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Abstract 

The use of pozzolanic materials in concrete as 
partial replacement of cement is gaining wide acceptance 
in the construction industry. Metakaolin (MK) and fly 
ash are the pozzolanas, which conform the requirements 
of construction industry and largely available in India. 
Metakaolin( MK ) is a pozzolana used to achieve the 
required strength. The present study investigates the 
characteristics strength of concrete due to partial 
replacement of cement by metakaolin and addition of 
polypropylene fibres (PPF). The authors have designed 
M30 mix according to ISrecommended guidelines. The 
investigation was carried out on concrete containing 
metakaolin and polypropylene fibre at various 
proportions of 0%,7%, 8% and 9%of metakaolin and0%, 
0.2%, 0.5% and 0.8%of polypropylene fibres. Fly ash 
and superplasticizer has been added to improve the 
workability of concrete at a constant percentage i.e. 10% 
and 0.7% respectively. It has been observed that addition 
of MK and PPF showed considerable improvement in the 
strength of concrete. Further it has been observed that 
optimum gain in compressive strength is at 8% of MK 
and 0.8%of PPF. 
Keywords:Metakaolin, polypropylene fibres, pozzolanas, 
crack resistance, plastic shrinkage 

1. Introduction 

Concrete is a composite material, consisting of 
cement, coarse aggregate, fine aggregate and water. 
It is widely used construction material in the world. 
About six billion tonnes concrete is produced every 
year. This is due to the availability of raw material 
for the manufacturing of cement and adaptability of 
concrete in forming variousshapes. Manufacture of 
cement involves CO2 emission resulting in 
environmental pollution [1]. Use of pozzolanas not 
only decreases environmental pollution, but also 
improves the properties of concrete [2]. Typically 
pozzolans are used as cement replacements rather 
than cement additions. Replacing some of the 
cement with pozzolans improves the performance 
of concrete. The present research in the concrete is 
introducing clay (metakaolin) in the concrete. It 
enhances the strength and durability of concrete to 

make concrete even more suitable for construction. 
The principal reason for the use of pozzolans such 
as metakaolin in concrete is due to easy 
availability. The use of metakaolin results in 
considerable enhancement in strength, particularly 
at the early stages of curing along with the strength 
at later age [3]. It differs from other supplementary 
cementitious materials. As compared to other 
traditional pozzolanas, metakaolin has a great 
potential in concrete. 

Investigations were carried out by many 
researchers which have established the fact that 
addition of fibres in concrete enhances its 
engineering properties [4]. It has been observed 
that the concrete shrinks when it is subjected to a 
drying environment. The extent of shrinkage 
depends on many factors, including the properties 
of materials, temperature, and humidity of the 
environment and the size of the structure. When 
concrete is restrained from shrinkage, tensile 
stresses develop and concrete may crack [5]. One 
possible method to reduce these adverse effects of 
cracking is addition of short and randomly 
distributed fibres. It has also been observed that the 
properties of crack resistance, impact resistance, 
frost resistance and fatigue resistance of concrete 
are improved by adding polypropylene fibre. Use 
of polypropylene fibres may enhance the toughness 
of concrete, reduce shrinkage cracks and decrease 
permeability [6]. The plastic shrinkage cracking 
resistance is also increased with the increase of 
polypropylene fibre addition [7]. These days it is 
very common to add polypropylene fibre into 
concrete for strengthening and for the protection of 
concrete against micro cracks. The function of 
polypropylene fibre mixed in concrete is not to 
replace steel but to avoid the creation of micro 
cracks in the concrete. 

In India, fly ash generation is around 110 million 
tonnes every year which is generated from thermal 
plants. Fly ash produces more cementitious paste as 
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it has a lower unit weight. The greater the 
percentage of fly ash in the paste, the better 
lubricated the aggregates are and the better concrete 
flows. Fly ash reduces the amount of water needed 
to produce a given slump [8]. 

Superplasticizers, or high-range water reducers as 
these are sometimes called, has made it possible to 
achieve very high slumps in normal Portland 
cement concrete at very low water cement ratios. 
The strength of concrete is inversely proportional 
to the amount of water added or water-cement 
(w/c) ratio. In order to produce stronger concrete, 
less water is added, which makes the concrete 
mixture less workable and difficult to mix which 
necessitates the use of superplasticizers [9]. 

2. Materials 

2.1 Cement 
Cement is a fine, grey powder. It is a fine powder 
produced by grinding Portland cement clinker 
(more than 90%), a limited amount of calcium 
sulphate (which controls the set time) and up to 5% 
minor constituents It is mixed with coarse 
aggregates, fine aggregates and water to make 
concrete. The cement and water form a paste that 
binds the other materials together as the concrete 
hardens. It is a material with adhesive and cohesive 
properties which is capable of bonding mineral 
fragments into a compact-solid. The ordinary 
Portland cement (OPC) is the most important type 
of cement. The OPC is classified into three grades: 
33, 43and 53, depending upon the compressive 
strength of cement at 28 days. Ambuja 43 grade 
OPC was used in this study. It was fresh and free 
from any lumps and the specific gravity of cement 
was 3.17. 

2.2 Coarse aggregates 
Materials retained on 4.75 mm IS sieve and which 
contain only that much of fine material as is 
permitted by the specifications are termed as coarse 
aggregates. The graded coarse aggregate is 
described by its nominal size i.e. 40 mm, 20 mm, 
16 mm and 10 mm. Crushed stone aggregate 
(locally available) of nominal size 20 mm and 10 
mm in the proportion of 50:50 were used 
throughout the experimental study. The aggregates 
were washed to remove dust and dirt and are dried 
to surface dry condition. 

2.3 Fine aggregate 
Aggregates passing through 4.75mm sieve are 
considered as fine aggregates. Sand is generally 
considered to have a lower size limit of about 0.07 
mm. According to size the fine aggregate may be 
described as coarse, medium and fine sands. 
Depending upon the particle size distribution IS: 
383-1970 has divided the fine aggregate into four 

grading zones. The grading zones become finer 
from grading zone I to grading zone IV. The sand 
confirming to zone II is used in this study and its 
specific gravity was 2.59. 
 

2.4 Water 
Fresh potable water, which is free from 
concentration of acid and organic substances, was 
used for mixing of concrete. 

2.5 Metakaolin 
Metakaolin (MK) is a pozzolanic material. It is a 
dehydroxylated form of the clay mineral kaolinite. 
It is obtained by calcination of kaolinitic clay at a 
temperature between 500⁰C and 800⁰C. Between 
100 and 200⁰C, clay minerals loose most of their 
adsorbed water. Between 500⁰C and 800⁰C, 
kaolinite becomes calcined by losing water through 
dehydroxilization. Kaolin is a fine, white, clay 
mineral that has been traditionally used in the 
manufacture of porcelain. Kaolinite is the 
mineralogical term that is applicable to kaolin 
clays. The dehydroxilization of kaolin to 
metakaolin is an endothermic process due to the 
large amount of energy required to remove the 
chemically bonded hydroxyl ions. Above this 
temperature range, kaolinite becomes metakaolin, 
with a two dimensional order in crystal structure. 

2.6 Polypropylene fibre 
Polypropylene is a synthetic hydrocarbon 

polymer, the fibre of which is made using extrusion 
processes by hot-drawing the material through a 
die. Polypropylene fibres are produced as 
continuous mono-filaments, with circular cross 
section that can be chopped to required lengths.The 
function of the polypropylene fibre mixed into 
concrete is not to replace the steel but to avoid the 
creation of micro cracks in the concrete. 

2.7 Fly ash 
 The fly ash, also known as pulverised fuel 
ash, is produced from burning pulverized coal in 
electric power generating plants. During 
combustion, mineral impurities in the coal (clay, 
feldspar, quartz, and shale) fuse in suspension and 
float out of the combustion chamber along with 
exhaust gases. As the fused material rises, it cools 
and solidifies into spherical glassy particles called 
fly ash. It is a fine grained powdery particulate 
material that is collected from the exhaust gases by 
electrostatic precipitators or bag filters. Depending 
upon the collection system, approximately 85–99% 
of the ash from the flue gases in retrieved in the 
form of fly ash. Fly ash accounts for 75–85% of the 
total coal ash, and the remainder is collected as 
bottom ash or boiler slag. 
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2.8 Superplasticizer 
 Superplasticizers, also known as high 
range water reducers, are chemicals used as 
admixtures. These polymers are used as dispersants 
to avoid particle aggregation, and to improve the 
flow characteristics of suspensions such as in 
concrete applications. Their addition to concrete or 
mortar allows the reduction of the water to cement 
ratio, not affecting the workability of the mixture, 
and enables the production of self-consolidating 
concrete and high performance concrete. This  
effect drastically improves the performance of the 
hardening fresh paste. Indeed the strength of 
concrete increase, whenever the amount of water 
used for the mix decreases. 

3. Methodology 
3.1 Mix design 
Concrete mix design (M30) was designed as per IS: 
10262-1989. Based on the concrete mix design, 
four trial mixes were prepared with water cement 
ratio of 0.39, casting 6 cubes for each mix and were 
tested at 7 days and 28 days. Compressive strength 
which was more than target mean strength (38.25 
N/mm2) was arrived for trial mix MK4 has given in 
Table 1 and as such this mix was adopted for study. 
Mix MK4 was chosen as the reference mix because 
the average cube strength is very close to the target 
obtained earlier. 

Table 1: Quantities per cubic meter for trial mixes with compressive strength 
Mix  Water 

Cement 
Ratio 

Cement(kg) Sand (kg) Coarse 
Aggregate 

(kg) 

Average cube 
strength at 7 days 

(N/mm2) 

Average cube strength 
at 28 days (N/mm2) 

MK4 0.39 440 533.78 1082.61 47.9 52.59 

 
To determine the values of compressive strength, a 
control mix without metakaolin and polypropylene 
fibres was prepared. 15 mixes were prepared other 
than reference mix at different replacement levels 
of metakaolin(0%, 7%, 8% & 9%) and addition 
levels of polypropylene fibres (0%, 0.2%, 0.5% & 
0.8%). Superplasticizer and fly ash were used and 
kept constant at 0.7% and 10% respectively by 
weight of cement for all mixes. Water/cement ratio 
for all mixes was kept constant. Superplasticizer 
and fly ash were used to improve the workability. 
3.2 Casting of concrete cubes 

Concrete cubes of size 150 mm X 150mm X 
150mmwere used as test specimens to determine 
the compressive strength. Set of 12 cubes for each 
mix was casted and tested for 1, 7, 14 and 28 days. 
The compressive strength testing of cubes was 
carried out on a Universal Testing Machine of 
capacity 2000 kN. 
4 Results and Discussion 
4.1 Compressive strength studies 
The results of compressive strength of concrete 
cubes at different ages are compiled in Table-2. 

Table-2.Compressive strength of concrete 
Mixes Metakaolin 

(%) 
Polypropylene 

fibres (%) 
1 day  

( MPa) 

7 days 

( MPa) 

14 days 

( MPa) 

28 days 

( MPa) 

K0 0 0 5.27 44.13 53.27 56.35 

K1 0 0.2 5.53 44.54 55.45 62.53 

K2 0 0.5 7.05 48.25 60.02 62.50 

K3 0 0.8 6.68 47.90 59.20 61.80 

K4 7 0 8.73 50.37 55.23 59.33 

K5 7 0.2 11.33 52.83 56.19 60.15 

K6 7 0.5 11.61 54.57 61.24 63.54 

K7 7 0.8 8.44 53.03 59.12 62.39 

K8 8 0 12.80 50.01 56.78 59.28 

K9 8 0.2 12.85 52.46 57.41 61.78 

K10 8 0.5 12.97 54.29 60.85 62.86 

K11 8 0.8 13.37 55.36 61.49 65.03 

K12 9 0 11.24 41.10 46.47 52.10 

K13 9 0.2 12.49 42.29 48.30 53.69 

K14 9 0.5 13.00 43.50 52.05 59.38 

K15 9 0.8 10.67 46.89 53.70 61.81 
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Figure 1: Compressive strength with 0% 
metakaolin (MK) 

 

Figure 2: Compressive strength with 7% 
metakaolin (MK) 

 

Figure 3: Compressive strength with 8% 
metakaolin (MK) 

 

Figure 4: Compressive strength with 9% 
metakaolin (MK) 

Figure 1showsthe variation of compressive strength 
of concrete with different replacement levels of 
cement by PPF and 0% addition of MK.Figure2 
shows the variation of compressive strength of 
concrete with different proportions of PPF with 7% 
of MK. It can be seen from figure 1 &2 that 
compressive strength increases up to 0.5% PPF, 
thereafter there isno change in strengthas such and 
optimum value for PPF alone can be taken as 0.5%. 
Figures 3 to 4 shows the variation of compressive 
strength of concrete for different percentages of 
PPF and MK. The increase in 1 day, 7 days, 14 
days and 28 days strength for 8% MK and 0.8% 
PPF is 153.7%, 25.44%, 15.43% and 15.40% 
respectively. The 8% addition of MK deterred the 
decrease in strength of concrete due to 0.8% PPF. 
The percentage strength gain at the age of 1 day for 
7%, 8% and 9% of MK and 0% PPF is 65.66%, 
140.79% and 113.28% respectively. During the 
compressive strength test of concrete it was 
observed from failure pattern of cubesthat the 
addition of PPF improves the crack resistance of 
concrete. 

5. Conclusions 

From the study, it can be concluded that: 

1) The partial replacement of Ordinary 
Portland Cement with MK and addition of 
PPFhelps in improving the strength and 
performance of concrete. 

2) MK is an effective pozzolana and results 
in enhanced strength of concrete. When 
MK replaces cement, its effect on concrete 
strength starts at early ages and also 
increase in the strength was observed at 
later ages. 

3) 8% replacement level with MK is 
optimum for compressive strength. 
Beyond 8%, compressive strength 
decreases. 

4) PPF improves the performance of concrete 
at 0.2 % and 0.5 % addition, beyond 0.5% 
there is no positive effect on the 
compressive strength of concrete. 

5) MK and PPF in combination gives 
maximum strength at 8% MK and 0.8% 
PPF i.e. mix K11. 

6) Failure pattern of the cube in general has 
depicted that concrete 
withPPFimprovescrack 
resistance.Addition of fibres reduces the 
workability of concrete.Use of fly ash and 
superplasticizer improves the workability 
of concrete. 
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