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Concrete is the most widely used construction material in civil engineering industry because of its high structural strength, 

stability, and malleability. The concrete industry is constantly looking for supplementary cementitious material with the objective 

of reducing the solid waste disposal problems. Due to various environmental issues Government has banned the dragging of sand 

from rivers. Replacement of fine aggregate by robo sand involves determination of some major properties of concrete like 

compressive strength, tensile strength, flexural strength. Based on proposed studies, quality of manufactured sand is equivalent to 

the natural sand.Among numerous mineral admixtures accessible, Metakaolin (MK) is a mineral admixture, whose potential is not 

yet fully tested and only limited studies have been carried out in India on the use of Metakaolin for the development of high 

strength concrete  Metakaolin shows high pozzolana reactivity due to theiramorphousstructure and high surface area. Cubes 

aretested for durability studies with Nitric Acid (HNO3) and Hidrochloric Acid (HCL) at different concentrations.Conclusions are 

made from the several results and the discussions there on to identify the effect of partial replacement of cement by Metakaolin 

and Fine Aggregate with Robo Sand in the design concrete mix. The results conclude that, the use of Metakaolin-Robo Sand 

Concrete (MKRSC) has improved the peformance of concrete under variousconditions 

 

Keywords: Metakaolin, Robo Sand, Compressive strength, Split tensile strength, Flexural strength, Nitric Acid (HNO3) and 

Hidrochloric Acid (HCL). 

 
 

INTRODUCTION 

The materials used inmaking concrete are cement, 

fine aggregate, coarse aggregate, water and Admixture. 

Due to the high consumption of the natural sources, 

high volume of production of industrial wastes and 

environmental pollution were the main reasons to 

obtainthe new solutions for a sustainable 

development.The developing country like India facing 

the shortage of good quality of natural river sand and in 

particularthere is a lack of availability of natural sand 

due to rivers are degrading and creating serious 

problem to environment and the society. The sand 

mining from riverbeds is causing a serious threat to 

environment such as erosion of riverbed and banks, 

degrading landslides, loss of vegetation on the river 

banks, lowering the underground water table. Hence, 
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the sand mining from riverbeds is being limited or 

banned by the authorities in India.The usage of cement 

in construction industry and the cement manufacturing 

industries are releasing large amount of CO2 into the 

atmosphere, for every ton of clinker produced it releases 

a ton of CO2. This results in increasing the global 

warming there by increasing the environmental 

pollution. Cement plants are a significant source of 

sulphuroxides, nitrogen oxide and the carbon 

monoxide. Nitrogen oxide is responsible for various 

health problems and effects the environment, such as 

ground-water table, acid rain, global warming, and 

water quality deterioration. Sulfur dioxide in high 

concentrations causes breathing problems and 

cardiovascular diseases. Carbon monoxide reduces the 

oxygen percentage in atmosphere. So the need of 

alternatives for Cement is necessary in the present era. 

A&. J. H. B. Ramezanianpour(2012)[5] studied the 

effect of metakaolin on strength properties of concrete 

and concluded that there will be an increase in strength 

parameters.The effect of metakaolin on the consistency 

and workability of concrete varies. In some cases, 

concrete containing metakaolin exhibits poorer 

workability and consistency compared to concrete 

without metakaolin. In contrast, the incorporation of 

metakaolin in concrete can produce a cohesive concrete 

mix that maintains a plastic consistency and improved 

workability, which is partly attributed to the 

corresponding increase in the volume of cementitious 

materials. The influence of metakaolin on the water 

demand is controlled by several characteristics, namely, 

fineness, particle shape, particle structure (cellular or 

noncellular), and chemical composition of the 

metakaolin. Although some reports indicate that the 

incorporation of metakaolin has no effect on the water 

demand, others report that metakaolin has little effect at 

low cement replacement levels (5%), and above this 

level, water-reducing admixtures and superplasticizers 

are necessary to control the high-water demand[7][9] 

The use of metakaolin in concrete can reduce 

bleeding and segregation. Metakaolin itself has been 

shown to have little impact on the setting time of 

concrete[10].The proportion of air-entraining admixture 

required to achieve a desired entrained air-void system 

depends on the characteristics of the metakaolin (i.e., 

fineness, chemistry, and carbon content)[7].The data 

shows that concrete with up to 25% metakaolin achieves 

a similar or greater compressive strength compared to 

concrete without metakaolin. The improvement in 

compressive strength by incorporating metakaolin 

would also be expected to result in corresponding 

improvements in tensile strength, flexural strength, and 

the modulus of elasticity of 

concrete[12][13][14][15].Studies on the chloride ingress 

of concrete containing silica fume[16][17] and 

metakaolin [18] as partial cement replacement have also 

revealed an increased resistance to chloride ingress, 

which is reflected by measurements indicating reduced 

permeability, increased electrical resistivity, and lower 

diffusion coefficients, which therefore reduces the 

susceptibility to reinforcement corrosion.The effect of 

metakaolin on the concrete‟s resistance to freezing and 

thawing and to the action of de-icing salts depends on 

the mix proportions, maturity, compressive strength, 

degree of saturation, and the adequacy of the air-void 

system at the time of exposure[4]. Concrete containing 

up to 10% metakaolin can exhibit strong freeze-thaw 

performance. 

T.Subramani, K.S.Ramesh(2015)studied the rapid 

growth in construction activity, the available sources of 

natural sand are getting exhausted & also, good quality 

sand may have to be transported from long distance, 

which adds to the cost of construction. In some cases, 

natural sand may not be of good quality. Therefore, it is 

necessary to replace natural sand in concrete by an 

alternate material partially, without compromising the 

quality of concrete. Quarry sand is one such material 

which can be used to replace sand as fine aggregate. The 

present study is aimed at utilizing Quarry sand as fine 

aggregate replacing natural sand and also the 

compressive strength of the water cured specimens is 

measured on the 7,14,28 Days. Split Tensile strength, 

Flexural Strength, Here we have to find out strength on 

a concrete by adding partial replacement on cement 

with fly ash and complete replacement of sand with m 

sand[25]. 

Rachana M N, E.RameshBabu(2014)studiedthe main 

cause of concern is the non-renewable nature of natural 

sand and the corresponding increasing demand of 

construction industry. River sand which is one of the 

basic ingredients in the manufacture of concrete has 

become highly scarce and expensive. Therefore, looking 

for an alternative to river sand has become a necessity. 
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Hence, the crusher dust which is also known as Robo 

Sand can be used as an alternative material for the river 

sand. Robo Sand possess similar properties as that of 

river sand and hence accepted as a building material. 

The present paper focuses on investigating maximum 

percentage replacement of river sand by Robo Sand in 

varying percentages 0%, 25%, 50%, 75% and 100% for 

M30 and M40 mix designations. The cubes, cylinders 

and prisms are casted for each proportion and tests 

conducted for obtaining the compressive strength, split 

tensile strength and flexural strength of concrete[26]. 

 

2.  MATERIALS  

Details of various materials used  during the 

experimentation are reported  

below. 

2.1 Cement 

Cement is the main ingredient in manufacturing of 

concrete. The characteristics of concrete will be greatly 

affected by changing the cement content. The cement 

used in this project is Ordinary Portland Cement of 

53grade. 

 

MetaKaolin 

Metakaolin is the white powder of Al2O3.2SiO2 by 

dehydrating kaolin (Al2O3 2SiO3.2H2O) at an 

appropriate temperature (700-900o). Kaolin is in a 

layered silicate structure, with the layers binding with 

each other via the Van Der Weal‟s bond, among which 

O is bound firmly. Kaolin, when being heated in air,may 

experience several structural changes, and when being 

heated to around 600o, the layered structure of kaolin is 

damaged due to dehydration to form a transient phase 

with a poor crystallinity, i.e., metakaolin. As the 

molecular arrangement of metakaolin is irregular in a 

thermodynamic met stable condition,it is cementitious 

under an adequate excitation. With a high activity, 

metakaolin can be used to manufacture cementitious 

materials and mix high-strength 

high-performanceconcrete 

 

Figure 1.MetaKaolin 

 

Robo Sand 

Robo Sand is also called as manufactured sand obtained 

by crushing natural granite stone. Robo Sand is defined 

as a crushed granite aggregate produced by crushing 

natural granite stone. The perfect substitute for river 

sand is RoboSand.River sand is one of the basic 

ingredients in manufacture of concrete.River sand has 

become expensive and scarce. Therefore, looking 

alternate to the river sand. The crusher dust is known as 

Robo sand can be used as alternative material to the 

river sand.Robo sand possesses similar properties as 

that of river sand, hence accepted as a buildingmaterial. 

 

Figure 2.Robo Sand 

 

3.  EXPERIMENTAL STUDY 

Casting of Cubes:   

CubepspecimensPwerePcastedPforPcalculating 7days, 

28days 90days strengths. The dimensions of specimen 

for cube are of 150mm x 150mm x150mm. 

Casting of Cylinders 

Cylinder specimens were casted for calculating 7 days, 

28 days, and 90  days strengths. The dimensions of the 

cylindrical specimen are of height  = 300mm, 

Dia=150mm 

Casting of Beams 

Beam specimens were casted for calculating 7 days, 28 

days, 90 days  strengths. The dimensions of the beam 

specimen are of 500mm x  100mm x 100mm 

Curing Of Specimens 
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Curing is most important process in concreting. 

Concrete strength in creases with age of curing. The 

specimens should keep in curing tank  

for better improvement in strength. Generally curing is 

done by  pounding curing tanks. The water used for 

concrete curing should be  free from salinity, scrap, 

vegetation and chemicals. We need to change  the water 

for every 7 days of curing. The specimens are tested for 

7  days and 28 days curing. 

 

CompressiveStrength: 

 

Compressive strength or crushing strength is the main 

property observed in testing the cubes. Cubes are tested 

to calculate Compressive strength by applying gradual 

loading in Compression Testing Machine. The reading 

of the failure load is occurred on the top of the machine 

in the indicator.The Compressive strength has been 

calculated by the formula 

 Compressive strength = applied load/cross sectional 

area 

    = P/A = Load/Area N/mm2 

 

 
 

Figure 3. Testing of Compressive Strength 

  

Split Tensile Strength 

Split tensile strength is the most important property of 

concrete. Concrete is generally weak in tension. So to 

improve tensile behavior of concrete, split tensile 

strength is important. It is also important in reducing 

formation of cracks in concrete. Cylinders are casted for 

calculating split tensile strength. The cylindrical 

specimens are also tested in compression testing 

machine. The cylinders are placed in axial direction by 

facing cylindrical face to the loading surface. Load is 

applied and the failure load is measured. The split 

tensile strength has been calculated by the formula 

   Split tensile strength = 2P/ πDL 

 P = failure load (applied load),  L=height of the cylinder 

specimen and D= Diameter of mould 

 

Flexural Strength 

Most of the beam failures are occurred due to their 

failure in flexural 

strength.Itisimportantthatpredictionofflexuralstrengthb

ycalculatingmodulusof rupture for reducing failure 

problems in beams. The calculation of modulus of 

Rupture in terms of Flexural strength is the main aim in 

casting beam specimens. In this modulus of rupture is 

calculated by testing specimens in the universal testing 

machine. In this line of facture is the main important 

property in formulating the modulus of rupture. The 

modulus of rupture is denoted by “𝑓𝑐𝑟”. The „f‟ value 

is mainly based on the shortest distance of line fracture 

“a”.  If 110mm < a <133mm  ,𝑓𝑐𝑟 = 3PL/bd2, If a > 

133mm,𝑓𝑐𝑟= PL/bd2 If a < 110mm, 

 

Durability test 

Concrete durability is defined as the ability of concrete 

to withstand weathering, chemical attack, and abrasion 

while retaining its desired engineering 

properties.Concrete cube specimens with dimensions of 

150 mm x 150 mm x 150 mm will be cast using the 

materials and mix design specified above and cured in 

potable water for 28 days. After 28 days, the hardened 

concrete cubes will be immersed in various 

concentrations of Nitric Acid (HNO3) and Hydrochloric 

Acid (HCL)solutions, both completely and partially. 

Water-cured specimens will be removed after 28 days 

and allowed to dry in the shade before being immersed 

in 0% to 10% concentrated acid solutions for 28 and 90 

days, respectively, for observation. The weight and 

compressive strength of the specimens 

slightyreduce.After removing cubes from acid 

solutions, there is a slight change in colour that can be 
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seen.The density of concrete is also affected, as 

evidenced by the reduction in weight of thecubes. 

 

 

 

4. RESULTS AND DISCUSSIONS 

Compressive Strength of Cubes 

Cement was replaced with metakaolin at different percentages for obtaining the optimum value of 

metakaolin and the test details are given below. 

Table 1. Compressive strength of Conventional concrete and the cement partially replaced with 

metakaolin cubes at 7, 28 and 90 days 

 

Sl.. 

No 

% of 

metakaolin 

% of Cement 7 days 

strength 

(MPa) 

28 days 

strength 

(MPa) 

90 days 

strength 

(MPa) 

1 0 100 23.465 34.998 35.074 

2 10 90 23.902 35.682 35.777 

3 15 85 24.4055 36.328 36.594 

4 20 80 24.8995 37.183 37.2875 

5 25 75 25.745 38.19 38.209 

6 30 70 25.0705 37.24 37.259 

            The optimum value of metakaolin was found to be 25% 

 

 

 

Figure 4. Variation of Compressive Strength on partial replacement of cement with metakaolin at 7 days, 

28 days and 90 days 

 

Split tensilestrength 

Cement was replaced with metakaolin at different percentages for obtaining the optimum value of 

metakaolin and the test details are given below. 

Table 2. Split tensile strength of Conventional concrete and the cement partially replaced with metakaolin at 

7, 28 and 90 days. 

 

 

Sl. No 

 

 

metakaolin% 

 

Cement 

% 

7days Splittensile 

strength 

(MPa) 

28 days split 

tensile strength 

(MPa) 

90 days split 

tensile strength 

(MPa) 

1 0 100 1.995 2.983 3.002 

2 10 90 2.1945 3.287 3.3155 

3 15 85 2.337 3.496 3.515 

4 20 80 2.4795 3.705 3.724 
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5 25 75 2.7455 4.085 4.0945 

6 30 70 2.603 3.895 3.914 

 
Fig. 5.Variation of split tensile strength on partial replacement of cement with metakaoline at 7 days,28days and 

90days. 

Flexural Strength 

Cement was replaced with metakaolin at different percentages for obtaining the optimum value of 

metakaolin and the test details are given below. 

Table 3. Flexural strength of Conventional concrete and the cement partially replaced with metakaolin at 

7, 28 and 90 days. 

 

Sl. 

No. 

 

 

metakaolin% 

 

Cement 

% 

7days 

Flexural 

strength 

(MPa) 

28days 

Flexural 

strength 

(MPa) 

90days 

Flexural 

strength 

(MPa) 

1 0 100 3.375 5.04 5.049 

2 10 90 3.492 5.22 5.238 

3 15 85 3.672 5.49 5.508 

4 20 80 3.807 5.688 5.697 

5 25 75 3.951 5.904 5.922 

6 30 70 3.699 5.526 5.562 

 

 
Figure 6.Variation of Flexural Strength on partial replacement of cement with metakaolin at 7 days, 28 days 

and 90 days. 
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Further the performance of  75% cement+25% of metakaoline(optimum value) concrete was studied by 

replacing fine aggregate with robo sand and the test details are furnished below: 

 

Compressive Strength: 

Fine Aggregate(Sand) was replaced with Robo Sand at different percentages for obtaining the optimum value 

of Robo Sand and the test details are given below. 

Table 4. Compressive strength of concrete with metakaolin and the fine aggregate partially replaced with robo 

sand cubes at 7, 28 and 90 days. 

 

 

 

Sl. No. 

Cement % 

+ 

Metakaolin 

% 

 

Robo 

sand % 

7days 

compressive 

strength 

(Mpa) 

28 days 

compressive 

strength 

(Mpa) 

90 days 

compressive 

strength 

(Mpa) 

1 75+25 0 24.39 36.18 36.198 

2 75+25 10 24.597 36.72 36.729 

3 75+25 20 24.975 37.278 37.296 

4 75+25 30 25.416 37.944 37.953 

5 75+25 40 25.83 38.556 38.565 

6 75+25 50 26.46 39.492 39.51 

7 75+25 60 25.704 38.358 38.376 

 

 
Figure 7.Variation of compressive strength of metakaolin(25%) added concrete on partial replacement of fine 

aggregate with robo sand at 7 days, 28days and 90 days. 

 

Split Tensile Strength: 

Fine Aggregate(Sand) was replaced with Robo Sand at different percentages for obtaining the optimum value 

of Robo Sand and the test details are given below. 
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 Table 5. Split tensile strength of concrete with metakaolin MK and the   fine aggregate partially replaced with 

robo sand at 7, 28 and 90 days. 

 

Sl. 

No 

Cement % 

+ MK % 

Robo 

sand 

% 

7 days split 

tensile strength 

(Mpa) 

28 days split 

tensile strength (Mpa) 

90 days split 

tensile strength (Mpa) 

1 75+25 0 2.601 3.888 3.906 

2 75+25 10 2.862 4.284 4.293 

3 75+25 20 3.159 4.416 4.725 

4 75+25 30 3.537 4.692 4.860 

5 75+25 40 3.762 4.82 4.98 

6 75+25 50 4.131 5.04 5.24 

7 75+25 60 3.519 4.92 5.06 

 

 

Figure 8.Variation of Split Tensile Strength of metakaolin MK (25%) added concrete on partial 

replacement of fine aggregate with robo sandat 7 days, 28 days and 90days. 

 

Flexural strength : 

Fine Aggregate(Sand) was replaced with Robo Sand at different percentages for obtaining the optimum value 

of Robo Sand and the test details are given below. 

Table 6. Flexural strength of concrete with metakaolin MK and the fine aggregate partially replaced with robo 

sand at 7, 28 and 90 days. 

 

 

Sl. No 

Cement 

% 

+ 

metakaolin% 

Robo sand 

% 

7 days flexural 

strength 

(MPa) 

28 days flexural 

strength 

(MPa) 

90 days flexural 

strength 

(MPa) 

1 75+25 0 3.512 5.248 5.264 

2 75+25 10 3.616 5.408 5.408 

3 75+25 20 3.736 5.584 5.608 

4 75+25 30 3.776 5.728 5.728 

5 75+25 40 3.952 5.904 5.92 

6 75+25 50 4.024 6.016 6.032 
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7 75+25 60 3.816 5.872 5.888 

 
Figure 9.Variation of Flexural Strength of metakaolin MK (25%) added concrete on partial 

replacement of fine aggregate with robo sand at 7days, 28 days and 90days. 

Durability Tests: To know the performance of the concrete under adverse environmental conditions, durability 

tests were carried and the results were tabulated below. 

Concrete durability is defined as the ability of concrete to withstand weathering, chemical attack, and abrasion 

while retaining its desired engineering properties.Concrete cube specimens with dimensions of 150 mm x 150 

mm x 150 mm will be cast using the materials and mix design specified above and cured in potable water for 28 

days. After 28 days, the hardened concrete cubes will be immersed in various concentrations of Nitric Acid 

(HNO3) and Hydrochloric Acid (HCL)solutions, both completely and partially. 

Table 7: Durability of concrete with Metakaolin (optimum value) and the fine aggregate partially 

replaced with robo sand at 28 and 90 days. 

 

 

 

S.No 

% of HCl in 

water 

Compressive Strength Values for 

28 days 90 days 

1 0% 39.492 39.51 

2 5% 39.20 39.12 

3 10% 39.00 38.98 

 

 

 

S.No 

% of HNO3in 

water 

Compressive Strength Values for 

28 days 90 days 

1 0% 39.492 39.51 

2 5% 39.16 39.08 

3 10% 38.97 38.72 



  

 

 
373  International Journal for Modern Trends in Science and Technology 

 

 

 

 

 

5 Conclusions 

The following conclusions were drawn: 

1. The optimum dosage of metakaolin to replace the 

cement was found to be 25%. 

2. There is a gradual increase in various strength 

parameters of cement partially replaced with 

metakaolin concrete. 

3. The percentage increase in compressive strength at 

7, 28 and 90 days of cement partially replaced with 

25% metakaolin were found to be 9.7%, 9.1% and 

8.9%. 

4. The percentage increase in split tensile strength at 

7, 28 and 90 days of cement partially replaced with 

25% metakaolin were found to be 37.3%, 36.9% and 

36.3%. 

5. The percentage increase in flexural strength at 7, 28 

and 90 days of cement partially replaced with 25% 

metakaolin were found to be 17.06%, 17.14% and 

17.26% 

6. This research concludes that metakaolin can be a 

novel supplementary cemtitious material. The use 

of metakaolin in concrete can reduce the waste 

disposal problems. 

7. Furthermore, when the coarse aggregate was 

replaced with varying percentages of robo sand, 

the strength parameters were slightly improved. 

8. The optimal percentage of robo sand to replace 

coarse aggregate was discovered to be 50%. 

9. The compressive strength, split tensile strength, 

and flexural strength of both cement and coarse 

aggregate treated concrete were found to be 

9.1%Mpa, 29.6%Mpa, and 14.6% Mpa at 28 days, 

respectively. 

10. Based on the above findings, Robo sand can be 

used as an alternative material for fine aggregate. 

Robo sand qualifies as a cost-effective substitute for 

river sand. 

11. The percentage decrease in compressive strength 

from durability tests on concrete specimen cubes 

by using 25% metakaolin at 28 and 90 days 

respectively is found to be 0.7% & 0.99% when 

immeresed in 5% concentration ofHCL. 

12. The percentage decrease in compressive strength 

from durability tests on concrete specimen cubes 

by using 25% metakaolin at 28 and 90 days 

respectively is found to be 1.2% &1.3%when 

immeresed in 10% concentration of HCL. 

13. The percentage decrease in compressive strength 

from durability tests on concrete specimen cubes 

by using 25% metakaolin at 28 and 90 days 

respectively is found to be 0.84% &1.06% when 

immeresed in 5% concentration ofHNO3. 

14. The percentage decrease in compressive strength 

from durability tests on concrete specimen cubes 

by using 25% metakaolin at 28 and 90 days 

respectively is found to be 1.32% &1.97% when 

immeresed in 10% concentration ofHNO3. 
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