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Abstract: Red mud is one of the bi-products obtained 

during refining process of Bauxite currently estimated to be 

2.7 billion tons with an annual growth rate of over 120 

million tons. Its disposal is problematic and it is hazardous to 

environment. It is necessary to utilize the waste affectively 

with technical development in each field. In order to 

overcome this problem it has to be reused in various fields 

like agricultural, civil engineering and Road pavements. 

Attempts are made to investigate the stabilization process in 

the laboratory with different percentages of cement with red 

mud. Compaction, UCS and split tensile tests were tests were 

carried out in red mud with different cement with a view to 

obtain optimum percentage. From the results Cement and 

Red mud mixture have changed the structure of Red mud 

into flocculated structure thereby increasing the strength of 

the mixture. 

 

Keywords: Red Mud, Cement, Unconfined Compressive 

Strength, Split Tensile Strength. 

 

I. INTRODUCTION 
   

One of the major challenges before the processing and 

manufacturing industries is disposal of the residual waste 

products. Out of total Aluminium production India 

contributes only about 3% of world’s production. Red mud 
is one of the bi-products obtained during refining process 

of Bauxite (ore of Aluminium Al2O3), currently it is 

estimated to be 2.7 billion tons with an annual growth rate 

of over 120 million tons. Due to presence of caustic soda 

the Red mud has very high pH greater than 11. Its disposal 

is problematic and it is hazardous to environment. In order 

to overcome this problem it has to be reused in various 

fields like agricultural, gas treatments and civil 

engineering such as Bricks preparation, Road pavements, 

Embankments and for Landfill liners. [1], used the Red 

mud for bricks preparation by stabilizing with lime and 

checked the wet and dry compressive strengths at 28 days 

curing period, obtained maximum values for 5% lime and 

8% lime respectively. They have carried out a project 

work on feasibility of lime and Red mud stabilized Red 

mud mixes in road construction. [2], prepared cement Red 

mud concrete using Red mud. The compressive and 

flexural strength of this kind of  concrete is close to or 

even higher than that of ordinary concrete, meeting the 

requirement of cement  concrete used for pavement 

materials (the 28-day compressive strength is about 30–40 

MPa; the  28-day flexural strength is about 4.5–5.5 MPa).  

 [3] studied slag and Red mud activated by a composite 

solid alkaline activator, and developed alkali slag Red mud 

cement which has the properties of greater early strength 

(the initial and final setting is separately 62 min and 95 

min), high compressive strength (the 28-day compressive 

strength can be up to 125 MPa) and excellent resistance to 

corrosion, utilizing 30% of the Red mud. [4] Reported that 

the utilization of blast furnace slag, phosphor gypsum, 

flyash, Red mud, waste tea, etc. are used as construction 

materials and the environmental impact of such methods 

have been studied for many years. [5], used Red mud as a 

cement stabilizer and study the effects of Red mud on the 

unconfined compressive strength, hydraulic conductivity, 

and swelling percentage of compacted clay liners as a 

hydraulic barrier. The test results show that compacted 

clay samples containing Red mud and cement–Red mud 

additives have a high compressive strength and decreased 

hydraulic conductivity and swelling percentage as 

compared to natural clay samples. Consequently, it is 

concluded that Red mud and cement–Red mud materials 

can be successfully used for the stabilization of clay liners 

in geotechnical applications. [6] Has studied the 

preparation of ordinary Portland cement from Red mud, 

lime and freestone, and the 28-day compressive strength of 

the cement strength can reach 63MPa.  [7] Stabilized Red 

mud with different percentages (i.e.  2, 4, 6, 8, 10 and 12 

%) of lime, from the results  10% of lime has shown 

higher values of Unconfined Compressive  Strength, Split 

Tensile strength, and California bearing ratio as compared 

to other percentages.  Addition of higher percentage of 

lime has shown higher values up to 10% addition further 

addition of lime doesn’t play any role in increasing the 
strength of Red mud lime mix. As the percentage of lime 

increases the water content required for stabilization is 

more. The Red mud and 10% lime mix can be used as sub 

grade and sub base materials for road construction. [8] 

Studied the replacement of Portland cement by Red mud 

preparing concrete cubes of 15cm x 15cm with varying 

percentages 5%, 10%, 15%, 20%, 25%, 30%, 40% by its 

weight were water cured for 28 days and taken for testing 

under compression testing machine. Concrete Cylinders of 

diam. 100mm and 200mm in length were casted by 

replacing cement using Red mud in varying percentages 

5%, 10%, 15%, 20%, 25%, 30%, 40%.these cylinders 

were water cured for 28days and tested. He concluded that 

increase in Red mud content decreases the compressive as 

well as tensile strength of concrete, Optimum percentage 

of the replacement of cement by weight is found to be 

25%, Concrete prepared by using Red mud is suitable in 

ornamental works and gives aesthetically pleasant 

appearance and workability of concrete may get affected 

with increase of Red mud but it can be improved by 

adding super plasticizers.   

In the present study OPC 53 Jaypee cement chosen for 

stabilization of Red mud. The Red mud sample collected 

from NALCO which is located at Daman Jodi in Orissa. 

Initially the Red mud, cement are tested for their 

individual characteristics and Geotechnical properties. 

After that the Red mud mixed with cement to get optimum 

mixes. The optimum mixes were decided based on the 
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values of compaction characteristics. The tests unconfined 

compressive strength and split tensile strength were 

conducted at different curing periods to find out the 

strengths at different curing periods.  

 

II.  MATERIALS USED 
 

Details of various materials used during the laboratory 

experimentation are reported in the following section. 

A. Red Mud 
In the present study the Red mud sample is collected 

from NALCO (National Aluminium Company) which is 

located at Damanjodi in Orissa. It contains high number of 

compounds among those more frequent are shown below 

Hematite, goethite, gibbsite, calcite, calcium Aluminium 

hydrate, sodalite, Aluminium silicates and kaolinite. Red 

mud is highly complex material that differs due to the 

different Bauxites used and the different parameters. Test 

results shown in table: 1, it is identified that majority of 

Red mud dominated by silt size particles and also possess 

plasticity characteristics. It has impervious character with 

a permeability of k= 4.3×10
-6

 cm/sec. 
 

Table: 1 Physical and Geotechnical Properties of Red Mud 

Property Value 

Appearance  Mud 

Colour Red 

Specific gravity 2.9 

Unconfined compressive strength  (Kg/cm2) 1.49 

Index Properties 

Liquid limit (%) 32 

Plastic limit (%) 24 

Plasticity index 8 

California bearing ratio(CBR) 4 

Grain size Distribution 

Fine Sand (%) 2 

 Silt (%)  96 

Clay & Collides (%) 2 

Compaction 

OMC (%) 22 

MDD (g/cc) 1.78 

Permeability (K) cm/sec 4.3×10-6 

 

Table: 2 Chemical Properties of Red Mud 

Formula Compound % 

Na2O 7.75 

Al2O3 22.84 

SiO2 19.84 

CaO 1.24 

TiO2 7.87 

V2O5 0.68 

FeO 39.32 

Zno 0.45 

 

From the chemical composition shown in table: 2, it is 

identified that it has 39.32% of ferrous and ferric oxides 

and reactive oxides (SiO2, AlO3, & Fe2O3) are nearly as 

82%. It has low lime content of 1.24%. It is a non-self 

Pozzolanic and contains rich quantities of reactive oxides 

(>80%) and can be Pozzolanic high strength achiever by 

additives like lime, cement etc. 

B. Cement 
Cement used in this work is OPC (53-grade) Jaypee 

cement. Portland cement is the most common type of 

cement in general usage in many parts of the world, as it is 

a basic ingredient of concrete, mortar, stucco and most 

non-specialty grout. 

 

Table: 3 Physical Properties of Cement 

Name of the characteristics Result 

Standard Consistency (%) 32 

Weight Per Bag (kg) 50 

Initial setting time (min.) 128 

final setting time (min.) 279 

Specific gravity 3.12 

Fineness (retained IS: No 90 micron sieve) (%) 2.50 

The percentage of passes 97.5% 

Ultimate Compressive Strength (28days)Mpa 58.4 

 

From the characteristics of cement shown in table: 3, it 

was identified that specific gravity of 3.12(>3.0) and final 

setting time of nearly 3 hours and has good quantity of 

fines (97.5%). It is also obtained high compressive 

strength values of 28.6 MPa for 3 days and 58.4 MPa for 

28days. 

 

III. LABORATORY EXPERIMENTATION  
 

Various tests were carried out in the laboratory for 

finding the index and other important properties of the 

soils used during the study. To study the interaction 

between Red mud and cement particles and expressed 

their strengths in terms of compression and tension. Tests 

like modified proctor compaction test, unconfined 

compression strength and split tensile strength tests are 

performed. The details of these tests are given in the 

following sections 

A. Index Properties 
Standard procedures recommended in the respective I.S. 

Codes of practice [IS:2720 (Part-5)-1985;IS:2720 (Part-6)-

1972 ],were followed while finding the Index properties 

viz. Liquid Limit and Plastic Limit of the samples tried in 

this investigation. 

B. Compaction Properties 

Optimum moisture content and maximum dry density of 

red mud with various percentages of cement were 

determined according to I.S heavy compaction test [IS: 

2720 (Part VIII)]. 

C. Unconfined Compressive Strength Test 
Unconfined compressive strength test at optimum 

moisture content is conducted as per [IS: 2720 (part-X), 

1991].  After preparation of the specimen it was cured in 

closed desiccators at room temperature for 1,3,7,14 and 28 

days and at end of each curing period, specimens of a 

correspond mix were taken out and tested for their 

unconfined compressive strength. The samples were 

prepared by compaction to achieve maximum dry density 

at optimum water content. The loading was continued until 

three or more consecutive reading of the load dial showed 

a decreasing or a constant load or a strain of 20% had been 

reached.  
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D.  Split Tensile Strength 

The test was conducted according to [IS 5816-1999]. 

The samples of sizes 38 mm diameter and height of 76 

mm were prepared by static compaction method to achieve 

maximum strength at their optimum moisture contents 

OMC. The test has to be done by maintaining 100% 

humidity. The sample is loaded until splitting / failure 

takes place. The samples were tested after completion of 

their curing period at a strain rate of 1.25 mm/min.  

 

IV. RESULTS AND DISCUSSIONS 
 

The materials used in the present study are Red mud and 

Cement (53grade OPC). Red mud was collected from 

NALCO (National Aluminium Company) which is located 

at Damanjodi in Orissa. Cement was bought from locally 

available cement agency (jaypee cement). The detailed 

discussions on the results obtained from various laboratory 

tests are presented. 

A. Compaction Characteristics  
To study the compactness of Red mud-cement mixes IS 

heavy compaction test was performed on Red mud at 

various percentages of cement such as 2, 5, 8, 10, 12, 15, 

18 and 20 respectively. OMC and MDD values were 

obtained at various percentages of cement and the results 

are shown in fig.1. From the test results it is observed that 

as the percentage of cement content is increasing OMC 

values are increasing. At early 5% of cement a steady 

increase was observed and rapid was in between 8-12% of 

cement. Achieving high densities are due to more binding 

action between Red Mud and cement particles with the 

help of water content and high specific gravity of Red mud 

and cement particles. Increase in water content is due to 

more amount of water required to lubricate the particle for 

achieving the densest compaction condition with 

occupation of more solids in the given volume. It is 

observed that the increase of cement percentage will 

decrease the MDD value. 

 

 
Fig: 1 Variation of OMC and MDD of Red Mud with 

Different Percentage of Cement  

 

B. Unconfined Compressive Strength  
The samples of sizes 38 mm diameter and height of 76 

mm were prepared by static compaction method to achieve 

maximum dry density at their optimum moisture contents. 

All the prepared samples were cured for 1 day, 3 days, 7 

days, 14 days and 28 days by maintaining 100% humidity. 

Unconfined compressive strength tests were conducted 

after completion of their curing periods at a strain rate of 

1.25 mm/min as per IS 2720 (part -10)-1991and the results 

are shown in fig 2. From the test results shown in fig 2, it 

is identified that as the percentage of cement is increasing 

strength values are also increasing with all curing periods 

maximum values were obtained for 28days for all dosages 

of cement. At earlier percentages the increase is slow (2 - 

5%) where-as at high dosages (15-20%) the increase is 

rapid. In addition to that the compressive strength at 3days 

is approximately 23-39% and 7days 46-56% and 14days is 

68-78% respectively up to 10%,where as 40-50%, 56-

60%, 76-78% respectively for 10-15% of cement and 44-

49%, 60-66%, 75-85% for 15-20% dosage of cement 

respectively. Hence for all percentages 3days compressive 

strength is 23-48%, 7days is 46-65% where as 14days is 

68-85% of the 28days compressive strengths. The increase 

in compressive strength values are mainly due to the 

interaction between cement particles and reactive oxides 

of silica, alumina and iron with the help of develop 

Pozzolanic reaction over a time period. From the test data 

it was also observed that 20% cement dosage gives 

maximum values for all curing periods especially for 14 

and 28 days the variation in UCS values are shown in the 

fig. 2. 

 

 
Fig: 2 Variation of Unconfined Compressive Strength for 

Red Mud with Different Percentages of Cement at Curing 

 

 
Fig: 3 Variation of Stress Vs Strain with (2% Cement + 

Red Mud) at Different Curing Period 
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Fig: 4 Variation of Stress Vs Strain with (5% Cement + 

Red Mud) at Different Curing Period 

 

 
Fig: 5 Variation of Stress Vs Strain with (8% Cement + 

Red Mud) at Different Curing Period 

 

 
Fig: 6 Variation of Stress Vs Strain with (10% Cement + 

Red Mud) at Different Curing Period 

 

 
Fig: 7 Variation of Stress Vs Strain with (12% Cement + 

Red Mud) at Different Curing Period 

 

 
Fig: 8 Variation of Stress Vs Strain with (15% Cement + 

Red Mud) at Different Curing Period. 
 

 
Fig: 9 Variation of Stress Vs Strain with (18% Cement + 

Red Mud) at Different Curing Period 

 

 
Fig: 10 Variation of Stress Vs Strain with (20% Cement + 

Red Mud) at Different Curing Period 

 

The stress strain behaviour of red mud with different 

percentages of cement is shown in the figs. 3 to 10. All 

percentages of cement addition have shown greater values 

at higher curing periods like 14, 28 days. Strength at 28 

days is more than 14 days curing period because of 

effective agglomeration between the particles of Red Mud 

and cement.  Increase in % of cement not only helps in 

improving the strengths of mixes and also helps in 

changing the soil structure to flocculated structure. This 

flocculated structure of mixes makes the cement 

stabilisation more effective and consequently the strengths 

will increase. The agglomeration, flocculation of particles 

is good with increase in curing period. The cementation 

and carbonation are also effective with increase of curing 

period. The increase in strengths is due to increase in 

percentages of aluminates and silicates. When water is 

added, pozzolana material combines with lime and alkalies 

that are present in cement and forms a compound which 
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contributes to strength. The reduction in percentage of iron 

oxide which is heavily present in Red mud played a key 

role in improving the strengths of mixes. Curing period 

and increase in percentage of cement helps in improving 

the strength. The agglomeration was effective until 20% 

addition of cement. The mix shows higher strengths. 

C. Split Tensile Strength 
The samples of sizes 38 mm diameter and height of 76 

mm were prepared by static compaction method to achieve 

maximum dry densities at their optimum moisture 

contents. All the prepared samples were cured for 3days, 7 

days, 14 days and 28 days by maintaining 100% humidity. 

The sample was loaded until splitting failure takes after 

completion of their required curing period at a strain rate 

of 1.25 mm/min. The results are shown in fig 11. 

 

 
Fig:  11 Variation of Split Tensile Strength with Different 

% of Cement at Different Curing Period 

 

From the test result it is identified that as the percentage 

of cement is increasing split tensile strength values are 

also increasing for all dosage of cement and curing periods 

maximum values are obtained at 28 days. At earlier days 

split tensile strength for 3 days, 7 days and 14 days are 30-

55%, 49-76% and 82-93% respectively. These values are 

more pronounced at high dosages of cement as shown fig. 

11. 

 

V. CONCLUSIONS 
 

Based on the laboratory studies carried out in this work, 

the following conclusions have drawn. 

Red mud is a fine grained Industrial waste dominated by 

fines with silt sizes as prominent with high specific gravity 

(2.9) and high percentages of reactive oxides (SiO2, Al2O3 

and Fe2O3) as 80%. 

Addition of cement to Red mud increases OMC values 

and decreases MDD values. 

High strength values obtained at 28 days for all 

percentages of cement i.e. at 10% it is 110Kg/cm
2
 and at 

20% it is 175Kg/cm
2
. 

High strengths attributed by low strain with brittle 

failure conditions. 

Early days compressive strengths like 3 days and 7 days 

are approximately 23-49% and 46-66% of their compre- 

ssive strengths at 28 days respectively. These values are 

low at lower dosages 5% and high at 15-20 % dosages. 

Cement and Red mud mixture have changed the 

structure of Red mud into flocculated structure thereby in- 

creasing the strength of the mixture. 

Based on the findings, Red mud used as alternative 

materials in place of conventionally used gravel materials. 

Further research is recommended to extend the study to 

field and the cost economics of the use of waste materials 

in rural roads 
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