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Abstract— Concrete plays a significant role in the 

construction of buildings and other structures such as 

highways, power projects, industrial structures etc. However, 

environmental concerns both in terms of damage caused by 

the extraction of raw material and CO2 emission during 

cement manufacture have brought pressures to reduce cement 

consumption by the use of supplementary materials called 

pozzolanas. The present study is done to study the effect of 

partial replacement of cement with metakaolin and fly ash 

with additives as polypropylene fibres and superplasticizers 

on compressive strength of concrete. 
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I. INTRODUCTION 

Originally the term pozzolan was associated with naturally 

formed volcanic ashes and calcined earths, which reacts with 

lime at ambient temperatures in the presence of water. 

Recently, the term has been extended to cover all 

siliceous/aluminous materials which, in finely divided form 

and in the presence of water, react with calcium hydroxide to 

form compounds that possess cementitious properties. 

Pozzolanas can be natural or artificial pozzolanas. Volcanic 

ash is natural pozzolana whereas metakaolin, fly ash and 

silica fume are artificial pozzolanas. Typically pozzolanas are 

used as cement replacements rather than cement additions. 

Adding pozzolanas to an existing concrete improves the 

workability and strength of concrete. Replacing some of the 

cement with pozzolanas preserves the mix proportions. 

Out of all the pozzolanas, metakaolin is the most 

reactive. Metakaolin enhances the strength and durability of 

concrete to make concrete even more suitable for 

construction. The principal reason for the use of pozzolanas 

such as metakaolin in concrete is due to its 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. It differs from other supplementary 

cementitious materials. As compared to other traditional 

pozzolanas, metakaolin has a great potential in concrete and 

hence it has been chosen for the present study. 

II. MATERIALS 

A. Metakaolin 

Metakaolin is very effective pozzolana and results in 

enhanced early strength and some improvement in the long 

term strength. Metakaolin alter the pore structure in cement 

paste, mortar and concrete and greatly improve the resistance 

to the transportation of water and diffusion of harmful ions 

which lead to degradation of the matrix. Metakaolin densifies 

the particulate system and provides high early strength; a 

feature, which may be found useful for repair works, certain 

precast applications. 

B. Fly Ash 

The use of cement replacement materials like flyash and silica 

fume in concrete has been proved to be very effective tool in 

improving in performance of concrete as a construction 

material. Fly ash may be used to the extent of 25% to 35% of 

(cement + fly ash) quantity by weight without affecting 28 

day strengths, though early age strength was somewhat lower 

than comparable portland cement concrete. 

C. Polypropylene Fibre 

Polypropylene fibres is added into concrete for strengthening 

of concrete and for protection of concrete against micro 

cracks. Polypropylene is a synthetic hydrocarbon polymer, 

the fibre of which is made using extrusion process by hot-

drawing the material through a die. The addition of 

polypropylene fibre to high performance concrete (HPC) is 

one way to avoid spalling of concrete under fire conditions. 

D. Superplasticizer 

Superplasticizers are chemicals which are 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 effects 

drastically improves the performance of the hardening fresh 

paste. 

III. METHODS 

ISI design mix method is used in this test. The basic steps 

involved in the concrete mix design can be summarized as 

follows: 

1) Based on the level of quality control the mean target 

strength is estimated from the specified characteristic 

strength. 

2) The water cement ratio is selected for the mean target 

strength and checked for the requirements of durability. 

3) The water content for the required workability is 

determined. 

4) The cement content can be determined from the water 

cement ratio and water content obtained in step (ii) and 

(iii) respectively and is checked for the water 

requirements. 

5) The relative proportion of fine and coarse aggregates is 

selected from the characteristic of coarse and fine 

aggregate. 

6) The trial mix proportions are determined. 
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7) The trial mixes are tested for verifying the compressive 

strength and suitable adjustments are made to arrive at 

the final mix composition. 

IV. TESTS 

A. Standard Consistency of Cement 

The standard consistency of a cement paste is defined as that 

consistency which will permit a vicat’s plunger having 10 

mm diameter and 50 mm length to penetrate to a depth of 33-

35 mm from the top of the mould. 

B. Initial & Final Setting Time 

Initial setting time is that time period between the time water 

is added to cement and time at which 1 mm square section 

needle fails to penetrate the cement paste, placed in the 

Vicat’s mould 5 mm to 7 mm from the bottom of the mould. 

Final setting time is that time period between the 

time water is added to cement and the time at which 1 mm 

needle makes an impression on the paste in the mould but 5 

mm attachment does not make any impression 

C. Compressive Strength 

Compressive strength is the maximum compressive stress 

that, under a gradually applied load, a given solid material can 

sustain without fracture. Compressive strength is calculated 

by dividing the maximum load by the original cross-sectional 

area of a specimen in a compression test. 

D. X-Ray Diffraction Test 

X- ray diffraction is now a common technique for the study 

of crystal structures and atomic spacing. X-ray diffraction is 

based on constructive interference of monochromatic X-rays 

and a crystalline sample. These X-rays are generated by a 

cathode ray tube filtered to produce monochromatic 

radiation, collimated to concentrate and directed toward the 

sample. There are many methods of x-ray diffraction test. In 

this study X-ray diffraction test was done with powder 

method. 

V. RESULT 

Present study was done to determine the compressive strength 

of concrete (M30) containing MK, PPF, fly ash and 

superplasticizer. The objectives of the study were to study the 

effect of partial replacement of metakaolin and fly ash with 

additives as polypropylene fibres and superplasticizers on 

compressive strength of concrete and to perform X-ray 

Diffraction test. 192 specimens were prepared keeping w/c 

ratio 0.39 and by varying percentages of MK and PPF. After 

curing, the specimens were tested after 1, 7, 14 and 28 days 

for getting the value of compressive strength. The statistical 

analysis was applied on results of compressive strength test. 

All the results were found statistically significant. 

From the experimental investigations, it can be concluded 

that: 

1) The partial replacement of Ordinary Portland Cement 

with MK and addition of PPF helps 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. 

Maximum percentage strength gain is at the age of 1 day 

i.e. 153.7%. 

3) 8% replacement level with MK is optimum for 

compressive strength. 

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) From the compressive strength test it was observed that 

compressive strength is increased at 0%, 7% and 8% of 

metakaolin and decreased at 9%. Optimum strength gain 

is at 8% of MK. By comparing the d-spacing peaks of 

samples with standard reference pattern or ICDD 

database, it was also observed that the phase    CaO Al2 

SiO2 H2O is increasing in sample K0, K4 and K8 which 

results in increase in compressive strength. Results of 

XRD supplement with the results obtained from 

compressive strength test. From the foregoing study 

optimum percentage of MK recommended to be used for 

concrete is 8%. 

7) Results of compressive strength test were statistically 

analysed. All the results were found statistically 

significant. 

Analysis of variance for various percentages of metakaolin 

and polypropylene fibres for compressive strength. 

MIX 

AVERAGE COMPRESSIVE STRENGTH IN 

MPa 

1 DAY 7 DAYS 14 DAYS 28 DAYS 

K0 5.27 44.13 53.27 56.35 

K1 5.53 44.54 55.45 62.53 

K2 7.05 48.25 60.02 62.50 

K3 6.68 47.90 59.20 61.80 

K4 8.73 50.37 55.23 59.33 

K5 11.33 52.83 56.19 60.15 

K6 11.61 54.57 61.24 63.54 

K7 8.44 53.03 59.12 62.39 

K8 12.80 50.01 56.78 59.28 

K9 12.85 52.46 57.41 61.78 

K10 12.97 54.29 60.85 62.86 

K11 13.37 55.36 61.49 65.03 

K12 11.24 41.10 46.47 52.10 

K13 12.49 42.29 48.30 53.69 

K14 13.00 43.50 52.05 59.38 

K15 10.67 46.89 53.70 61.81 

 Critical difference for days at 5% level of significance = 

1.96811 

 Critical difference for mixes at 5% level of significance 

= 3.93623 

 Overall results are statistically significant 
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