
 

 

 

 

 

 

ABSTRACT- Replacement or Partial replacement of 

Concrete in the construction is one of the major 

areas of today’s field of Civil Engineering. Attempts 

have been made to replace the concrete partially by 

using the materials like fly ash, Rice husk ash, silica 

fumes etc. 

 

In India a huge quantity of construction and 

demolition wastes is produced every year. These 

waste materials need a large place to dump and 

hence disposal of wastes has become a severe social 

and environmental problem. The possibility of 

recycling demolition wastes as coarse aggregate in 

the construction industry is thus of increasing 

importance. In addition to the environmental benefits 

in reducing the demand of land for disposing the 

waste, the recycling of demolition wastes can also 

help to conserve natural resources. The physical, 

mechanical properties of concrete with the Recycled 

Coarse Aggregate (RCA) are to be evaluated to 

access its application as structural concrete. The 

present work is directed towards the evaluation of 

concrete using partial replacement of natural coarse 

aggregate (NCA) with 25%, 50%,75% and 100% 

Recycle Coarse Aggregate and Cement is partially 

replaced with Metakaolin at 10%, 15% and 20% and 

Nano-silica at 1%,2% and 3% respectively. The 

experimental results of Strength properties are 

evaluated and compared with NCA concrete. RCA 

was obtained from the tested laboratory concrete 

specimens. Tests were carried out to obtain the 

compressive strength of RCA concrete. 

 

Based on the test results it can be observed 

that Recycled Coarse Aggregate Concrete has 

29.35% more compressive strength when 15% of 

Metakaolin and 2% of Nano-silica is used as 

admixtures at 28 days curing. The strength 

characteristics had considerable improvement at 

optimum percentage of 50% Recycled Coarse 

Aggregate, 15% Metakaolin and 2% of Nano-silica. 

1. INTRODUCTION 

India is by and by creating development 

and destruction (C&D) waste to the tune of 

23.75 million tons every year and these 

figures are probably going to twofold in the 

following 7 years. C&D squanders have 

been considered as an asset in created 

nations. Takes a shot at reusing have 

stressed that if old cement must be utilized 

in second era concrete, the item ought to 

stick to the necessary compressive quality. 

Writing overview uncovers that 

compressive quality fundamentally relies 

on followed mortar, water retention, size of 

total, quality of parent solid, period of 

restoring and proportion of substitution, 

interfacial change zone, dampness state, 

contaminations present and controlled 

condition. 

In India, an enormous amount of 

development and destruction squanders is 

delivered each year. These waste materials 

need a huge spot to dump and consequently 

the removal of squanders has gotten an 
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extreme social and condition issue. Then 

again shortage of common assets like 

waterway sand is another serious issue 

which brings about expanding the 

profundity of stream bed and furthermore 

changes in climatic conditions. Thus, it 

gets important to ensure and save the 

normal recourses. The chance of reusing 

destruction squanders in the development 

business is in this manner of expanding 

significance. Notwithstanding the 

ecological advantages in diminishing the 

interest of land for arranging the waste, the 

reusing of destruction squanders can 

likewise assist with saving natural 

resources. 

Recycled coarse aggregate (RCA) 

In numerous nations, reused solid total 

have been demonstrated to be reasonable 

for low quality cement, and somewhat, for 

some basic evaluation concrete. 

Metakaolin 

Metakaolin is a dehydroxylated type of the 

mud mineral Kaolinite. Rocks that are 

wealthy in Kaolinite are known as china 

mud or kaolin, customarily utilized in the 

production of porcelain. The molecule size 

of Metakaolin is littler than concrete 

particles, yet not as fine as silica smolder 

.The quality and reactivity of Metakaolin is 

emphatically needy of the attributes of the 

crude material utilized. Metakaolin can be 

delivered from an assortment of essential 

and optional sources containing Kaolinite. 

Nano silica 

Nano-innovation can be characterized as a 

formation of materials and gadgets by 

controlling of issue at the degrees of iotas, 

particles and Nano-scale structures. Nano-

innovation effectsly affects various zones 

of science and industry. Nano-innovation 

gives improvement to framework 

unwavering quality, broaden usefulness 

past conventional applications and decline 

cost, size and vitality utilization. Fusing 

Nano-innovation in the field of materials 

encourages expanding materials quality 

and sturdiness. It likewise empowers better 

utilization of regular assets and getting the 

necessary materials properties with 

insignificant use.  

Aim of the project 

The aim for this present investigation is to 

determine the strength characteristic of 

recycled aggregate concrete with partial 

replacement of cement with Metakaolin 

and Nano silica for application in structural 

concrete, which will give better 

understanding on the properties of concrete 

with recycled coarse aggregate, Metakaolin 

and Nano- silica. 

2. LITERATURE REVIEW 

Hendrikset al. (1998) shows that, when 

recycled aggregate obtained from crushed 

concrete are used to replace up to 20% by 

weight of the coarse natural aggregate in 

concrete, little effect on the properties of 

concrete is noticed. 

Vikas Srivastava, Rakesh Kumar, 

Agarwal V.C, Mehta P. K (2012) 

reported that the 28 day compressive 

strength of concrete generally increases 

with the Metakaolin content up to its 
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optimum content, at all the Silica fume 

contents, and thereafter declines. The 7 day 

compressive strength of concrete generally 

decreases with the increasing Metakaolin 

content at all the Silica fume contents.  

3. MATERIALS USED 

Cement 

Portland cement grade 53 is used in this test. 

It is the basic ingredient of concrete, mortar 

and plaster. Cement is an amorphous 

(glassy) powdered siliceous material that 

responds to the alkali content in cements to 

react with lime in the high pH environment 

in concrete to form additional CSH (calcium 

silicate hydrate) binder within the pore 

structure of the concrete. 

 

OPC 53 grade cement 

Coarse aggregates 

The coarse total utilized for the analysis 

work is both regular and reused aggregate. 

Coarse aggregate will be acquired from 

characteristic sources, for example, make 

up, grave and so on., squashed or uncrushed 

or a blend from endorsed quarries. Aggregate 

will be hard, solid, thick, tough and spotless 

and liberated from veins and disciple 

coatings. It will be liberated from delicate, 

weak, dainty, lengthened and covered pieces 

and will be generally cubical fit as a fiddle. 

It will comprises of coarse material, the vast 

majority of which is held on 4.75 mm IS 

sieve.  

 

Coarse aggregates 

Fine aggregates 

The physical properties of fine and coarse 

aggregates have a lot of effect on nature of 

concrete in new and set state. Tests for 

physical properties like mass thickness, 

explicit gravity, water assimilation, fineness 

modulus, reviewing of coarse aggregate are 

read quickly with the end goal of blend 

structure and to decide the measures of 

materials.  

 

Fine aggregates 

Recycled Coarse Aggregate 

The recycled aggregate is obtained by 

breaking the tested laboratory concrete 

specimens of grades M20, M25 and M30. 

The concrete specimens were made into 

smaller fragments manually and the 

recycled aggregate obtained. 
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Manual breaking of Concrete cubes 

 

Metakaolin (MK) 

Metakaolin used in this present experimental 

study is shown in Fig.3.4, obtained from 

ASTRRA Chemicals, Chennai. Is used in 

this project 

 

Metakaolin 

Nano Silica 

Nano-silica is a new pozzolanic material. 

Nano-silica has extremely large specific area. 

Nano-silica used in this research is in the 

form of colloidal silica type approximately 

with 40% suspension as shown in Fig 

 

Nano Silica solution 

Water 

This is the least expensive but most 

important ingredient of concrete. The 

quantity and quality of water is required to 

be looked in to very carefully. In practice 

very often great control on the properties of 

all other ingredients is exercised, but the 

control on the quality of the water is often 

neglected.  

 Mix Proportions for M25 Grade 

Concrete 

1:2.34:3.98 W/C 0.5 

 Mix Proportion for M25 Grade 

Recycled Coarse Aggregate 

concrete 

1:2.34:3.82 W/C 0.5 

Tests to be conducted on concrete 

 Compressive strength 

 Flexural strength 

 Split tensile strength 

 Modulus of elasticity 
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4. RESULTS AND ANALYSIS 

Compressive strength 

0% RCA 

 

25% RCA 

 

50% RCA 

 

RCA 50%; MK 15% 

 

Split tensile strength 

Variation of Split Tensile Strength of 

RCA Concrete with Different Percentages 

of MK and NS for M25 Grade 

 

Flexural strength 

Variation of Flexure Strength of RCA 

Concrete with different percentages of 

MK and NS for M25 Grade 
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Modulus of elasticity 

Variation of Elastic Modulus of RCA 

Concrete with Different Percentages of MK 

and NS for M25 Grade 

 

5. CONCLUSIONS 

1. The Compressive Strength of Control 

Concrete (32.3 MPa) has expanded by 

3.1% with fractional supplanting of 

Natural Aggregate with half Recycled 

Aggregate (37.3MPa) and with Further 

expansion the Strength diminishes.  

2. The Compressive Strength of Recycled 

Coarse aggregate solid increments by 

29.4% when Cement is supplanted with 

15% of MK, 2% of NS and coarse 

aggregate with half of Recycled 

coarseaggregate.  

3. The split Tensile Strength, Flexure 

Strength, Elastic modulus of M25 

concrete additionally increments by 

32.5%, 30.5% and 6.8% separately at 

substitution of half of RCA, 15% of 

MK and 2% of NS individually.  

4. The Strength attributes have significant 

improvement when contrasted with 

control concrete at an ideal substitution 

level of half Recycled Coarse 

Aggregate, 15% of Metakaolin and 2% 

ofNano - silica.  

5. The quality improvement of reuse 

coarse Aggregate cement arranged with 

Metakaolin and Nano-silica because of 

Replacement of Recycled Aggregate 

alone, this is because of the molecule 

size of Metakaolin and Nano-silica. 

These beneficial materials respond with 

Calcium Hydroxide to frame extra folio 

material. The accessibility of extra 

fastener upgrades the glue aggregate 

bond results the Recycled Coarse 

Aggregate Concrete to improve quality 

properties. Consequently, low quality 

properties of in part utilized Recycled 

Coarse Aggregate Concrete can be 

improved by the expansion of a 

predetermined level of (15%) 

Metakaolin and (2%) Nano - silica. 
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