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ABSTRACT 

Rapid industrialization leads to the maximum discharge of waste products which in turn causes the 

environmental hazards. These wastes can be a substitute for conventional material, when utilized in a best way. Red 

mud is a waste generated by the aluminium industry (an average of 4 million tons/year) in a Bayer’s process and 

their disposal is a major problem for these industries because of the complex physio-chemical properties of waste 

products which are highly caustic and causes ground water contamination, leading to health hazards. To overcome 

this problem it is very much essential to utilize the industrial waste materials and by-products generated, in 

manufacturing of cement and in concrete construction. Here in this work by taking the cementitious behavior of 

industrial wastes into account, an experiment was carried out to partially replace the portland cement by red mud in 

concrete for variable percentages and also there effects on the strength of the concrete .One main objective of this 

work is to study the effects of red mud on properties of concrete of M40 grade. The red mud percentage for 

replacement of cement is varied as 0%, 2%, 4%, 6%, 8%, and 10%. 

1. INTRODUCTION 

1.1 GENERAL  

A major challenge going forward is to 

reconcile man’s activities on earth with the key 

pillars of environmental stewardship, sustainability 

and safeguarding life forms. This applies not least in 

the manufacturing industries and one example from 

the global aluminium sector is the issue of bauxite 

residue – otherwise termed red mud. 

The vast majority of the world’s bauxite 

resources include valuable alumina minerals and 

alumino-silicate clays, which are intimately mixed. 

Insoluble components of the bauxite are removed by 

digesting the ore with very hot caustic soda (sodium 

hydroxide) in the Bayer process. 

A waste by product of the Bayer process for 

producing al oxide from the bauxite ore, red mud 

contains toxic heavy metals and its high alkalinity 

makes it extremely corrosive and damaging to soil 

and life forms, presenting a massive problem for 

disposal. Toxic dumps and settling pools are a feature 

alongside all bauxite/alumina plants worldwide, 

including across Europe, Russia, China, Guinea, 

Brazil, Jamaica and Australia. 

In 2015, annual production of smelter and 

chemical grade alumina was over 115 million tonnes, 

which, with the exception of some plants in Russia, 

Iran, and China, was all produced using the Bayer 

process. The global average of bauxite residue 

generated per tonne of alumina is between 1 and 1.5 

tonnes; it is estimated that over 150 million tonnes of 

bauxite residue are produced annually – 5-6 million 

tonnes in Europe alone and the majority of this waste 

is being landfilled. 

Currently there are about 80 active Bayer 

plants of which approximately 30 are in China. In 

addition, there are at least another 50 closed sites, and 

the combined stockpile of bauxite residue at active 

and legacy sites is estimated at 3000 million tonnes. 

Every year due to Rapid Industrialization 

and Infrastructure development large quantities of 

industrial waste materials are produced. These 

require safe disposal unless demanding large areas of 

land for their disposal and create environmental 

pollution. Red mud is one of the bi-products obtained 

during refining process of Bauxite (ore of Aluminum, 
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Al2O3H2O). The process so called Bayer’s process. 

Hence red mud is also referred as Bayer’s process 

residue. Utilization of these materials in large 

quantities is especially in road construction. 

Therefore development and implementing its storage 

and its remediation programs remains essential as 

inventory grows approximately 120 million per 

annum. As a result the red mud can be easily carried 

away and eroded by wind and heavy downpour from 

the dumping site to the nearby residential areas. 

Contact of the red mud with skin and eyes causes 

severe complication and health hazards to people. 

They cause serious threat to the ground water by 

seepage and also cause various environmental 

hazards. Due to presence of caustic soda the redmud 

has very high pH value greater than 11. Due to the 

high pH that involves a range of safety and 

environmental hazards. 

1.2 POSITIVE EFFECTS OF USING RED MUD 

IN CONCRETE: 

Benefits to Environment: Replacing 25% of 

cement all over the world by industrial waste will 

reduce carbon dioxide emissions by 320 million 

tonnes. Replacing industrial waste in concrete will 

reduce scarcity of place for dumping and also 

contamination of ground water during monsoon. 

Minimizing Greenhouse Gas Effects: The 

challenge for the civil engineering service will be the 

sustainable development in construction field and the 

concept for sustainable development includes the 

usage of eco-friendly high performance materials and 

produced at economic cost with the least possible 

environmental impact. By considering this 

sustainable improvement, the industrial waste can be 

used to replace the large quantity of cement in the 

concrete manufacturing process. 

Saving in the Energy Requirements in the 

Production of Ordinary Portland cement: The 

production of one ton of Portland cement requires 

1.62 to 1.9 tons of raw materials. These materials are 

primarily of good quality clay and limestone. A 

proper usage of industrial waste such as red mud & 

fly ash would conserve the resource exploitation and 

saves natural resources. It would also save the energy 

consumption and provide strength to the concrete 

structures. 

Economical Benefits: Cement production 

consumes large quantities of energy. Replacement of 

cement can give considerable energy savings. These 

waste does not need an additional energy input before 

use. It is clear that the energy savings for cement 

replacement by such admixture in concrete will be in 

direct proportion to cement used. 

1.3 OBJECTIVE OF RESEARCH WORK 

The experimental investigation was carried 

out to solve the problems due to huge requirement of 

the raw material in nature for the manufacturing of 

conventional building material and also to reduce 

hazards caused by wastes of industries on the 

environment. The finding of alternate low-cost and 

environment sustainable building materials from 

industrial residue is a best economic way to 

overcome from problems and hazards. Importance 

must be given to cheap, locally available and 

environmental friendly building materials and hence 

it is very necessary to utilize & check out the suitable 

waste products during the construction process. 

The major objectives of this study were 

• To determine the process for production of 

red mud concrete for M40 grade. 

• To show the advantage of strength gained by 

red mud usage along with hydrated lime. 

• To extend and to know the strength 

properties of red mud concrete in terms of  

compression, tensile and flexural 

parameters. 

2. REVIEW OF LITERATURE 

SowmyashreeT (2016) - In this research an 

attempt has been made to produce different grades of 

concrete using huge industrial waste such as red mud 

as a partial replacement of cement with the hydrated 

lime. This project presents the results of investigation 

on production of concrete members using a 

combination of materials which predominantly 

includes red mud and lime. The present study is 

mainly focused on the compressive strength, split 

tensile strength, flexural strength and durability 

properties of concrete, which are the important 

parameters to be studied in concrete production of 

different proportion of raw materials for different 

grades of concrete. However, when used in 

combination with 30% red mud, cement and 5% lime 

the composites shows significant compressive 
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strength of 27.3N/mm2 and 50.05 N/mm2 for M20 

and M40 grade of concrete. Tensile strength of 2.60 

N/mm2 , 4.98 N/mm2 for M20 and M40 grade of 

concrete. These beams are tested for flexural strength 

of results 2.4 N/mm2 and 3.29 N/mm2 for M20 and 

M40 grade of concrete. From this study it is revealed 

that 30% replacement of red mud along with 5% 

hydrated lime is found to be optimum. Durability 

tests are conducted. 

Mahin Sha O B (2016) Rapid 

industrialization leads to the maximum discharge of 

waste products which in turn causing the 

environmental hazards. These wastes can be a 

substitute for conventional material, when utilized in 

a best way. Red Mud is a waste generated by the 

aluminum industry (an average of 3million tons per 

year) in a Bayer’s process and its disposal is a major 

problem for these industries as this is highly caustic 

and causes ground water contamination, leading to 

health hazards. By taking cementatious behavior of 

the red mud into account, an experiment was carried 

out to partially replace the cement by red mud in 

concrete for different percentages and also its effects 

on the strength and other properties of the concrete. 

R. Pavan kumar (2016) The main objective 

of the project is experimental study of the possibility 

of utilizing the waste red mud (bauxite residue) and 

quarry dust in cement concrete. Red mud is a by-

product produced in the process of extraction of 

aluminium from bauxite. The red mud generated by 

this process is highly alkaline with a pH usually 

ranging from 10 to 12. It leads to serious 

environmental problems. Worldwide there are 

approximately 80 to 90 million tons of red mud is 

being generated every year. The production of 1 ton 

aluminium generates 1-2 tonnes of red mud. The 

storage of red mud is economically and 

environmentally problematic due to the risk of 

contamination of natural resources and living 

organisms. Red mud can be used in replacement of 

cement in concrete. The quarry dust which is 

available from local resources can be used as a 

replacement of river sand in a conventional concrete 

pavements. This study aims at describing such 

utilization and their effective usage in concrete. 

Experiments have been conducted under laboratory 

conditions to assess the compressive strength and 

flexural strength of the concrete cubes made of red 

mud and quarry dust. By conducting the model tests 

we can replace the 15% of cement with red mud and 

30% of sand with quarry dust. 

Sucharitha patal (2015) Current status on 

industrial waste red mud on overview have made 

investigated on the amount of the red mud generated 

per ton of the alumina processed, various greatly with 

the type of the bauxite ore used. Due to this 

hazardous nature it is a great challange to researcher 

to develop new methods for the application of red 

mud. Various research work going on for storage, 

disposal and utilization of the red mud in all over the 

world. Were studied this reviews the current status 

and future trend of the red mud characterization, 

disposal, various neutralization methods and 

utilization in world as well as in Indian context.  

M.P.Suresh Kumar, S.K. Gotham (2014) 

were studied the potential utilization of industrial 

waste (red mud) in concrete. Have made 

investigation on partial replacement of cement with 

red mud for studying mechanical properties of 

concrete. The percentage of red mud partial 

replacement of concrete are, 0%, 5%, 10%, 15%, 

and20% for M20 grade concrete. From the 

experimental studies 10% partial replacement of 

cement with red mud improved hardened concrete 

properties.  

P. Ashok, M.P. Suresh Kumar (2012) 

experimental studies on current utilizing red mud and 

hydrated lime as a partial replacement of cement 

M30 grade. The percentage of red mud partial 

replacement of cement are, 0%, 5%,10%, 15%, 20%, 

and 25% and 5% hydrated lime partial replacement 

of cement. From the experimental studies 15% partial 

replacement of cement with red mud and 5% 

hydrated lime improved cement concrete properties.  

Venkata Sairam Kumar (2012) has made 

investigation on partial replacement of sand with 

quarry dust for studying mechanical properties of 

concrete. The percentages of quarry dust partial 

replacement of sand in concrete are, 0%, 10, 15%, 

20%, 25%, 30%, 35%,and 40% for M20, M30 grade 

concrete. From experimental studies 25% of partial 

replacement of sand with quarry dust improved 

hardened concrete properties.  
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Ramarao Chimata (2011) have made 

investigated on partial replacement of sand with 

quarry dust and glass fibers for studying mechanical 

properties of rigid pavements. The percentage of 

quarry partial replacement of sand in concrete are, 

0%, 10%, 15%, 20%, 30% and 40% and 0.2% glass 

fibers for M40grade concrete. For experimental 

studies 30% of partial replacement of sand with 

quarry dust &glass fibers improved hardened 

concrete properties. 

3. MATERIAL AND METHODOLOGY 

3.1 Ordinary Portland Cement 

Cement used in the experimental work is Ordinary 

Portland Cement (OPC) of 53grade (ZUARI brand) 

conforming to IS: 12269-1987. 

3.2 Coarse aggregate 

The coarse aggregate is obtained from a 

local quarry. The coarse aggregate with size less than 

20mm and greater than 12.5 mm having a specific 

gravity 2.76 and fineness modulus of 7.36 is used in 

the present study. The rodded and loose bulk density 

values obtained are 1605 kg/m3 and 1477 kg/m3 

respectively and the water absorption is 0.41%. 

3.3 Redmud 

The Red mud used for the replacement of 

cement is brought from Hindalco Steel industry 

Belgaum, Obtained from manufacturing of alumina 

from bauxite ore by Bayer’s process. The 

characteristics of Red mud depend on the nature of 

the bauxite ore used. 

3.4 Hyderated Lime 

Hydrated lime is a type of dry powder made 

from limestone. It is created by adding water to 

quicklime to made oxides into hydroxides. Its 

chemical name is Ca(OH)2. 

3.5 Methodology 

The Mix Design is done according to (BIS Method)  

Grade Designation   : M40 

Type of Cement   : OPC 53 grade 

confirming to IS 8112 

Maximum nominal size of aggregate: 20mm 

Minimum cement content : 300 kg/m3 

Maximum water cement ratio :  0.45 

Workability  : 100 mm slump 

Exposure condition  : Mild 

Method of concrete placing  : Manual 

placement 

Degree of supervision  : Good 

Type of aggregate   : Crushed angular  

Maximum cement (OPC) content : 450 kg/m3 

Test data for materials: 

Cement used : OPC 53 grade confirming to IS 8112 

Specific gravity of cement : 3.15 

Specific gravity of coarse aggregate : 2.74 

 Fine aggregate    :  2.74 

Water absorption: Course aggregate : 0.5% 

    Fine aggregate     : 1 %. 

Free surface moisture: Coarse aggregate   -  NIL 

                                          Fine aggregate       -   NIL 

Table 1. Details of Mix Proportions 

W C FA CA 

180 450 606.86 1191.52 

0.40 1 1.35 2.65 

3.6 CASTING, CURING AND TESTING 

This deals with Tests and testing procedure 

for fresh & hardened concrete specimen. 

Investigations are carried out by testing cubes, beams, 

slabs and cylinders for 7, 21, 28 days. Cubes and 

cylinders were tested on Compression Testing 

Machine (CTM) and beams and slabs were tested on 

Universal Testing Machine (UTM). 

As the aggregate of size less than 20mm and 

greater than 12.5mm is used, cube moulds of size 

150mmx150mmx150mm are used for compressive 

strength test and ultrasonic pulse velocity test. 

Cylindrical moulds of size 150mm diameter and 

300mm height are used for casting specimens for 

compressive strength test of cylinders, split tensile test 

and modulus of elasticity test. Moulds are removed 
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after 24 hours of casting and cured in water up to the 

date of testing. The cubes and cylinders are analysed 

after their curing periods. The each test result is the 

average test results of three specimens. The results of 

the replacements proportions of concrete are compared 

with that of the controlled concrete. 

 

4. RESULTS AND DISCUSSION 

4.1 Compressive Strength 

Compressive strength test is the most 

common test conducted on hardened concrete as it is 

easy to perform and also most of the desirable 

characteristic properties of concrete are qualitatively 

related to its compressive strength. The tests are 

performed in a compression testing machine using 

cube and cylindrical samples. The compressive 

strength of concrete cubes are tested at 7, 14, and 28 

days of curing period and compressive strength of 

concrete cylinders are tested at 28 days of curing 

period. The mean compressive strength is calculated 

and tabulated in Table 2. 

Table 2.Compressive Strength of Concrete Cubes 

Concrete  

Mix Design 

Compressive Strength 

(N/mm2) 

7 Days 14 Days 28 Days 

M0 39.05 39.45 39.8 

M1 37.50 37.91 38.3 

M2 34.80 35.20 35.60 

M3 32.13 33.12 33.40 

M4 29.05 29.39 30.80 

M5 26.00 26.86 27.35 

M6 24.21 24.50 26.32 

 

Fig-1 Compressive Strength With 0% Hydrate Lime 

Table 3: Compressive Strength of Concrete Cubes 

with 5% Hydrate Lime 

Concrete  

Mix 

Design 

Compressive Strength 

(N/mm2) 

7 Days 14 Days 28 Days 

M0 39.42 39.98 40.53 

M1 40.40 40.82 41.23 

M2 41.21 41.83 42.44 

M3 38.20 38.71 39.22 

M4 32.63 34.04 35.45 

M5 28.32 29.96 31.60 

M6 26.72 28.28 29.84 

 

Fig-2 Compressive strength with 5% Hydrate Lime 

From the Fig 1&2, it is observed that the 

maximum strength occurs at 0% Red mud in case of 

0% Hydrate lime. The mix comprising 20% Red mud 

and 5% Hydrate lime (M3) attains higher strength 

irrespective of curing period among all the mixes 

considered. 

4.2 Split Tensile Strength: 

Split tensile test is done by placing the 

cylindrical specimen horizontally between the 

loading surfaces of a compression testing machine 

and the load is applied till the cylinder failed along 

the vertical diameter. Split tensile strength of 

concrete mixes is determined at the age of 28 days. 

The mean tensile strength is calculated and tabulated 

in Table 4. 

Split tensile strength = LOAD / AREA = 2P / LDπ 
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Table 3: Split Tensile Strength of Concrete without 

Hydrate Lime 

Concrete  

Mix Design 

Split Tensile Strength 

N/mm2 

7 Days 14 Days 28 Days 

M0 1.14 3.42 3.80 

M1 1.09 3.27 3.63 

M2 1.05 3.15 3.50 

M3 0.99 2.97 3.30 

M4 0.95 2.84 3.16 

M5 0.92 2.77 3.08 

M6 0.89 2.68 2.98 

 

Fig-3 Split Tensile Strength for 0% Hydrated Lime. 

Table 4: Split Tensile Strength of Concrete with 5%  

Hydrate Lime 

Concrete  

Mix Design 

Split Tensile Strength N/mm2 

7 Days 14 Days 28 Days 

M0 1.26 3.78 4.2 

M1 1.22 3.65 4.05 

M2 1.18 3.53 3.92 

M3 1.09 3.26 3.62 

M4 1.02 3.06 3.4 

M5 0.96 2.88 3.2 

M6 0.87 2.61 2.9 

 

Fig-4 Split Tensile Strength for 5% Hydrated Lime. 

From the figure 3& 4, it is observed that in 

case of 0% Red mud and 0% hydrated lime, the split 

tensile strength attains a maximum value. The 

improvement in split tensile strength with respect to 

the controlled concrete is about 12% at mixes 0% red 

mud and 5% hydrated lime. 

4.3 Flexural Strength: 

Table 5: Flexural Strength of Concrete with 5% 

Hydrate Lime 

Concrete  

Mix Design 

Flexural Strength N/mm2 

7 Days 14 Days 28 Days 

M0 2.48 7.43 8.26 

M1 1.96 5.89 6.54 

M2 1.75 5.24 5.82 

M3 1.37 4.10 4.56 

M4 1.30 3.89 4.32 

M5 1.09 3.26 3.62 

M6 0.96 2.88 3.20 

 

Fig-5: Flexural Strength for 5% Hydrated Lime 
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4.4 Ultrasonic Pulse Velocity Test 

The pulse velocity test is a convenient technique for 

investigating quality of structural concrete. The test 

involves measuring the velocity of sound through 

concrete for assessing quality of concrete. The pulse 

velocities computed for various mix proportions are 

compared with the pulse velocity ratings as suggested 

in the Indian Standard code [ IS : 13311 (part 1)-

1992] and the assessment is made for the quality of 

concrete. In general, the ultrasonic pulse velocity 

values obtained for all the samples tested are in the 

range between 3.75 km/sec and 4.45 km/sec 

indicating that the quality of concrete is good. But for 

mix proportion (20% Red mud and 5% lime Powder), 

the pulse velocity is 4.5 km/sec which is above 4.5 

km/sec, indicating that the quality of concrete is 

excellent. 

CONCLUSION 

Based on the experimental investigation the 

following conclusion are drawn 

• Red mud consumes more water for 

consistency and workability. 

• Addition of Red mud to cement enhances the 

initial setting time whereas reduces the final 

setting time. 

• In general, all the mixes attain more than the 

target strength when compared to the 

controlled concrete irrespective of curing 

period. 

• All the mixes gain strength irrespective of 

curing period. 

• The compressive strength of different mixes 

of cylindrical specimens is slightly less than 

that cube specimens. 

• The concrete comprising 20% Red mud and 

5% granite powder is considered to be the 

optimum mix from compressive strength, 

tensile strength and modulus of elasticity of 

concrete point of view as well as from quality 

point of view. 

• The partial replacement of cement by Red 

mud and Lime powder in concrete not only 

enhances the strength of concrete, but also 

reduces the cost of production of concrete and 

at the same time, it also eliminates the 

environmental pollution and hazards caused 

due to the disposal of these waste by-products 

on land. 
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