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ABSTRACT: Large amount of industrial wastes generated from various factories in India and are simply being disposed 
without any major applications. Alternative materials are to be adopted as a construction material so as to minimize the 
use of natural resources. Red mud (RM) is generated as a waste material during the production of alumina from bauxite 
and it comes to around 40% of the bauxite used for the production. The paper presents the possibility of using red mud as 
a stabilizing material. The study examines the effect of red mud on behavior of clays by carrying out compaction test, 
CBR tests and UCC tests for different percentages of red mud. The red mud soil mix is further treated with lime to 
understand if more soil can be replaced by red mud on lime treatment. It was seen that the highest Maximum Dry Density 
(MDD), UCS and CBR values were obtained for 15% red mud in soil. On further treatment with 2% of lime, 20% red 
mud in soil showed more strength compared to 15% red mud in soil ensuring that more soil can be replaced by red mud on 
treating with lime. 
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1 INTRODUCTION 

The major drawback of industrialization and 
urbanization is the production of large quantities of 
wastes and the problems related to their safe 
management and disposal. Innovative methods for the 
utilization of these waste products have great demand 
all over the world due to the scarcity of land to dispose 
them. Red mud (RM) is the waste generated during the 
process of extracting alumina from bauxite. It is 
composed of Alkalis, aluminium hydroxides, iron 
oxides and hydroxides, calcium carbonates, titanium 
etc. (Pera et al., 1997; Yalcin and Sevinc, 2000). Red 
mud finds its application in making bricks and cements 
and even in decontaminating mining sites (Amritphale 
and Patel 1987; Deng et al. 1980; Kohno et al., 1993; 
Kara and Emrullahoglu 1994; Singh et al., 1996). The 
geotechnical properties of red mud were studied by 
many researchers as to use it as an alternative material 
to soil (Li 1998; Newson et al. 2006; Sundaram and 
Gupta 2010; Rout et al. 2012; Sutar et al. 2014). 
Kalkan (2006) examined the hydraulic conductivity 
and swelling behavior of compacted clay liners with 
red mud and concluded that red mud is suitable for 
stabilizing clay liners. Kehagia (2014) studied the 
effect of fly ash on soil stabilized with red mud and 

found that more percentage of soil can be replaced with 
red mud when it is stabilized fly ash. Chemical 
stabilization of the soil using lime, cement, fly ash, and 
their combinations is very common nowadays. Among 
them lime is the most widely used admixture as they 
form cementing products which bonds the clay 
particles thereby reducing the plasticity, shrinkage, 
swelling and improve the strength characteristics (Bell 
1988; Sherwood 199; Greaves 1996). Shallow 
stabilization and deep stabilization using lime (Puppala 
et al., 2007; Rao and Shivananda, 2005; Rao and 
Thyagaraj, 2003) and in situ lime precipitation 
techniques (Thyagaraj et al., 2012; Thyagaraj and 
Zodinsanga, 2014) are currently being practiced in 
stabilizing weak clayey soils. Bhuvaneshwari et al. 
(2014) brought out the role played by lime 
modification optimum in soil-lime reactions which 
affected the physical properties as well as the structure 
of the lime stabilized soil. 

The present study involves experimental investigation 
to characterize red mud waste from HINDALCO, and 
to study its effect on compaction behaviour, California 
Bearing ratio (CBR) and unconfined compressive 
strength (UCS) of clayey soil. The soil red mud mix 
was further treated with lime to understand if more soil 
can be replaced by red mud on lime treatment. All the 
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tests were performed in accordance with the procedures 
specified by Indian Standards. 

2 PROPERTIES OF SOIL AND RED MUD 

Clay soil used in this study was collected from 
Aakulam, Kerala. The soil was air dried, pulverized 
and passed through 425 µ sieve before carrying out the 
tests. The index properties and engineering properties 
of soil used are tabulated in Table 1. The red mud 
sample was obtained from HINDALCO, Belgam, 
Karnataka. It is the solid waste residue obtained during 
the production of alumina (Al2O3) from bauxite ores. 
The properties of red mud are shown in Table 2. 

Table 1 Properties of Soil 
Property Value 
Specific Gravity 2.5 
Liquid Limit (%) 36 
Plastic Limit (%) 21 
Plasticity Index (%) 15 
Optimum Moisture Content (%) 20 
Maximum Dry Density (kN/m3) 16.4 
IS Classification CI 
Sand (%) 46 
Silt and Clay (%) 54 

Table 2 Properties of Red Mud 
Property Value 
Specific Gravity 3.2 
Liquid Limit (%) 37 
Plastic Limit (%) 31 
Plasticity Index (%) 6 
Optimum Moisture Content (%) 32 
Maximum Dry Density (kN/m3) 15.1 
IS Classification MI 
Sand %  15 
Clay and Silt % 85 

3 RED MUD AND LIME STABILIZATION 
OF SOIL 

3.1 Soil stabilization Using Red Mud (RM) 

The specimens were prepared by adding 5%, 10%, 
20%, 25% and 30% of RM to soil separately. The 
variation of MDD, OMC, CBR and UCC were 
determined for different percentage of RM in soil-RM 
mixes and the best mix was obtained when 15% of the 
soil was replaced with red mud. 

3.2 Lime Stabilization of Soil- Red Mud Mix 

The soil-RM mix was treated with lime inorder to find 
if there was any marked improvement in the properties 
of the mix. Based on Eades and Grim pH test (ASTM-
D 6276–99a) the Initial consumption of lime (ICL) of 
the soil-red mud mix was determined. The ICL is the 
amount of lime in the soil at a pH value of 12.45. It can 

be observed from Figure 1 that the pH of the lime soil 
mixture reached 12.45 at 2% lime. In the present study 
the effect of lime treatment at ICL i.e. at 2% lime, only 
is considered. 

 
Fig. 1 Variation of pH with lime in soil 

For the 2% lime treated soil-RM mixes also various 
parameters like MDD, UCS and CBR values were 
studied for different percentages of red mud and the 
best mix was obtained when 20% of the soil was 
replaced with red mud. 

4 RESULTS AND DISCUSSION 

4.1 Compaction Behavior 

Standard Proctor Compaction tests were conducted to 
study the effect of different percentages of red mud on 
compaction behavior of the clay soil. From Figure 2 it 
can be seen that with increase in the percentage of red 
mud, Maximum Dry Density (MDD) initially increased 
from 16.38 kN/m3 to 16.84 kN/m3 and then decreased 
with further increase in percentage of red mud. The 
increase in MDD was due to the filling of voids in the 
Soil-RM mix by the red mud. The MDD increased till 
the addition of 20 % of RM beyond which the addition 
of red mud resulted in the decrease of MDD due to the 
presence of more fines in the mix.  

 
Fig. 2 Variation of MDD with increase in RM in the mix 

for different percentages of lime 

On addition of lime the MDD increased for all the 
mixes as the soil-RM mix became less plastic. A 
maximum value of 17.4  kN/m3 was obtained for 25% 
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of RM in the lime treated soil-RM mix beyond which 
the MDD gradually decreased.  

4.2 Unconfined Compressive Strength (UCS) 

Unconfined compression test was conducted to analyse 
the effect of addition of red mud to soil. Figure 3 
compares the UCS of untreated and lime treated soil –
RM mixes. For the untreated mix it can be seen that 
there is an increase in UCS initially till 15% of soil was 
replaced by red mud and thereafter the UCS decreased 
with increase in the percentage of red mud. On addition 
of lime the UCS increased upto 20% RM in the mix. 
The tremendous increase in UCS of the soil RM mix is 
due to the reactions occurring between soil and lime 
thereby forming cementitious bonds which holds the 
mix together leading to an increase in strength.  

 
Fig 3 Variation of UCS with increase in RM in the mix for 

different percentages of lime 

4.3 CBR Value 

The variation in unsoaked and soaked CBR values with 
different percentages of red mud is shown in Figure 4. 
It can be seen that the CBR value increased till 15% of 
red mud and beyond which it decreased. Above this 
limit the soil became more plastic and finely grained. 

 
Fig. 4 Variation of CBR for untreated soil-RM mixes  

The soil-RM mix when treated with lime showed a 
marked increase in unsoaked as well as soaked CBR 
value as can be seen in Figure 5. Hydrated calcium 
aluminates and calcium silicates are formed when 
soil is treated with lime which bonds the clay particles 
making it more resistant to penetration and thereby 

improves its CBR value. The maximum value of CBR 
was obtained for 20% of RM in the soil-RM mix. 

 
Fig.5 Variation of CBR for soil-RM mixes treated with 

2% lime 

5 CONCLUSION 

 The maximum dry density of soil-RM mixes 
improved with the replacement of soil by red mud 
upto RM percentage of 20 %. For the soil-RM mix 
treated with 2% lime, maximum MDD was 
obtained for mix with 25% red mud. 

 The maximum UCS was obtained for 15% RM 
and 20% RM in untreated and treated soil-RM 
mixes respectively.  

 The unsoaked and soaked  CBR value of soil-red 
mud mix showed improvement until 15% 
replacement of soil by red mud in case of 
untreated soil-RM mix and 20% replacement of 
soil by red mud in case of treated soil. 

 The clayey soil when replaced by 15% red mud 
showed the best improvement in its properties 
(MDD, UCS and CBR) and therefore it can be 
concluded that the weak clayey soil can be 
improved by addition of red mud which is an 
industrial waste. 

 The treatment of soil-RM mixes with 2% lime 
could further improve the properties of the mix 
and the maximum improvement was seen when 
20% of soil was replaced by red mud. Hence the 
addition of lime brought about further utilization 
of red mud in soil by 5%. 

 Hence it can be concluded that red mud can be 
used in stabilization of weak clayey soil instead of 
simply being disposed on the land.   
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