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ABSTRACT 

High performance concrete (HPC) has been defined as concrete that possesses high workability, 

high strength and high durability. The primary application for HPC have been structures requiring long 

service lives such as oil drilling platform, long span bridges and parking structures. HPC still requires 

good construction practice and good curing to deliver high performance Metakaolin is refined kaolin clay 

that is fired (calcined) under carefully controlled conditions to create an amorphous alumino silicate that 

is reactive in concrete. Like other pozzolans (fly ash and silica fume are two common pozzolans), 

metakaolin reacts with the calcium hydroxide (lime) byproducts produced during cement hydration. 

This paper presents the experimental investigation carried out to determine the mechanical 

properties of high strength concrete of grade M40 incorporating metakaolin. The mechanical properties 

viz., compressive strength, flexural tensile strength, density and elasticity modulus of all mixes has been 

determined. The investigations revealed that adding metakoilin to high strength concrete caused a slight 

reduction in density and compressive strength of concrete by about 1.5 and 1.2% respectively. However, 

it improved the flexural tensile strength and dynamic elasticity modulus by 4 and 9%. 

KEYWORDS: High Strength Concrete; Metakaolin; Compressive Strength; Flexural Strength; Young 

Modulus. 

1.INTRODUCTION 

High performance of concrete (HPC) widely 

been used in recent years, not only for its 

increased compressive strength, improved 

durability and economic benefits, but also for its 

positive impact on the environment. Cement and 

concrete are key components of both 

commercial and residential construction in 

worldwide; the cement and concrete industries 

are huge.  

Worldwide, cement production totalled 1.25 

billion tons in 1991, according to the U.S 

Bureau of mines. Concrete tends itself to a 

variety of innovative designs due to its many 

desirable properties. Not only can it be cast in 

diverse shape but it also possess high 

compressive strength, stiffness. Low thermal and 
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electrical conductivity and low combustibility 

and toxicity. Two characteristics how ever have 

limited its use, its bridle and weak in tension and 

develop cracks during curing and due to thermal 

expansion and contraction over a period of time 

recently, however the development of fiber 

reinforced concrete (FRC) in various fields has 

provided a technical basis for improving these 

defieleneies. This describes the general 

properties and application of METAKAOLIN 

reinforced concrete used in construction the 

thinner and stronger elements spread across 

entire section, when used in low dosage arrests 

cracking.  

The performance of concrete in both short and 

long terms is being subjects to greater research 

and security in the recent years. The ordinary 

concrete may fail to exhibit the required quality 

or desirability. In such cones admixture is used 

to modifying the properties of ordinary concrete 

so as to make it more suitable for any situation.  

An admixture can be defined as chemical 

products, which is added to the concrete mix by 

weight of cement. It is added to the batch 

immediately before or during mixing for the 

purpose of achieving a specific modification, or 

modification to the normal properties of 

concrete. Admixture may be organic or 

inorganic in composition but their chemical 

character is an essential feature.  

These are many technologies who highly 

command and faster the use and development of 

admixtures as they impact many desirable 

characteristics and effect economy in concrete 

construction.  

Further it will be slightly difficult to products 

the effects and the Result of using admixture, 

because every time the change in the bond of 

cement, aggregate grading mix proposition and 

richness of mix, after the properties of concrete. 

Sometime many admixtures effect more than 

one property of concrete and sometimes they 

effect the durable properties adversely therefore 

one must be cautions in the selection of 

admixture in concrete. 

Strength of concrete primarily depends upon the 

cement paste and in more the strength of paste 

increases with the fineness of cement contents 

Hence as the W/C Ratio decreases the concrete 

gets higher Strength but concrete become 

unworkable. Certain organic compounds are 

used in the concrete. A new admixture called 

METAKAOLIN. Used to the two different grade 

of concrete. Designed with different percentage 

of Metakaolin and then its effects are observed 

in improving of tensile strength and also 

compressive strength of concrete at the same 

reducing of cost for the concrete. 

1.1 HIGH PERFORMANCE CONCRETE 

In recent years, the terminology "High-

Performance Concrete" has been introduced into 

the construction industry. The American 

Concrete Institute (ACI) defines high-

performance concrete as concrete meeting 

special combinations of performance and 

uniformity requirements that cannot always be 

achieved routinely when using conventional 

constituents and normal mixing, placing and 

curing practices. A commentary to the definition 

states that a high-performance concrete is one in 

which certain characteristics are developed for a 

particular application and environment. 

Examples of characteristics that may be 

considered critical for an application are: 

• Ease of placement 

• Compaction without segregation 

• Early age strength 

• Long-term mechanical properties 

• Permeability 

• Density 

• Heat of hydration 

• Toughness 

• Volume stability 

• Long life in severe environments 

Because many characteristics of high-

performance concrete are interrelated, a change 

in one usually results in changes in one or more 

of the other characteristics. A high-performance 

concrete is something more than is achieved on 

a routine basis and involves a specification that 

often requires the concrete to meet several 

criteria. For example, on the Lacey V. Murrow 

floating bridge in Washington State, the concrete 
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was specified to meet compressive strength, 

shrinkage and permeability requirements. The 

latter two requirements controlled the mix 

proportions so that the actual strength was well 

in excess of the specified strength. This occurred 

because of the interrelation between the three 

characteristics. 

A high-strength concrete is always a high-

performance concrete, but a high-performance 

concrete is not always a high-strength concrete. 

ACI defines a high strength concrete as concrete 

that has a specified compressive strength for 

design of 6,000 psi (41MPa) or greater. Other 

countries also specify a maximum compressive 

strength, whereas the ACI definition is open-

ended. The specification of high-strength 

concrete generally results in a true performance 

specification in which the performance is 

specified for the intended application, and the 

performance can be measured using a well 

accepted standard test procedure. The same is 

not always true for a concrete whose primary 

requirement is durability. 

Durable concrete Specifying a high-strength 

concrete does not ensure that a durable concrete 

will be achieved. In addition to requiring a 

minimum strength, concrete that needs to be 

durable must have other characteristics specified 

to ensure durability. In the past, durable concrete 

was obtained by specifying air content, 

minimum cement content and maximum water-

cement ratio. Today, performance characteristics 

may include permeability, deicer scaling 

resistance, freeze-thaw resistance, abrasion 

resistance or any combination of these 

characteristics. Given that the required durability 

characteristics are more difficult to define than 

strength characteristics, specifications often use 

a combination of performance and prescriptive 

requirements, such as permeability and a 

maximum water-cementations material ratio to 

achieve a durable concrete. The end result may 

be a high strength concrete, but this only comes 

as a by-product of requiring a durable concrete. 

Concrete materials most high-performance 

concretes produced today contain materials in 

addition to Portland cement to help achieve the 

compressive strength or durability performance. 

At the same time, chemical admixtures such as 

high-range water reducers are needed to ensure 

that the concrete is easy to transport, place and 

finish. For high-strength concretes, a 

combination of mineral and chemical admixtures 

is nearly always essential to ensure achievement 

of the required strength.  

Most high-performance concretes have high 

cementations content and a water-cementations 

material ratio of 0.40 or less. However, the 

proportions of the individual constituents vary 

depending on local preferences and local 

materials. Mix proportions developed in one part 

of the country do not necessarily work in a 

different location. Many trial batches are usually 

necessary before a successful mix is developed. 

High-performance concretes are also more 

sensitive to changes in constituent material 

properties than conventional concretes. 

Variations in the chemical and physical 

properties of the cementations materials and 

chemical admixtures need to be carefully 

monitored. Substitutions of alternate materials 

can result in changes in the performance 

characteristics that may not be acceptable for 

high-performance concrete. This means that a 

greater degree of quality control is required for 

the successful production of high-performance 

concrete. 

1.2 SALIENT FEATURES OF HPC 

• High Compressive strength 

• Low water-binder ratio 

• Reduced flocculation of cement grains 

• Wide range of grain sizes 

• Densified cement paste 

• No bleeding homogeneous mix 

• Less capillary porosity 

• Discontinuous pores 

• Stronger transition zone at the interface 

between cement paste and aggregate 

• Low free lime content 

• Endogenous shrinkage 

• Powerful confinement of aggregates 

• Little micro-cracking until about 65-

70% of fck 
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• Smooth fracture surface 

The Ordinary Portland Cement (OPC) is one of 

the main ingredients used for the production of 

concrete and has no alternative in the civil 

construction industry. Unfortunately, production 

of cement involves emission of large amounts of 

carbon-dioxide gas into the atmosphere, a major 

contributor for green house effect and the global 

warming, hence it is inevitable either to search 

for another material or partly replace it by some 

other material. The search for any such material, 

which can be used as an alternative or as a 

supplementary for cement should lead to global 

sustainable development and lowest possible 

environmental impact. Considering the grade of 

cements high strength of cement of grades 43 & 

53 are desirable for design of High strength 

concretes. To achieve the quest of high 

performance concrete we should accentuate on 

the replacement of OPC with industrial by-

products. The utilization of pozzolanic materials 

in concrete as partial replacement of cement is 

gaining immense importance today, mainly on 

account of the improvements in the long-term 

durability of concrete combined with ecological 

benefits. Fly ash (a waste product from coal 

thermal power plant), ground granulated blast 

furnace slag, silica fumes (a waste by-product of 

the manufacture of Silicon or Ferro-silicon 

alloys from high purity quartz and coal in a 

submerged-arc electric furnace), rice husk ash 

(waste by-product from co-generation electric 

power plant burning rice husk), high reactive 

metakaoline (HRM) as partial replacement for 

cement which are largely available in India. To 

study the effect of partial replacement of cement 

by these pozzolanic materials, studies have been 

conducted on concrete mixes with 350 to 500 

kg/cum cementations material at 30%, 40%, and 

50% replacement levels of fly ash; 50% and 

60% replacement levels of GGBS and 7.5% and 

10% replacement levels of HRM. 

1.3 DURABILITY OF CONCRETE: 

The durability of cement concrete is defined as 

its ability to resist weathering action, chemical 

attack, abrasion, or any other process of 

deterioration. Durable concrete will retain its 

original form, quality, and serviceability when 

exposed to its environment. 

1.3.1 Significance of Durability: 

When designing a concrete mix or designing a 

concrete structure, the exposure condition at 

which the concrete is supposed to withstand is to 

be assessed in the beginning with good 

judgement.in case of foundations, the soil 

charactistics are also required to be investigated. 

The environmental pollution is increasing day 

by day particularly in urban areas and industrial 

atmospheres. It is reported that in industrially 

developed countries over 40% of total resources 

of the building industries are spent on repairs 

and maintenance in india, the money ie., spent 

on repairs of building is also considerable. Every 

government department and municipal bodies 

have their own “repair boards” to deal with 

repairs of building. It is a sad state of affairs that 

we do not give enough attention to durability 

aspects even when we carry out repairs. 

1.3.2 Impact of W/C Ratio on Durability: 

 The volume change results in cracks and 

cracks are responsible for dis-integration of 

concrete. The permeability is the contributory 

factor for volume change and higher w/c ratio is 

the fundamental cause of higher 

permeability.therefore, use of higher w/c ratio-

permeability-volume change-cracks-

disintegration-failure of concrete is a cyclic 

process in concrete therefore, for a durable 

concrete, use of lowest possible w/c ratio is the 

fundamental requirement to produce dense and 

impermeable concrete. 

 There is a tremendous change in the 

micro structure of concrete made with high w/c 

ratio and low w/c ratio. With low w/c ratio the 

permeability decreases to such a level that these 

concretes are impervious to water. This does not 

mean that they do not contain interconnected 

network of capilliaries, but these capillaries are 

so fine that water cannot flow any more through 

them. When such concretes are tested for 

chloride ions permeability test,it is found that 

chloride ions diffuse such concretes at a rate 10-

50 times slower than that of high w/c ratio 

concrete. 

 It has been proved beyond doubt that 

low w/c ratio concrete are less sensitive to 

carbonation, external chemical attack and other 
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detrimental effects that causes lack of  durability 

of concrete. It has been reported that it become 

impossible to corrode unprotected steel 

reinforcement in accelerated corrosion test of a 

concrete with very low w/c ratio. From this it 

could be inferred that the best way to protect 

reinforcing steel against corrosion is to use low 

w/c and adequate cover, rather than using higher 

w/c ratio and then protecting the steel by epoxy 

coating. 

 It is easy to preach to on paper the 

virtues of using low w/c ratio for all-round 

durability of concrete. but in actual practice for 

many years it has been found almost impossible 

to reduce the w/c ratio below 0.4.this situation 

has changed for the last 15 years in india with 

the practice of using superplasticizers.the advent 

and use of super plasticizers revolutionized the 

art and science of making durable concrete by 

drastically reducing the w/c ratio of concrete. 

The modern super plasticizers are so efficient 

that it is now possible to make flowing concrete 

with a w/c as low as 0.25 or even as low 0.2.this 

technological breakthrough, in conjunction with 

the use of silica fume and other secondary 

cementations materials, has made it possible to 

develop a new family of high-strength concrete 

which is generally referred as high performance 

concrete-a concrete which is very durable. 

 In most of these new low w/c ratio 

concrete, there is not enough water available to 

fully hydrate all the cement particles. The water 

available can only hydrate the surface of cement 

particles and there exist plenty of unhydrated 

particles which can play an important role as 

they constitute strength in reverse. If for any 

reasons, structural or environmental, concrete 

get’s cracked, the unhydrated cement particles 

begin hydrating as soon as water or moisture 

starts penetrating through cracks. This is to say 

that unhydrated cement particles offer self 

healing potential to improve durability of 

concrete. 

1.4 OBJECTIVE & SCOPE: 

Metakaolin is a valuable admixture for concrete 

or cement applications and it is a pozzolanic 

additive product which can provide many 

specific features. Amongst the various methods 

used to improve the durability of concrete, and 

to achieve high performance concrete, the use of 

Metakaolin is a relatively new approach. 

•The present study includes the effect of partial 

replacement of cement with metakaolin by 

various percentages (0%, 10%, 15%, 20%, 25% 

and 30%) on the properties of high strength 

concrete. 

•Concrete specimens were casted to find 

compressive strength and cubes are tested for 

durability studies.  

•The specimens were tested for compressive 

strength, split tensile strength, flexural strength 

and stress-strain behaviour. 

•The results conclude that the use of Metakaolin 

Concrete (MKC) has improved the performance 

of concrete under various conditions. 

2. LITERATURE REVIEW 

The strength development of concrete is 

stimulated by means of porosity of hydrated 

paste that is controlled via the presence of bond 

cracks at the interface of aggregate and hydrated 

paste and the water/cement ratio. The strength of 

individual constituent material of concrete has 

mark on the strength of concrete mix. The 

investigations display that bottom ash debris are 

vulnerable and greater porous than natural sand 

debris. The demand of mixing water elevated on 

its use in concrete as sand substitute. The higher 

demand of water is responsible for multiplied 

extent of all pores: pores left by using water, 

fissures shaped by bleeding etc. The higher 

water cement ratio outcomes in low density of 

bottom ash concrete mix. Since bottom ash 

concrete has better bleeding, there are extra 

probabilities of extra bleeding water getting 

trapped below the aggregates. This trapped 

water results inside the formation of the extra 

variety of small pores near to the aggregate 

surfaces. These pores prevent the excellent 

bonding of cement paste with the aggregate. 

Therefore the transition region between the 

aggregate and cement paste becomes susceptible 

and porous which in the end consequences in 

discount in strength of bottom ash concrete mix. 

The weak microstructure acquired with the 

usage of bottom ash is answerable for the 

decrease in compressive strength. 
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 Ghafoori and Bucholc (1996) observed 

that compressive strength of bottom ash concrete 

was lower than that of control concrete but with 

increased curing age compressive strength was 

almost same. The mean compressive strengths of 

bottom ash concrete were 30% and 25% lower 

than those of control concrete at the curing age 

of 3 days and 7 days respectively. This 

difference dropped to 17% and 7% at 28 days 

and 180 days curing age. When a low dosage of 

admixture was used, compressive strength of 

bottom ash concrete at all levels of cement 

content improved. Compressive strength of 

bottom ash concrete at the age of 28 days 

increased by nearly 20% than that of the mix 

produced without admixture and by 3.5% than 

that of control concrete. However when a high 

range water reducing admixture was used in 

combined mixture of 50% bottom ash and 50% 

natural sand, compressive strength surpassed 

those of control mixture. 

 Ghafoori and Bucholc (1997) found that 

compressive strength of combined bottom ash 

and sand mix was lower than that of control 

concrete. The average differences in 

compressive strength at the age of 3 days and 7 

days were 12% and 14.5% respectively. When 

high range water reducing admixture was used 

in combined mixture, compressive strength 

surpassed those of control sample at all levels of 

age. At 28 days of age the compressive strength 

increased by 24%. 

Jaturapitakkulet al. (2003) studied the potential 

of using bottom ash from the Mae Moh power 

plant in Thailand as pozzolonic material. He 

found bottom ash which was used in concrete 

due to its pozzolonic reaction, improved its 

quality by grinding until the particle size 

retained on sieve 325 was less than 5% by 

weight. Bottom ashes before and after being 

ground were investigated and compared for their 

physical and chemical characteristics. The 

bottom ashes were used to replace Portland 

cement in mortar and concrete mixtures. He 

found that the particle of bottom ash was large, 

porous and a regular shapes. The grinding 

process reduced the particle size as well as 

porosity of bottom ash. Compressive strengths 

of mortar containing 20 to 30% of bottom ash as 

cement replacement were much less than that of 

cement mortar at all edges, but use of ground 

bottom ash produce higher compressive strength 

than the cement mortar after 60 days. He used 

bottom ash at 20% replacement of cement to 

make concrete, the concrete with higher cement 

content produce higher percentage of 

compressive strength. He concluded that ground 

bottom ash could be used Bottom ash as a good 

pozzolonic material.  

Aramraks (2006) demonstrated that the 

compressive strength of 50% and 100% 

replacement bottom ash concrete was found to 

be approximately 20–40% lower than that of 

natural sand mixtures. 

 Andrade et al. (2007) observed that 

concrete mixes prepared with addition of bottom 

ash as equivalent volume replacement, 

correcting bottom ash quantities according to the 

moisture content showed very significant loss in 

compressive strength. However in case of 

concrete mix prepared with the addition of 

bottom ash as non-equivalent volume 

replacement, without correcting bottom ash 

quantities according to the moisture content the 

compressive strength of bottom ash concrete 

was similar to that of reference concrete. 

 Shi-Cong and Chi-Sun (2009) 

demonstrated that at a fixed W/C, the 

compressive strength decreased with the 

increase in the FBA content at all the ages. 

However when concrete was designed with a 

fixed slump range, bottom ash concrete showed 

higher compressive strength than that of the 

control at all the ages. The improvement in 

compressive strength could be attributed to the 

decrease in free W/C due to the fact that for a 

given slump, the high water absorption 

properties of FBA lead to reduction in demand 

of free water to produce the target slump value. 

Yakhlaf and Safiuddin (2013) reported the 

Properties of freshly mixed carbon fibre 

reinforced self-consolidating Concrete; he 

examined the effects of discrete pitch-based 

carbon fibers on the fresh properties of self-

consolidating concrete. Different carbon fibre 

reinforced self-consolidating concrete mixtures 

were produced incorporating 0%, 0.25%, 0.5%, 

0.75% and 1% carbon fibers by concrete volume 
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with two water-to-binder ratios (0.35 and 0.40). 

The characteristic properties of SCC are 

determined. The hardened concretes were tested 

by a Scanning Electron Microscope to observe 

the distribution of fibers. Carbon fibers were 

well-distributed and they slightly decreased the 

unit weight of concrete 

Vikrant  and Kavita (2013) studied the strength 

of normal concrete using metallic and synthetic 

fibers, in metallic fibers, steel fibers of hook end 

with 50, 60 aspect ratio and crimped round 

(copper coated) of 52.85 aspect ratio containing 

0% and 0.5% volume fraction were used without 

adding admixtures. In synthetic fibers category, 

fibrillated polypropylene fibersof15 mm, 20 mm 

and 24 mm cut length at 0.4% by weight of 

cement were used without adding admixtures. 

The positive effect of steel fibers with different 

aspect ratios and fibrillated polypropylene fibers 

with different cut length in compression and 

splitting strengths. 

Corinaldesi and Moriconi (2011) studied the 

characterization of self-compacting concretes 

prepared with different fibers and mineral 

additions, he prepared self-compacting concrete 

mixes by using three different types of fibers 

made of steel, poly-vinyl-alcohol (PVA) and 

high toughness poly-propylene (PPHT) and two 

different types of mineral addition (limestone 

powder and powder from recycled 

concrete).Excellent performances were generally 

obtained, particularly for the self-compacting 

concretes prepared with steel fibers and powder 

from recycled concrete. 

 Sukontasukku (2004) determined the 

toughness properties of Steel and Polypropylene 

Fiber Reinforced Concrete Beam under 

Bending. In this  study,  two different  methods  

(ASTM  C1018and JSCE SF-4) are used  to  

measure  the toughness  of  steel  and 

polypropylene  fiber  reinforced concrete  

subjected  to  bending. The  obtained 

information  using the  four  toughness  values at  

different  deflections  appeared  to  better clarify  

the characteristics of both  FRCs. 

 Cifuentes and García (2013) he explains 

the influence of the properties of polypropylene 

fibers on the fracture behavior of low-, normal- 

and high-strength FRC. A geometrical and 

mechanical property of polypropylene fibers on 

the fracture parameters and ductility of low, 

normal, and high-strength fiber-reinforced 

concrete was determined. 

 Bouzoubaa(2001) reported the studies 

on Self-compacting concrete incorporating high 

volumes of Class-F fly ash, The self-compacting 

mixtures had a cement replacement of 40%, 

50%, and 60% by Class-F fly ash. The results 

show that an economical SCC could be 

successfully developed by incorporating high 

volumes of Class-F fly ash. 

 M.F.M.Zainetc al.(2000):Investigated 

the possibility of developing HPC using silica 

fume (SF) at relatively high water binder ratios. 

For this purpose, water binder ratios of 0.45 and 

0.5 were considered. Test specimens were air 

and water cured and exposed to a medium 

temperature range of 20°C to 50°C. The 

Compressive strength of hardened concrete was 

determined in the laboratory. Test results 

indicate that concrete under water curing offers 

the best results. The highest level of 

compressive strength was produced by SF 

concrete under water curing and at temperature 

of 35°C. Data collected also revealed that, under 

controlled curing conditions, it is possible to 

produce HPC at relatively high water binder 

ratios. 

 RafatSiddique (2003):  Studied the 

Properties of concrete incorporating high 

volumes of  class F fly ash and sand fibers. They 

studied  that  the effects of replacement of 

cement  (by mass)  with  three percentages of fly 

ash and the effects of  addition of natural sand 

fibers on the slump, Vebe time, compressive 

strength , split tensile strength, flexural strength 

and impact strength of fly ash concrete. Cement 

was replaced with three percentages (35%, 45% 

and 55%) of class F fly ash. Three percentage of 

sand fibers (0.25%, 0.50% and 0.75%) having 

25 mm length were used. The test results 

indicated that the replacement of cement with fly 

ash increased the workability (slump and Vebe 

time), decreased compressive strength , split 

tensile strength and flexural strength and had no 

significant effect on the impact strength of plain 

(control)concrete. Addition of sand fibers 

reduced the workability, did not significantly 
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effect the compressive strength, increased the 

split tensile strength and flexural strength and 

tremendously enhanced the impact strength of 

fly ash concrete as the percentage of fibers 

increased. 

 D. Bondar etal indicated that the 

strength of geo-polymer concrete faded because 

the quantitative relation of water to geo-polymer 

solids by mass accumulated. Anuar etal 

disclosed that the concentration (in term of 

molarity) of NaOH influenced the strength 

characteristic of geo-polymer concrete. 

 S. Vaidya etal examined that uniform 

temperature was developed throughout the mass 

and modulus of elasticity and Poisson's 

quantitative relation were inside the appropriate 

limits. 

Raijiwala etal noticed  that the Compressive 

strength of GPC accumulated over controlled 

concrete by one.5 times (M-25 achieves M-45), 

Split strength of GPC accumulated over 

controlled concrete by 1.45 times and Flexural 

Strength of GPC accumulated over controlled 

concrete by 1.6 times. 

3.MATERIAL PROPORTION AND MIX 

DESIGN 

3.1 MATERIAL  

Cement, Fine aggregates, Coarse aggregates, 

water, Coal Bottom Ash and Super plasticizer 

are utilized as a part of throwing the cubes and 

cylinders of the specimen and the properties of 

these materials are said underneath, 

3.1.1 Cement: 

Ordinary Portland cement of 53 grade of Ultra 

Tech cement was utilized for the investigation. 

This cement is the most broadly utilized one as a 

part of the development business in India. 

The physical properties of cement as got from 

different tests are as given. All the tests were 

completed as per methodology set down in IS: 

12269-1987. 

The estimations of the physical properties of 

cement which are normal consistency test, 

fineness of cement test, compressive strength, 

specific gravity test, setting test are given 

underneath in Table. 

3.1.2 Aggregates: 

Aggregates are the major ingredients of 

concrete. They constitute 70-75% of the total 

volume; provide a rigid skeleton structure for 

concrete, and act as economical space fillers. 

The aggregates form the main matrix of the 

concrete. The aggregate particles are glued 

together by the cement and water paste. With 

cement and water the entire matrix binds 

together into a solid mass called concrete. 

 

 

Aggregates influence the properties of concrete 

such as water requirement, cohesiveness and 

workability of the concrete in plastic stage, 

while they influence strength, density, 

durability, surface finish and colour in hardened 

stage. It is therefore significantly important to 

investigate the various properties of aggregates. 

Aggregates are generally inert and broadly 

divided into two categories, i.e. fine and coarse, 

depending on their size. Aggregates with grain 

size below 4.75mm are termed fine aggregates 
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and above 4.75mm are termed as coarse 

aggregates. I.S.383-1963 defines the 

requirement of aggregates. 

3.1.3 Gradation of Aggregates: 

Gradation refers to the particle size distribution 

of aggregates. Grading is a very important 

property of aggregate used for making concrete, 

in view of its packing of particles, resulting in 

the reduction of voids. This in turn influences 

the water demand and cement content of 

concrete. 

Grading is described in terms of the cumulative 

percentages of weights passing a particular IS 

sieve. IS 383-1970 specifies four ranges or 

zones for fine aggregate grading. Table 3.3 gives 

the range of percentage passing for each zone. 

 

3.3 Sand: 

The sand used in this research for preparation of 

normal concrete is natural river sand conforming 

to grading zone-II as per IS: 383-1970 with 

specific gravity 2.6 and having fineness modulus 

as 3.42. The amount of fines less than 0.125 mm 

is to be considered as powder and is very 

important for the theology of the SCC. This 

material is dried at room temperature for 24 

hours to control the water content in the 

concrete. The maximum size of FA is taken to 

be 4.75 mm. The testing of sand is done as per 

IS: 2386 – 1963. The sieve analysis results are 

shown in Table 3.4. 

3.6 Coarse Aggregates: 

The aggregate which is retained over IS Sieve 

4.75 mm is termed as coarse aggregate. The 

coarse aggregates may be of following types:- 

i) Crushed graves or stone obtained by crushing 

of gravel or hard stone. 

ii) Uncrushed gravel or stone resulting from the 

natural disintegration of rocks. 
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iii) Partially crushed gravel obtained as product 

of blending of above two types. 

The normal maximum size is gradually 10-20 

mm; however particle sizes up to 40 mm or 

more have been used in Self Compacting 

Concrete. Gap graded aggregates are frequently 

better than those continuously graded, which 

might expensive grader internal friction and give 

reduced flow. Regarding the characteristics of 

different types of aggregate, crushed aggregates 

tend to improve the strength because of 

interlocking of angular particles, while rounded 

aggregates improved the flow because of lower 

internal friction. 

Locally available coarse aggregate having the 

maximum size of 20 mm was used in this work. 

The aggregates were washed to remove dust and 

dirt and were dried to surface dry condition. The 

aggregates were tested as per IS: 383-1970. 

Specific gravity and other properties of coarse 

aggregates are given in Table 3.6 

 

4.0 Mixing: 

         The amount of water in the mixture played 

an important role on the behavior of fresh 

concrete. When the mixing time was long, 

mixtures with high water content bleed and 

segregate. This phenomenon was usually 

followed by low compressive strength of 

hardened concrete. The effects of water content 

on the mixture and the mixing time were critical 

parameters which decide the concrete strength. 

From the preliminary work, it was observed that 

the mixing period of concrete should be within 

five to seven minutes and while mixing the 

following steps should be followed 

•First Mix all dry materials with the shovel. 

•Add water to the mixture at the end of dry 

mixing, and continue the wet mixing for another 

four minutes. 

 

        Fig-3.3: Mixing of concrete 

4.RESULTS AND DISCUSSION 

4.1 COMPRESSIVE STRENGTH: 

           The cube specimens were tested on 

compression testing machine of capacity 2000 

KN. The bearing surface of the machine was 

wiped off clean and any loose other sand or 

other material removed from the surface of the 

specimen. Loading faces are made parallel. The 

specimen was placed in the machine in such a 

manner that the load was applied to opposite 

sides of the cubes. The axis of the specimen was 

carefully aligned at the center of the loading 

frame. The load applied was increased 

continuously at a constant rate until the 

resistance of the specimen to the increasing load 

breaks down and no longer can be sustained. 

The maximum load applied on the specimen was 

recorded. 
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4.1.1 Effect of Compressive Strength: 

The compressive strength of the concrete was 

done on 150 x 150 x 150 mm cubes. A total of 

63 cubes were cast for the five mixes. i.e., for 

each mix 9 cubes were prepared. Testing of the 

specimens was done at 7 days, 28 days and 90 

days, at the rate of three cubes for each mix on 

that particular day. The average value of the 3 

specimens is reported as the strength at that 

particular age. The test outcomes are given in 

table 4.1, the maximum load at failure reading 

was taken and the normal compressive strength 

is computed utilizing the accompanying 

connection. 
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CONCLUSIONS: 

Based on experimental investigations the 

following conclusions are drawn. 

•Cement replacement by adding 

METAKAOLIN leads to increase in 

compressive strength up to 20% replacement for 

M40 grade of concrete. 

•Beyond 20% replacement compressive strength 

decreased. 

•There is a decrease in workability as the 

replacement level increases, and hence water 

consumption will be more for higher 

replacements. 

•From the present study it is concluded that the 

optimum replacement level of cement by 

Metakaolin is 20% for M40 grade of concrete. 

•The 28 days strength in respect of both grades 

of concrete with 20% replacement of cement by 

Metakaolin is maximum. 

•The addition of METAKAOLIN has further 

increased initial 7 day and 28 day, 90 days 

strength as evident from the tables. 

•These METAKAOLIN are causing 5-10% of 

increases in the 7, 28, 90 days compression in 

the presence of Metakaolin. The maximum 

strength at 28 days is observed with 0.20% 

METAKAOLIN and 20% replacement of 

cement Metakaolin. 
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