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ABSTRACT 

In worldwide, variety of waste is generated in different forms, shape and texture. These 

industrial wastes mostly possess effect to the environment and the society living nearby. 

Various researches has been done on this waste material to either decompose or to utilize it in 

some or the other way. One such hazardous waste generated by industry is Red mud. Red 

mud is the residual waste generated by Bayer’s Process of aluminum extraction. Iron slag is a 

by product of steel industry. In this study M30 grade of concrete has been used. The demand 

for aggregate in construction industry is increasing day by day and so is the demand for 

concrete. In this  study, taking cementatious behavior of the red mud into account, an 

experimental study was carried out to partially replace the cement by red mud in concrete for 

different percentages, also the behaviour of iron slag in account to partial replacement of fine 

aggregate for different percentages also its effects on the strength of the concrete. In this 

experiment and red mud is replacing partially as 0%, 5%, 10%, 15%and 20% with weight of 

cement, iron slag is constant partial replacement as 30% with fine aggregate And glass fibre 

has been used as 1% of the volume of the concrete. Studies on compressive strength, tensile 

strength and flexural strength will be made to evaluate the optimum percentage of industrial 

wastes replacement. 
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INTRODUCTION  

Due to industrialization, the infrastructure development and soft housing policy of 

Government of India, the construction industry is in full bloom due to which within short span of 

time there is a tremendous increase in the utilization of cement and concrete in various 

construction activities. It is expected that the same rate will continued in the next decade and this 

may cause the threat to the environment. Availability of raw material required for manufacturing 

of cement and production of concrete are reducing in nature. This increased demand will lead to 

fast depletion of natural resources and will cause big curse to environment. So to overcome this 

problem it is very much essential to utilization for the industrial waste materials and by-products 
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generated in manufacturing of cement and in concrete construction.Cement in the general sense 

the word can be described as a material with an adhesive and cohesive properties which makes a 

capable of bonding mineral fragments into a compact mass. This definition embraces a large 

variety of cementing materials. Cement is the most important material in structural constructions 

as it is used at different stages of construction as it is used at different stages of construction in 

the form of mortor or concrete. 

Cementitious materials are common construction materials in depositories for nuclear 

waste. Typically concrete is used in the engineered barriers where grout is used to stabilize the 

waste in the containers but also to fill the voids between the waste packages. The objective of 

this experiment is to restrict or reduce the release of radionuclides from the repository by means 

of eliminating flow of water through the waste containers and to provide a material with a high 

sorption capacity for the radionuclides. Now a days interest has been focused on increasing the 

sorption capacity in the engineered barriers by adding different types of materials with a high 

sorption capacity of elements, which sorb poorly on the cement paste to engineered barriers in 

the depository. As slag is a industrial by- product, its productive use grant a chance to relocate 

the utilization of limited natural resources. Iron slag is a by product obtained by the production 

of pig iron in the blast furnace slag and is produced by the blend of down-to-earth constituents of 

iron ore with limestone flux. Iron and steel slags may be differentiating by the cooling processing 

is removed from the furnace in the industry. Mostly, slags consists of magnesium, aluminium 

silicates calcium and manganese in various arrangements. Even when the chemical composition 

of slag is same but the physical properties of the slag vary with the method of cooling. It can be 

used as cement major constituents as they have pozzolanic properties. 

MATERIALS AND METHODS 

1. Cement   

 

Ordinary Portland cement (OPC) confirming to IS-12269-1987 (53 Grade) was used for 

the experimental work. The cement used has been tested as per IS 4031-1988 to determine 

specific gravity, fineness, standard consistency, initial setting time, final setting time.  

Table 1 Test Results of Cement 

SL. No. PROPERTIES VALUES 

1 Consistency tesy 34 

2 Specific gravity 3.15 

3 Initial setting time 30 minutes 

4 Fineness test 4.33% 

2. Fine Aggregate  

      Clean and dry river sand available locally will be used. Sand passing through IS 

4.75mm Sieve will be used for casting all the specimens. Laboratory tests were conducted 

on fine aggregate to determine the different physical properties as per IS 2386 (Part III)-

1963. 
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Table 2 Test Results of Fine Aggregate 

SL. No. PROPERTIES VALUES 

1 Specific gravity 2.74 

2 Fineness modulus 4.923 

3 Water absorption test 1% 

4 Gradation Zone III 

3. Coarse  Aggregate 

Crushed granite aggregate with specific gravity of 2.77 and passing through 12.5 mm 

sieve and will be used for casting all specimens. Several investigations concluded that 

maximum size of coarse aggregate should be restricted in strength of the composite. In addition 

to cement paste – aggregate ratio, aggregate type has a great influence on concrete dimensional 

stability. 

 

Table 3 Test Result of Coarse Aggregate  

 

Sl. No. PROPERTIES VALUES 

1 Specific gravity 2.77 

2 Fineness modulus 1.4 

3 Impact value 8% 

4 Water absorption test 0.5% 

 

4. Red Mud 

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

alumina from bauxite. Washed and crushed bauxite is treated with a solution of hydroxide at an 

elevated temperature and pressure. This process brings all the recoverable alumina from bauxite 

into solution and the residue known as red mud. For each part of alumina produced by this 

process, about one part of red mud is generally discarded as a waste. In Western countries, about 

35 million tons of red mud are produced yearly. Due to its caustic nature, it poses a major 

environmental problem. Disposal of this waste was the first major problem encountered by the 

alumina industry after the adoption of the Bayer process. The conventional method of disposal of 

red mud in ponds has often adverse environmental impacts as during monsoons, the waste may 

be carried by run-off to the surface water courses and as a result of leaching may cause 

contamination of ground water: Further disposal of large quantities of Red mud dumped, poses 

increasing problems of storage occupying a lot of space.  

Red mud is a waste material generated by the bayer process widely used to produce 

alumina from bauxite. In the bayer process, the insoluble product generated after bauxite 
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digestion with sodium hydroxide at elevated temperature and pressure to produce alumina is 

known as red mud or bauxite residue. The waste product derives its colour and name from its 

iron oxide content. The red mud is obtained from Hindalco Industries Limited, Belgaum, 

Karnataka. 

 

Table 4 Chemical Properties of Red Mud     

    

5. Iron Slag 

Iron slag is a industrial by- product, its productive use grant an chance to relocate the 

utilize of limited   natural resources on a large scale. Iron slag is a by product obtained in the 

manufacture of pig iron in the blast furnace and is produced by the blend of down-to-earth 

constituents of iron ore with limestone flux. Mostly, the slag consists of, magnesium, aluminium  

silicates calcium and manganese in various arrangements. 

 

 Table 5 Chemical Properties of  Red Mud 

 

 

Sl. No 

 

PHYSICAL PROPERTIES 

 

IRON SLAG 

1 Particle Shape Irregular 

2 Appearance Black and Glassy 

3 Type Air Cooled 

4 Specific Gravity 3.63 

5 Percentage of Voids 42.20 % 

6 Bulk Density 2.23       

7 Fineness Modulus 3.46 

8 Fineness 125       

9 Hardness 6-7 mohs 

10 Water Absorption 0.3 to 0.4 % 

11 Moisture Content 0.1 % 

SL. No PROPERTY VALUE 

1 Specific Gravity 2.807 

2 Finess 52 



 
International Journal of Emerging Trends in Engineering and Development                    Issue 6, Vol. 2 (March 2016) 

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                         ISSN 2249-6149 

©2016 RS Publication, rspublicationhouse@gmail.com Page 191 
 

6. Glass fibre 

 

Glass fibre also called fibre glass. It is a material made from extremely fine fibers of 

glass. Fibre glass is a lightweight, extremely strong, and robust material.  

  

Table 6 Physical properties of glass fibre 

 

SL. NO PROPERTY VALUE 

1 Specific Gravity 2.49 

2 Tensile strength(MPa) 4590 

3 Tensile modulus(GPa) 86 

4 Diameter range (microns) 8-13 

5 CTE (per million per C) 2.9 

 

STRENGTH TESTS ON HARDENED CONCRETE 

The results of the mechanical properties obtained based on the specimens tested as per 

Indian standard test procedures are discussed. M30grade of concrete, five different 

percentages of Red mud and iron slag and three different ages of curing are the variables of 

investigation. 

a) COMPRESSIVE TEST RESULTS 

 

Table 7 Compressive strength of M30 grade 

 

Mix Designation 

 

Compressive Strength(MPa) 

7 days 14 days 

 

28 days 

 

0 % 26.67 30.48 38.11 

5 % 27.33 31.24 39.05 

10 % 28.68 32.78 40.98 

15 % 29.77 34.24 42.53 

20% 28.85 32.97 41.22 
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Figure1 Compressive Strength @ 7
 
days,14 days and 28

 
days 

 

b) SPLIT TENSILE TEST RESULTS 

 

Table 8 Split tensile strength of M30 grade 

 

Mix Designation 

 

Split tensile strength (MPa) 

7 days 14 days 28 days 

0 % 2.08 2.38 2.98 

5 % 2.45 2.80 3.51 

10 % 2.70 3.17 3.97 

15 % 3.17 3.62 4.53 

20% 2.86 3.28 4.11 
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Figure 2 Split Tensile Strength @ 7 days 14 days and 28 days 

c) FLEXURAL TEST RESULTS 

 

Table 9 Split tensile strength of M30 grade 

 

Mix Designation 

 
28 days 

0 % 5.24 

5 % 5.59 

10 % 5.83 

15 % 6.18 

20% 5.91 

 
     Figure 3 flexural strength@ 28 days 
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CONCLUSION 
 Red mud is a by product of aluminium production and iron slag is a by product form iron 

industries, it has more fine particles contributing to improve compressive strength, split tensile 

strength, compared to natural sand concrete. 

 The partial replacement of cement and fine aggregate using red mud and iron slag provides 

incremental increase in compressive strength without any loss in compressive strength. 

 Split tensile strength of concrete by the partial replacement of cement and fine aggregate using 

red mud and iron slag provide increase in split tensile strength. 

 The ideal percentage of replacement with red mud is 15%. 

 Compressive strength and split tensile strength of red mud at 7 days, 14 days and 28 days increase 

in gradually increases with percentage replacement. 

 Flexural strength of red mud at 28 days increase in gradually increases with percentage 

replacement. 
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