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ABSTRACT 

Fly Ash in India is about 112 million tonnes with 65000 acre of land being occupied. In recent times the usage of fly 

ash as one of the dominant construction material. To enhance and improve the properties of fly-ash by stabilizing 

with lime. In this work aimed to evaluation of the effect of lime as stabilizing material to the fly ash. The geo-

engineering properties of fly ash along fly ash with different proportion of lime were conducted. Following tests 

light and heavy compaction test, unconfined compressive strength test, permeability test and CBR tests were studied 

for fly-ash sample. The stabilized fly-ash was done by adding lime with varying (2%, 4%, 8% & 10%) percentages. 

The UCS samples were cured for 7, 14, and 28 Days with different temperatures of 10o, 27o, and 50o. 

1. INTRODUCTION 

1.1 GENERAL  

Fly Ash is a by-product material generated 

by thermal power plants from combustion of 

Pulverized coal. This is a fine residue produced from 

the burnt coal is carried in the flue gas, separated by 

electrostatic precipitators, and collected in a field of 

hoppers. This residue which is collected is called as 

fly ash and is considered to be an industrial waste 

which can be used in the construction industry. Fly 

ash is one of the major industrial wastes used as a 

construction material. The fly ash can either be 

disposed of in the dry form or the wet method in 

which it can also be mixed with water and discharged 

as slurry into locations called ash ponds. Disposal of 

residual waste is one of the greatest challenges faced 

by the manufacturing industries in India. 

In many countries, including India, coal is 

used as a primary fuel in thermal power stations and 

in other industries. Four countries, namely, China, 

India, Poland, and the United States, together 

produce more than 270 million tonnes of fly ash 

every year and less than half of it is used. The coal 

reserve of India is approximately 200 billion tonnes 

and its annual production reaches 250 million tones 

approximately. Unlike the developed countries, in 

India, the ash content present in the coal which is 

used for power generation is about 30-40%. The 

generation of ash has increased to about 131 million  

 

 

 

tonne during 2010-11 and is expected to 

grow further. 

1.2 FLY-ASH: 

Fly ash, also known as flue-ash, is one of the 

residues generated in combustion, and comprises 

the fine particles that rise with the flue gases. Ash 

which does not rise is termed bottom ash. In an 

industrial context, fly ash usually refers to ash 

produced during combustion of coal. Fly ash is 

generally captured by electrostatic precipitators or 

other particle filtration equipment before the flue 

gases reach the chimneys of coal-fired power plants 

and together with bottom ash removed from the 

bottom of the furnace is in this case jointly known 

as coal ash. Depending upon the source and makeup 

of the coal being burned, the components of fly ash 

vary considerably, but all fly ash includes substantial 

amounts of silicon dioxide (SiO2) 

(both amorphous and crystalline) and calcium oxide 

(CaO), both being endemic ingredients in many coal-

bearing rock strata. 

1.3 LIME: 

One of the oldest developed construction 

material is lime i.e. CaO or Ca(OH)2, which is a by-

product of burned lime stone (CaCO3), is the oldest 

urbanized construction materials. Man has been using 
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it for more than 2000 years ago. The Romans had 

used soil-lime mixtures for construction of roads 

purposes. However, its utility in the modern 

geotechnical engineering was limited until 1945, 

mostly due to the lack of proper understanding of the 

subject. Today, stabilization of soils or waste 

materials by lime is being widely used in several 

constructions such as highways, slope protection, 

embankments, railways, airports, foundation base, 

canal lining etc. This is primarily due to the ease of 

construction, coupled with simplicity of this 

technology and mostly because it is a cheapest 

construction material that provides an added 

attraction for the engineers. Several research works 

have been reported highlighting the beneficial effect 

of lime in improving the performance of waste 

materials. With proper design and construction 

techniques, lime treatment chemically transforms 

sustainable waste into usable materials. Lime, either 

alone or in combination with other materials, can be 

used to treat a range of soil types. 

1.4 OBJECTIVE AND SCOPE: 

The objective of the current research work is to 

ascertain the suitability of lime as a stabilizing agent 

for fly-ash.  

• Finding the geo-engineering properties for fly-ash 

and lime stabilized fly-ash. 

• Evaluation of unconfined compressive strength of 

fly on an interval of 3, 7 and 28 days. 

• Evaluation of unconfined compressive strength of 

lime stabilized fly-ash on an interval of 7, 14, 28 

and 56 days (mixed with 2, 4, 8, & 10% lime with 

fly-ash) with varying temperature. 

2. REVIEW OF LITERATURE 

Many research works have been done on the 

properties of fly ash and pond ash by the different 

researchers for study in their suitability as a 

construction material in various field of civil 

Engineering. Some of are summarized below. 

Sherwood and Ryley (1970) presented a 

report on self-hardening characteristics of fly ashes. 

He said that the presence of free lime in the form of 

calcium oxide or calcium hydroxide controls the self-

hardening characteristics of fly ashes. 

Gray and Lin (1972) reported a study on the 

variation of specific gravity of the coal ash and they 

showed that the combination of many factors such as 

gradation, particle shape and chemical composition is 

responsible for variation in specific gravity. 

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. 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. 

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 (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 
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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. 

3. MATERIAL AND METHODOLOGY 

3.1 Fly-Ash 

A waste material extracted from the gases 

emanating from coal fired furnaces, generally of a 

thermal power plant, is called fly ash. The mineral 

residue that is left behind after the burning of coal is 

the fly ash. The Electro Static Precipitator (ESP) of 

the power plants collect these fly ashes. Essentially 

consisting of alumina, silica and iron, fly ashes are 

micro-sized particles. Fly ash particles are generally 

spherical in size, and this property makes it easy for 

them to blend and flow, to make a suitable 

concoction. Both amorphous and crystalline nature of 

minerals are the content of fly ash generated. Its 

content varies with the change in nature of the coal 

used for the burning process, but it basically is non-

plastic silt. For the purpose of investigations in this 

study, fly ash was obtained from Sesa Sterlite, 

Jharsuguda. To separate out the vegetation and 

foreign material, this fly ash was screen through a 2 

mm sieve. The samples were dried in the oven for 

about 24 hours before further usage. 

 
Fig-1: Fly ash. 

3.2. Lime: 

Lime (Calcium Oxide CaO) used in this 

study was first sieved through 150 micron sieve and 

stored in airtight container for subsequent use. 

 
Fig.-2: Lime 

3.2 Methodology: 

To evaluate the effect of lime as a stabilizing 

additive in fly-ash, series of tests, where the content 

of lime stabilized fly-ash was varied in values of 2% 

to 10% by weight of the total quantity taken. The 

Indian Standard codes were followed during the 

conduction of the following experiments: 

• Unconfined compressive strength (UCS) test – IS 

: 2720 (Part 10) – 1991 

• California bearing ratio (CBR) test – IS : 2720 

(Part 16) – 1987 

• Free swell index test – IS 2720 (Part 40) – 1977 

• Liquid & Plastic limit test – IS 2720 (Part 5) - 

1985  

4. RESULTS AND DISCUSSION 

4.1 Compaction Characteristics: 

The compaction characteristics of fly-ash & Lime 

mixture, showing optimum moisture content (OMC) 

and maximum dry density (MDD) of the compacted 
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samples. Table-1 shows that OMC increased with 

increase in lime percentage and higher than normal 

fly-ash. Whereas MDD value increases with higher 

percentage as compared to normal fly-ash. 

Table-1: OMC & MDD for Lime Stabilized fly-ash 

 

 

Fig-3: Maximum Dry Density for Lime Stabilized 

Fly-ash. 

 

Fig-4: Optimum Moisture Content for Lime 

Stabilized Fly-Ash 

4.2 Unconfined Compressive Strength (UCS): 

The increase in strength for lime stabilized 

fly-ash for 7, 14, and 28 Days with varying 

temperature 10o, 27o, & 50o. The sample was 

prepared with 50mm dia and 100mm heights. Table 

4.2 shows UCS value of lime stabilized fly-ash. It is 

observed that fly-ash mixed with lime has more 

strength than untreated fly-ash. 

Table-2: Unconfined compressive strength of lime 

Stabilized Fly-Ash cured at 10°C 

 

 

 

Table-2: Unconfined compressive strength of lime 

Stabilized Fly-Ash cured at 27°C 

 

Table-3: Unconfined compressive strength of lime 

Stabilized Fly-Ash cured at 50°C 
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Fig-5: Lime Content vs. Unconfined Compressive 

Strength at Temperature 10°C  

 

Fig-6: Lime Content vs. Unconfined Compressive 

Strength at Temperature 27°C  

 

Fig-7: Lime Content vs. Unconfined Compressive Strength 

at Temperature 50°C  

 

Fig-8: Curing Days vs. Unconfined Compressive Strength 

at Temperature 10°C 

 

Fig-9: Curing Days vs. Unconfined Compressive Strength 

at Temperature 27°C 

 

Fig-10: Curing Days vs. Unconfined Compressive Strength 

at Temperature 50°C 

 

4.3 CALIFORNIA BEARING RATIO: 

To study the effect of curing period the fly 

ash and lime stabilized Fly ash samples with different 

percentage of lime (0%, 2%, 4%, 8%, and 10%) were 

prepared at a MDD and OMC .To study the effect of 

pozzolanic reaction of lime on CBR value of 

stabilized fly ash these samples were subjected to a 

curing period of 7 & 28 days for a soaking period of 

4 days for soaked samples. 

Table 4: CBR Test Result of Fly Ash and Stabilized 

Fly Ash at 7 Days. 

 

Table 5: CBR Test Result of Fly Ash and Stabilized 

Fly Ash at 28 Days. 
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Fig-11: 2.5 mm Penetration of Soaked CBR vs. Lime 

Content 

 

Fig-12: 5.0 mm Penetration of Soaked CBR vs. Lime 

Content. 

 

Fig-13: 2.5 mm Penetration of Unsoaked CBR vs. 

Lime Content. 

 

Fig-14: 5.0 mm Penetration of Unsoaked CBR vs. 

Lime Content. 

CONCLUSION 

Based on the results obtained and comparisons 

made in the present study, the following conclusions 

are made. Investigate strength properties of lime 

stabilized fly ash effects of lime content, curing 

period and curing temperature on the strength 

properties are carried out. Based on the experimental 

investigations the following main conclusions are 

arrived at: 

• The Maximum Dry Density (MDD) and Optimum 

Moisture content value of the lime stabilized fly-

ash increases with the addition of lime. The 

maximum value of MDD was observed for a 

mixture of lime at 10% to fly ash content by 

weight. The MDD values consistently increases. 

• Dry density of compacted specimens is found to 

change from 1.12 to 1.236 g/cc. This shows that 

fly ash sample responds very poorly to the 

compaction factor. 

• However higher lime content tends to increase the 

MDD value as the specific gravity of lime is 

higher than that of the fly-ash particles. 

• The Unconfined Compressive Strength (UCS) of 

the fly ash increases with variation of lime 

content showed similar trend in CBR test. 

• With the increasing Curing period of lime 

stabilized fly-ash the strength of UCS and CBR 

values also increased. 

• With the increase of Curing Temperature the UCS 

and CBR for lime stabilizes fly-ash strength is 

increased. 
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• Both the unsoaked and soaked CBR values are 

found to increase with lime content up to 4% 

beyond which the increment is marginal. This 

trend is observed for specimens cured for 7 and 

28 days showed a continuous increase in CBR 

value with lime content. This indicates that the 

reaction of lime with fly ash is slow and a higher 

curing period is needed to complete the 

pozzolanic reaction. 
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