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Abstract—Durability, workability and toughness are the equally 
important criteria which have to be met by the concrete in addition to 
the high strength. It is reported that the use of chemical and mineral 
admixtures in concrete with low water/binder (w/b) ratio shows high 
performance. The objective of this study is to improve the strength 
and durability property of concrete by the use of mineral admixtures 
and chemical admixtures.Strength of the concrete is determined by 
the compressive and flexure test and the durability of the concrete is 
studied by means of RCPT. 
 
Keywords: high performance concrete, silica fume, fly ash, 
metakaolin, hyper plasticizer. 

1. INTRODUCTION 

Concrete is the most widely used construction material next to 
water due to the easy availability of its constituents, its 
versatility and adaptability. Inspite of the technical and 
economic advantage of the material and the tremendous 
understanding of its engineering and microstructure, 
deterioration of concrete has become a major problem and 
there is widespread concern about the durability of the 
reinforced concrete structures. 

Development of concrete mixtures with enhanced durability 
properties to avoid premature deterioration of concrete due to 
environmental effects can be made by the addition of 
pozzolanic admixture in the concrete mixtures. 

The pozzolanic material when used in concrete mixture reacts 
with calcium hydroxide resulting in C-S-H compounds which, 
in turn, renders the transition zone between the matrix and 
aggregates in the concrete mixture, denser and stronger. These 
pozzolanic materials function as supplementary cementitious 
materials in concrete mixtures and improve the impermeability 
of concrete against aggressive chemicals. Low permeability 
and stronger transition zone are the requirements for long term 
durability. 

Use of mineral admixtures, such as fly ash, silica fume, 
metakaolin act as pozzolanic materials as well as fine fillers, 
thereby the microstructure of hardened concrete matrix 
becomes denser and stronger. Use of chemical admixture such 
as hyper plasticizer (GleniumB-233 polycarboxylatether) 

helps to reduce the water content, thereby reducing the 
porosity within the hydrated cement paste. 

Use of finer mineral admixtures having pozzolanic properties 
can provide a major economic benefit, because it permits a 
reduction in the amount of Portland cement in the mix. 

2. LITERATURE REVIEW 

Erhan Guneyisi (2012) in his investigation used metakaolin 
(MK) as a supplementary cementing material to improve the 
performance of the concrete. Two MK replacement levels of 
10% and 20% by weight of Portland cement were employed in 
the study at two w/c ratios of 0.35 and 0.55. The performance 
characteristics of the concretes were evaluated by measuring 
compressive and split tensile strengths, water absorption, 
drying. The porosity and pore size distribution of the concrete 
were also examined by using mercury intrusion porosimetry 
(MIP). Tests were conducted at different ages up to 120 
days.The results revealed that the inclusion of MK remarkably 
reduced the drying shrinkage strain, but increased the strength 
of the concrete. Depending mainly on the replacement level of 
MK, w/c ratio, and age of testing. 

Mehmet Gesoglu (2006) in his paper described about 
the concrete with high strength and low shrinkage by using 
Portland cement blended with ultrafine MK. His study showed 
that the MK provided a significant increase in both 
compressive and split tensile strengths when used as a 
modifier in concrete. When MK replaces cement, its positive 
effect on the concrete strength generally starts at early ages 
and also noticeable increase in the strength was observed at 
later ages. It was observed that the strength of concrete 
incorporated with MK was up to 30% greater than that of the 
plain concretes, depending mainly on replacement level of 
MK, w/c ratio, and testing age. 

Kasum Mermerdas (2007) presents all replacement levels, the 
MK modified concretes exhibited remarkably lower shrinkage 
in comparison to the plain concretes, irrespective of w/c ratio. 
The results demonstrated that the w/c ratio was the dominating 
factor because both the plain and especially the MK modified 
concrete with high w/c exhibited relatively low drying 
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shrinkage.The drying shrinkage rates of the concrete had a 
decreasing tendency with increased drying time, particularly 
for the MK concrete. The inclusion of MK as a partial cement 
replacement material provided an excellent improvement in 
the pore structure of concrete. Irrespective of w/c ratio, the 
pore size distribution was shifted to the smaller pore size 
range due to the incorporation of MK. The total porosity 
decreased substantially with increasing replacement level of 
MK. The magnitude of this reduction ranged from 22 to 49%, 
depending mainly onw/c ratio replacement level of MK. 
Moreover, there was a considerablereduction in the mean (or 
median) pore diameter of the samples due to theinclusion of 
MK. The effect was particularly beneficial at 20% MK 
content,where the lowest porosity and the pore diameter were 
achieved. 

3. MATERIALS 

SILICA FUME 

Silica fume is amorphous silicon dioxide. The individual 
particles are extremely small, approximately 1/100th the size 
of an average cement particle. Because of its fine particles, 
large surface area and high SiO content, it is a very reactive 
pozzolona. Quality of silica fume is specified by ASTM C 
1240 and AASHTO M 307. 

FLY ASH 

It is recovered from the gases of burning coal during the 
production of electricity. It consists primarily of silica, 
alumina and iron. When mixed with lime and water, the fly 
ash forms a cementitious compounds with properties very 
similar to that of Portland cement. 

METAKAOLIN 

When the kaolin is calcined between 500-800◦ c, 
dehydroxilization of kaolin to metakaolin occurs. High 
reactivity metakaolin is a highly processed reactive 
aluminosilicate pozzolan, a finely-divided material that reacts 
with slaked limeat ordinary temperature and in the presence of 

moisture to form a strong slow –hardening cement. 

4. MIX PROPORTION 

Coarse aggregate of size 20mm confirming to IS 383-1987 is 
used. Coarse aggregate 12.50mm and 20mm of specific 
gravity 2.86 and 2.91 are used.  

Mix design 1 

Grade of concrete 6 0  M P a

Type  o f  cemen t O P C  5 3  g r a d e
M i x  r a t i o 1 : 1  ½ : 2
W / C  r a t i o 0  . 2 9

Cementitious content O P C  - 4 5 0  k g / c u m
Fly ash -50 kg/cum 
Silica fume- 30 kg/cum 
 

Mix design 2 

Grade of concrete 6 0  M P a
Type of cement O P C  5 3  g r a d e
M i x  r a t i o 1 : 1  ½ : 2
W / C  r a t i o 0 . 2 9
Cementitious content O P C  - 4 8 0  k g / c u m

Fly ash -50 kg/cum 
 

Mix design 3 

Grade of concrete 6 0  M P a
T y p e  o f  c e m e n t O P C  5 3  g r a d e
M i x  r a t i o 1 : 1  ½ : 2
W / C  r a t i o 0 . 2 9
Cementitious content O P C - 5 4 0  k g

Mix design 4 

Grade of  concrete 6 0  M P a
T y p e  o f  c e m e n t O P C  5 3  g r a d e
M i x  r a t i o 1 : 1  ½ : 2
W / C  r a t i o 0 . 2 9
Cementitious content O P C  - 4 1 0  k g / c u m

Fly ash -50 kg/cum 
metakaolin-40 kg/cum 
 

5. EXPERIMENTAL PROCEDURE 

Four trial mixes of M60 grade were used. Sieve analysis was 
carried out for both fine and coarse aggregates. 

CURING 

The most intricate part is HPC has very low w/binder ratio and 
better particle distribution due to the use of mineral 
admixtures, which result insignificantly less pore per unit 
volume of cementations materials in the mixture than the 
CCC. Filling of the voids by hydration product in HPC ismuch 
faster than that of CCC as smaller pores needs less hydration 
products to fill. Therefore, moisture loss due to capillary 
action stops earlier .in case of HPC compared to CCC under 
the same curing conditions. The moisture loss from HPC has 
been found predominant up to the first 24 hours. Owing to 
very low water/binder ratio and use of super plasticizer, the 
early stage hydration rate of HPC is higher than CCC leaving 
less longterm hydration potential. Curing duration after the 
initial moisture protectionhas been found to have little effect 
on long term chloride permeability of HPCcontaining micro-
silica or fly-ash. Method of curing has similar effect on HPC 
both for creep andshrinkage of concrete, which are again 
influenced by the type and durationof curing.  
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