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Abstract- Concrete is one of the oldest manufactured 

construction material used in construction of various 

structures around the world. Due to its high demand 

the material used for concrete production depleting 

every year. Thus, an investigation on searching for 

alternative material which has potential to replace the 

use of granite aggregate in concrete mix is very much in 

need. The objective of this study is to use local laterite 

aggregate as replacement of coarse aggregate and to 

study the engineering properties of concrete. Granite 

aggregate has been replaced by 10, 20, and 30% with 

laterite aggregate. All the specimens were subjected to 

water curing until it is ready to be tested. Tests on 

compressive strength, split tensile strength, flexural 

strength and workability have been carried out. From 

the study it can concluded that the laterite can be used 

as the replacement for the coarse aggregate up to 10%. 

The concrete with 10% laterite aggregate replacement 

is showing similar properties in the hardened and fresh 

state as that of the normal concrete. 

 

INTRODUCTION 

 

Concrete is one of the oldest manufactured 

construction material used in constructing of       

various structures around the world and the most 

widely used in all types of civil engineering works, 

including infrastructure, low and high-rise buildings, 

defense installations, environment protection and 

local/domestic developments. It is a construction 

material obtained by mixing a binder (such as 

cement, lime, mud etc.), aggregate (sand and gravel 

or shingle or crushed aggregate), and water in certain 

proportions. Concrete is generally made of aggregate, 

cement and water. Through this combination of 

materials, approximately 70 to 80 percent of the 

volume of concrete is occupied by the aggregate. The 

aggregate itself is categorized as fine and coarse 

aggregate. Aggregates for concrete may be obtained 

from natural sources or may be artificially produced. 

Since concrete is the most important part in structural 

construction, the aggregate content should be in a 

form of good strength for structural purposes. 

Naturally aggregates have a pronounced influence on 

the properties of fresh as well as hardened concrete. 

Concrete is classified in terms of the type and 

composition of aggregate used. Presently the crushed 

granite aggregate and river sand concrete system are 

generally regarded as the conventional concrete.  

Laterite Aggregate: Laterite stones which are reddish 

tropically weathered pedogenic surface deposits 

occurring in Asia, Australia, Africa and South 

America. Lateritic stones which are laterite to a lesser 

degree often occur alongside laterites in the tropics 

and sub-tropics. Objective of the Study: The 

objectives of this present research are to study the 

suitability of laterite aggregate as coarse aggregate in 

concrete and investigate the performance of concrete 

replaced by laterite aggregate. The coarse aggregate 

is replaced by 10%, 20% and 30% of the laterite 

aggregate and the properties of the concrete are 

tested. The objectives of the studies are as follows: 

 To provide some information about the use of 

laterite aggregate in concrete.  

 Compare between laterite concrete and normal 

concrete performance.  

 Effect of adding different percentages of Laterite 

as the replacement for the coarse aggregate.  

 

LITERATURE SURVEY 

 

A number of studies had been carried out to 

determine the suitability of using laterite rock as an 

aggregate and obtain the engineering properties of the 

resulting concrete in its wet and hardened state. The 

studies are summarized below, Ephraim M. E [1] in 

this study tests were conducted to investigate a 

concrete made with laterite rock coarse aggregates. 

The structural properties considered were strength 

and elasticity. The static modulus elasticity of laterite 
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rock concrete is 22.72kN/mm². Felix F. Udoeyo[2] 

This study investigates the characteristics of concrete 

containing laterite as a partial or full replacement of 

sand is presented in this paper. Khairunisa 

Muthusamy[3].In this study the durability 

performance of concrete containing laterite aggregate 

upon sulphate attacks is discussed. M. Venkata 

Rao[4]In this study  the results of concrete mix with 

partial replacement of fine aggregate by quarry dust 

and simultaneous partial replacement of coarse 

aggregate by laterite stone aggregate respectively on 

compressive strength, split tensile strength, flexural 

strength and workability of concrete.  

   

METHODOLOGY 

 

Since the objectives of the study has been set, there 

are procedures should be followed to perform a 

specific function in this chapter. All the tests and the 

results shall be shown from appropriate table and 

graph that can be prepared simultaneously. At this 

stage, the main function is to show the various steps 

and methodology that lead to the results of testing 

materials selected. This chapter, explain the 

methodology adopted in this project. In this project 

various test have been conducted on materials such as 

cement, sand, coarse aggregates and laterite 

aggregate as per IS codes wherever necessary. The 

concrete mix design is done as per IS 10262-2009. 

Various tests have been conducted on the casted 

concrete specimen and various properties of the 

concrete have been studied.  

  

Materials: Concrete is a construction material 

obtained by mixing a binder, aggregate, and water in 

certain proportions. Selection of materials to achieve 

concrete that has good properties is first important 

thing in this work. 

 

Cement: The raw materials used to manufacture 

Portland cement are lime, silica, alumina, and iron 

oxide. The cements used in this experimental works 

ordinary Portland cement of 53 grades. All properties 

of cement are tested by referring IS 8112-1989 

specification for Ordinary Portland cement. The 

cement procured was tested for physical requirements 

in accordance with IS: 12269-1987.Such as 

compressive strength, specific gravity, setting time 

etc. 

The Following Test is conducted on cement: 

Consistency 

 
Initial and final setting time:  We need to calculate 

the initial and final setting time as per IS: 4031 (Part 

5) – 1988. To do so we need Vicat apparatus 

conforming to IS: 5513 – 1976, Balance, whose 

permissible variation at a load of 1000g should be 

+1.0g, Gauging trowel conforming to IS: 10086 – 

1982. 

 

Final setting time: Replace the above needle by the 

one with an annular attachment. The cement should 

be considered as finally set when, upon applying the 

needle gently to the surface of the test block, the 

needle makes an impression therein, while the 

attachment fails to do so. The period elapsing 

between the time, water is added to the cement and 

the time, the needle makes an impression on the 

surface of the test block, while the attachment fails to 

do so, is the final setting time. 

 

Fineness and Specific Gravity Water: The quality of 

the water plays a significant role: impurities in water 

may interfere with the setting of the ement, may 

adversely affect the strength of the concrete Potable 

water which was available in laboratory was used for 

mixing and curing of concrete as per IS 456-2000.  

 

Aggregates, Test on Aggregate are Specific Gravity:  

The test is conducted using Pycnometer 
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Fig 3.1 Vicat Apparatus 

 
Table 3.1 Properties of Cement 

The test results are tabulated in the Table 3.1  

 
Calculation: Weight of saturated aggregate suspended 

in water with basket = W1 g , Weight of basket 

suspended in water = W2 g 

Weight of saturated aggregate in water = (W1-W2) g 

= Ws g 

Weight of saturated surface dry aggregate in air = W4 

g 

Weight of water equal to the volume of the aggregate 

= (W3-Ws) g 

 Graph 3.1 Sieve Analysis Results  

Property  Properties  Test Results  

Specific gravity 2.7 

Fineness modulus 6.1 

Water Absorption  0.37% 

Table 3.3 Test Result for the Coarse aggregate  

Sieve 

Size 

(mm) 

Weight 

retaine

d 

Cumulativ

e weight 

retained 

Cumulative 

% weight 

retained 

Cumulativ

e% 

passing 

4.75 45 45 2.25 97.75 

2.36 100 145 7.25 92.75 

1.18 435 580 29.0 71 

0.6 560 1140 57 43 

0.3 780 1920 96 4 

0.150 75 1995 99.75 0.25 

0.75 5 2000  0 

Pan -    

Total 2000  291.25  

Table 3.2: Sieve analysis of fine aggregate ( sand) 

Table 3.2: Sieve analysis of fine aggregate (sand) 

Sieve 

size 

(mm) 

Weight 

retained 

(grams) 

Cumulativ

e weight 

retained 

(grams) 

Cumulative

% weight 

retained 

(grams) 

Cumulativ

e % 

passing 

80 0 0 0 100 

40 0 0 0 100 

20 130 130 0 93.5 

10 1580 1710 6.5 14.5 

4,75 170 1880 85.5 6 

2.36 120 2000 94 0 

1.18 0 2000 100 0 

0.60 0 2000 100 0 

0.30 0 2000 100 0 

0.15 0 2000 100 0 

Pan     

Table 3.4 Sieve Analysis of Coarse Stone Aggregates 
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SIEVE ANALYSIS 

 

Sieve analysis helps to determine the particle size 

distribution of the coarse and fine aggregates. This is 

done by sieving the aggregates as per IS: 2386 (Part 

I) – 1963. In this we use different sieves as 

standardized by the IS code and then pass aggregates 

through them and thus collect different sized particles 

left over different sieves. 

Reporting of set: The report should be calculated and 

reported as 

i) The cumulative percentage by weight of the total 

sample. ii) The percentage by weight of the total 

sample passing through one sieve and retained on the 

next smaller sieve, to the nearest 0.1 percent. The 

results of the sieve analysis may be recorded 

graphically on a semi-log graph with particle size as 

abscissa (log scale) and the percentage smaller than 

the specified diameter as ordinate. The Test Results 

for Coarse and Fine Aggregate given as Fine 

Aggregate (sand), Natural sand from river confirming 

to IS 383-1970 is used. The locally available river 

sand is used as fine aggregate. The sand fall under 

Zone 2 as per IS classification. Properties: Specific 

gravity =2.52, Zone: Zone-II, Water absorption 

=5.26% The figure 3.1 shows the gradation curve and 

Table 3.2 Shows the sieve analysis results.   

Fineness modulus =
                              

   
= 

      

   
= 2.91 

 

Course Aggregate: Crushed granite stones obtained 

from local quarries were used as a coarse aggregate. 

The maximum size of coarse aggregate used was 20 

mm. The properties of aggregate were determined by 

conducting  

 

Fineness modulus =
                              

   
= 

   

   
= 6.1 

test as per IS: 2386 (Part – III). The results are 

tabulated in Table 3.3 Table 3.4 and the sieve 

analysis result is shown in Fig 3.3. 

Fineness modulus = sum of cumulative percent 

retained /100= 610/100= 6.1 

 

Laterite Stone: The Literate stone was used as partial 

replacement of coarse aggregate in this study, 

physical properties are shown in table-3.5.  

Tests on Concrete: Tests for checking quality of 

concrete should be done for the following possible 

purposes, To detect the variation of quality of 

concrete being supplied for a given specification. To 

establish whether the concrete has attained a 

sufficient strength or concrete has set sufficiently for 

purpose. stripping, stressing, de-propping, opening to 

traffic etc. To establish whether the concrete has 

gained sufficient strength for the intended.  

Property     Value  

Specific gravity 3.15 

Fineness modulus 7.25 

Mean particle size mm 4.75-20 

Particle shape Spherical 

Table 3.5 Physical properties of laterite stone  

 
MIX DESIGN OF CONCRETE: The process of 

selecting suitable ingredients of concrete and 

determining their relative amounts with the objective 

of producing a concrete of the required, strength, 

durability, and workability as economically as 

possible, is termed the concrete mix design. 

Requirements of concrete mix design: The 

requirements which form the basis of selection and 

proportioning of mix ingredients are: The minimum 

compressive strength required from structural 

consideration, the adequate workability necessary for 

full compaction with the compacting equipment. 
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Following are the lists of various tests conducted for 

Concrete Quality: Tests on hardened concrete:  

The reasons for the selection of compressive strength 

test in practice is for quality control testing of 

concrete are: All or most other properties of concrete 

are related to its compressive strength.  Compressive 

strength test is the easiest, most economical or most 

accurately determinable test.  Compressive strength 

testing is the best means available to determine the 

variability of concrete. Compressive Strength: 

Compression test on specimens treated in a standard 

manner which includes full compaction and wet 

curing for specified period will give results 

representing the potential quality of the concrete. 

Compressive strength test was conducted on the 

specimens to determine the influence of laterite 

aggregate as partial coarse aggregate replacement 

towards compressive strength of concrete. Standard 

cubes of size 15x15x15 mm were cast and cured and 

tested for 7 days and 28 days compressive strength. 

Three types of samples were prepared with 10%, 

20% and 30% of the laterite aggregate. Casting of 

Concrete: The concrete is prepared using concrete 

mixer. The quantity of the material is selected as per 

the Mix Design. After the preparation concrete is 

filled in the cubes, cylinder and Beam. The 

specimens are dried for 24 hours and Water cured. 

The data of the cube casted are given in figure below.  

 

 
Available, Maximum water-cement ratio and/or 

maximum cement content to give adequate durability 

for the particular site conditions, Maximum cement 

content to avoid shrinkage cracking due to 

temperature cycle in mass concrete 

 

Types of Mixes 

Nominal Mixes: In the past the specifications for 

concrete prescribed the proportions of cement, fine 

and coarse aggregates. These mixes of fixed cement-

aggregate ratio which ensures adequate strength are 

termed nominal mixes. These offer simplicity and 

under normal circumstances, have a margin of 

strength above that specified.. 

Standard mixes: The nominal mixes of fixed cement-

aggregate ratio (by volume) vary widely in strength 

and may result in under- or over over-Rich mixes. 

For this reason, the minimum compressive strength 

has been included in many specifications. These 

mixes are termed standard mixes. 

IS 456-2000 has designated the concrete mixes into a 

number of grades as M10, M15, M20, M25, M30, 

M35 and M40. In this designation the letter M refers 

to the mix and the number to the specified 28 day 

cube strength of mix in N/mm2. The mixes of grades 

M10, M15, M20 and M25 correspond approximately 

to the mix proportions (1:3:6), (1:2:4), (1:1.5:3) and 

(1:1:2) respectively. Designed Mixes 

In these mixes the performance of the concrete is 

specified by the designer but the mix proportions are 
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determined by the producer of concrete, except that 

the minimum cement content can be laid down. This 

is most rational approach to the selection of mix 

proportions with specific materials in mind 

possessing more or less unique characteristics. The 

approach results in the production of concrete with 

the appropriate properties most economically. 

However, the designed mix does not serve as a guide 

since this does not guarantee the correct mix 

proportions for the prescribed performance. For the 

concrete with undemanding performance nominal or 

standard mixes (prescribed in the codes by quantities 

of dry ingredients per cubic meter and by slump) may 

be used only for very small jobs, when the 28-day 

strength of concrete does not exceed 30 N/mm2. No 

control testing is necessary reliance being placed on 

the masses of the ingredients. 

 

Mix Design for M25 grade concrete 

The mix proportion is done as per IS.10262:2009. 

Four Mixes were made for the study: one with 100 

%( NC) of the gravel aggregate, other with 10 %( 

L1), 20 %( L2) and 30 %(L3) of the laterite aggregate 

replacement for the gravel. The detailed mix design is 

given in Annexure 1. All the mixes were prepared for 

0.4w/c ratio. The material mix proportion for the 

concrete is given in the table 3.6 

Cubical Moulds: The specimen casted in cubical 

moulds are used for the compression test, these 

moulds are made of 6mm thick and 150x150x150 

mm size. Cubical moulds are the standard square size 

blocks made of steel. They are open at top and having 

a base plate at the bottom.  

 
Figure 3.6: Cubical mould 

 

 
Table 3.7 Casting Data 

 

RESULT AND DISCUSION 

In this study, there are four types of concrete that 

have been prepared. The first type of concrete is the 

control mix. The second type crushed granite 

aggregate replaced with 10% laterite aggregate, and 

the third type crushed granite aggregate replaced with 

20% laterite aggregate and fourth one is crushed 

granite aggregate replaced with30% laterite 

aggregate. In this chapter, various tests conducted on 

the specimens will be looked into. The fresh concrete 

was tested for its workability while the tests for 

hardened concrete conducted were compressive 

strength. All samples were cured in water.  

Compressive Strength As described in chapter 3, a 

total of 36 cube specimens with the size of 150 x150 

x 150 mm were tested for compressive strength for 

NM, L01, and L2 and L3. The specimens were tested 

at the age of, 7, 14 and 28days after curing in water. 

Specimens were tested for compressive strength by 

applying increasing compressive load until failure. 

Thus, reading of the maximum load for failure can be 

obtained. The calculation for compressive strength is 

obtained from the following equation:  

Compressive Strength = P/A 

Where: P: Ultimate compressive load of concrete 

(N), A: Surface area in contact with the platens 

(mm2), Table 4.2 Compressive test result. 

Sl.No Concrete 

Group 

Compressive strength N/mm2 

  7 Days 14 Day 28 Day 

1 NC(Normal 

Concrete) 

15.44 18.18 26.19 

2 L1 13.69 16.72 22 

3 L2 8.07 12.92 20.4 

4 L3 7 11.39 18.9 
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It can be seen that the compressive strength of the 

mix reduces as the percentage of the laterite is 

increase in the mix. But we can see that the value of 

the compressive strength is comparable with that of 

the nominal mix. So that the laterite can be replace 

the aggregate up to 10% since it gives the comparable 

values with the nominal mix.  

 

Fig 4.2 Compressive strength test 

This project covered all the processes from primarily 

stages of concrete mix design up to the analysis of 

the data obtained. The following conclusions of this 

study can be drawn: Crushed granite aggregate and 

laterite aggregate have different texture and shape 

which influence considerably the workability and the 

strength of concrete. Due to rough surface of crushed 

granite aggregate, the bonding between cement paste 

and aggregate will be better and it will effect on the 

strength and high water required compared with 

smooth surface of laterite aggregate. The 

compressive strength of concrete with crushed 

granite aggregate was higher than compressive 

strength of concrete, which may be due to the less 

strength of the laterite aggregate as compared to the 

natural granite aggregate. The compressive strength 

of concrete with 10% laterite aggregate was relatively 

the same compared with crushed granite concrete.  

REFERENCES 

[1] Felix F. Udoeyo, 1, Udeme H. Iron, Obasi O. 

Odim, “Strength performance of laterized 

concrete”, Construction and Building Materials 

20 (2006) 1057–1062.  

[2] KhairunisaMuthusamya,*, Norul W. 

Kamaruzzamana, Mohammad A. 

Zubira,MohdWaridHussinb, Abdul R. 

MohdSamc, Ahmad Budieac “Long term 

investigation on sulphate resistance of concrete 

containing laterite aggregate”,Procedia 

Engineering 125 ( 2015 ) 811 – 817 

[3] Ephraim, M.E. “Structural Design Specifications 

for Concrete Made with Laterite Rock as Coarse 

Aggregates”, INTERNATIONAL JOURNAL 

OF INNOVATIVE RESEARCH & 

DEVELOPMENT DOI 

No10.24940/ijird/2017/v6/i7/JUN17048 July, 

2017 Vol 6 Issue 7. 

[4] M. Venkata Rao, V. Siva Rama Raju “Strength 

Characteristics of Concrete with Partial 

Replacement of Coarse Aggregate By Laterite 

Stone and Fine Aggregate by Quarry Dust”. Int. 

Journal of Engineering Research and Application 

ISSN : 2248-9622, Vol. 6, Issue 10, ( Part -1) 

October 2016, pp.39-44 

[5] Norul Wahida Kamaruzaman, Khairunisa 

Muthusamy Engineering Properties of “Concrete 

with Laterite Aggregate as Partial Coarse 

Aggregate Replacement”, International Journal 

of Civil Engineering and Geo-Environmental 

ISSN:21802742  

[6] Akpokodje, E. G & Hudec, P. (1992). Properties 

of concretionary Laterite gravel concrete. 

Bulletin of the International Association of 

Engineering Geology. (46),45-50, 1S 

concrete mix Design Indian Standard, Bauru of 

Indian Standards.  


