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Abstract— Civil Engineering sector is the second largest 

contributor for the India’s GDP. It is expanding at a faster 

phase due to large scale infrastructure works. The rapid 

development in the sector has led to exploitation of natural 

materials which are needed for the inevitable part of 

construction sector - Concrete. Concrete is consuming huge 

quantity of coarse aggregate which is depleting the natural 

resource. It is the call of the day to find the alternative for 

coarse aggregate as the same sourse used as raw material in 

the production of M-sand which is substitute for river sand. 

Because of great demand, pollution and high energy 

consumption due to crushing of natural stone there is need to 

find alternative. This research is focusing on one such natural 

alternative which is available in excess in the Western and 

Eastern Ghats of the sub-continent – Laterite. Laterite is a 

natural rock which is generally cut into blocks to be used as 

construction material. From studies it is evident that, by 

extraction of these stones, there is positive impact on the 

environment, hence it is eco-friendly. As one ton cement 

production emits almost the same amount of carbon di oxide 

into the atmosphere, lots of research has been carried out to 

obtain optimum replacement to cement. By studies, 25% of 

cement has been replaced by Ground Granulated Blast 

Furnace Slag (GGBS) in the convention Mix itself. Laterite 

fines are replaced to conventional coarse aggregate at 5, 10, 

15, 20, 25 & 30 % by weight and its effects on the properties 

of concrete are depicted in this research. It is any attempt to 

find a natural alternative coarse aggregate for the sustainable 

development.  

Keywords: GGBS, Compressive Strength, Split Tensile 
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I. INTRODUCTION 

The world is undergoing rapid industrialization and 

development, especially in the construction sector, which has 

resulted in massive demand for raw materials. The excessive 

demand has consequently led to the shortage of raw materials 

or price hikes, which has resulted in a situation where 

alternative construction materials have to be found. 

Alternative materials may be natural or manmade. 

Alternative mane made materials may be industrial by 

products or waste materials generated from any industrial or 

commercial sector. The main purpose of using such natural 

alternative materials is to minimize the negative effects that 

our building environment can have on the planet while 

increasing the efficiency and adaptability of the structures. 

They have gained popularity due to their cost-effectiveness 

and positive effect on the environment.  

Cement is one of the broadly utilized man made 

materials as a part of the construction around the world. A 

concrete ought to be very durable and must have more 

extended administration life. Considering the seriousness of 

ecological conditions it is critical to deliver a decent quality 

concrete that is profoundly sturdy.  

Concrete’s ingredients, include cement, coarse 

aggregates, fine aggregates (sand), and water. Various other 

concrete ingredients can also be used such as admixtures, 

pigments, fibers, polymers and reinforcement. All these 

ingredients help in modifying the properties of the fresh as 

well as hardened concrete. 

II. MATERIALS 

Main purpose of using cement in concrete is to act as binder 

material. Cement when mixed with water form a paste and fill 

up voids between aggregate particles and binds them into 

strong solid mass upon drying. 

The major ingredient in terms of volume in concrete 

is aggregates which are bound together by hydrated cement 

and make it like an artificial rock. Aggregates play a very 

important role to improve concrete properties such as 

workability, thermal expansion, shrinkage, compressive and 

tensile strength. Aggregates based sizes are segregates as 

coarse aggregates and fine aggregates. Water plays an 

important role in mixing, setting, laying, compaction, and 

hardening of concrete. Water is also responsible for 

workability and flow ability properties. Admixtures are 

chemical additives, which are added to the concrete at the 

batching stage to enhance the properties of fresh and 

hardened concrete. 

Laterite rocks are used for building construction in 

tropical and subtropical regions of the world where they are 

readily available and economical compared to other natural 

stones. Laterite from the western coastal region of India has 

been utilized for the construction of historic monuments like 

forts, palaces, temples, churches and residential structures. 

Laterite is locally available and it is cost effective, energy 

efficient and environment friendly building material. Positive 

environmental impacts brought out by the removal of laterite 

cover like reclamation of barren land for cultivation and 

increased ground water recharge have been reported. In this 

research, an attempt has been made on systematic 

characterization of this material as coarse aggregate. 

Ground Granulated Blast furnace slag is a by-

product of iron manufacturing industry. The production of 

Ground Granulated Blast Furnace Slag requires less 

additional energy compared with the energy required for the 

production of Portland cement. The replacement of Portland 

cement with Ground Granulated Blast Furnace Slag will lead 

to a significant reduction of carbon dioxide gas emission. 

GGBS is therefore an environmentally friendly construction 

material. 
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III. EXPERIMENTAL STUDY 

This research was carried out in association with Ultra-Tech 

RMC plant at Mysore and materials available at plant were 

utilized for the research. Cement used was OPC 53 grade 

having specific gravity 3.15 and fineness modulus of 281 

m2/kg. GGBS having specific gravity of 2.86 and fineness 

modulus of 340 m2/kg was used. Manufactured Sand (M 

sand) having specific gravity 2.56, bulk density of 1649.99 

kg/m3 confirming to Zone II with fineness modulus of 2.76 

was utilized from the plant itself. Coarse aggregates of 20mm 

size with fineness modulus of 3.05 and 12.5mm size with 

fineness modulus 2.9, both having specific gravity of 2.65 

was obtained from the plant itself. The flakiness index and 

elongation index were well within the limits. 

The natural alternative material laterite Aggregate 

used in this work was obtained from western Ghats of 

Karnataka. This has satisfactory properties with fineness 

modulus of 2.05, specific gravity 2.7 and also shape factors 

well within limits.  

Mix design was prepared for M25 and mix 

proportion of 1:2.5:3.5 was adopted in which 25% of OPC 

was replaced by GGBS based on literature studies. The 

Laterite aggregates were replaced to fine aggregates at 5, 10, 

15, 20, 25 and 30 %.  The specimens were prepared and 

subjected to water curing and tested at various timeline. The 

mechanical properties such as compressive strength, split 

tensile strength, flexural strength and durability properties 

such as sulphate resistance test, acid resistance test were 

determined. After curing period is completed the specimens 

are taken out of curing tank and allowed to dry. The tests were 

conducted at Ultra-tech plant laboratory itself. 

The compressive strength test was conducted as per 

IS 516-1959. The test was conducted after various ages of 

curing i.e., after 3, 7, 28 days. The strength of the concrete is 

measured in N/mm2. 

The tensile strength test was performed as per IS 

5816-1970. The test was conducted after various ages of 

curing i.e., after 3, 7, 28 days. However, the tensile strength 

of concrete is very low when compared to compressive 

strength as concrete is weak in tension.  

The flexural strength test was done as per IS 516-

1959. The test was conducted after various ages of curing i.e., 

after 3, 7, 28 days. The load was applied continuously till the 

specimen failed. Specimens of dimension 

500mmx100mmx100mm were used for the study. 

Durability of concrete is the resistance to the 

chemical attack, weathering action, abrasion, fire and various 

other degradation processes. It is the ability to last for a longer 

duration without any significant deterioration. For the present 

study two durability tests were conducted for all trial mixes. 

The cubes were removed from curing tank after 28days of 

curing. It was then immersed in sulphate solution containing 

5% of magnesium sulphate and 5% of sodium sulphate by 

weight of water. The specimens were cured in this solution 

for 60days. It was then removed and allowed to dry. The % 

increase in weight when compared to 28days normal cured 

specimen was noted. Then the cubes were subjected to 

compressive strength test. The strength results obtained were 

compared with the compressive strength at 28days and the % 

change in strength was noted.  

Similarly, cubes were taken out from curing tank after 28days 

of curing. It was then immersed in acid solution containing 

5% of hydrochloric acid by weight of water. The specimens 

were cured in this solution for 60days. It was then removed 

and allowed to dry. The % decrease in weight when compared 

to 28days normal cured specimen was noted. Then the cubes 

were subjected to compressive strength test. The strength 

results obtained were compared with the compressive 

strength at 28days and the % change in strength was noted.  

A. Compressive Strength 

 
Fig. 1: 7 days compressive strength of concrete with laterite 

replacement 

 
Fig. 2: 28-days compressive strength of concrete with 

laterite replacement 

From these results it can be noted that the compressive 

strength decreases with the increase in percentage 

replacement of laterite after 20%. As per IS 10262-2000 the 

desired compressive strength for M25 grade is 31.6 N/mm2 

for 28days of curing. From Fig.3 it can be observed that the 

compressive strength for 20% replacement of laterite is 48.63 

N/mm2 which is desirable with respect to the IS code. It can 

be seen that there is a sudden fall in compressive strength for 

25% to 30% replacement. Replacement by 20% of laterite in 

trail mix gave the highest slump values. In case of 

replacement of coarse aggregate 20% laterite can be taken as 

optimum dosage for compressive strength, which can be used 

for giving maximum possible compressive strength at any age 

for laterite aggregate concrete. 

B. Split Tensile Strength 

Conventional concrete exhibited a good tensile strength of 

2.10 and 2.60 N/mm2 at 7 and 28 days respectively. 
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Fig. 3: Split tensile strength of concrete with 20% laterite 

replacement 

Table 6.4 to 6.6 and fig 6.4 shows the test results for 

all the concrete mixes at 7 and 28 days of curing. It can be 

observed from table 6.4 that split tensile strength of 

conventional concrete in 28 days is 2.6 N/mm2 and it can be 

observed from table 6.5 that split tensile strength for 20% 

replacement of laterite is 2.24 N/mm2 which is desirable.  It 

can also be observed that after 20% replacement of laterite 

aggregate there is sudden reduction in strength. 

C. Flexural Strength 

Conventional concrete exhibited flexural strength of 3.05, 

3.82 and 4.95 N/mm2 at 3,7,28 days respectively 

 
Fig. 4: Flexural strength of concrete with 20% laterite 

replacement 

Table 6.7 to 6.10 and fig 6.5 shows the test results 

of beams for 3, 7 and 28 days of curing. It can be observed 

from table 6.5 that flexural strength of conventional concrete 

in 28 days is 4.95 N/mm2 in this case and it can be observed 

that flexural strength for 20% replacement of laterite is 4.81 

N/mm2 which is desirable. 

D. Durability Tests 

Percentage 

replacement 

Initial weight 

after 28days 

curing in 

water 

Final weight 

after 60 days 

of Sulphate 

exposure 

% 

Increase 

in weight 

0 8.27 8.34 0.85 

20 8.31 8.39 0.92 

Table 6.11: % Weight gain of Concrete Cubes after 

Immersion in Sulphate solution 

Percenta

ge 

replacem

ent 

Compressive 

strength 

after 28-days 

of curing in 

water 

Compressive 

strength after 

60 days 

Sulphate 

exposure 

% Change 

in strength 

with respect 

to 28th day 

compressiv

e strength 

0 48.63 41.35 14.41 

20 48.28 42.16 12.69 

Table 6.12: % Change in Strength of the Specimens after 

Exposure to Sulphate Solution 

Trials 

Initial weight 

after 28days 

curing in 

water 

Final weight after 

(28+60) days of 

curing in HCL 

solution 

% 

decrease in 

weight 

0 8.32 8.10 2.64 

20 8.26 8.15 1.37 

Table 6.13: % Weight Loss of Concrete Cubes After 

Immersion in HCL Solution 

Percenta

ge 

replacem

ent 

Compressive 

strength 

after 28-days 

of curing in 

water 

Compressive 

strength after 

(28+60) days 

of curing in 

HCL solution 

% Change 

in strength 

with respect 

to 28th day 

compressiv

e strength 

0 49.35 41.85 15.25 

20 48.10 40.37 15.36 

Table 6.14: % Change in Strength of Concrete after 

Exposure to HCL Solution 

The sulphate resistance test results presented in table 6.11 

indicates the percentage increase in weight of the cubes after 

their immersion in sulphate solution. From table 6.12 it can 

be noted the percentage change in compressive strength with 

respect to the 28th day compressive strength under normal 

curing conditions. 

The acid resistance test results shown in table 6.13 

shows that the % decreases in weight of the cubes after their 

immersion in HCL solution. From table 6.14 it can be 

observed the % change in strength when compared to 28 days 

compressive strength.  

IV. CONCLUSIONS 

Based on the various tests conducted on laterite aggregate 

with varying proportion of coarse aggregate the results were 

obtained and discussed in previous chapter from which the 

following conclusions are drawn.  

1) Workability is decreased due to increase in water 

absorption as the replacement level increased. 

2) The compressive strength of concrete initially increases 

with replacement of coarse aggregate with the laterite 

upto 20% and after that there is decrease in compressive 

strength of concrete with further replacement of coarse 

aggregate as the mix became less cohesive and less 

workable. 

3) Based on the strength test results the desirable percentage 

for replacing laterite aggregate is 20% when compared to 

the mix with 0% laterite i.e. conventional concrete. 

4) The durability test results indicate that the percentage 

change in strength and the increase or decrease in weight 
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of the specimen is reasonable for 20% replacement 

which is due to porous structure of laterite. 
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