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Abstract: In xthe xfield xof xconstruction industry xthere xare xlot xof xmaterials xthat xwidely xused xand play xdifferent xand 
important xroles xone xof xthese xmaterials xis xcement xconcrete. xUndoubtedly, cement xconcrete xhas xa xvibrant xrole xin 
maintenance xand xrepair xof xstructures xhowever xit xalso contributes xto xthe xexpenditures. xThrough xextensive research 
around xthe xglobe, xit xhas xbeen possible xto xtreat xthe xmaterial xto xmeet xhigher xperformance xrequirements, 
particularly in xterms of long-term xdurability. xHPC xis xthe xlatest xdevelopment xin xconcrete. xIt xhas xbecome xvery 
popular and xis used xin xmany xprestigious xprojects, xsuch xas xnuclear xpower xprojects, xmulti-storey flyingxbuildings. 
HPC xintroduces in concrete xfibres xto xreduce xcracks. xWhile xuse xHPC, xthe addition of xadditional xmaterials xin xthe 
cement xhas increased significantly, xalong xwith xthe development xof xthe xconcrete xindustry, xdue xto xreduced xcosts, 
energy xsavings and environmental concerns, xboth xin xterms xof xdamage xcaused xby xthe xextraction xof xraw xmaterials 
than xcarbon dioxide. Emissions xduring xcement xmanufacturing xpushed xto xreduce xcement xconsumption. xMetakaolin 
appears xto xbe xa promising xadditional xcement xmaterial xfor xhigh xperformance xconcrete. xThe xproperties xof xconcrete 
containing metakaolin xare xmainly xpreferred xadditives xin xhigh xperformance xconcretes. xA xpossibly xlower xcost, xdue 
to xthe xhigh availability xof xour xcountry, xcould xbe xan xadvantage xfor xthe xuse xof xmetakaolin xin xhigh xperformance 
computing. The proportion xof xmetakaolin xsubstitution xto xbe xused xwas x5%, x10%, x15%, x20% xby xweight xof xcement 
and various percentages xof xsteel xand xpolypropylene xfibres, xsuch xas x0.5% xand x1% xby xvolume, xare xused xto xmake 
these xcubes, beams xto xestablish xthe xstrength xof xthe xconcrete. 

I. INTRODUCTION 
With xthe xintroduction xof xplasticizers xand xsuper xplasticizers, xit xis xnow xpossible xto xproduce xa xconcrete xof resistance 
much xhigher, xthan xthat xof xnormal xconcrete. xA xstrength xconcrete xof xabout x138 xMpa xis xcommercially xavailable xas 
High xPerformance xConcrete. xHPC xis xwidespread xin xAmerica, xEurope xand xJapan xand xother xcountries. xHigh 
performance, xhigh xstrength xconcrete xis xvery xcommonly xused xin xstructural xcolumns, xsuper xbridge xstructures xand 
bridges. xIn xIndia, xthe xfirst xpre-stressed xconcrete xbridge xwas xbuilt xin x1949 xfor xAssam xRail xLink xin xSilliguri. xOf 
the xfifty, xa xnumber xof xpre-stressed xconcrete xstructures xwere xconstructed xwith xconcrete xwith xstrength xranging xfrom 
35 xMPa xto x45 xMPa. xBut xconcrete xstrength xgreater xthan x35 xMPa xwas xnot xcommonly xused xin xgeneral construction 
practices. xResistance xconcrete xgreater xthan x35 xMPa xwas xlikely xused xextensively xin xthe xKonkan xrailway xproject in 
the xearly x1990s xand xin xroad xconstruction xat the xMumbai xMunicipal xCorporation. Fibre xReinforced xConcrete x(FRC) 
xis xoften xused xin xthe xstructures xto xrestrict xcracks xthat xoriginate xfrom xstresses caused xby xvolume xchanges xin 
xcombination xwith xstructural xrestraint. xCracking xis xa xproblem-especially xwhen xhigh strength concrete, which is inherently 
brittle, xis xused. xFibres xin xconcrete xprovide xa xmeans xof xarresting xcrack growth xand ximproving xthe xload xcarrying 
xcapacity. xThe xbasic xpurpose xin xusing xsteel xfibres xis xto xcontrol xcracks at different xsize xlevels, xin xdifferent xzones 
xof xconcrete x(cement xpaste xor xinterface xzone xbetween xpaste xand aggregate), at xdifferent xcuring xages, xat xdifferent 
xtemperatures xand xat xdifferent xloading xstages. x 

A. Introduction to fibres 
Fibers xincrease xthe xstructural xintegrity xof xconcrete. xFibers xare xtypically xused xin xconcrete xto xcontrol xcracking xdue 
to xplastic xshrinkage xand xshrinkage drying. It produces greater xresistance xto xshocks xand xabrasion. xThe xuse xof 
microfibers xoffers xbetter ximpact xresistance. xFiber xconcrete x(CRF) xis xa xnew xstructural xmaterial xthat xis xbecoming 
increasingly ximportant. xCRF xis xa xrelatively xnew xcomposite xmaterial xcomposed xof xhydraulic xcement, xaggregates xand 
discrete xfibers. xThe xFRC xsystem xhas xbeen xused xfor xa xvariety xof xpurposes. 
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1) Types of Fibres 
Following are the different type xof xFibres xgenerally xused xin xthe xconstruction xindustries. 
a) Steel Fibres 
b) Polypropylene xFibres 
c) Glass Fibres 
d) Asbestos Fibres 
e) Carbon Fibres 
f) Organic Fibres 
2) Steel Fibres: Steel xfibers xare xthe xmost xcommonly xused xfibers. xSteel xfiber xreinforced xconcrete xis xbasically xa 

cheaper xand xeasier xway xto xuse xas xa xreinforced xconcrete xform xof xrebar. xReinforced xrebar xuses xsteel xbars xthat 
are xlaid xin xthe xliquid xcement, xwhich xrequires xa xlot xof xpreparation xwork xbut xmakes xthe xconcrete xmuch xmore 
resistant. 

 
Fig 1.1:xSteelxFibres 

The xfibres xdia xcan xvary xfrom x0.25 xmm xto x0.75 xmm. xFibreglass xfibre xconcrete. xFiber xof xRisk-to-Risk-Prefixes. xIt 
has xalready xbeen xseen xthat xfiber xrust was not present xon xthe xsurface. It was very resistant xto xtraction xof 1700N / xm2. 

B. Polypropylene xFibres x 

.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177 

                                                                                                                Volume 8 Issue I, Jan 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 33 

C. Metakaolin 
The xuse xof xcalcined xclay xin xthe xform xof xMetakaolin x(MK) xas xa xpuzzolonic xadditive xfor xmortar xand xconcrete has 
attracted xconsiderable xinterest xin xrecent xyears. xMuch xof xthis xinterest xhas xbeen xfocused xon xthe xelimination xof CH, 
which xis xproduced xby xcement xhydration. xThe xdecrease xof xCH xmakes xthe xconcrete xand xmortars xmore xresistant xto 
sulphate xattack xand xreduces xthe xeffect xof xthe xalkaline-silica xreaction. xThis xprovides xincreased xstrength xthat xresults 
from xadditional xcement xphases xgenerated xby xthe xreaction xof xCH xwith xMK. xMK xis xprocessed xfrom xhigh xpurity 
kaolin xclay xby xcalcination xat xa xmoderate xtemperature x(650 x° xC xto x800 x° xC). xSilica xand xalumina xin xMK xreact 
effectively xwith xCH. xThe xmain xreasons xfor xusing xclay-based xpuzzolonas xin xmortar xand xconcrete xare xdue xto xthe 
availability xof xmaterials xand ximproved xdurability. xIn xaddition, xit xdepends xon xthe xcalcinations xtemperature xand xthe 
type xof xclay. xIt xis xalso xpossible xto xobtain xan ximprovement xof xthe xresistance, xin xparticular xduring xthe xhardening 
resistance. The very early increase xin xresistance xis xdue xto xthe xcombination xof xthe xload xeffect xand xthe acceleration xof 
cement xhydration. 

 
Fig 1.3: Formation of Metakaolin 

 
Fig 1.4: Metakaolin 

II.  LITERATURE xREVIEW x 
Dr.H.M. xSomasekharaiah xet.al. xa xstudy xwas xcarried xout xfor xthe xdevelopment xof xhigh-performance xconcrete xusing 
mineral xadditives xsuch xas xfly xash, xsilica xfume xand xmetakaolin, xas xwell xas xsteel xand xpolypropylene xfibers. xThe 
compressive xstrength, xtensile xstrength, xand xbending xstrength xof xsimple xconcrete xspecimens, xwithout xany xadjuvant xor 
mineral xfiber, xwere xcompared xwith xthose xof xcompressive, xtensile, xtear, xand xtensile xstrengths. xbending xof xa 
composite xconcrete xcomposed xof xadjuvant xand xfibers xdifferent xW x/ xB xratios. 
Yasir xKhan xet.al. xThis xpaper xfocuses xon xresearch xin xthe xfield xof xfiber-reinforced xconcrete, xwhich xincludes 
experimental xstudies, xstrength xand xdurability xproperties, xeffects xon xfibers, xetc. xThe xliterature xarticles xcollected xfocus 
mainly xon xthe xreview xof xpapers xpublished xafter x2010. xThis xarticle xpresents xa xcomprehensive xcollection xof xstudies 
in xthe xfield xof xfiber-reinforced xcomposites. xThe xreview xarticle xwould xprovide xupdated xmaterial xfor xresearchers xin 
the xfield xof xfiber xreinforced xconcrete. xThisxhelps xthem xresearch xfiber, xcomposite xfibers, xetc., xand xcan xintegrate 
them xinto xtheir xstudies xand xhelp xthem xachieve xrealistic xresults. 
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G.Durga xUma xMaheswari xet.al. x xThis xproject xdeals xwith xthe xreplacement xof xboth xthe xbinder xand xfine xaggregates 
by xIndustrial xwaste. xVarious xstrength xparameters xare xstudied xand xcompared xwith xthe xstandard xresults xof 
conventional xconcrete. xFurther, xMicro xstructure xanalysis xusing xTEM xwas xalso xcarried xout xin xthis xstudy. 
S. xKesavraman xet.al. xThis xpaper xinvestigates xthe xeffect xof xusing xhigh xreactivity xmetakaolin xon xthe xproperties xof 
Banana xfibre xreinforced xconcrete. xCompressive xstrength, xsplitting xtensile xstrength, xflexural xstrength, xand xImpact 
resistance xtest xwere xinvestigated. xHRM xcontent xused xin xthis xstudy xwas x5%, x10%, x15% xand x20% xwith x0.5%, 1%, 
1.5% xand x2% xof xBanana xfibres xby xvolume xof xconcrete. 
Barham xHaidar xAli xet.al. xThis xpaper xdeals xwith xthe xoutcomes xof xan xexperimental xresearch xon xmechanical 
properties xof xconventional xconcrete xand xa xconcrete xincorporated xmetakaolin x(MK) xwith xand xwithout xsteel xfibre. One 
of xthe xingredients xof xthe xconcrete xmixture xwas xmetakaolin; xPortland xcement xwas xpartially xsubstituted xwith 
metakaolin x(MK) xas x10% xby xweight xof xthe xtotal xbinder xcontent. xSteel xfibres xwith xlength/aspect xratios xof x60/80 
and xhook xended xwas xembedded xinto xthe xconcrete xto xmake xfibre xreinforced xconcretes. xValue xof xwater/binder xratios 
(w/b) xwas x0.35. xTo xknow xthe ximpacts xof xMK xand xsteel xfibre, xthe xmechanical xbehaviours xof xthe xconcrete xwere 
investigated xsuch xas: xcompressive, xflexure, xand xbonding xstrength xof xthe xconcretes. 

III. MATERIALS xCHRACTERIZATION xAND xMETHODOLOGY 
A. Introduction 
B. Materials RequiredXforXPreparing Concrete X 
The xvarious xtypes xof xmaterials xused xfor xconcrete xare, x 
1) Cement x 
2) Fine xaggregate.  
3) Coarse xaggregate.  
4) Metakaolin.  
5) Superplasticizer.  
6) Steel xfibres 
7) Polypropylene xfibres.  
8) Water.  

 
C. Mix xProportions x 

Sl. 
xNo. Mix 

W/B 
xRatio 

Steel x+ 
xPolypropyle
ne xFibre 
xDosage x% 

Cement x Metakaolin Water C.A F.A HRWR 

1 0% 
xMK 

0.3 
0% 673.3 - 202.05 909.28 606.18 9.14 
0.50% 673.6 - 202.05 909.28 606.18 9.14 
1.00% 673.56 - 202.05 909.28 606.18 9.14 

2 0% 
xMK 

0.4 
0% 631.03 - 252.43 851.92 567.95 4.26 
0.50% 631.03 - 252.43 851.92 567.95 4.26 
1.00% 631.03 - 252.43 851.92 567.95 4.26 

3 
5% 
xMK 0.3 

0% 639.87 33.22 201.39 903.83 602.47 7.58 
0.50% 639.92 33.22 201.39 903.83 602.47 7.58 
1.00% 639.87 33.22 201.39 903.83 602.47 7.58 

4 5% 
xMK 

0.4 
0% 599.48 31.15 251.78 855.79 564.44 4.05 
0.50% 599.48 31.15 251.78 855.79 564.44 4.04 
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1.00% 599.48 31.15 251.78 855.79 564.44 4.05 

5 
10% 
xMk 0.3 

0% 606.195 66.45 199.36 897.11 598.07 5.06 
0.50% 606.24 66.45 199.36 897.11 598.07 5.06 
1.00% 606.195 66.45 199.36 897.11 598.07 5.06 

6 
10% 
xMk 0.4 

0% 567.936 62.31 249.25 841.21 560.8 3.9 
0.50% 567.936 62.31 249.25 841.21 560.8 3.9 
1.00% 567.936 62.31 249.25 841.21 560.8 3.9 

7 
15% 
xMK 0.3 

0% 572.52 99.68 197.42 891.05 594.26 4.58 
0.50% 572.56 99.68 197.42 891.05 594.26 4.58 
1.00% 572.52 99.68 197.42 891.05 594.26 4.58 

8 15% 
xMK 

0.4 
0% 536.38 93.46 246.76 836.18 557.3 3.57 
0.50% 536.38 93.46 246.76 836.18 557.3 3.57 
1.00% 536.38 93.46 246.76 836.18 557.3 3.57 

9 20% 
xMK 

0.3 
0% 538.84 132.9 195.39 885.36 590.54 3.98 
0.50% 538.88 132.9 195.39 885.36 590.54 3.98 
1.00% 538.84 132.9 195.39 885.36 590.54 3.98 

10 
20% 
xMK 0.4 

0% 504.83 124.62 244.21 831.43 553.8 3.32 
0.50% 504.83 124.62 244.21 831.43 553.8 3.32 
1.00% 504.83 124.62 244.21 831.43 553.8 3.32 

IV. RESULTS xAND xDISCUSSION 
Initially xseveral xtrail xmixes xof xconcrete xwere xdone xand xfor xthese xtrail xmixes xthe xoptimum xpercentage xof 
superplastizers xis xcalculated. xAfter xgetting xthe xresult xfresh xconcrete xtest xlike xslump xcone xtest xis xconducted xto 
know xthe xworkability xand xthen xcubes xwerecasted xandcured xfor28 xdays. xAfter xcuring xperiod xtests xlike 
compressivestrength, xSplitTensile xStrength, xFlexuralStrength xwere xconducted. 

A. Compressive xStrength xTest 
It xis xtaken xas xa ximportant xproperty xas xit xis xmajorly xused xto xtest xhard xstate xconcrete.0.15m3 xtest xspecimens which 
are xcured xat xroom xtemperature xare xtested xin xCompressive xTesting xMachine xof x2000KN xcapacity xand xthis xtest xis 
done xas xper xIndian xStandard x516:1959. xThe xconcrete xcubes xwere xtested xat x7days. x28days. 
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Table 4.1 (a): 7 xDays Comp. Strength Test for water cement xratio  is x0.3 
Age xof 
xtest 

% 
xMetakaolin 

Volume xof xFibres x(Steel x+ xPolypropylene) 
0% Average 0.50% Average 1.00% Average 

7 xDay 
xcube xtest 
xforxw/c 
xratio x0.3 

0% 
xMetakaolin 

43.9 
45.1 

46.09 
47.35 

45.22 
46.45 47.4 49.77 48.82 

44 46.2 45.32 

5% 
xMetakaolin 

50.2 
50.86 

53.16 
53.87 

51.96 
52.65 51.5 54.54 53.30 

50.9 53.90 52.68 

10% 
xMetakaolin 

52.9 
51.86 

56.34 
55.24 

55.23 
54.15 52.3 55.69 54.60 

50.4 53.68 52.62 

15% 
xMetakaolin 

52.8 
54.83 

56.92 
59.11 

55.65 
57.79 56.8 61.23 59.87 

54.9 59.18 57.86 

20% 
xMetakaolin 

52.1 
51.4 

55.75 
54.99 

54.13 
53.40 51.9 55.53 53.92 

50.2 53.71 52.15 
 

 
Graph 4.1(a): 7 xDays Comp. Strength Test for water cement xratio 0.3 
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Table x4.1 (b): 7 Days Compressive Strength Test xfor xwater xcement xratio x0.4 

Age xof 
xtest 

% 
xMetakaolin 

Volume xof xFibres x(Steel x+ xPolypropylene) 

0% Average 0.50% Average 1.00% Average 

7 xDay 
xcube xtest 
xfor xw/c 
xratio x0.4 

0% 
xMetakaolin 

39.51 

38.43 

41.48 

40.35 

40.69 

39.58 38.39 40.30 39.54 

37.4 39.27 38.52 

5% 
xMetakaolin 

46.69 

47.56 

49.44 

50.36 

48.32 

49.22 47.12 49.90 48.76 

48.86 51.74 50.57 

10% 
xMetakaolin 

49.19 

47.96 

52.39 

51.08 

51.35 

50.07 47.07 50.13 49.14 

47.63 50.73 49.73 

15% 
xMetakaolin 

49.37 

51.38 

53.22 

55.38 

52.03 

54.15 54.53 58.78 57.47 

50.23 54.14 52.94 

20% 
xMetakaolin 

46.89 

46.26 

50.17 

49.49 

48.72 

48.06 46.71 49.97 48.53 

45.18 48.34 46.94 
 

 
Graph x4.1(b): x7 xDays xCompressive xStrength xTest xfor xw/c xratio x0.4 
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Table x4.2 x(a): x28 xDays xCompressive xStrength xTest xfor xw/c xratio x0.3 
Age xof 
xtest % xMetakaolin 

Volume xof xFibres x(Steel x+ xPolypropylene) 

0% Average 0.50% Average 1.00% Average 

28 xDay 
xcube xtest 
xfor 
xw/cxratio 
x0.3 

0% 
xMetakaolin 

63.1 

61.93 

66.25 

65.03 

64.99 

63.79 61.1 64.15 62.93 

61.6 64.68 63.44 

5% 
xMetakaolin 

63.5 

64.53 

66.67 

67.76 

65.40 

66.46 67.5 70.87 69.52 

62.6 65.73 64.47 

10% 
xMetakaolin 

67.5 

70.43 

70.87 

73.95 

69.52 

72.54 72.4 76.02 74.57 

71.4 74.97 73.54 

15% 
xMetakaolin 

72.8 

72.7 

76.44 

76.33 

74.98 

74.88 71.1 74.65 73.23 

74.2 77.91 76.42 

20% 
xMetakaolin 

52.1 

51.4 

65.12 

64.25 

56.78 

56.03 51.9 64.87 56.57 

50.2 62.75 54.71 

 
Graphx4.2x(a): 28xDays Compressive xStrength xTest xfor xw/c xratio x0.3 

Tablex4.2x(b): x28 Days Compressive Strength Test for w/c ratio 0.4 
Age xof 
xtest 

% 
xMetakaolin 

Volume xof xFibres x(Steel x+ xPolypropylene) 
0% Average 0.50% Average 1.00% Average 

28 xDay 
xcube xtest 
xfor xw/c 
xratio x0.4 

0% 
xMetakaolin 

56.79 
52.88 

59.63 
55.52 

58.49 
54.46 49.49 51.96 50.97 

52.36 54.98 53.93 

5% 
xMetakaolin 

59.05 
60.3 

62.00 
63.31 

60.82 
62.10 61.76 64.85 63.61 

60.09 63.09 61.89 

10% 
xMetakaolin 

62.78 
65.14 

65.91 
68.39 

64.66 
67.09 65.16 68.41 67.11 

67.47 70.84 69.49 

15% 
xMetakaolin 

68.07 
68.07= 

71.47 
71.47 

70.11 
70.11 68.26 71.67 70.30 

67.89 71.28 69.92 

20% 
xMetakaolin 

46.89 
46.26 

58.61 
57.82 

51.11 
50.42 46.71 58.38 50.91 

45.18 56.47 49.24 
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Graph x4.2 x(b): x28 xDays xCompressive xStrength xTest xfor xw/c xratio x0.4 

The x28 xday xCompressive xStrength xvaried xbetween x63 xand x77MPa. xFrom xthe xabove xtable xit xis xclear xthat optimum 
% of metakaolin replacement xis x15% xand x0.5% xvolume xof xfibresand xoptimum xw/c xratio xis x0.3. 

B. Split TensilexStrength 

 
Fig 4.2: Split Tensile Strength Test 

Table 4.3 (a): xSplit Tensile Strength Test for water cement ratio 0.3 
Age xof 
xtest 

% xMetakaolin 
Volume xof xFibres x(Steel x+ xPolypropylene) 
0% Average 0.50% Average 1.00% Average 

28 xDay 
xSplit 
xTensile x 
xtest xfor 
xw/c xratio 
x0.3 

0% xMetakaolin 
3.3 

3.36 
3.46 

3.53 
3.39 

3.46 3.2 3.36 3.29 
3.6 3.78 3.70 

5% xMetakaolin 
3.5 

3.66 
3.62 

3.81 
3.60 

3.77 3.8 3.93 3.91 
3.7 3.88 3.81 

10% xMetakaolin 
4 

3.9 
4.18 

4.07 
4.12 

4.02 3.7 3.86 3.81 
4 4.18 4.12 

15% xMetakaolin 
4 

4.16 
4.6 

4.79 
4.12 

4.29 4.3 4.94 4.42 
4.2 4.83 4.32 

20% xMetakaolin 
3.9 

3.83 
4.09 

4.02 
4.25 

4.17 3.6 3.78 3.92 
4 4.2 4.36 
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Graph 4.3 (a): Split Tensile Strength Test for water cement ratio 0.3 

Table 4.3 (b): Split Tensile Strength Test for water cement ratio 0.4 
 

 

 

 

 

 

 

 

 

 

 

 

 
Graph 4.3 (b): xSplit Tensile Strength Test for water cement ratio 0.4 

Age xof 
xtest 

% 
xMetakaolin 

Volume xof xFibres x(Steel x+ xPolypropylene) 
0% Average 0.50% Average 1.00% Average 

28 xDay 
xSplit 
xTensile x 
xtest xfor 
xw/c 
xratio x0.4 

0% 
xMetakaolin 

2.97 
2.87 

3.12 
3.01 

3.05 
2.95 2.59 2.72 2.66 

3.06 3.21 3.15 

5% 
xMetakaolin 

3.25 
3.42 

3.36 
3.56 

3.34 
3.52 3.47 3.59 3.57 

3.55 3.73 3.65 

10% 
xMetakaolin 

3.72 
3.61 

3.88 
3.77 

3.83 
3.71 3.33 3.47 3.42 

3.78 3.95 3.89 

15% 
xMetakaolin 

3.74 
3.90 

4.30 
4.48 

3.85 
4.02 4.13 4.75 4.25 

3.84 4.42 3.95 

20% 
xMetakaolin 

3.51 
3.45 

3.68 
3.62 

3.82 
3.76 3.24 3.40 3.53 

3.6 3.78 3.92 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177 

                                                                                                                Volume 8 Issue I, Jan 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 41 

V. CONCLUSIONS 
The xfollowing xconclusions xwere xdrawn xfrom xthe xpresent xstudy xon xthe xeffect xof xpartial xreplacement xof xcement 
with xMetakaolin xand xthe xaddition xof xadmixtures xsuch xas xsteel xand xpolypropylene xfibers xin xconcrete; 

A. The xstrength xof xall xMetakaolin xconcrete xmixes xon xCPO xstrength. 
B. Increasing xthe xmetakaolin xcontent ximproves xthe xcompressive xstrength, xflexural xstrength xand xtensile xstrength 

divided xby xup xto x15% xcement xreplacement, xand xa xfurther xincrease xindicates xlower xstrength. 
C. The xreplacement xof x15% xof xthe xcement xby xMetakaolin xis xsuperior xto xall xother xmixtures, xso xit xcan xbe 

considered xas xthe xoptimal xpercentage xof xMetakaolin. 
D. The xresults xencourage xthe xuse xof xMetakaolin xas xa xpuzzolonic xmaterial xfor xpartial xreplacement xin xthe 

production xof xhigh xperformance xconcrete. 
E. Increase xin xw/c xratio xfrom x0.3 xto x0.4 xshows xdecrease xin xstrength, xhence xoptimum xw/c xratio xcan xbe xtaken as 

0.3. 
F. The xincrease xin xpercentage xof xsteel xand xpolypropylene xfibres xfrom x0% xto x0.5% xshows x4.99%, x15.14%, 

14.92% xincrease xin xcompressive, xtensile xand xflexural xstrength xrespectively. 
G. The xincrease xin xpercentage xof xsteel xand xpolypropylene xfibres xfrom x0.5% xto x1% xshows x1.90%, x10.44%, 4.85% 

xdecrease xin xcompressive, xtensile xand xflexural xstrength xrespectively. 
H. Hence xconcluded xthat x15% xMetakaolin xwith x0.3% xw/c xratio xand x0.5% xsteel xand xpolypropylene xfibres xare xthe 

optimum xpercentages xto xobtain xgood xstrength. x x x x x x x x x x x x x x x x x x x x x x x x x x x  
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