it is 

advantageous to reduce this ratio since it 

has a positive effect on strength results, 

which has also a positive effect on final 

cost.  

• Lowering the viscosity of the grout 

mixtures to similar values to that of 

cement grout can have a negative effect 

on final strength, since it demands an 

increase in the activator/ash ratio. 

Therefore, it is recommended that a 

compromise is made between an 

optimum viscosity level and the lowest 

activator/ash ratio possible, whenever 

the viscosity is a key issue for a 

particular application.  

• Alkali-activated fly ash can be used 

effectively as a chemical stabiliser for 

stabilising expansive soils.  

Scope for future study.  

• Efforts should be made to reduce the 

cost of operation, by searching other 

natural alkaline materials.  

• Field application of this method, by 

using suitable technology.  

• Application of AAFA for stabilization 

of other low strength high compressible 

clay.  

• Use of other alkalis like Potassium and 

Lithium, to study their effect on Fly ash.  

Summary: 

The stabilization of expansive soil has drawn 

attention to avoid its disastrous effect on 

infrastructural components like road, building 

etc. In this work a new idea of stabilizing the 

expansive soil using alkali activated fly ash was 

discussed. The chemical sodium hydroxide and 

sodium silicate were used as a chemical 

activator for the fly ash. The method of sample 

preparation, proportion of chemical additive, 

curing of sample and changes in basic 

geotechnical properties of expansive soil is 

discussed. 
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