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Abstract— Soil stabilization methods are commonly used in 

highway projects where high strength of sub-soil is required. 

In physical and chemical stabilization, an optimum amount of 

Red mud and GGBS is mixed with the soil to improve its 

quality. A practical and generally accepted approach is used 

to determine the optimum amount of additive to be added to 

the soil to get maximum efficiency. In this work, an attempt 

has been made to carry out experimental work, based on 

various results with a different number of additives.   
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I. INTRODUCTION 

Expansive soils create the greatest hazard in arid regions. 

Expansive soils contain clays and fine silts that swell and 

shrink as their moisture content changes. The soil moisture 

shows variations due to climatic changes in the water table, 

watering of gardens and lawns, presence of trees and shrubs, 

and leakage from water and drainage pipes. The repeated 

loading triaxial test is performed within the elastic range of 

the soil to determine the resilient modulus. On the other hand, 

permanent deformation deals with the cyclic loading of 

materials beyond the elastic limit or sometimes up to the 

failure of the specimens to evaluate the rutting performance 

(single-stage tests) and different shakedown stages (or limits) 

of the materials (multi-stage tests). Local materials can be 

used effectively. There are many techniques of soil 

stabilization. Cement stabilization is an important method of 

stabilization.  The primary reaction with the water in the soil 

leads to the formation of cementitious material. These 

reactions occur almost independently of the nature of the soil 

and for this reason, Portland cement can be used to stabilize 

a wide range of materials. Although there are several types of 

cement-stabilized soils, there are two types associated with 

highway construction. The subgrade in the flexible pavement 

is more vulnerable to failure under vehicular traffic loading 

due to the non-uniform distribution of the load from overlying 

layers and the presence of high moisture content. This layer 

gets less emphasis compared to other layers in the pavement, 

even though most of the pavement failure is caused due to the 

bearing capacity. 

II. LITERATURE REVIEW 

This chapter discusses the different investigations for 

characteristics of red mud as construction material, and the 

stabilization of red mud in different applications in general.  

There is a limited number of applications and research about 

using red mud as a stabilization additive in literature. In this 

study, mainly the possibility of using red mud as a stabilizer 

has been examined. Since the red mud is waste material, the 

solution of stabilization of soil with red mud can be 

inexpensively performed. Also, using this waste material 

gives the advantage of decreasing the effort of storage of red 

mud. Red mud is the main waste material of the aluminum 

production industry. The aluminum is obtained from bauxite 

through the Bayer Process. The red mud, which is the residue 

of the bauxite, causes serious environmental problems. 

Approximately, 55-65% of the bauxite is disposed of as red 

mud through the Bayer Process. The red mud is generally 

disposed of on land or in isolated dams or disposed of in 

nearby seas or oceans. Due to the high alkalinity caused by 

ions in it, it has harmful effects on the land, air, and water of 

the surrounding area (Mahadevan & Ramachandran, 1996). 

By considering the environmental and cost issues, the 

utilization of red mud is important for decreasing its harmful 

effects on it the environment and decreasing the cost of 

substituting expensive materials. The possible areas of the 

utilization of red mud are as follows (Agrawal, Sahu, & 

Pandey, 2004): Construction materials: bricks, blocks, 

lightweight aggregates, Cement, Paint industry, Polymer 

products, ceramics, The raw material for the steel and iron 

industry and other specific uses. 

 The chemical reactions between clay soils and red 

mud are not researched before, so the chemical reactions 

between the clays and red mud cannot be interpreted exactly. 

The experimental works of this study examined the 

effectiveness of the red mud for the improvement of the soil 

through proper chemical reactions. 

 Although, no research about the clay-red mud 

interaction, the utilization applications of the red mud in the 

related areas gives an idea about the possible reactions of the 

red mud in the soil. 

 The first possible reaction is changing the adsorbed 

monovalent cations in the structure of the clay with the 

multivalent cations in the structure of the red mud. The 

multivalent cations are decreasing the swelling potential of 

the soil similar to lime reactions. 

 The other possible reactions are pozzolanic reaction. 

The idea of the pozzolanic reactions occur comes from that 

the red mud is used for increasing the pozzolanic activity in 

the concrete as stated above. 

This type of reaction can give the soil the advantages of: 

 reducing the plasticity index, permeability, and 

expansion potential, 

 Increasing the stiffness and strength of the soil as in fly 

ash. 

 Reddy, P.S., et. al., 2021 were concluded that It can 

be noted that laboratory-scale studies, in general, are 

executed at controlled environmental conditions, which in 

many instances do not replicate the field scenarios. 

Contrarily, RM in the field might be subjected to extreme 

environmental and climatic conditions, which may or may not 
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be possible to be imbibed to laboratory scale tests. It is 

appreciated, however, that the large-scale data compilation 

and its interpretation as is done in the present study can 

certainly help for decision-making by the waste management 

authority, developing holistic solutions by researchers or 

anticipating unforeseen problems to be encountered in the 

future. Complexities such as high alkalinity and regulations 

on transportation and storage of alkaline material are found 

as major compelling reasons for limited studies in the field, 

in particular on/using the RM. Considering these issues, a 

small/appropriate quantity of the sample collected from the 

bauxite residue disposal area as per the guidelines will serve 

as the representative sample and make recommendations for 

field implications. 

 Lima, M.S., and Thieves, L.P., 2020 concluded that 

red mud is a waste resulting from the bauxite refining to 

produce aluminum. Mixture 4 (7% of red mud). In general, 

concerning conventional mixture, red mud ones presented a 

rutting reduction from 42.63% (reference) to 12.82 (mixture 

3). This study showed the viability of reinserting the red mud 

in the production chain and the possible road construction 

use. The red mud as filler in asphalt mixtures production 

showed as an option to contribute to and mitigate the disposal 

problems, as well, as an environmentally friendly alternative. 

 Pai, R.R., Patel, S. and Bakare, M.D., 2020. 

Depletion of natural aggregates due to extensive use for road 

construction has triggered the scope of implementing non-

conventional materials. Ground granulated blast furnace slag 

(GGBS) alone, as well as in combination with lime, was 

intended to stabilize the expansive native soil which poses 

sizeable complications during the construction and 

maintenance of road pavements due to its poor strength and 

high swelling–shrinkage characteristics.  

 A. Gowtham and Ms. V. Janani’s (2017) Study on 

Red Mud on The Expansive Soil three mixtures containing 

3%, 5%, and 7% red mud and 4%, 2%, and 0% of stone 

powder, respectively were produced. A mixture with 0% red 

mud and 7% stone powder was the reference. The presence 

of vanadium pentoxide (V2O5) characterized red mud as a 

hazardous waste. A red mud mixture (Mixture 4 with 7% red 

mud) obtained superior moisture-damage resistance. 

 Sharma and Sivapuliah, 2015 attempted to utilize a 

mixture of fly ash (class F) and GGBS as a binder to stabilize 

expansive soil. The objective of this research was to assess 

the effect of Fly-ash-GGBS-based binder on the physical 

properties and UCS of the soil. UCS was found to increase 

with an increase in binders and curing period and confirms 

that Fly-ash mixed with GGBS has the potential to improve 

the properties of expansive soil with the help of minimum 

chemical additives. Based on the results of the UCS test, the 

addition of 20% binder is recommended as optimum content.  

 Celik and Nalbantoglu, 2013 studied the effect of 

grounded GGBS on the plasticity index, linear shrinkage, and 

swelling potential of lime-stabilized sulfate-bearing 

expansive soil. Ettringite is an expansive mineral that 

develops in presence of sulfate, calcium, and aluminum 

compounds of clay. The same amount of sulfate but with 6% 

Slag and three different concentration (2000, 5000, and 

10000 ppm) were used. At 10000 ppm of sulfate, the rate of 

swelling becomes nearly three times of the virgin soil. On 

scanning, it was found that there was a growth of Ettringite 

minerals. It was found that adding grounded GGBS to the 

lime-stabilized expansive soil prevents the growth of 

ettringite minerals. These minerals lead to an increase in 

plasticity index, linear shrinkage, and swelling potential of 

the specific soil. 

 Sharma and Sivapullaiah, 2012,  studied the effect 

of ground GGBS on UCS of expansive soil at 7, 14 and 28 

days of curing and found that strength development depends 

more on ground GGBS content, and effect of curing is less 

pronounced. There was also an increase in tangent modulus 

values with an increase in ground GGBS content. The main 

objective was to substitute lime or cement with GGBS and to 

alter it to take more load from foundations. BC soil was 

obtained from Belgaum in Karnataka and GGBS was 

obtained from the cement industry and was dry-mixed. The 

strength of the specimen increased by 20% at 7 and 14 days 

of curing, at 40% for 28 days. Also, there was an increase in 

Tangent Modulus. 

 T.K.ROY & Dr B.C.Chattopadhyay (2008) has 

undertaken an experimental program to explore the 

possibility of utilization of alternative materials like rice husk 

ash and pond ash by mixing these with soil for the 

construction of road subgrade as a cost-effective mix. 

Attempts are made to investigate the stabilization process 

with model test tracks over expansive subgrade. Cyclic plate 

load tests were carried out on the tracks with chemicals like 

lime and cement introduced in fly ash sub–base laid on 

expansive sub-grade.  

 Bhuvaneshwari, Robinson, and Gandhi (2005) 

described the study carried out to check the improvements in 

the properties of expansive soil with fly ash in varying 

percentages. Class F Fly-ash to stabilize expansive soil and 

found out that 3% Fly-ash with 9% cement is a better 

stabilizer than 12% cement. Both Cement and Fly-ash were 

increased at an increment of 1%. 

 Bhubneswari et.al., 2005 The adopted method was 

placing this material in layers and operating a “Disc Harrow”. 

Field trials were carried out by building an embankment of 3 

to 4 meters wide, 30 meters long and 600mm high. Each layer 

of 200mm thickness was placed with Fly-ash of varying 

content. After this disc harrow was used to form a uniform 

mix of soil and Fly-ash. The equipment is a circular disc that 

penetrates through loosely placed soil and is pulled 

horizontally by a tractor. It was inferred that since the local 

soil was highly plastic therefore Fly-ash was used to stabilize 

the soil and at 25% Fly-ash content maximum dry density was 

observed at 1.25times the original. The local soil before 

mixing with Fly-ash needed to be dry with moisture content 

below 7%, and the presence of dry lumps in the soil increases 

the no. of passes required by the disc harrow. 

 Al Rawas, 2002, worked out that additives such as 

copper slag containing higher amounts of Na+ but a lower 

amount of Ca2+ and CaO, and were less effective than 

GGBS, which had low amounts of Na+ but a relatively higher 

amount of CaO. Calcium ions help in reducing the intensity 

of the swell potential of the soil containing smectite and illite 

clay minerals by forming aggregations of different sizes. He 

concluded that the chemical composition of stabilizing agents 

provides a good indication of their effectiveness in soil 

stabilization and should essentially be determined. 
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 Pandian et.al., 2002, had studied two types of Fly-

ash, Class F (Raichur Ash) and Class C (Neyvalli Fly ash) on 

the CBR of Black Cotton Soil. Since CBR is linked with 

cohesion and friction. CBR of fine soil is attributed to 

cohesion while for Fly-ash which is coarse it is with friction. 

It also concludes that variation of CBR on Fly-ash - BC soil 

is due to frictional and cohesive resistance of soil and 

stabilizer. In class C Fly-ash with an increase in Fly-ash 

strength increases due to additional pozzolanic reaction 

forming cementitious compound resulting in a good binding 

between BC soil and Fly-ash. 

 Jiru and Xing, 2002; Rao and Sabat, 2005; Zha et.al., 

2008; Bose, 2012, PhaniKumar and Sharma, 2004) carried 

out a study on expansive soil and its engineering properties 

when Fly-ash is added to it on an experimental basis. The 

effect on Free Swell Index (FSI), Plasticity index, swelling 

pressure and potential, hydraulic conductivity, compaction, 

and strength were studied. The ash-blended soil was made by 

adding Fly-ash at 0, 5, and 10,20 % on a dry weight basis, and 

was concluded that the additive reduces plasticity properties. 

 Cocca, 2001, were concluded that the specimen was 

cured for 3 and 28 days and was subjected to an oedometer-

free swell test. This confirmed that the Plasticity index, 

activity, and swelling potential of the soil sample decreased 

with the addition of Fly-ash, and the optimum Fly-ash content 

was found to be 20%. The changes in physical properties and 

swelling potential is a result of additional silt particles and the 

chemical reaction that causes the flocculation of clay particles 

and the time-dependent pozzolanic and cementitious 

properties of Fly-ash. It is concluded that both high and low 

CaO Fly-ash can be used as a stabilizing agent in expansive 

soil. 

III. OUTCOME FROM THE LITERATURE REVIEW: 

A. Problem faced due to construction work from literature: 

Conventional materials are limited in use as well as in 

applications. 

 Conventional materials are not suitable for all types of 

soils 

 Most studies have been made on black cotton soil and 

some on kaolinite, lateritic and clayey soil. 

 Conventional materials are highly expensive. 

 In situ soil is to be replaced. 

 Soil exchange is required in conventional road 

construction 

 It has got a negative impact on the environment. 

 Conventional methods of construction require 

maintenance for the whole life. 

 Expansive soils like lateritic soils and black cotton soils 

are problematic soils. 
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