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ABSTRACT 

Expansive soils lack the required engineering properties for use in pavement subgrades, and as a foundation 

supporting layer under buildings.  In the present study Red mud, a byproduct of bauxite industry is stabilized with lime 

and in turn is used to stabilize the expansive soil.  Compaction studies and unconfined compressive strength studies were 

conducted in order to see the efficacy of these materials in improving the strength of the soil. Red mud is stabilized with 

4% lime and lime-stabilized red mud is added to the expansive soil in different percentages varying from 10% to 50% in 

increments of 10%.  Tests are also conducted on soils stabilized with lime stabilized red mud and fly ash, adding them in 

equal quantities along with 4% lime. The results show that red mud as well as red mud – fly ash improves the geotechnical 

properties of the soil. 
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1. INTRODUCTION 

Red mud is a by-product of the Bayer process, which is 

used for the production of alumina from bauxite. In 

India, about 4.71 million tons of red mud is produced 

every year which is 6.25% of world’s total generation 

(Paramguru et al 2005; Parlikar et al 2011). Red mud is 

differentiated into two grades: fine-grained “red mud” 

and coarse “red sand.” Typical red mud grading show 

up to 20–30% clay sized, with the majority of particles 

in the silt range (Miners 1973; Somogyi and 

Gray1977). Vick (1981) observed that red mud exhibits 

low plasticity with liquid limit (LL) of 45% and plasticity 

index (PI) of 10% with relatively high specific gravity 

(GS) of 2.8-3.3. 

Red mud creates a lot of health hazards to the ecology, 

if it is disposed without necessary precautions. Red 

mud is highly alkaline (pH = 11-13) material(Li 1998; 

Sundaram and Gupta 2010) and mineral components 

include hematite, goethite, gibbsite, calcite and 

complex silicates. Red mud is  found to have greater 

than 50% of the particles less than 2µm size in some 

cases.  The cation exchange capacities of red mud are 

comparable with kaolin or illite. Kalkan (2006) studied 

efficacy of red mud for the preparation of clay liners 

and found that the compacted clay samples containing 

red mud and cement–red mud additives have a high 

compressive strength and low hydraulic conductivity  

as compared to natural clay samples. Newson et al. 

(2006) carried out investigations on physiochemical 

and mechanical properties of red mud and established 

that the compression behaviour found to be similar to 

clayey soils, but frictional behaviour closer to sandy 

soils.  Rout et al. (2012) observed that the maximum dry 

density (MDD), specific gravity and angle of internal 

friction are very high compared to local soil.  Kusum 

Deelwal et al (2014) studied geotechnical  properties 

such as Specific gravity, Particle size distribution, 

Atterberg limits, OMC and MDD. The performance of 

stabilized mixes depends upon the compaction or 

densification of the fill.  

2. OBJECTIVES OF THE WORK 

The aim of present work is to ensure the suitability and 

utilization of red mud as a stabilizing agent to the soil. 

The work is carried in three stages. In the first stage the 

material characterization of expansive soil, fly ash and 

red mud are done.  In the second stage red mud is 

added to expansive soil from 10% to 50% in 
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increments of 10% along with 4% lime and 

geotechnical properties of red mud-lime – soil mixes 

are studied.  In the third stage both red mud and fly ash 

are added together in equal quantities varying from 

10% to 50% in increments of 10% along with 4% lime. 

In the present study effort is made to study the 

geotechnical properties like Atterberg limits, 

compaction characteristics, unconfined compressive 

strength and shear parameter. The development of 

alternate low-cost and environment suitable building 

materials from industrial wastes in an economic way 

will help to conserve the natural resources. 

3. MATERIALS AND METHODS 

3.1 Expansive Soil 

The soil used in the present study is obtained from 

Banapur block of Khurda District, Odisha state. The 

soil properties of soil are given in Table 1.  Soil is 

classified s CH (Highly plastic clay). 

3.2 Lime 

The lime (L) used was a commercially available lime 

from Birla cements. 

3.3 Red Mud 

The red mud used in the present study is collected from 

NALCO, Damanjodi, Koraput in state of  Odisha, India 

The geotechnical properties of red mud are given in 

Table 1 and chemical properties are given in Table 2. 

3.4 Fly Ash  

Fly ash is collected from Nalco (CPP) Anugul, India. 

The geotechnical properties are summarized in Table 1. 

The chemical composition of the fly ash used in the 

study is given in Table 2, comes under category of 

Class F (ASTM C618).  

Table 1 Geotechnical Properties of Soil, Fly ash and 

Red mud 

Grain-Size Distribution Soil Fly 

ash 

Red 

mud 

                       Sand (%) 29 85 17 

      Silt (%)  &  Clay (%) 50%

& 

21% 

15 83 

Liquid Limit (%) 59 - - 

Plastic Limit (%) 23 - - 

Plasticity Index (%) 32 -NP- -NP- 

Shrinkage Limit (%) 18 - - 

IS Classification CH - - 

Specific Gravity 2.67 2.1 3.2 

OMC (%) 23 20.7 31 

Maximum Dry 

Density(Mg/cum) 

1.52 1.35 1.61 

Free Swell Index (%)  80 Nil Nil 

CBR (%) (soaked) 3.1 3.15 5.2 

Undrained Cohesion (kPa) 18 12 15 

Angle of internal friction (
0
) 12 31 28 

 

Table 2 Chemical Properties of Fly Ash and Red mud 

 Fly ash Red mud 

Al2O3 30.63 18 

Fe2O3 4.79 51 

TiO2  4.6 

SiO2 60.43 9.8 

Na2O 0.1 5.3 

CaO 0.28 1.8 

P2O5  0.15 

Loss on Ignition 0.5 9.05 

4. PREPARATION OF THE SAMPLES FOR 

TESTING  

Tests are conducted with soil alone as well as soil-red 

mud mixes containing different percentages of red 

mud. Red mud is stabilized with 4% lime and lime-

stabilized red mud is added to the oven dried soil in 

desired quantities varying from 10% to 50% in 

increments of 10%. Water is added to the mixture and 

mixed until it becomes homogenous. The laboratory 

tests carried out on the natural soil include particle size 

distribution as per IS: 2720-1985 Part IV, Specific 

Gravity as per IS: 2720 Part III section 1-1980, 

Atterberg limits test as per IS: 2720 part V 1985, 

Compaction test as per IS : 2720 part VII-1980, 

Unconfined compressive strength test as per IS:2720 

part X. Unconfined compression  tests are conducted 

on soil and red mud mixes compacted at their 

respective maximum dry density (MDD) and optimum 

moisture content (OMC). For preparing compacted 

specimen, first the required amount of dried soil and 

lime stabilized red mud were weighed and mixed 

together in dry state, then, optimum moisture content 

was added to the mixture. The mixture was then kept 

for moisture equilibration for 30 min.  in sealed 

polythene covers.  In the entire laboratory tests, three 

specimens were tested to obtain average results and to 

check reproducibility. Tests were also conducted with 

soil stabilized with lime-red mud and fly ash. 
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5. RESULTS AND DISCUSSION 

5.1 Effect of Red mud and Red mud - fly ash on 

Atterberg Limits  

Variation of liquid limit, Plastic limit with the 

admixture content is shown in Fig. 1.  It is found that 

both liquid limit and plastic limit decrease as the lime 

stabilized red mud content is increased. The addition of 

both fly ash and red mud also resulted in the reduction 

in both liquid limit and plastic limit.  The reduction in 

Atterberg limits is slightly higher in the case of 

stabilization with red mud alone. It is known that the 

addition of fly ash causes flocculation of clay particles 

and improves the gradation (Sivapullaiah et al, 1996). 

The immediate and long-term effects together 

contribute to the beneficial changes in the plasticity 

characteristics in terms of decrease in Liquid Limit, 

plastic limit and Plasticity index (Ip).  

Liquid limit and plastic limit both decreases with 

increase in stabilizer percentages. Addition of 40% 

lime stabilized red mud reduced the liquid limit of 

untreated expansive soil by 24% and Plastic limit by 

42%.  

Addition of 40% lime stabilized red mud and fly ash 

together reduces the liquid limit by 33% and plastic 

limit by 50% when compared with the untreated 

expansive soil.  

 

 
                       Fig.1 Atterberg Limits 

5.2 Effect of Lime stabilized Red mud and Lime 

stabilized Red mud - fly ash on Compaction 

Characteristics 

The geotechnical properties of soil such as swell 

potential, compressive strength, CBR, permeability, 

and compressibility are dependent on the moisture and 

density at which the soil is compacted. Compaction of 

soil enhances the geotechnical properties of the soil to 

meet specified or desired properties of soil. The 

standard proctor test is conducted on natural soil as 

well as on mixes of soil treated with different 

percentages of red mud to determine the optimum 

moisture content and maximum dry density.  Fig. 2 

shows the variation of the Maximum Dry Density 

(MDD) and Optimum Moisture Content (OMC) with 

red mud content. The maximum Dry density of natural 

soil sample was 15.2 kN/ m
3
.  The MDD for a soil 

sample with 50% red mud content is 16.3 kN/m
3
 which 

implies that the MDD increases with the increase in red 

mud content and an increase in  OMC is  also observed 

from 23 % to 28%. The increase in density may be due 

to the flocculation and agglomeration of clay particles 

facilitating better compactability thus reducing void 

spaces leading to a corresponding increase in dry 

density. The increase in OMC may be due to increase 

in the fineness of red mud when compared with the 

soil.  

Fig. 2 shows the effect of the addition of Fly ash and 

Red mud on the compaction characteristics of the 

expansive soil. The trend was similar to that of red mud 

alone. The increase in density may be related to the 

flocculated and agglomerated clay particles leading to 

better gradation and corresponding increase in dry 

density. The addition fly ash and red mud to the soil 

increases OMC because of the coarse grain size of fly 

ash compared to that of natural soil, which causes an 

increased void ratio in soil mixtures. The increase in 

MDD with the addition of red mud alone is little higher 

when compared with fly ash and red mud addition, 

which may be  due to comparatively low specific 

gravity value of fly ash than that of replaced red mud 

and also simultaneous flocculation and agglomeration 

of clay particles.  

 
               Fig. 2 Compaction Characteristics 

 

5.3 Effect of Lime stabilized Red Mud and Lime 

stabilized Red Mud-Fly Ash on Unconfined 

Compressive Strength (UCS) 

The tests are performed on expansive soil stabilized 

with red mud and lime mixes compacted at OMC to 

their respective MDD. It can be seen from the Fig. 3 

that the unconfined compressive strength of the soil 

increases with addition of lime stabilized red mud up to 

30% and there is a slight reduction beyond 30%. The 
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increase in the UCS with addition of red mud may be 

attributed to the formation of cementitious compounds 

between the soil and the lime stabilized red mud. 

Curing of the mixes showed a significant improvement 

in the UCS values. A marked increase of UCS is 

observed for 90 days curing. With the addition of lime 

stabilized red mud, the UCS value increased from 

14.9kN/m
2
 to 16.8kN/m

2
. Considerable improvement 

was observed at 30% lime stabilized red mud content 

in the soil.  The UCS value increased from 16.8 kN/m
2
 

to 100.6 kN/m
2
 upon curing for 90 days. 

The test results of unconfined compressive strength of 

lime stabilized red mud - fly ash treated soil are shown 

in Fig. 4. This figure illustrates the UCS of red mud 

and fly ash treated soil with different admixture 

contents for different curing periods. The failure plane 

of specimens indicated that all the specimens are 

showing shear failure. There is a slight increase in 

unconfined compressive strength from 16.8kN/m
2
 to 

19.3 kN/m
2
 with the addition of 30% lime stabilized 

red mud and fly ash. Curing contributed to significant 

improvement in UCS. The unconfined compressive 

strength of soil at 50% of fly ash and lime stabilized 

red mud content increased from 19.3kN/m
2
 

to73.27kN/m
2
 upon curing for 90 days. The reason for 

this improvement may be due to the immediate and 

long term pozzolanic reactions of red mud, fly ash and 

lime with soil. As the curing period is increased, the 

unconfined compressive strength increases both in the 

case of red mud addition as well as red mud and fly ash 

addition. This is due to both pozollanic reaction 

between soil and fly ash and red mud as well as due to 

improvement in friction.  

 
           Fig.3 Variation of UCS with curing time 

5.4 Effect of red mud as well as red mud and fly 

ash on shear parameters  

Mostly, two mechanisms control the undrained strength 

in clays, namely cohesion or undrained strength is due 

to the net attractive forces and the mode of particle 

arrangement as governed by the interparticle forces, or 

cohesion is due to the viscous shear resistance of the 

double layer water (Sridharan, 2002). 

 
        Fig.4 Variation of UCS with curing time 

In general fine grained soils consist of different clay 

minerals with different exchangeable cations and 

varying ion concentration in the pore water and varying 

non clay size fraction. In imparting shear strength to 

clay both can function simultaneously or one of the 

mechanisms dominates. The effect of red mud and red 

mud -fly ash content on shear parameters is shown in 

Figure 5.  From the figure it is evident that the 

cohesion decreases and friction increases with the 

increase in admixture content. 

 
Fig.5 Variation of shear parameters with the 

admixture content 

 

6. CONCLUSIONS 

Addition of red mud as well as red mud – fly ash 

decreases the liquid limit and plasticity index. 

The admixtures impacts moisture-density relation of 

expansive soils – optimum moisture content increases 

and maximum dry density increases with the increase 

in admixture content.  Dry density of compacted 

specimens is found to increase from 15.2 kN/m
3
 to 16.3 

kN/m
3
 with the addition of red mud by 50% by weight 

of dry soil. With the addition of lime stabilized red 

0 

20 

40 

60 

80 

100 

120 

0 20 40 60 

U
C

S
, 
 k

N
/m

2
 

Red mud content, % 

1 day 
7 days 
28 days 
90 days 

0 

10 

20 

30 

40 

50 

60 

70 

80 

0 20 40 60 

U
C

S
, 
k
N

/m
2
 

Red mud + Fly ash content (%) 

1 day 

7 days 

28 days 

90 days 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

0 20 40 60 

C
o
h
e
s
io

n
, 
k
N

/m
2
 

Admixture content, % 

Cohesion (Red mud ) 
Friction (Red mud) 
Cohesion (Red mud+ Fly ash) 
Friction (Red mud+ Fly ash) 



Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

5 

mud –fly ash, 50% by weight of soil, MDD increased 

to 16.1 kN/m
3
.   

Addition of lime stabilized red mud and lime stabilized 

red mud – fly ash cause significant changes in Shear 

parameters. With the addition of red mud 50% by 

weight Cohesion decreases from 47kN/m
2
 to 32 kN/m

2 

and friction increases from 20
0
 to 24

0
.   

With the addition of lime stabilized red mud and fly 

ash in equal quantities, 50% by weight, Cohesion 

decreases from 45 kN/m
2
 to 34 kN/m

2 
and friction 

increases from 23
0
 to32

0
.   

The UCS value is found to increase with the addition 

of lime stabilized red mud and lime stabilized red mud 

– fly ash.  

The effect of curing time on UCS was evaluated using 

soil and the two admixtures, lime stabilized red mud 

alone and lime stabilized red mud along with fly ash. 

Between 7 and 28 days, the UCS increased modestly 

and steady increase was found up to 90 days of curing.  

Expansive soil mixed with 30% red mud by weight of 

dry soil along with 4% lime is optimum content at 

which significant improvement in compaction 

characteristics and considerable increase in UCS is 

achieved.   

Expansive soil mixed with 15% fly ash and 15% red 

mud by weight of dry soil along with 4% lime exhibits 

improved geotechnical properties in terms of UCS and 

compaction characteristics. 
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