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Abstract 

High strength and self-compactability can be achieved by incorporating mineral admixtures without losing homogeneity of the 

concrete mix. This study aims to focus on the possibility of using metakaolin as a partial replacement of Portland Pozzolanic 

Cement to produce HSSCC for a grade of M60. The self-compactability properties were evaluated as per EFNARC guidelines and 

hardened properties were evaluated by compressive and split tensile strength. All the HSSCC mixtures developed using metakaolin 

exhibited good self-compactability properties. The need for viscosity modifying admixture can be fully avoided for high 

replacement level with metakaolin. Optimum replacement level of metakaolin was found as 15% in terms of compressive strength, 

beyond this compressive strength was decreased but remained higher than the control concrete. Higher content of fines has not 

influenced the split tensile strength.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Studies are still going on to invent new materials and methods in the construction industry and a latest trend in the concrete 

technology is High Strength Self-Compacting Concrete (HSSCC). High strength Self-Compacting Concrete is a highly flowable 

high strength concrete that can spread into places under its own weight and achieve good compaction in the absence of vibration 

and without exhibiting defects due to segregation and bleeding. Self-compactability is an unavoidable requirement to maintain the 

quality of the concrete structures and high strength is the most desirable structural requirement. The combination of high strength 

with self-compacting property offers potential benefits to the construction industry 3. High strength Self-Compacting Concrete, 

can be achieved without losing homogeneity by adding supplementary cementing materials like silica fume, ground granulated 

blast furnace slag, lime stone powder, metakaolin etc. Increasing the admixture content beyond a certain level leads to a reduction 

in strength and increase in absorption 3. Fly ash is one of the supplementary materials which possess good self compactability 

properties and the addition of fly ash results in decrease of superplasticizer dosage. As increasing the fly ash content in concrete 

the compressive strength of concrete get reduced 8. Addition of fly ash is more economical, but it may lead to slower concrete 

hardening. Whenever high strength is desired silica fume is more useful. The cost of silica fume is high in India, because most of 

the good quality silica fume is imported 6. Metakaolin has the capability to replace silica fume as an alternative material. The 

presence of metakaolin in concrete improves the compressive and splitting tensile strength of SCC. As increasing the metakaolin 

content from 5 to 20 percentage the slump flow values increased from 660 to 715mm by adjusting the high range water reducer 

dosage 9. As compared with commonly used supplementary cementing materials, metakaolin is not an industrial waste; it is a 

dehydroxylated form of clay mineral kaolinite. It is manufactured by thermally activating purified kaolinite clay within a specific 

temperature range of 650 to 900ºC 1, so the properties of metakaolin can be controlled. Among different admixtures metakaolin is 

found to be more feasible to use in SCC. 

Most of the studies were carried out on replacement of Ordinary Portland Cement with supplementary cementing materials. 

Nowadays the use of Ordinary Portland Cement is replaced with Portland Pozzolana Cement. It is difficult to achieve the 

combination of self-compactability properties and strength requirements. This study helps in finding the right proportion of 

metakaolin that can be added to replace Portland Pozzolana Cement without compromising strength and self compactibility 

properties of high strength self-compacting concrete. Uniformly blended fly ash in the Portland Pozzolana cement gives better self-

compactability properties and the partial replacement of cement with metakaolin will increase the compressive strength of the 

concrete mix. The main objectives of the present study are to develop a control mixture, of HSSCC with Portland Pozzolana 

Cement for a grade of M60, to study the effect of partial replacement of PPC with metakaolin on self-compactability and strength 
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characteristics of HSSCC and to determine the optimum amount of metakaolin to produce high strength self-compacting concrete 

of M60 grade. 

II. EXPERIMENTAL PROGRAM 

 Materials used 

Locally available fly ash based Portland Pozzolana Cement conforming to IS:1489 (Part I) of specific gravity 2.9 was used in the 

study. Locally available manufactured sand of zone II of size less than 4.75mm conforming to IS: 383 – 1970 with specific gravity 

of 2.73 and water absorption of 9.71 was used as fine aggregate. Coarse aggregate with a specific gravity of 2.78 of size 12.5mm 

and 20mm were used and mixed in the ratio of 52 to 48. The typical range of coarse aggregate was limited to 750kg/m3 to 

1000kg/m3 as per EFNARC guidelines. Tap water was used for all the mixes and the temperature of the water was normally about 

26ºC. As per EFNARC guidelines the quantity of water in SCC should be between 150 to 210 kg/m3.Metakaolin of specific gravity 

2.6 used as a mineral admixture and was collected from English Indian clays limited, Trivandrum. As per EFNARC guidelines the 

total cementitious material was with in 380kg/m3 to 600kg/m3 in SCC. 

The need for large amount of water due to increased fines content was controlled with latest generation poly carboxylate ether 

based superplasticiser named Auramix 500 and to prohibit the segregation viscosity modifying admixture named Auramix V100 

was used. Auramix 500 combines the properties of water reduction and workability retention. The optimum dosage of 

superplasticiser for different combinations of cement and metakaolin was determined by marsh cone test and that of viscosity 

modifying admixture was found out by conducting trials. The normal dosage range of Auramix V100 is from 1.0 to 4.0 litre/m3 of 

concrete material. As per study conducted by P. Dinakar 5 the dosage levels of viscosity modifying admixtures should be between 

0.1% to 0.3% of the total cementitious or powder content. All admixtures used for the experimental work were added to the 

concrete separately and were not premixed together prior to addition.  

 Mix Proportions 

The high strength self-compacting concrete mix was designed by using the same constituent materials as those for conventional 

concrete mix, but their relative proportions were differed. Generally, a lower coarse aggregate content and higher cement-admixture 

is required for self-compacting concrete. The mix proportions used for developing HSSCC mixes are given in Table 3. 
Table - 1  

Mix proportions of the concrete mixes developed  

Materials 
Mix 

SCC 0% MK SCC 5% MK SCC 10% MK SCC 15% MK SCC 20% MK SCC 25% MK 

Cement (kg/m3) 550 522.5 495 467.5 440 412.5 

Metakaolin (kg/m3) 0 27.5 55 82.5 110 137.5 

Fine aggregate (kg/m3) 862.2 862.2 860.9 858.3 858.3 857 

20mm Coarse aggregate (kg/m3) 403.8 403.8 403.2 402 402 401.4 

12.5mm Coarse aggregate (kg/m3) 548.7 548.7 547.9 546.2 546.2 545.4 

Water (kg/m3) 150 150 150 150 150 150 

Super-plasticizer (%) 0.8 0.85 0.9 0.95 1.05 1.15 

VMA (%) 0.1 0.1 0.05 0.05 0 0 

The mix design was done by considering IS code provisions and EFNARC guidelines and by altering the fine aggregate and 

coarse aggregate blending to 48% and 52% respectively. High strength self-compacting concrete of grade M60 was designed 

without using metakaolin as a supplementary cementing material. This concrete mix was fixed as controlled concrete. Trial mixing 

was done by replacing cement with 5, 10, 15, 20 and 25 percentages of metakaolin. The total cementitious material was fixed as 

550kg/m3. 

 Mixing, Casting and Testing 

The constituent materials were measured using weigh batching with an accuracy of 0.5 grams. A pan mixer with a maximum 

capacity of 40 litres was used for mixing. The coarse and fine aggregate were mixed in dry condition, thoroughly for one minute. 

Then the cement and metakaolin were added to this and mixed for another one minute. After obtain a uniform dry mix 70% of the 

mixing water was added to this and mixed for one minute. Then the required dosage of superplasticiser and VMA were added to 

the mix one by one by keeping the pan mixer rotating. Finally, the remaining mixing water was added to the concrete mix and 

mixing continued for further five minutes to obtain a homogenous mix. 

Each mix was tested to know the effect of metakaolin on self-compactability properties of fresh concrete, described by EFNARC 

guidelines and strength characteristics of hardened concrete were determined. Filling ability, passing ability and segregation 

resistance of fresh concrete was checked to find the self-compactibility characteristics. The filling ability of SCC was checked 

using slump flow test, T50 cm slump flow test and V-funnel test, passing ability was checked using L-box test, U-box test and J-

ring test. V-funnel test at T5 minutes test was used to check the segregation resistance. The compressive strength and splitting 

tensile strength was determined using standard cube and cylindrical specimens. Considering the self-compactibility and strength 

characteristics of concrete mix with different percentages of metakaolin, optimum dosage of metakaolin was found. 
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Before preparing the cube and cylindrical specimens, the entire test moulds were cleaned, tightened and oiled properly. Care 

was taken that there were no gaps left from where there is any possibility of leakage of slurry. Compressive strength studies were 

studied on cube specimens of 150mm x 150mm x 150mm, while cylindrical specimens of size 150mm x 300mm were used for the 

determination of split tensile strength. For each mix, 18 specimens were prepared, which consists of 9 cubes and 9 cylinders for 7, 

28 and 56 days. Compression testing machine was used to find the compressive and split tensile strength of cube and cylindrical 

specimens. 

III. RESULTS AND DISCUSSIONS 

 Self-Compactability Properties 

Table - 2 

Self-compacting properties of the developed mixes 

Concrete mix 

Filling ability Passing ability Segregation resistance 

Slump flow 

in mm 

T50 cm slump 

Flow in sec. 

V-funnel flow 

in sec. 

L-box 

ratio 

U-

box 

V-funnel at T5 minutes 

in sec. 

SCC 0% MK 660 5 11.5 0.87 22.8 3 

SCC 5% MK 680 3.2 10.3 0.89 18.6 2.2 

SCC 10% MK 700 3 9.5 0.9 16.1 2.1 

SCC 15% MK 710 2.4 9 0.92 13.3 1.8 

SCC 20% MK 730 2 8.4 0.94 10.7 1.5 

SCC 25% MK 750 2 6.1 0.97 7.8 1.3 

The self-compactability properties obtained for the developed mixes is given in Table 4. Slump flow values describe the flowability 

of a fresh mix in unconfined conditions. The slump flow values of all the mixes developed shows satisfactory flow in the range of 

660 to 750mm. As per EFNARC section 6.4, all the concrete mixtures under investigation can be categorized as slump flow class 

2 i.e. SF2. The concrete mix in SF2 is suitable for many normal applications such as walls and columns. Increasing trend in 

flowability is due to the replacement of cement with metakaolin, resulting in higher volume of paste due to lower density and this 

minimizes the friction between the aggregates. The increase in slump flow may also be due to the liquefying and dispersing action 

of the polycarboxylate ether based superplasticiser used. Viscosity can be assessed by the T50cm slump flow time. The rate of 

flow is related to viscosity of the mix. Concrete with a low viscosity will have a very quick initial flow and then stop. Concrete 

with a high viscosity may continue to creep forward over an extended time.  The T50cm slump flow time was influenced by the 

dosage of water and superplasticiser.  Viscosity of control mix was high as compared with HSSCC with metakaolin mix. The 

T50cm slump flow time for all the mixes was greater than or equal to 2. All the concrete mixes except SCC 20% MK and SCC 

25% MK can be categorised as viscosity class 2 i.e. VS2, such mixes have improved segregation resistance. Higher replacement 

level with metakaolin shows good filling ability even with congested reinforcement. It is capable of self-levelling and exhibited 

best surface finish. Viscosity can also be assessed by V-funnel test. If the V-shaped funnel gets blocked, then the flow gets restricted 

and shows an increased flow time. All the values obtained from the test is within the limit prescribed by ENARC guidelines. The 

V-funnel flow time get decreased with increasing the replacement level of cement with metakaolin. So, blockage can be reduced 

by increasing the fines content for HSSCC mix.  

L-box test and U-box test are recommended by EFNARC guidelines to check the passing ability. When the L-box ratio is below 

than 0.8 it shows blocking. The passing ability for all the mixes developed were more than 87%, even for the control mixture, due 

to the presence of latest generation polycarboxylate ether based superplasticiser. All the developed HSSCC mix can be categorised 

as passing ability class 2 i.e. PA2 as per Section 6.4.3 and Table A.3 of EFNARC guidelines. The concrete mix in PA2 are 

applicable to all Civil engineering structures with a reinforcement gap of 60mm to 80mm.The U-box test measures the self-

compactability of the concrete mix. As the height difference between the two compartments in the U-box apparatus is minimum 

the concrete mix shows a good passing ability. From the test results of all the fresh concrete mixes developed, the values obtained 

for U-box are within limits of EFNARC. Homogeneity and quality of SCC mix can be achieved only if there is no segregation. 

Segregation will lead to cracking and produce weak surface. Increase in V-funnel at T5 minutes shows segregation, loss in 

workability and blockage. All the test results obtained from the V-funnel at T5 minutes are within the limit recommended by 

EFNARC. None of the mix showed any segregation. The control mixture and mix with low metakaolin content needed VMA to 

prohibit segregation. The dosage of VMA can be reduced by increasing the metakaolin content and it is also notable that for higher 

metakaolin content the need for VMA can be fully avoided.     

 Hardened Properties 

All the HSSCC mix are designed to get a concrete of M60 grade. The hardened properties obtained for different mixes developed 

are given in Table 3. 
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Table - 3 

Hardened properties of the developed mixes 

Concrete mix 
Compressive strength (MPa) Split tensile strength (MPa) 

7 day 28 day 56 day 7 day 28 day 56 day 

SCC 0% MK 39.3 64.1 68.8 2.7 3.8 4.5 

SCC 5% MK 38 66.3 70.5 3.3 3.9 4.6 

SCC 10% MK 40.1 68.1 72.3 2.6 3.7 4.7 

SCC 15% MK 40.6 71.5 76.1 2.9 4.1 4.9 

SCC 20% MK 41.3 66.8 71.4 2.4 3.7 4.7 

SCC 25% MK 42.7 64.6 68 2.4 3.5 4.5 

 Compressive Strength 

The addition of metakaolin results in significant improvement in compressive strength. Early age strength of HSSCC with 

metakaolin shows, slightly higher strength than control concrete mixture, but not increased to a high level due to the presence of 

fly ash in cement. The control mixture replaced with 15% metakaolin showed 11.5% increase in strength. All the HSSCC mix with 

metakaolin exhibited higher compressive strength than the control mixture. The graphical representation of compressive strength 

obtained for different mixes developed are shown in Fig. 1. 

 
Fig. 1: Compressive strength gaining behaviour of concrete mixes developed 

 Split Tensile Strength 

The spilt tensile strength is not influenced much by the increment in metakaolin content. Split tensile strength is higher for SCC 

15% MK mix as compared with all the other mixes. Manu S.N. and Dinakar P. pointed out that the use of polycarboxylate ether 

based superplasticisers or high fine contents may significantly affect the bond behaviour. Rocero and Gettu found that large calcium 

hydroxide crystals and ettringite will be formed when polycarboxylate ether based superplasticisers were used. This will weaken 

the interfacial transition zone. The graphical representation of split tensile strength obtained for different mixes developed are 

shown in Fig. 2. 

 
Fig. 2: Split tensile strength gaining behaviour of concrete mixes developed 



Performance of Metakaolin on High Strength Self Compacting Concrete  
(IJSTE/ Volume 3 / Issue 12 / 019) 

 

 All rights reserved by www.ijste.org 
 

114 

IV. CONCLUSIONS 

 Superplasticiser dosage increased with increase in metakaolin content due to increased surface area of metakaolin. But due to 

the influence of fly ash in the portland pozzolana cement the superplasticiser dosage was not increased in to a higher level. 

 The need for viscosity modifying admixture could be fully avoided at high replacement level of metakaolin because higher 

paste volume reduced the friction between the aggregates. 

 Self-compactability test results obtained of all the mixes developed were in the range as specified by the EFNARC guidelines.  

 The increased volume of paste, liquefying and dispersing action of the poly carboxylate ether based superplasticiser used leads 

to good self-compactability properties. 

 Even for higher replacement level of metakaolin there was no segregation or bleeding observed, demoulding was done after 

24 hours of casting. 

 Smooth finished surface was obtained by the inclusion of metakaolin and shrinkage cracks observed in the control mixture 

could be fully avoided with the inclusion of metakaolin. 

 The inclusion of metakaolin showed better hardened properties as compared with the control mixture. The strength of HSSCC 

mix with metakaolin showed an increasing trend due to the pozzolanic activity of metakaolin and fly ash in the Portland 

Pozzolana Cement. 

 Compressive strength of SCC 15% MK mix showed 11.5% increase than the control mixture. 

 Split tensile strength is not much influenced by the metakaolin content. Maximum tensile strength is obtained at 15% 

replacement level. 

 The optimum amount of metakaolin was obtained as 15% in terms of compressive strength and split tensile strength. Beyond 

the optimum replacement level, the strength reduced, but greater than the control mixture. 
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