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Abstract— The aggregate comprises a substantial portion of 

concrete. Including coarse and fine aggregates it is normally 

obtained from natural sources. Fine aggregate in India is 

usually extracted from River. As the demand for concrete 

production increases, more natural sand is needed. The need 

for fine aggregate should be addressed in an environmentally 

friendly manner, considering the diminishing sources of 

natural sand. Various industrial by-products, such as fly ash, 

ground granulated blast-furnace slag and silica fume, have 

been used in concrete to improve its properties. This also 

enables any environmental issues associated with their 

disposal. Another material that is available in large quantities 

and requiring alternative methods of disposal is the Bauxite 

Reside (Red Sand) from the Bayer process used to extract 

alumina from bauxite. Enormous quantity of Red Sand is 

generated worldwide every year posing a very serious and 

alarming environmental problem. Hence an investigation was 

carried out to establish its potential utilization as a sand 

replacement material in concrete. In addition to fresh 

properties of concrete containing Red Sand up to 100% by 

mass of Portland cement, mechanical and durability 

properties were determined. These properties indicated that 

Red Sand can be used to replace natural sand up to 100% by 

mass of cement to improve the properties of concrete without 

detrimentally affecting their physical properties. Combining 

these beneficial effects with environmental remediation 

applications, it can be concluded that there are specific 

applications where concretes containing Red Sand could be 

used. 
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I. INTRODUCTION 

A. Concrete 

Concrete is the most commonly used construction material, 

and the demand for it will increase as the demand for 

infrastructure development increases. Unfortunately, 

Ordinary Portland Cement (OPC) production depletes 

significant amounts of natural resources as it is a high energy-

intensive construction material to produce, third only after the 

production of steel and aluminium. Furthermore, natural 

aggregate constitutes a substantial portion of traditional 

concrete. The natural source of coarse aggregate is crushed 

rock; and fine aggregate is naturally extracted from sand 

quarries. 

 The production of one tonne of OPC also releases 

one tonne of carbon dioxide into the atmosphere. The 

worldwide cement industry is responsible for about 7% (and 

rising) of the world‘s total carbon dioxide generation. Apart 

from environmental issues associated with the concrete 

industry, traditional concrete is not very durable in harsh 

environments, such as exposure to freezing weather, sea 

water or sulphuric soils. Thus, it is essential to find methods 

to increase the durability of traditional concrete by using 

appropriate replacements for concrete constituents; e.g. 

aggregate. It is now believed that using more durable and less 

energy intensive construction materials is inevitable for the 

construction industry. 

1) Importance 

It is estimated that the present consumption of concrete in the 

world is of the order of 10 billion tonnes (12 billion tons) 

every year. Humans consume no material except water in 

such tremendous quantities. The ability of concrete to 

withstand the action of water without serious deterioration 

makes it an ideal material for building structures to control, 

store, and transport water. The ease with which structural 

concrete elements can be formed into a variety of shapes and 

sizes. This is because freshly made concrete is of a plastic 

consistency, which permits the material to flow into 

prefabricated formwork. After a number of hours, the 

formwork can be removed for reuse when the concrete has 

solidified and hardened to a strong mass. It is usually the 

cheapest and most readily available material on the job. 

II. LITERATURE REVIEW 

A. Bauxite Residue 

”The worldwide alumina production is around 58 million 

tonnes in which India count for 2.7 million tonnes . The 

Indian aluminium sector is characterised by large integrated 

players like Hindalcoand National Aluminium Company, and 

the newly started Vedanta Alumina Ltd. The other producers 

of alumina include Indian Aluminium Company, now merged 

with Hindustan Aluminium Company, Bharat Aluminium 

(BALCO) and Madras Aluminium (MALCO) the erstwhile 

PSUs, which have been acquired by Sterlite Industries. 

Consequently, there are only three main primary metal 

producers in the sector namely BALCO, National Aluminium 

Company (NALCO) and Hindalco. Neutralization of red mud 

will help to reduce the environmental impact caused due to 

its storage and also lessen significantly the ongoing 

management of the deposits after closure. It will also open 

opportunities for re-use of the residue which to date have 

been prevented because of the high pH. As per the Guidelines 

of Australian and New Zealand Environment and 

Conservation Council (ANZEX) and Agriculture and 

Resource Management Council of Australia and New 

Zealand (ARMCANZ), the liquor being strongly alkaline 

with a high pH, requires neutralization to a pH below 9 with 

an optimum value of 8.5-8.9 before becoming 

environmentally benign. Neutralization of red mud to pH 

around 8.0 is optimal because the chemically adsorbed Na is 

released, alkaline buffer minerals are neutralized and toxic 

metals are insoluble at this pH.  the neutralizing effect of the 

calcium and the magnesium ions is initially large but 

decreases rapidly as pH 8.5 is approached and calcium and 

magnesium carbonates precipitate. Neutralization is 

considered to be complete when the liquid that can be 



The Properties of Concrete Incorporating Red Sand (RS) As Fine Aggregate 

 (IJSRD/Vol. 6/Issue 06/2018/159) 

 

 All rights reserved by www.ijsrd.com 696 

separated from the treated red mud has a pH less than 9.0 and 

a total alkalinity less than 200 mg/l and decant of seawater 

neutralized red mud can be safely discharged to the marine 

environment. The composition and characteristics of bauxite 

residue vary in different parts of the world. This is due to both 

the differences in chemical and physical properties of bauxite 

as well as differences in the processing of the residue. As 

such, research performed on red sand not from the Darling 

Range is generally not applicable. 

B. Bauxite Residue in Concrete 

Wahyuni (2005),“Sustainable use of residual bauxite tailings 

sand (red sand) in concrete” assessed the effects of 

substituting natural yellow sand with Red Sand (Unprocessed 

Red Sand-URS) on the low strength concrete. She also looked 

at using different percentages of fly ash as cement 

replacement. It was found that concrete using Red Sand as 

fine aggregate had a low workability in comparison to an 

equivalent mix using natural sand. This low workability 

resulted in poor compaction of the concrete, adversely 

affecting the durability. Specifically the concrete had high 

water permeability and chloride diffusion. In terms of 

strength, it was found that the mixes performed similarly to 

concrete using natural sand as fine aggregate. Research by 

Wahyuni suggests that using URS in concrete may incur 

workability issues. Furthermore the use of URS does not add 

any benefit in terms of strength or durability to the concrete. 

also utilize the red sand in geo polymer concrete. This thesis 

concluded that the moisture content of red sand prior to use 

has a great influence on the workability of geo polymer 

concrete mixture: in order to achieve the desired workability, 

red sand must be in SSD condition. The inclusion of red sand 

has been found to reduce the compressive strength of geo 

polymer concrete the main objective of this research was to 

investigate the possibility of using the coarse fraction of 

bauxite residue (red sand) as a fine aggregate substitution in 

concrete mix design suitable for marine environment. The 

opportunity to achieve low strength concrete using this 

potential resource for construction applications was also 

III. PROJECT METHODOLOGY 

Mixture Cement Fine Aggregate Coarse Water W/C ratio 

No. Kg/m³ 
Sand 

Kg/m³ 

Red sand 

Kg/m³ 

Aggregate 

Kg/m³ 
Lit/m³  

1 440.76 612.00 0.00 1148.60 185.12 0.42 

2 440.76 459.00 153.00 1148.60 185.12 0.42 

3 440.76 306.00 306.00 1148.60 185.12 0.42 

4 440.76 153.00 459.00 1148.60 185.12 0.42 

5 440.76 0.00 612.00 1148.60 185.12 0.42 

6 475.55 0.00 503.99 1050.21 214.00 0.45 

Table 1:

This project was focused primarily to determine whether red 

sand and its derivatives can be used as an alternative to 

natural sand as fine aggregate M20 grade concrete. As stated 

earlier, the scope of this project was to have Six different 

mixes, each with a characteristic strength of 20 MPa which is 

suitable for footing and residential application. The 

constituents of the concrete consisted of cement, coarse 

aggregate (10 mm, 12.5 mm and a grading of both), fine 

aggregate (NS and RS) and water. It was trialed as the only 

fine aggregate in one concrete batch and in order to provide a 

comparison, a concrete mix using NS was used as a control 

mix. NS was chosen as it is already widely accepted and used 

within the construction industry as a fine aggregate in 

concrete. Each mix of concrete was tested and evaluated for 

different physical, mechanical and durability properties. 

 The layout of this chapter can be seen in Figure 

3.1on the following page. 

A. Chosen Tests 

Each mix underwent a series of tests. These tests were chosen 

to assess the individual characteristic of the aggregates as 

well as the workability, strength and durability indicators of 

the concrete. A complete list of the tests is given in Table 3.1. 

To assess workability of the fresh concrete mixes, a slump 

test was used. 

 Tests to Assess the Characteristics of the Various 

Concrete Mixes 

 Test to assess the characteristics of the various Fine 

aggregate and Concrete Mixes 

Aggregate Characteristics Mechanical Properties Durability 

Absorption Compressive Strength Water Absorption 

Fineness Modulus Tensile Strength  

Particle Size Distribution   

Specific Gravity   

Table 2:

 

 General Specification for Ordinary Portland Cement 

Find the target mean strength 

 Concrete is designed for strength higher than 

characteristic strength as a margin for statistical variation in 

results and variation in degree of control exercised at site. 

This higher strength is defined as the target mean strength. It 

is calculated as follows: 

Target mean strength = Characteristic strength + K ×

K= Himsworth Coefficient is taken as 1.65 for 5 % 

probability of failure. 

= Standard deviation 

 The values of are given in IS 10262 for fair, good 

and very good degree of control. However, IS 456-2000 has 

given revised values of to be considered for mix design. 

Better the degree of control lesser is the value of and lower 
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is the target mean strength. In other words, the ‗margin‘ kept 

over characteristic strength is more for fair degree of control 

to that of good degree of control. Say for M20 grade of 

concrete, 

B. Determine Fine & Coarse Aggregate Content 

Sand % by volume for zone II sand, compaction factor 0.8 

and water cement ratio 0.6 for 20mm down coarse aggregate 

= 35% (Refer table 2 Annexure III, page no 65 of Durocrete 

Mix Design Manual) 

1) Corrections 

Correction for zone IV sand = -3% 

Correction for water/cement ratio of 0.45= - 3% 

Net Sand content = 40-6 

=34% 

Weights of fine and coarse aggregates are calculated as 

V = (W +C/Sc+ 1/p(fa/Sfa) ) x 1/1000 

V = (W +C/Sc+ 1/1-p x (Ca/Sca) ) x 1/1000 

IV. RESULTS & DISCUSSION 

A. Introduction 

Results presented in this chapter consist of the control mixes 

plus mixes that incorporated red sand. Results of mechanical 

properties of the concrete specimens, including compressive, 

indirect tensile, the durability testing result (water absorption) 

are presented and discussed. Test results for various mix are 

presented and discussed. 

 All bauxite residue derivatives are characterized in 

terms of chemical analysis, physical properties, mineralogical 

composition, alkali aggregate reaction, aggregate soundness 

and other properties. The results obtained from compressive 

testing for mixes 2-6 (mixes with high proportions of red 

sand) have been included, the excess water demand the fine 

red sand concrete mixes required, and hence significant 

increases in water cement ratio. 

B. Characterization of Fine Aggregates 

1) Physical Properties 

Some physical characteristics of fine aggregates used in this 

research are summarized in Table (4.1). The similarity of 

natural sand properties with red sand are noteworthy. Red 

sand contain pH value of 8.98 where neutralized red sand pH 

value given in the table. Due to a higher percent of fines in 

red sand, its surface area is greater than natural sand and it 

can be concluded that the workability of concrete mixes 

incorporating red sand as a fine aggregate. 

Parameters Specific gravity Bulk density,[kg/m3] Moisture content, [%] pH 

SAND 2.2 1.61 36 7-7.5 

RED SAND 2.45 1.43 42 8.07 

Table 3:

As the table and figure show, NS and RS lie outside the BIS 

grading limits for crushed aggregates, with an excess amount 

of fines. However, since the standard allows a certain amount 

of deviation within each sieve aperture, the grading of the NS 

and RS are still in the acceptable range. The excess amount 

of fines in NS and RS does not mean that the sands are not 

suitable for use in concrete. 

Is Sieve Size 

In mm 

Weight Retained 

(Red Sand) 

Cumulative Weight 

Retained For Red Sand 

Cumulative % Weight 

Retained For Red Sand 

Cumulative % Weight Passing 

For Red Sand 

4.75 0 0 0 100 

2.36 0 0 0 100 

1.18 15 15 0.75 99.25 

1 30 45 2.25 97.75 

0.6 90 135 6.75 93.25 

0.3 935 1070 53.5 46.5 

0.15 665 1735 86.75 13.25 

0.09 110 1845 92.25 7.75 

<0.09 115 1960 98 2 

Table 4:

V. SUMMARY & CONCLUSION 

A. General 

With natural sand deposits the world over drying up, there is 

an acute need for a product that matches the properties of 

natural sand in concrete. 

 In the last 15 years, it has become clear that the 

availability of good quality natural sand is decreasing. With a 

few local exceptions, it seems to be a global trend. Existing 

natural sand deposits are being emptied at the same rate as 

urbanization and new deposits are located either 

underground, too close to already built-up areas or too far 

away from the areas where it is needed, that is, the towns and 

cities where the manufacturers of concrete are located. 

B. Environmental Issues 

Environmental concerns are also being raised against 

uncontrolled extraction of natural sand. The arguments are 

mostly in regards to protecting riverbeds against erosion and 

the importance of having natural sand as a filter for ground 

water. The above concerns, combined with issues of 

preserving areas of beauty, recreational value and 

biodiversity, are an integral part of the process of most local 

government agencies granting permission to aggregate 

producers across the world. This is the situation for the 

construction industry today and most will agree that it will 

not change dramatically in the foreseeable future. Crushed 

aggregate is replacing natural sand and gravel in most 

countries. 
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VI. FURTHER STUDIES 

Further research is required to explore other aspects of Red 

Sand concrete. Because of the improved durability 

performance of Red Sand observed in this investigation, it is 

recommended that future research is focused on     Red Sand 

for this application. The results presented in this thesis gave 

an  indication of the strength (compressive and tensile) and 

durability characteristics (water absorption), however in 

order to enable Red Sand concrete to become accepted as a 

common construction material, the following experimental 

studies can be conducted in future with respect to Red Sand 

concrete 

 The effect of addition of red sand on the durability 

characteristics of commercial concrete. 

 The effect of high temperature on the properties of M20 

concrete with red sand. 

 The effect of addition of red sand on the shrinkage and 

the creep properties of concrete. 

 Behavior of Red Sand when combined with 

supplementary cementitious materials (SCM); 

 Use of admixtures would be of value if deemed feasible. 

Economic viability of using Red Sand as a fine aggregate in 

marine grade 
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