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Abstract 
 
Stabilization of the soil is mostly done in soft soils such as organic soil, 
clayey peat, silt. Some of the wastes used are fly ash, marble dust, foundry 

sand, rice ash and so on. These materials not only provide an alternative to 

the use of conventional materials but also help control environmental 
pollution. In many places, the waste is dumped into the open air, which can 

be very problematic for the people in the area and the workers working in 

these areas. Using these waste materials not only reduces pollution but also 
reduces human credibility on natural resources, leading to a more sustainable 

process of construction. It was found from the literature that the optimum 

dose of fly ash and ferric chloride revealed essential enhancement in strength 

and durability characteristics and declination in the swelling and plasticity 
properties of the soil. Based on that result, it is suggested that a mixture of fly 

ash and ferric chloride should be take into consideration a workable option 

for the stabilization of broad sub grades. 
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1 Introduction 

 

Fly ash is a byproduct of the powdered coal ignition process generally 

associated with electric force creating plants. Fly ash is a fine residue which 

is pozzolanic in nature and made out of alumina, silica and different alkalies 
and oxides. It comes up with cementitious product subsequent to responding 

with hydrated lime. Type C fly ash is acquired from the ignition of coal 

preliminary. It contains a lot of free lime with the expansion of water that 
will respond with other fly ash mixes to frame cementitious products. 

This may dispense with the need to include produced lime. Soil 

consolidation is the modification of soil properties to alter soil texture. 

Constantly transformed properties are water content, durability and plasticity. 
Land reform is a temporary development of low reliance on accelerating 

development. Fly ash can be the speed of settling soil for the foundations of a 

highway. Notwithstanding, restricted data opposes on the reuse of high 
carbon fly ash in development of thruway asphalts. This is especially 

significant when high carbon fly debris is calcium-rich and non-cementitious 

activators are required to create pozzolanic responses. In this manner, there is 
a need to assess the firmness and quality of base layers balanced out with 

high carbon fly ash[1-12]. 

Joel H. Beeghly, in 2003, concluded that Pavement engineers in the past 

have seen the benefits of long-term payouts by increasing the quality and 
durability of building underground tunnels by connecting to a warehouse 

during expansion or innovation[13]. The state and state roadway engineers 

have also been enthusiastic about restoring "permanent asphalt" that will 
benefit from "permanent construction". For heavy, silty or reclaimed ground 

soils for full-length asphalt testing is late and some progressive practice has 

shown that ash and Class F fly repairs can be financially viable for long-term 
maintenance. With suitable soil, the LFA can contribute a set amount of cost 

by reducing the cost of raw materials up to 50% compared to Portland 

cement repairs. Researchers investigated that underground soils generally 

move from the good to the poor with the bulk of the soils classified as 
AASHTO A-4 to A-7-6, this soil may show low reproductive capacity, high 

volume instability, and hardening problems ( fitness). Stability provides 

opportunities to improve these soil conditions. The C-class ASTM of 
synthetic C has been used to a limited extent in Iowa to treat or strengthen a 

durable / wet background. In particular, sustainability serves the purpose of 

building a wetland construction field to complete construction, underground, 

or temporary road foundations. FA stabilization has not been used yet to 
improve the quality / durability of road construction sites, this study is 

scheduled to investigate its application for development of a durability plan. 

This test requires consideration of the architecture in an area over a wide 
range that includes all of the unusual focus on risk / defrosts. 
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David J. White, Dale Harrington, and Zach Thomas, 2005, assume that 

soil treated with fly ash is slowly being used in Iowa to estimate areas below 

the base of the site, but without a complete understanding of this short and 

artificial. and distant behavior. To create a more comprehensive 
understanding of ash design areas, the inclusion of five different soil 

combinations, from ML to CH, and different small fly ash sources (including 

residual fly ash residues). The results indicate that soil texture characteristics, 
competitive quality, water / hardness, snow / defrost thickness, hydration 

characteristics, speed of compactness, and variable characteristics are 

completely influenced by the increase of fly ash. In particular, Iowa's 
inventive fly cinders have the ability to mimic Iowa-shaped soils by 

performing earthwork and performing tasks; fly an increased preservative for 

dry starch and reduce good moisture content; an increase in the quality of 

organic manure ash depends on the preparation time and temperature, the 
cohesion strength, and the performance delay; sulfur material can form 

flooding minerals in the soil fly ash mixture, which drastically reduces the 

long-term quality of durability and durability; fly ash builds up a section 
carrying well-formed soil — an ash fly will dry out wet soil and provide a 

rapid increase in quality; fly flies reduce the capacity of saturated soil; ash 

mixtures are transported under cold temperatures and thereafter water is not 

protected from harm and minor damage; the soil is resolved by a display of 
cold extended ash for the frame thickness; the soil quality can be increased 

by the addition of hydrate fly ash and fly ash, however at higher rates not as 

effective as the build up of ash[14]. 
Soil properties vary from place to place depending upon the climatic and 

geographical conditions of that area. They are not suitable for construction 

always and need to be modified so that they donot cause any damage to the 
structure built on them. The main need of stabilizing the soil is to improve 

the bearing capacity so that they are able to withstand the load applied on 

them. The present research aims to to improve soil strength and increase 

water resistance by combining soil particles together, water proofing. 
Usually, technology provides another way to solve the problem that is being 

used. 

 

2 Materials 
 

2.1 Clayey Soil Properties 
 

Soil has been taken from the Khaleri near Gharuan Tehsil Kharar District 

Mohali. The various properties of Virginsoil areenlisted in Table 1. 
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Table – 1: Properties of soil considered 

Sr. No. Clayey soil Properties Value 

1. Specific Gravity (G) 2.69 

2. Liquid Limit (%) 45% 

3. Plastic Limit (%) 26% 

4. Plasticity Index (%) 18.91% 

5. MDD 1.43 

6. OMC 19 

7. CBR 4.35 

8. UCS 94.8 KN/m2 

 

2.2 Flyash 
 

 Table 2 and 3 provides physical and chemical properities of fly ash. 

 
Table 2: Physical properties of fly ash 

S.No Colour Dark Grey 

1. Specific gravity (G) 2.74 

2. Liquid limit (%) 27% 

3. Plastic limit (%) Non plastic 

4. Maximum Dry Density 1.1g/cc 

5. Optimum Moisture Content 32% 

6. Swelling pressure 0.124kg/cm2 

 
Table 3: Chemical composition of fly ash 

S.No. 

 

Composition Composition by wt.% 

Class C Class F 

1. Silica (SiO2) 40 55 

2. Alumina (Al2O3) 16.5 26 

3. Ferric Oxide (Fe2O3) 6.5 7 

4. Calcium Oxide (CaO) 24 9 

5. Magnesium Oxide(MgO) 2.3 2 

6. Sulfate Oxide(SO3) 3 1 

7. Loss of Ignition(LOI) 6 6 
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3 Results and Discussions 
 
3.1 Effect on the MDD and OMC on Adding the Fly Ash 
 

In this Research the maximum dry density of Clayey soil is increased 

from 1.43g/cc to 1.63g/cc on addition of fly ash in various percentages i.e. 

10%,15%,20%, 25% as shown in Fig.1.There is a increment in MDD  
because of  the filling of Voids. And the OMC of soil is decreased from 19% 

to 15.9%. Fig.2 shows OMC variation with replacement of soil %Fly ash. 

 

3.2 Impact on the CBR AND UCS Behavior of Soil on Adding Fly 
Ash 
 

The CBR and UCS has shown an increase with the increment in %age of 
Fly ash. This increase is due to cementitious product subsequent to 

responding with hydrated lime present in the Fly ash, It act as cementatious 

material Due to that the bond  between clayey particle and Fly ash  becomes 
stronger and its load bearing capacity has been increased. The CBR value of 

Fly ash and soil mix initially increased from 4.35% - 10.87% at 20% of fly 

ash  and then decreases upto 10.42 % at 25%. The UCS of  Fly ash soil mix 
initially increased from 94.8 KN/m

2
 for virgin soil to 275.72 KN/m

2
 and then 

decreases up to 233.23 KN/m
2
  at 25% of Fly ash. Table 4 shows Clayey soil 

strength properties on addition of fly ash with different percentages. 
 

Table – 4: Clayey soil strength properties on addition of fly ash with different 
percentages. 

Composition 

% fly ash + 

Clayey soil 

Maximum Dry 

Density 

(MDD) 

(g/cc) 

 

Optimum 

Moisture 

Content 

(OMC) 

(%) 

CBR (%) UCS 

 KN/m2 Unsoaked Soaked 

100% 1.43 19 4.35 1.50 94.8 

10%+90% 1.51 18.1 7.6 2.55 165.55 

15%+85% 1.56 17.4 8.41 2.821 220.612 

20%+80% 1.61 16.8 10.87 3.611 275.72 

25%+75% 1.63 15.9 10.42 3.40 233.23 
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Fig.1: MDD Variation  with replacement of soil with % Fly ash. 

 

 
Fig.2: OMC variation with replacement of soil %Fly ash. 

 

 
Fig.3: CBR variation with replacement of soil %Fly ash. 
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Fig.4: UCS variation with replacement of soil %Fly ash. 

 

Fig.3 and 4 shows CBR and UCS variation with replacement of soil 

%Fly ash. 

 

3.3 Effect of Fly Ash and Ferric Chloride Soil Mix on MDD and 
OMC. 
 

Effect of  fly ash and Ferric chloride soil mix on MDD and OMC. In this 

study the MDD has shown as increase from 1.64g/cc to 1.71g/cc with the 

increase of  Ferric Chloride %age upto 1.75% and then decreases upto 

1.70g/cc at 2.5% of FeCl3. And the OMC increased with the increment of 
Ferric chloride %age. This is due to the fact that the Ferric Chloride itself 

absorbs water at first instants. The OMC value of fly ash ferric chloride soil 

mix increased from 15.5 to 16.4. 

 

3.4 Effect of Fly Ash and Ferric Chloride Soil Mix on CBR and 
UCS. 
 

Effect of fly ash and Ferric chloride soil mix on CBR and UCS.The CBR 

and UCS of Mix is increased at 1.75% of Ferric Chloride in the mixture of 

Fly ash and soil and then decreased at 2.5% of Ferric Chloride. The CBR of 
Fly ash ferric chloride soil mix is increased from 10.92% to 12.89% at 1.75% 

of ferric chloride and then decreased upto 11.95%.  

The UCS of fly ash ferric chloride Soil mixture is initially increased and 
then decreased. The UCS is increased from 315.72 KN/m

2 
to 475.85 KN/m

2
 

at 1.75% of Ferric Chloride in the mixture and then decreased upto 395.72 

KN/m
2
at 2.5% of ferric Chloride in the mixture. Table 5 shows that clayey 

soil strength properties on addition of fly ash and ferric chloride with 

different percentages. 
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Table – 5: Clayey soil strength properties on addition of fly ash and ferric chloride 

with different percentages. 

Composition 

% fly ash+Ferric 

Chloride + Clayey soil 

Maximum Dry 

Density (MDD) 

(g/cc) 

 

Optimum Moisture 

Content (OMC) 

(%) 

CBR (%) UCS 

 KN/m2 

Unsoaked Soaked 

20%+0.5%+79.5% 1.64 15.5 10.92 3.702 315.72 

20%+1%+79% 1.66 15.8 11.09 3.75 398.63 

20%+1.75%+78.25% 1.71 16.1 12.89 4.35 475.85 

20%+2.5%+77.50% 1.70 16.4 11.95 3.98 395.72 

 

 
Fig.5: Variation in MDD with %composition of Ferric chloride  in optimum Soil Fly 

ash  mix 

 
Fig.6: Variation in OMC with %composition of Ferric chloride  in optimum Soil Fly 

ash  mix 
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Fig.7: Variation in CBR with %composition of Ferric chloride  in optimum Soil Fly 

ashmix 

 

 
Fig.8:  Variation in UCS with %composition of Ferric chloride (fecl3) in optimum 

Soil Fly ash mix 

 

Fig.5 shows that Variation in MDD with %composition of Ferric chloride  in 

optimum Soil Fly. Fig.6 shows that Variation in OMC with %composition of Ferric 

chloride  in optimum Soil Fly ash  mix. Fig.7 shows that Variation in CBR with 

%composition of Ferric chloride  in optimum Soil Fly ash mix. Fig.8 shows that 

Variation in UCS with %composition of Ferric chloride (fecl3) in optimum Soil Fly 

ash mix 
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4 Conclusions 
 

CBR and UCS of Soil Fly ash   Ferric Chloride mix is investigated in this 

Research program. The major conclusions are as follows: 
1. The MDD of soil fly ash mix initially increased in virgin soil 

1.43(g/cc) to 1.63(g/cc) and Optimum Moisture Content decreased from 19% 

for virgin soil to 15.9%. 

2. The un soaked CBR value initially increased from 4.35% for 
virgin soil to 10.87% up to 20% of fly ash and after that it  decreased 

upto10.42% at 25% of fly ash.  

3. The UCS of mix initially increased from 94.8KN/m
2
 for virgin 

soil to 275.72KN/m
2
 at 20% of Fly ash and then decreased up to 

233.23KN/m
2
 at 25% of Fly ash when Cured for  7 days. 

4. The Maximum dry density of Ferric Chloride Fly ash mix 
initially increased 1.64(g/cc) to 1.71(g/cc) and decreased up to 1.70(g/cc) at 

2.5% ferric chloride  and Optimum  Moisture Content  increased from 15.5%  

to 16.4%. 

5. The Un soaked CBR value of ferric Chloride Fly ash soil mix 
initially increased from 10.92% to 12.89% at 1.75% Ferric Chloride and 

decreased  up to  9.76% at 2.5% ferric chloride. 

6. The UCS value of ferric Chloride Fly ash soil mix initially 
increased 315.72KN/m

2
 to 475.85 KN/m

2
 at 1.75% of Ferric Chloride and 

decreased up to 395.72 KN/m
2
 at 2.5% of Ferric Chloride on 7 days curing . 

7. The optimum Value of ferric chloride is 1.75%. 

8. Thus the optimal mixture of 78.25% soil 20% Fly ash 1.75% 
Ferric Chloride is recommended for successful use in soil stabilization. 
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