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Abstract 

 
The issue of upgrading existing structures has been of great importance over the last decades 

due to their deterioration; ageing, environmental induce degradation, lack of maintenance, 

natural hazards like earthquakes, etc. Hence, for maintaining the structural integrity, retrofitting 

techniques are to be developed, which ensures the safety and serviceability criteria of the 

structures. Retrofitting can also be classified as restoring the original structure shape and 

strengthening the damaged members with inadequate load bearing capacity; so that the load 

bearing capacity of the member is enhanced.   

Up-gradation or strengthening in structures arises due to structural deterioration because of 

corrosion in steel caused by exposure to an aggressive environment and various accident events 

such as earthquakes, inadequate maintenance, excessive loading, change in use or in code of 

practice, and/or exposure to adverse environmental conditions, bad constructional practices, 

usage of poor quality construction materials, and faulty design practices. Inadequate 

performance of any type of structure is a major concern from public safety standpoint. That is 

the reason why repair and rehabilitation of existing structures is becoming a major part of 

constructional activities all over the world. Some estimates have indicated that, worldwide, in 

the years to come, the expenditure for maintenance and repair work will represent about 85% 

of the total expenditure in the construction field. Full structural replacement might have 

determinate disadvantages such as high costs for material and labour, a stronger environmental 

impact and inconvenience due to interruption in the function of the structure. 

This study will help in reviewing the characteristics of the structures retrofitted with the 

material which is made using natural fibre i.e. jute. 

It will also compare the results of various test performed on retrofitted members with natural 

fibre. 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL 

Reinforcediconcrete isione of theimost abundantlyiused constructionimaterial, notionly inithe 

developediworld, butialso in theiremotest partsiof the developingiworld. The RCCistructures 

constructediin theideveloped world areioften foundito exhibitidistress andisuffer damage, 

ieven beforeitheir serviceiperiod is overidue toiseveral causes such asiearthquake, floods, ifire, 

overloading, etc. 

Suchistructures requireiattention, check ofithe causeiof distressiand suitableiremedies toibe 

adopted, iso that structureicould be usediagain. 

In the recent years several researches are going on toiincrease the lifeiof theistructuresiby 

retrofittingiand strengtheningitechniques. Among theiretrofittingitechniques, FRP jacketing is 

oneiof theimost popular andiconvenient method ofiretrofitting is used nowadays. In FRP 

jacketing various FRPs are used to retrofit the distressed flexural members. But it is observed 

that using the FRPs is restricted. Thereiis needito developia technique, whichiis 

economicaliand couldibe executediat site withisemi-skilled labour. Natural Fibre 

jacketingiusing jute fibreiis found to beione suchiattractive techniqueidue to its lightweight, 

overallieconomy, easyiapplication and gooditensile strength. 

Someiestimates haveiindicated that, iworldwide, inithe yearsito come, ithe expenditureifor 

maintenanceiand repairiwork willirepresent abouti85% ofithe totaliexpenditure inithe 

constructionifield. Fullistructural replacementimight haveideterminate disadvantagesisuch as 

high costsifor material andilabour, a strongerienvironmental impact andiinconvenience due to 

interruption inithe functioniof the structure, e.g. iTraffic problems andialso result inidifficulty 

in its usage. iWhen possible, it isioften better toirepair or upgradeithe structureiby retrofitting. 

Furthermore, iit has beeniforecast thatihuge sum willibe devotedifor spendingijust onithe 

restorationiof deterioratedibridges and viaductsiand other massipublic usageiconstructional 

facilities. iMost of the rehabilitationiworks consist ofirepairing old deterioratingistructures, and 

structuresidamaged byiearthquakes and naturalidisasters.  
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Henceithe developmentiof cost-effectiveiand long-lastingirepair/retrofit methodsican greatly 

reduceimaintenance require-mints, iincrease lifeisafety and increaseithe entireiservice lifeiof 

concreteistructures. Recentidevelopment in the fieldiof composite materials, itogether with 

their inherentiproperties, whichiinclude highispecific tensileistrength goodifatigue and 

corrosioniresistance andiease of use, makeithese new compositeimaterials aniattractive 

alternative to anyiother retrofitting techniqueiin the field of repairiand strengtheningiof 

concreteielements 

RC beamsistrengthened with externallyibonded natural FRPs, whenisubjected toiconstantly 

increasingiloads, faces three failures that areiidentified as flexure, debonding andishear. 

 Flexuralifailureiofia beam isiductileiininature, i.e., it occursigradually with largeideflections 

and cracking, iwhich provideia warning of incipientifailure. Conversely, shearifailure is brittle 

in natureiand does notiallow substantialiredistribution of loads; ithus, shear failureioccurs 

without anyiprior warningiand is oftenicatastrophic. iPoorly designed beamsimay fail inishear 

beforeireaching the flexuralistrengths. Hence, RCibeams must haveisufficient shearistrength, 

higherithan flexural strength, iin order to ensureia ductile failureimode.  

Shearifailure iniflexural membersimay be due to reducedishear reinforcement, ioverloading of 

the beams, etc. ithus strengthening of theibeams is required toiincrease the ultimateiload 

bearingicapacity of theibeams. 

Debondingiof FRP is prevalent, ihowever surfaceitreatment is doneiusing sand paperito 

roughen theisurface beforeilamination. Roughenedisurface makes goodibond with epoxyiusing 

which FRPiis bondediwith the surfaceiof RCCibeam. 

1.2 Jute as Natural FRP 

India is the largest producer of raw jute since last two centuries. Jute is the second most 

important natural fibre after cotton due to its versatility. Jute is replacing many synthetic 

materials because it’s biodegradable and eco-friendly behaviour.  

In the context of materials which are eco-friendly and could be produced economically are to 

be used in the construction purposes also. Jute is produced abundantly in our country and also 

our country is developing so both the factors are in our favour. Using jute in the building 

purposes could be feasible if and if researchers are willing to develop such techniques using 

which threshold of both the factors could be reached. It would be beneficial to the farmers 

producing jute, jute industry of India as well as infrastructure companies using jute in 

construction purposes.  
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FRPsioffer designersian excellenticombination of propertiesinot availableifrom other materials 

and presentia potentialisolution toicivil infrastructure’sicrisis hence areisuitable materialsifor 

structuraliretrofitting, FRPicomposite materialsialso offer aniattractive alternativeito any other 

retrofittingitechnique in theifield of repairiand strengtheningiof concreteielements. 

The advantages of FRPiare manyisuch as highistrength to- weightiratio, high specificitensile 

strength, igood fatigue resistance, iease of installationiand corrosion resistanceicharacteristics, 

ease ofirepairing, highistrength in theirequired direction, iand higher ultimateistrength and 

loweridensity thanisteel, etc. areisome of theiproperties whichimake FRPsiideal for 

strengtheningiapplications. But a goodiamount of theoreticaliknowledge and designiguidelines 

is requiredito ensure aisafe, reliableiand cost-efficientiuse of FRPimaterials. The mostiwidely 

used fibres, iwhich areiused as reinforcementsiin FRP, forithe strengtheningiof concrete 

structuresiare artificialifibres which areicarbon, glass, iand aramid, ietc. 

Carbonifibre isione of theicostliest of all the fibres, ifollowed by aramidifibres, and althoughiit 

comes withian advantage ofiincreasing theistructural potential byimany folds, it alsoicomes at 

an overheadiof huge price and cost, iand hence cannot beieasily consideredias a goodioutcome 

basedimarket product. iAlthough the requirementiof structuralistrengthening is increasingiday 

by day withithe deteriorationiof increasing civiliinfrastructure, the costiof these artificialifibres 

is alsoiincreasing, withithe incrementiof various environmentalichallenges that theifabrication 

of theseifibres pose.  

Althoughiglass fibre isicheaper thanicarbon andiaramid fibres, iit has resulted inidermatitis 

problemsiin manyiworkers dealingiwith glassifibre productsiand applications. iHence, 

innovativeistrengthening techniques, iwhich uses userifriendly as wellias pocketifriendly 

fibres, forithe productioniand making ofifibre reinforcedipolymer are becomingiincreasingly 

important toienable theiextension of serviceilife of deterioratedicivil infrastructure. 

Also itiis to be keptiin mindithat theimaterials chosenifor structuraliup-gradationimust, in 

additionito functionaliefficiency and increasingior improvingithe variousiproperties of the 

structures, ifulfil someicriterion, forithe cause ofisustainability and aibetter quality. iFor 

example, theseimaterials shouldinot pollute theienvironment andiendangeribio-reserves, 

shouldibe such thatithey are self-sustainingiand promoteiself-reliance, ishould helpiin 

recyclingiof pollutingiwaste intoiusable materials, ishould makeiuse of locallyiavailable 

materials, iutilise localiskills, manpoweriand managementisystems, should benefitilocal 

economy byibeing incomeigenerating, shouldibe accessible toithe ordinaryipeople and beilow 

in monetaryicost.  
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Besidesiimproving theistrength ofithe structureiusing FRPs asithe rawimaterial, it isialso 

necessaryito makeiuse of localimaterials iniconstruction. iSo far theiwork oniretrofitting of 

structuresiis confinedito theiuse of carbon, iglass or aramidifibres, etc., iand veryilittle workiis 

beingiimparted iniimproving structuresiusing naturallyiavailable materials, ior naturalifibres. 

Theiapplication oficomposites inistructural facilitiesiis mostlyiconcentrated oniincreasing the 

strengthiof the structureiwith theihelp of artificialifibres andidoes notiaddress theiissue of 

sustainabilityiof these rawimaterials usedifor strengtheningipurposes. 

In aniexpanding worldipopulation andiwith theiincrease in theipurchasing potentials, ithe need 

for rawimaterials requiredifor structuralistrengthening, that wouldisatisfy the demandion world 

marketiis rapidlyigrowing. In timesiwhen we cannotiexpect the fibreireinforced polymeriprices 

to comeidown, with theiconsumption growingiday by day, inew materialsithat wouldibe 

cheaperiand at theisame timeioffer equalior betteriproperties haveito beideveloped andibe 

utilisedifor the upigradation ofivarious engineeringistructural components. 

Newimaterials, apartifrom theiconventional ones, ishould be developediand used foristructural 

strengthening, iand these materialsihave shownipromise andigood propertiesiand enhancement 

in structuraliimprovement. Economiciand other relatedifactors in manyideveloping countries 

whereinatural fibresiare abundant, idemand that scientistsiand engineersiapply appropriate 

technologyito utiliseithese naturalifibres as effectivelyiand economicallyias possibleifor 

structuraliup gradationiand alsoiother purposesifor housingiand other needs, ietc. Weihave 

enoughinatural resourcesiand we mustikeep on researchingion theseinaturaliresources. 

Developmentiof plant fibreicomposites has onlyibegun. Largeinumber ofivariousinatural 

fibres, suchias juteicoir, bananaiand sisal, etc., imainly manufacturediin India, areiamong those 

fibreireinforced compositesiwhich areiof particulariinterest asithese compositesihave high 

impactistrength besidesihaving moderateitensile and flexuraliproperties compareditoiother 

fibres. Henceiencouragement shouldibe given forithe use ofinatural fibresisuch as coirifibres, 

jute fibresiand sisalifibres whichiare locally availableimaterials, in theifield ofistructural 

retrofitting. iHere an attemptiis made to studyithe possibilitiesiof using juteifibre materialsias 

jute fibreireinforced polymer, iin structuraliretrofitting of reinforcediconcrete beams, iwhich 

tries toiimprove theistructural propertiesiof the saidibeams. 
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Natural fibresisuch as juteifibres areirecyclable and alsoithey are producedifrom aisource 

which isirenewable, and areialso carbon neutralisince carbon dioxidei (CO2) emittediduring 

the production isireabsorbed by newiplant growth.  

Theyipose no risk toihuman health whenifibre particlesiare inhaled, andiat end of theirilife they 

areibiodegradable. Theienvironmental standingifor natural fibreicomposites asicompared to 

theiricounterparts, e.g. isynthetic fibre compositesiis not as conclusiveiif only theiproduction 

phase, i.e. ithe manufacturingiphase is considerediin the lifeicycle assess-mint. Theisituation 

improvesidramatically when theiuse phase is includediin LCA. The longevityiof theiproduct 

with severaliother environmentalibenefits introducesia great improvementiin the LCA. iEven 

the disposaliphase also improvesithe environ-mentalistanding by givingiback some energy, iby 

beingirecyclable, iand also by beingire-usable and savingilandfill spaces andiby noticonferring 

to environmentalipollution asicontributed by theiincineration processiby whichiartificial or 

syntheticifibres are disposed. iHence naturalifibres and theiriutilization disposeia favourable 

score inienvironmental terms, withivarious positiveienvironmentaliindicators. 
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CHAPTER 2 

REVIEW OF LITERATURE 

MuchiresearchihasibeenidoneitoiassessieffectivenessiofiFRPiretrofittingitechniqueiduringithe 

lastiyears. Thisisectionnipresentsiiaibriefireview of researchidoneirelateditoitheiuseiofinatural 

fiberireinforcedipolymersiforirepairingioristrengtheningipurposesTheiresearchidone 

concerningiretrofittingiwithithisitypeiofimaterialsihasitwoimain motivations. Byioneiside, it 

isiaimediat solvingidurabilityioriagingiproblemsioriprolongingiserviceilifeiofitheistructure 

andibyitheiotheriside, itiisiaimediatisolvingistrengthioristructuraiproblems. Theiuseiofifiber 

reinforcedipolymeribothiforitheistrengtheningiandirepairingiofidifferentitypesiconcreteiand 

reinforcediconcreteielementsilikeibeams, icolumns, ipanels, ijoints, islabs and pavementsihas 

beeniextensivelyiinvestigatediduringitheilastiyears.Theireinforcediconcreteistructuresi 

retrofittingi techniquei usingi fiberireinforcedipolymer (FRP) avoidsisomeiofitheiproblems 

thatiotherisystemsipresentilikeitheibrittleifailureiofitheiinterfaceiretrofittingilayer/concrete. 

Comparediwithifiberireinforcedicementicomposites,fiberireinforcedipolymeripresentihigher 

resistanceiagainstihighitemperatureiandiultravioletiradiation, imoreilongitermidurabilityiand 

fundamentallyimoreicompatibilityiwithitheisubstrate. Moreover, theiuseiofifibersionithe 

retrofittingiconcreteilayerihelpsicontrollingishrinkageicracking. 

Hence, iinnovativeistrengtheningitechniques, iwhichiusesiuserifriendlyiandipocketifriendly 

ifibres, foritheiproductioniandimakingiofifibreireinforcedipolymeriareibecomingiincreasingly 

importantito enableithe extensioniof serviceilifeiof deterioratediciviliinfrastructure. 

Alsoiitiisitoibe kept in mindithatitheimaterialsichoseniforistructuraliup-gradationimust, iin 

additionito functionaliefficiencyiand increasingior improvingitheivariousipropertiesiofithe 

structures, fulfilisomeicriterion, foritheicauseiofisustainabilityiandiaibetteriquality. For 

example, ithese materialsishouldinotipolluteitheienvironmentiandiendangeribioireserves, 

shouldi bei suchi thati theyi arei self-sustaining iandi promote iself-reliance,ishouldi help in 

recyclingiof pollutingiwasteiintoiusableimaterials, ishouldimakeiuseiof locallyiavailable 

materials, utiliseilocaliskills, manpoweriand managementisystems, shouldibenefitilocal 

economyiby beingiincomeigenerating, shouldibe accessibleitoi theiordinaryipeopleiandibe 

lowiinimonetaryicost. Besidesiimprovingitheistrengthiof itheistructureiusingi FRPsi asithe 

rawimaterial, itiis aiso necessaryito makeiuse of localimaterialsiin iconstruction.  
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Soifaritheiwork on retrofittingiof structuresiisiconfineditoitheiuseioficarbon, glassioriaramid 

fibres, etc and veryilittle workiisibeingiimpartediiniimprovingistructuresiusinginaturally 

availableimaterials, ior naturalifibres. Theiapplicationioficompositesiinistructuralifacilitiesiis 

mostlyi concentratedioni increasingithe istrengthi of ithe istructure iwith ithei helpiofiartificiali 

fibres iandi does not addressi thei issuei ofi sustainability ofi these iraw imaterials iusedi for 

strengthening  purposes. In ani expanding iworldi population iand iwith ithei increase iin ithe 

purchasingipotentials, theineedifori rawimaterialsirequiredifor istructuralistrengthening, ithat 

would isatisfy ithe idemandioni world imarket iis rapidlyigrowing. In itimesi wheniweicannot 

expectithe fibreireinforcedipolymeripricesito comeidown, withitheiconsumptionigrowingiday 

byi day, new imaterials ithati wouldibe icheaper iandiat ithe isame itime iofferiequalioribetter 

propertiesihaveito beideveloped and beiutilised for theiupgradation of variousiengineering 

structural components. New materials, apart from the conventional ones, should be developed 

and used for structural strengthening, and these materials have shown promise and good 

properties andienhancement in istructural improvement 

 

Prem Pal Bansal et.al (2010) studieditheieffectiof fibreiorientationiandistressilevelion the 

strengthiof stressed beamsiretrofittediwithiGFRPijackets. Theibeamsiwereiinitiallyistressed up 

toi60, 75iandi90% ofitheirisafe loadianditheniretrofittediwithiGFRPijacketsiwithifibresiin 

differentiorientations. The resultsishowithat those beamsiwhich areiretrofittediusingiGlass 

FibreiReinforcediPolymeri (GFRP) ijacketsiwithifibresiat 45idegreeitoitheilongitudinaliaxis 

yieldianiincreaseiinitheimaximumiload icarryingicapacity, ii.e., approximatelyi30–35%iin 

case of under-reinforcedisectionsiandi13–17%iin caseiof balancedisectionsiasicomparedito 

beamsiretrofittediusingifibresiati08itoitheilongitudinaliaxis. Aiconsiderableiincreaseiinithe 

ductilityiratioiisialsoiobservediforibothitheifibreiorientations. 

GFRPijacketsiused for retrofittingiof theiunder-reinforcedibeamsiperformibetteriwith 

fibresiati45 degrees to theilongitudinaliaxisiof theibeam. 

Theistrengthiofithe sectionidecreasediwith an increaseiin theiinitialistressilevel. The 

maximumiloadicarrying capacityiof the beamsidecreasedidue to decreaseiin stiffness 

ofitheisectioniwith aniincreaseiin theiinitialistressilevel. 

The  iinitially istressedi 0beamsi   retrofittedi  with  iGFRPijackets  ihadi a    lesser    isafe  load 

carrying capacity. Thisiisiattributed to theifactithat due toiinitialistress levelithe 

sectionilosesiitsistiffness, henceideflectsimoreiwhenireloadediafteriretrofitting. 
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GFRPijacketingihelpsitoiimproveitheienergyiabsorptionicapacityiofiallitheibeams, 

irrespectiveiof the type ofisection andiorientationiofifibres in theijackets.  

Theiunder-reinforcedisectionsiwithifibresiorientediati458iperformed betteriwithin theigroup. 

 

Prem Pal Bansal et.al (2011) effect of wire mesh orientation on the strength of stressed beams 

retrofitted with Ferro cement jackets has been studied. The beams after being stressed up to 75 

percent of safeiloadi are itheni retrofitted iwithi Ferroi cementi jacket iwith iwire imeshiat 

variousiorientations.iTheiresultsidemonstrateithatitheiincreaseiiniloadicarryingicapacity 

percentageiforibeamiretrofittediwith Ferro cementijacketsiwithiwireimeshiatidegreeianglesiof 

0, 45, andi60 withilongitudinaliaxisiofibeam, ivariesifromi45.87 to 52.29ipercent. iAlsoia 

considerableiincreaseiin energyiabsorptioniisiobservedifor alliorientations. iAlso, iorientation 

ati45 idegreeishowsiaihigheripercentageiincrease in energyiabsorptioniwhichiis followediby 

6i and 0 degreeirespectively. 

Theibeamsithatiareiretrofittediwithiwireimeshiatidifferentiorientationsidoinotide-bond 

wheniloadeditoifailure. 

The failureiof theicompositeiisicharacterizedibyidevelopmentiofiflexuralicracksiover the 

tensionizone. Theireduced spacingioficracks for retrofittedibeamsiindicatesibetter 

distributioniofistress.Wireimeshiati45idegreeiorientationiforiretrofittingitheistressedibeamsih

asitheihighest loadicarryingicapacityiasicompareditoicontrolibeamiasiwelliasitheiotheribeams 

retrofittediusingidifferentiorientations. 

Afteriretrofitting,allitheitestispecimensishowedireducedicrackiwidths,ilarge deflectioniatithei 

ultimateiload,iaisignificantiincreaseiinitheiductilityiratioiand considerable increase in the 

energy absorptionias well, making theicomponents better equipped to resistidynamic loads. 

 

A vigorous cost analysis was done shown in the following Table 2.1: 
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Table 2.1 :- cost analysis:- 

Material Rate (Rs.)  Cost (Rs.) of Beam type 

  iA++  iB++ iC++ iD++ 

 

Concrete Ingredients       

 

iCement (kg) 215 215  215 215 215 

       

 iRebars (kg)       

i10mm 30.10 148.724  148.724 148.724 148.724 

i8mm 30.75 97.14  97.14 97.14 97.14 

i6mm 33.75 111.52  111.52 111.52 111.52 

       

iCoarse Aggregates (cft) 14.0 50.89  50.89 50.89 50.89 

       

iFine aggregates (cft) 17.0 29.56  29.56 29.56 29.56 

       

iLabour for control beams Lump Sum 200  200 200 200 

       

iCost of Ingredients  852.834  852.834 852.834 852.834 

       

iRetrofitting Material       

      

iWelded Wire mesh Lump Sum -  330 420* 480* 

       

iAdditional  material  like  cement, Lump Sum -  107 107 107 

iFine aggregates, screws etc.       

       

iLabour Lump Sum -  192 192 192 

       

iCost of Retrofitting  -  629 719 779 

       

iTotal Cost  852.834  1481.834 1572.834 1631.834 



10 
 

 

 

++ Beam Type A = Control un-retrofitted beam 

Beam Type B = Beam retrofitted with welded wire mesh oriented at zero degree 

Beam Type C = Beam retrofitted with welded wire mesh orientediat 45 degree 

Beam Type D = Beamiretrofittediwith weldediwire meshioriented ati60idegree 

Theicostiof theiwire mesh at theiorientation ofi45 degreesiandi60 degreesiincreasesidueito 

wastagesiatitheseiangles. 

Tara Sena et.al 2013istudiediApplicabilityiof the jute textile FRPias a strengtheningimaterial 

wasiprobediviaimanyiexperimentaliworks ofimechanical characterisationiof theiFRP along 

withistrengthening effectsiprovided byibonding of juteitextile FRP toibeamsioveribonding of 

carbonitextile FRPiand glassitextileiFRP. 

UltimateiLoadiand Deflectioniwere observed asishown iniTable 2.2 in the experimentationiof 

RC beamsistrengthenediin flexureibyitextileiFRPs. Theifirstiset ofibeamsithatiareigroup A, 

withinoiFRPifailediiniflexureiwhichiprovedithatitheibeamsiwereideficient iniflexure. 

Table 2.2 

 

 

iBeam Group iFRP used iUltimate Load (KN) iDeflection(mm) iDeflection 

Comments 

A (No 

Wrapping) 

None 80 11.426 No warning 

Brittle Failure 

B (U 

Wrapping) 

Jute 130 23.211 Huge Deflection, 

Sufficient 

Warning 

 Carbon 200 16.31 Least Deflection 

 Glass 180 17.626 Less than Jute 

Retrofitted 

Beams but higher 

than Carbon FRP 

C (Strip 

Wrapping) 

Jute 100 17.863 Lower than fully 

wrapped beams, 

since failure 

occurs at lower 

loads. 

 Carbon 120 10.126  

 Glass 110 10.854  



11 
 

Midispaniwhichiisitheipureiflexureizoneisuffered major verticalicracks. iTheseicracksifirstly 

developediatitheiloweriface that is atithe bottomiside of theibeamiandiextendedifromithe 

bottomiside towardsithe top faceiof the beam. Theiaverageiultimateistrengthiofigroup A 

beamsiwasi80iKN. 

The second set of beams in group B with U wrapped FRP, itiwas seenithatibothitheseibeams 

failediiniflexure and their ultimate load carrying capacity was much higher than that of Group 

A beams. When load wasiapplied oniJuteiFRP retrofittedibeam, thenifirstly the matrixistarted 

crackingi, then on furtheriincrementiofiload, itheijuteifibresiinitheitextileijuteiFRPistartedito 

crack, itheniagain onifurtheriloadiincrement theicracks in juteiFRP starteditoiwiden, ithenithe 

RCibeamishowediaiverticalicrackiin theiflexureizone, andithen this crackistartedislowly 

movingifromitheibottomiface of theibeam to theitopiface. iTheifailureimodes depictediby 

theseibeamsiwere very ductileiin nature andithe beam carriedihugeideflectionsibefore reaching 

itsiultimate load.  

There was noide-bondingiof juteiFRPiat all fromithe beamifaceiin anyidirectionieveniativery 

highiload, ionly a singleicrackiappearediin Jute FRPispecimeniat theiflexureizone (near the 

beamimidispan) and thisicrack started toiwiden withithe increase inithe load, iwithout the 

developmentiof any othericracks, these cracksiwere alsoiobserved in flexureizone ofithe beam 

and the ultimate loadicarryingicapacityiwasireached byifurtheriwideningiof theicrack at the 

centre, iwithoutigeneration ofiany otherialternate cracks. iTheiaverageiultimateistrength of 

group Bibeamsiretrofitted with JuteiFRP wasi130iKN. 

Testing oniGroup Cibeams, retrofittediwithistrip typeiU techniqueiishowed thatitheiriultimate 

loadicarryingicapacity wasihigher than that ofiGroup Aibeams, butilower thanithat ofigroup 

Bibeams, iniwhichi3 sidedithatiisiU, fulliwrappingiusing differentifibres wereicarriediout. In 

all theibeams ofigroup C, it wasiobserved thaticracksifirstideveloped in theiRC beamsiand 

notion theiFRP, be itijute textileiFRP, carboniFRP or glassiFRP, thisiindicatedithat the 

presenceiof bondediFRP on RCibeams, be it naturaliFRP like jute, oriartificialiFRP like 

carboniandiglass, impartediadditional strengthito theibeams, andithere byienhanced the 

ultimate loadicarryingicapacity of theibeams.  
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Majoriverticalicracksidevelopediin the midispan thatiis the pure flexure zone, and these cracks 

developed only in theibeam areaiand not even a singleiflexural crackideveloped inithe FRP, 

noridid the FRPiundergo rupture, ithese cracks on theibeam, firstlyidevelopediat the 

lowerifaceithat isithe bottomiside of the beamiandiextendedifromitheibottomisideitowardsithe 

topifaceiof theibeam.  

The loadideflectionibehaviouriof allitheibeamsiwasinoted. Theimid-spanideflectioniofieach 

beamiwasicomparediwithithatiof theigroup Aicontrolled beams. Comparisonibetweenitwo 

wrappingischemesihavingitheisameireinforcementiwasimadeionitheiloadideflection 

behaviour. iIt was notedithat theibehaviour of theigroup B beams when bonded with fully 

wrappeditextileiFRPiwereibetterithanigroupiA controlledibeams. Theimid-spanideflections 

wereihigheriwhenibondediexternallyiwithitextileiFRP because theiultimateiloadiatifailure 

wasimuchihigher. 

 H.N. Jagannatha Reddy et.al 2014 haveidevelopediSisalifabricireinforcedipolymer 

compositeisystemiandithen its tensileiand flexuralibehaviour was characterizediand compared 

withithat of carboniand glassifabricireinforcedipolymericomposite. They have carriediout the 

studyiof flexuralicracking, effect oniultimate loadicarryingicapacityiand loadideflection 

behaviouriof RC beamsibondediexternally withiSFRP, iCFRP andiGFRP. 

When wovenisisalifabric was subjectedito heatitreatment, then itiincreased the flexuralias well 

asithe tensile strengthiof woven sisal FRPicomposite. Henceiit can be concludedithatithe 

performanceiofiheatitreatediwovenisisal fibre reinforcedipolymeri (FRP) compositesiwere 

superiorithan the untreated or rawiwovenisisal fibre reinforcedicomposites. The heat 

treatmentiaided in enhancingitheimechanical properties of wovenisisaliFRPicomposite, iby the 

virtueiofimodificationioficellulosicistructureibyienhanced cross-linking,increasediamount 

oficyrstallinityiin the fibres, iand byide-moisturization, iwhich improveditheiiadhesion 

between theifibres and theinatural rubberibacking of theifabric. 

Theiwoven sisaliFRP compositeiexhibitedia tensile strength of223.367 N/mm2, which was 

24% of the tensile strength of carbon FRP (923.056 N/mm2) and 33% of the tensile strength 

of glass FRP (678.571 N/mm2). The woven sisaliFRP composite exhibited aiflexuralistrength 

ofi350.034 N/mm2, which wasi22%of the flexuralistrength of carboniFRP (1587.134 N/mm2) 

andi52%of the flexural strengthiof glass (E-glass) FRPi (666.871 N/mm2). 

The studyishowed that theireinforcement ofiwoven sisalifibreireinforcedipolymericomposites 

created a newialternateimaterialiwith propertiesithat were generallyiwithisuperiorimechanical 

properties. 
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Un-strengthenedi beams, i.e. icontrolledi beamsifailedi ati 80 kN, whereas thei beams 

strengthened ibyifulli wrapping itechnique iby iusing iheat itreated iwoven isisali FRP ,woven 

icarbon FRPiandiwoven glassiFRP failediati170 kN, i200 kNiandi180 kNirespectively. The 

beamsistrengthenediby the strip wrappingitechnique byiusing heatitreated wovenisisal FRP, 

wovenicarboniFRP andilastlyiwoven glass FRP failediat 130 KN, 120 KN andi110 KN 

respectively. Thisidepictedithe effect of ilexuralistrengthening, providediby theiuse of natural 

wovenisisal FRP, bondedito reinforcediconcreteibeams oficomparableimagnitudeiof that 

provided byiglassiFRP. The load carrying capacityiincreasediwith an improvementiin the 

loadideflectionibehaviour dueito the increase inidegree ofistrength. Theiloadideflection 

behaviouriwas betterifor beamsiretrofitted withiFRP comparedito the controlledibeams. 

A significantidifferenceiwasiobserved inithe failureipattern of woveninaturalifibreiFRP 

strengthenedibeams and woveniartificial fibreiFRP strengthenedibeams. ForiSF1 andiSF2, 

failureiwas observed by the developmentiof singleicrack atithe beam mid-span, ifirstlyicrack 

developediinitheisisaliFRP, ifollowed by theidevelopment of largeiflexuralicracks in the beam 

area, ifurther failureitook place byiwidening of theseiflexureicracks, thisiresultediin a 

ductileitype of failureiwith highideflectioniand totally avoidediany modeicatastrophicifailure 

ofibeams. 

Jayanarayanan Karingamanna et.al 2016   made an iattempti to assess the ipotency of 

hybridicompositeisystem as aipotential choiceifor the retrofittingiof reinforcediconcrete 

structures. The axialicompressiveibehaviouriandistress-strainiresponseicharacteristicsiare 

studied. The icombination of synthetic iandi natural fibresi are iusedi fori the iexternal 

confinementioficoncreteicylinders. 

Compressive behaviour: - The axiali compression itest results of concrete ispecimens 

confinediwith differentiFRP’s likeiCFRP, iGFRP andinatural sisal. 
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Compression Test results are shown in Table 2.3 

iSpecimen iCompressive Strength iAxial Compressive 

Strain 

iConcrete Normal 21.1 MPa 0.32 % 

iSisal Retrofitted 27.6 MPa 1.35 % 

iGFRP 38.5 MPa 0.72 % 

iCFRP 74.5 MPa 1.3 % 

     

It is clear in the abovei Table that compared to plain iconcrete ispecimeni FRPi confined 

specimensihas good efficiencyiinienhancingiloadicarryingicapacity. Thei highestiincreaseiin 

axialiloadicarrying capacityiwas shown byicarbonifibre (CFRP). CFRPiconfinedispecimens 

hasishownianiincreaseiiniaxialiloadicarrying capacityiby 253%,ifollowediGFRPiwhere the 

axialiloadicarrying capacity increasediby 82.46% and theniby sisaliFRP which has shownian 

increaseiin axialiloadicarryingicapacity byi30.8%. 

Stress-strain response 

In all theicases theiconcreteispecimensiare confinediwithisingleilayer FRP. The curvesiof the 

confined specimens iexhibit ithree different iregimes. Ini the iinitial istage,I the iconfined 

specimensiexhibitiailinearitrend similarito behaviouriof unconfinediconcrete. In theisecond 

stageiaitransitionioccurs whereithe strengthiof concreteiexceeds theiunconfinediconcrete 

strength andiconcreteistarts expandingilaterallyiwhich initiates itheiconfining action ofiFRP. 

The ithirdistage again showsia linearitrendiwithireduced slope. Theiconfinementieffect of 

FRP’s areimanifestediin the secondiand third stageiof the curve. In theicase of control 

specimen, theifailure isioccurring at theiend of firstistage itself. This isibecauseithe control 

specimensiexhibits brittle failureiwhereasiFRPistrengthened specimens shows ductile mode of 

failure i.e. failure after yielding. Compared to syntheticifibre confinementithe presenceiof 

naturalifibre hasishownireasonableiimprovement iniductilityiof the confinedispecimens. 

Hence, itheipossibility oficatastrophicifailureiforiFRPistrengthenedispecimeniisiminimal, 

whichimakes itia suitableiapplicationiforiearthquakeiproneiareas. The improvementiinithe 

axialistrain improved theiductilityiof theistructureiwhichican be consideredias aisignificant 

criterioniforiseismiciresistant designiof structuresito avoidicatastrophicifailure. 
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Li-Jun Ouyang et.al 2017 the researchersiundertookia study of ian experimentaliprogram in 

which icarboni andi basalti Fibre-Reinforced iPolymeri (FRP) sheets iare iused asiconfining 

jacketsito increaseitheiseismiciperformanceiof squareireinforced concreteicolumnsiwhich 

haveiinadequate transverseireinforcement. 

Theyistudiediseismicibehaviouriof square RCicolumnsiretrofittediwithiBFRPisheets. Itiis a 

newigroup ofiFRPicompositesicharacterizediby lowiprice andigoodimechanicaliproperties. In 

totality, ione iun-retrofittedi column andi fiveiFRP-retrofittedi columnsi werei tested under 

constant axialiload andireversed-cyclicilateraliload/idisplacementiexcursionsithatisimulated 

seismiciloading. Theieffectsiof the amountiand typeiof FRP jacketsion theiseismic 

performanceiof FRP-retrofittedicolumnsiwere investigated andicompared. 

Ductilityi is ian  importanti parameter ito  determinei the ideformation icapacity of structural 

membersi underiseismic loadings. The displacementiductilityifactor is definedias theiratio of 

theiultimateidisplacementito the yieldidisplacementiis usually applieditoidescribe the ductility 

capacity. Theidisplacementiductility ratioiof theiun-retrofittedicolumniisi2.5, whereas 

thoseifor the iretrofittedicolumnsihaveisignificantly increased toi3.1–4.6. 

According to theiseismic desigi codeiNCSR-02 (reported iniCaballeroiMorrisoniKE, Bonet JL, 

Navarro-Gregori J, andiSerna-Ros P. Aniexperimental study ofisteel fibre-reinforced high-

strengthiconcreteislender columnsiundericyclic loading. Eng Struct 2013; 57:565–77.), the 

levelsiof ductilityican beiclassified as: ihigh ductility (> 4), imedium ductility (4 > D > 3), 

lowiductility (3 > D > 2), andino ductility (2 > D > 1). It canibe seen that theireference column 

has ailow ductility, whereas the retrofittedicolumns show medium levelsior even high levelsiof 

ductility. iCompared with theiCFRP-retrofittedicolumns, theiricounterparts retrofittediwith 

BFRP sheets possess betteridisplacementiductility, despiteihaving slightly lower 

ultimateidisplacement. 

It wasifound outithat theiun-retrofittediRCicolumn did notihaveisufficient shearistrengthito 

resisti the maximum laterali loadi and thusi failed in brittle shear ifailure, whereas theiFRP 

jacketiattenuateditheieffectsiofilargeitransverseihoopispacingiwithinitheihingingizone 

alongwithithe enhanced the shearistrengthiin additionito enhancingithe ductilityiperformance 

andiflexural strength. 

Theiunretrofittedicolumniwithiinadequateitransverseireinforcementifailsiin a brittle imanner 

becauseitheiloadicarryingicapacityidecreasesirapidlyiafteritheiyieldingiofitheilongitudinali 

steelireinforcement.  
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TheiconfinementiofiFRPisheetsisignificantlyireducesitheispallingiofitheicovericoncreteiin 

retrofittedicolumns, andithus the displacementiductilitiesiof these retrofittedicolumnsiare 

significantlyiimproved by approximatelyi72– 112%icomparediwith theiunretrofittedicolumn.  

 TheienergyidissipatedibyitheicolumnsiretrofittediwithiFRPisheetsiisimuchihigherithanithat 

evaluated for the iunretrofittedi column. Nevertheless, iuntil ithe ifailure iof the iunretrofitted 

column iis iachieved, iunretrofittediandiretrofittedicolumnsidissipateiaicomparableiamountiof 

energy.  

TheiFRP jacketsihaveialsoienhanceditheidamping behaviouriof theicolumnsias theiretrofitted 

specimensihaveihigherivaluesiofitheiequivalentiviscousidampingicoefficientithanithatiofithe 

un-retrofittedicolumniatitheisameilateralidisplacement.  

Thei stiffnessi degradation of retrofitted icolumns iis imuch isloweri atilatteri stages ofithe 

icyclic testsiafter theilongitudinal steel rebarsiofitheiun-retrofittedicolumnihaveiyielded; 

ihowever, thisibeneficiali effectiis iindependent of thei numberiof layersiof theiappliediFRP 

sheets. 
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CHAPTER 3 

EXPERIMENTAL PROGRAMME 

3.1 INTRODUCTION  

AtdpresentdtheredaredadnumberdofdretrofittingdmaterialsdlikedCFRPd(Carbondfibredreinfo

rceddpolymer), GFRPd(Glassdfibredreinforceddpolymer), dFerro-cement, dcementitious 

materials etc. are being used for retrofitting of structure. Verydfewdresearchersdhaddused 

naturaldmaterialsdfordenhancingdeitherdthedflexuraldordsheardstrengthdof thedbeamdbutdin 

actualdthedbeamdmaydneeddstrengtheningdindbothdsheardanddflexure.Thusdindthedpresent 

studyd12d beamsdaredcasteddand dsubsequentlydstresseddtod25%,d50% andd75%dofdthe 

ultimatedloaddanddaredretrofitteddwithdwovendjutedbondeddtodbeamdwithdepoxydindU-

type configurations. 

Fordthedproposeddworkdtwelvedbeamsd (4100 x 230 x 130 mm) were casted. Outdofdthese 

three beamsdaredcontrolleddbeamsdtesteddtodfinddoutdthedsafedloaddcarryingdcapacitydof 

beamsdanddsubsequently nine beams in group of 3are stressed to 75%, 50% and 25%dofdthe 

safedloaddanddthendretrofitteddwithdnaturaldfiberdi.e. jute. 

 

3.2 TEST PROGRAMME  

Thedtestdprogrammedisdsoddeviseddsodasdtodfinddoutdthedpropertiesdofdmaterialsdtodbe 

useddfordcastingdofdbeamsdanddthendthedbehaviourdofdretrofitteddbeams.  

Thevtest programmevconsistsdof: 

Determinationdofdbasicdpropertiesdofdthedconstituentdmaterialsdnamelydsand, dcement, 

steeldbarsdanddcoarsedaggregatesdasdperdrelevantdIndiandstandarddspecifications. 

2.Castingdofdtwelvedbeamsd (4100 x 230 x 130mm) dusingdM 25dgradedconcrete, dthe 

mixdofdwhichdisddesigneddwithdevaluateddproperties. 

3.Computationdofdultimatedfailuredloaddofdthedbeamsdaccordingdtodmaximumdload 

carryingdcapacitydofdthedsections. 

4. Thedbeamsdaredstresseddtod25%, 50%dandd75%dofdfailuredload. 

5. Finally beams are retrofitted with natural FRP material in U-type configuration. 

 

3.3 MATERIALS  

Coarse aggregates, cement, reinforcing bars and fine aggregates areduseddinddesigningdand 

castingdofdbeams. Jute in form of gunny bags and epoxy are being used for retrofitting of these 

beams. The specifications and properties of these materials are as under: 
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3.3.1   Portland Cement  

Ultratech (PPC) cementdfromdadsingledlot is used for the study. IS 8112:2013 provides the 

specification of cement to be used for casting. According to IS 8112 cement should be 

manufactureddbydcloselydmixingdcalcareousdanddargillaceousdand/ordother silica, alumina 

ordirondoxidedbearingdmaterials, dburningdthemdatvavclinkeringvtemperaturevand grinding 

thevresultantvclinkervtovproducevavcementvthatvisvcapablevofvcomplyingvwithvthisvstand

ard. Novmaterialvshallvbevaddedvaftervburning, othervthanvgypsumv (naturalvmineral or 

chemical), vwater, performancevimprover(s), vandvnotvmorevthanvavtotalvof 1.0vpercent of 

air-entrainingvagentsvorvothervagentsvincludingvcolouringvagents, whichvhavevproved not 

tovbevharmful .Itvwasvfresh andvwithoutvanyvlumps. Thevphysicalvpropertiesvofvthe 

cementvasvdeterminedvfromvvarious testsvconformingvtovIndianvStandardvIS: v8112: 2013 

arevlisted invtable 3.1. Cementvwasvcarefullyvstoredvtovprevent deterioration in its 

propertiesvduevtovcontactvwithvthevmoisture. Thevtestsvconductedvonvcementvare specific 

gravity, initialvandvfinalvsettingvtime, compressivevstrengthvandvfineness. Thevresultsvof 

abovevsaid testsvare shownvin table       

 

Table 3.1: Properties of Cement 

 Experimental 
IS 12269:2013 Test Method 

 

Characteristics Values 
 

Specified Values Referred to 
 

 
Obtained 

 

    

     

Specific Gravity 3.11 - IS 4031 Part 11  

     

Standard Consistency (in %) 33 - IS 4031 Part 4  

     

Setting Time (min)     

   

IS 4031 Part 5 
 

Initial 34 30 (Minimum)  

Final 320 600 (Maximum)   

     

Compressive Strength     

     

3 Days 24.5 N/mm2 23 N/mm2 IS 4031 Part 6  

28 Days 33.5 N/mm2 33 N/mm2 
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3.3.2   Coarse Aggregates 

These are generally the aggregates which are the residue of the 4.75mm IS sieve and passed 

through 75mm IS sieve. Coarse aggregates consist of crushed gravel, uncrushed gravel and 

partially crushed gravel. Thesevaggregatesvarevformedvbyvnaturalvdisintegrationvofvrocks 

orvbyvartificialvcrushingvofvrockvorvgravel. AsvpervIS: 383-1970vstandardsvquality of 

aggregatesvshallvbevhard, vstrong, vdense, vdurable, vclear and freevfrom veins and 

adherentvcoating; andvfreevfromvinjuriousvamountsvofvdisintegrated pieces, alkali, 

vegetablevmatter andvothervdeleteriousvsubstances. Asvfarvasvpossible, flaky, scoriaceous 

andvelongatedvpiecesvshouldvbevavoided. The coarsevaggregatesvusedvinvthevpresent 

study, obtainedvlocally, were a mixture of crushedvstonesvofv20mmvandv10mmvsizes. 

Thevaggregatesvwerevthoroughlyvwashed to removevdirt, dustvand thenvdried tovsurface 

dryvcondition. Theyvwerevthen putvinto the oven forva periodvof 24 hoursvso as tovremove 

thevexcessvmoisturevpresent.The aggregates taken out were then cooled down to the room 

temperature to be used in the concrete mix.  

Table 3.2: Sieve Analysis of Coarse Aggregates (20mm) 

 
S.No. 

IS-Sieve Wt. Retained %age %age Cumulative   

 
(mm) (gm) Retained passing % retained 

  

    

             

 1 80  0.00  0.00  100.00  0.00   

             

 2 40  0.00  0.00  100.00  0.00   

             

 3 20  5  0.70  99.83  0.70   

             

 4 10  2982  99.40  0.43  99.57   

             

 5 4.75  13  0.43  0  100.00   

             

 6 2.36  0  0  0  100   

             

 7 1.18  0  0  0  100   

             

 8 600  0  0  0  100   

             

 9 300  0  0  0  100   

             

 10 150  0  0  0  100   

             

 11 Pan 0  0  SUM 699.73   

             

  Total 3000    FM = 7.00   
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Table 3.3: Properties of Coarse Aggregates 

 

  Table 3.4: Sieve Analysis of Coarse Aggregate (10mm)    

             

 
S.No. 

IS-Sieve  Wt. Retained  %age  %age  Cumulative   

 
(mm) 

 
(gm) 

 
Retained 

 
passing 

 
% retained 

  

        

             

 1 80  0  0.00  100.00  0.00   

             

 2 40  0  0.00  100.00  0.00   

             

 3 20  0  0.00  100.00  0.00   

             

 4 10  1730  57.67  42.33  57.67   

             

 5 4.75  1270  42.33  0.00  100.00   

             

 6 2.36  0  0.00  0.00  100   

             

 7 1.18  0  0.00  0.00  100   

             

 8 600 µ  0  0.00  0.00  100   

             

 9 300 µ  0  0.00  0.00  100   

             

 10 150 µ  0  0.00  0.00  100   

             

 11 Pan    0.00  SUM  657.67   

            

  Total  3000    FM = 6.58   

             

Characteristics  Value 

    

Color  Grey 

    

Shape  Angular 

    

Maximum size 20mm  10mm 

    

Specific Gravity 2.81  2.55 
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Thevspecificvgravityvandvother physicalvproperties ofvcoarse aggregates are shown in Table 

3.2. Thevvaluesvobtained by the sievevanalysis of coarsevaggregate done in thevlaboratory for 

20mm aggregatevare shown in the Table 3.3 andvfor thev10mm aggregate in Table 3.4. 

 

3.3.3   Fine Aggregates  

Accordingvtovsize, vthevfine aggregate mayvbe described asvcoarse, medium, vand fine 

sands. Thevsand used forvthe experimentalvworks isvconformed tovgrading zone II (size less 

thanv2.36 mm). IS: 383-1970 hasvdividedvthevfinevaggregate into fourvgrading zones 

(GradevI to IV), vdepending upon thevparticlevsizevdistribution. Thevgradingvzones become 

progressively finervfrom gradingvzone I to IV. It wasvcoarse sandvlight grey invcolour. In this 

experimentalvprogram, finevaggregates whichvlie in gradingvzone II werevcollected from a 

local supplier in Patiala. The fine aggregates were washed to remove silt and clay and were 

then oven dried for a period of 24 hours. They werevthen broughtvdown to room 

temperaturevand werevthen used invthe concretevmix. Physicalvproperties and sieve analysis 

of finevaggregates arevtested as per IS: 383-1970vand results arevshown in table 3.5 and table 

3.6 respectively.  

 

Table 3.5: Physical Properties of Fine Aggregates 

Characteristics Values 

Type Natural Sand 

Specific Gravity 2.66 

Fineness Modulus 2.73 

Grading Zone II 
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Table 3.6: Sieve Analysis of Fine Aggregates 

S.No. 
 IS-Sieve  Wt. Retained %age %age  Cumulative  

 
(mm) 

 
(gm) Retained passing 

 
% retained 

 

     

          

1  4.75  8 0.8 99.20  0.80  

          

2  2.36  103 10.30 88.90  11.10  

          

3  1.18  200 20.00 68.90  31.10  

          

4  600 µ  222 22.20 46.70  53.30  

          

5  300 µ  261 26.10 20.60  79.40  

          

6  150 µ  182 18.20 2.40  97.60  

          

7  Pan  24 2.40 -  -  

          

 TOTAL  1000  SUM  273.30  

          

  Zone II   FM= 2.73   

          

 

 

 

3.3.4   Epoxy 

Thevsuccessvofvthevstrengtheningvtechniquevprimarilyvdependsvonvthe performance of the 

epoxyvresinvusedvforvbondingvofvwovenvjutevto concrete surface. Numerousvtypes of 

epoxy resinsvwith a widevrange ofvmechanical propertiesvarevcommerciallyvavailable in the 

market. vThesevepoxyvresins arevgenerallyvavailable invtwo parts, avresin andvavhardener. 

The epoxy resin used in this study was Dr. Fixit 211 epoxy bonding agent. The properties of 

the epoxy resin used in the experimental work are given in Table 3.7 
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Table 3.7 - Properties of Epoxy resin (provided by manufacturer) 

 

 

 

 

 

 

3.4   Design of Concrete Mix 

M25 concrete mix was designed by using the properties of cement, fine aggregate/sand and 

crushed stone coarse aggregates as per IS: 10262-2009guidelines. The water/cement ratio was 

taken as 0.46. The mix proportions are given in Table 3.8 The cubes were prepared with this 

mix proportions and were tested at the age of 7days and 28 days. The compressive strength of 

cubes (average of 3 cubes) at 7days and 28 days was 20.9 MPa and and 34.40 MPa respectively. 

 

Table3.8- Mix Proportions for M25 grade concrete 

Water Cement Fine Aggregate/sand Coarse Aggregates 

192 kg 417.39 kg 544.38 kg 1190 kg 

0.46 1 1.30 2.85 

 

 

 

Sr. no. Physical properties Value 

1 Mix Density 1120 kg/m3 

2 Colour Grey 

3 Pot Life @ 30° C ± 30-40 mins. 

4 Cure time 7 days 

5 Tensile strength, 7 days 10.4 N/mm2 

6 Compressive strength, 7 days 60 N/mm2 

7 Flexural Strength 28.1 N/mm2 
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3.5   RCC BEAM DESIGN  

InvthevpresentvstudyvRCCvbeamvisvdesignedvusingvM25vgrade concrete and Fe 500 steel. 

ThevRCCvbeamvis designedvusing limitvstate method. Thevbeamvis designed having 2 steel 

bars ofv8mm dia atvcompression facevand 2 barsvof 10mmvdia atvtension face; and the 

stirrups usedvare of 6mmvdiameter at thevspacingvof 125 mm. 

       6 mm @ 125 m c/c 

 

 

 

 

 

  130 

 6 ϕ @ 125mm 

 2-8ϕ 

 

 2-10ϕ 230 

 

 

Figure 3.1 – Reinforcement Detailing 

 

 

3.6   CASTING OF RCC BEAMS  

The beamsvare castedvin a mouldvof sizev130x 230 and of lentgth 4100mm. First, theventire 

beam mould is oiled sovthat it can beveasily removed fromvthe mould aftervthe 

desiredvperiod. Spacers of size 25vmm are used tovprovide uniformvcover to 

thevreinforcement. Concretevmix is poured invthe mould andvvibrations are givenvwith the 

helpvof vibrator, oncevthe bars have been placedvin position as pervthe design. Thevvibration 

is done untilvthe mould is completely filled andvthere is no gapvleft. The beams arevthen 

removed fromvthe mould afterv24 hours. Aftervdemoulding the beamsvare cured forv28days. 

 

 

 

 

 

       2 bars – 8 mm                             2 bars- 10 mm 
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3.7   TESTING ARRANGEMENT  

The beams were tested after 28 days from the date of casting. All the beam specimens were 

tested as simply supported beams subject to two-point loading with loads applied at L/3 

distance from the each end; where L is the effective span i.e.4000 mm. Thisvloadvcase was 

chosen becausevit givesvconstantvmomentvandvzerovshearvin the section between the loads, 

andvconstantvmaximumvshearvforcevbetweenvsupport andvload. Thevmoment wasvlinearly 

varyingvbetweenvsupports andvload. The testing procedure for the entire beam specimens was 

same. The testsvwere performedvusingvthe setup asvshown invthe Figure 3.2. 

 

 

 

Figure 3.2- Two Point Loading Testing Arrangement 
 

 

 

 

 

3.8   RETROFITTING OF BEAMS 

The beamsvare stressed up to a specified limits of the failure load andvthen retrofitted with 

woven jute using Epoxy as bondingvagent between concrete and jute. The U-type retrofitting 

technique was used in which three sides of the flexural member are to be wrapped with the 

retrofitting material. 
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CHAPTER 4 

RESULTS AND DISCUSSION  

 

4.1 INTRODUCTION  

Thevresultsiofiexperimentaliworkiareidiscussediinithisisection. In the present study, the 

increase in strength of retrofitted beam isistudied. Foritheipurposeithe beams were firstly 

stressedito predefined stressilevels of 25%, 50% and 75 % of the failure load and then the 

beams were retrofitted as discussed earlier using epoxy and jute. The load deflection graphs of 

both controlled and initially stressed retrofitted beams were obtained. Aicomparativeistudy on 

theistrengthivariationiofiretrofittedibeamsiandicontrolibeamiisidoneiwithiaboveiparameters. 

 

4.2 TESTING METHODOLOGY 

Firstlyicontrolibeamsiwereitesteditoifailureiandithe dataicorrespondingito itiwas recorded. 

Then three groups of three beams in each group were stressed to 25%, 50% and 75% of the 

failure load. The failure load was calculated from the load deflection curve of the control beams 

and the load so obtained was 15.90 KN. The corresponding load at 25%, 50% and 75% stress 

level was 3.970 KN, 7.95 KN and 11.92 KN respectively as shown in Table 4.2.1. Then the 

retrofitting of beams was done with woven jute using epoxy resin as bonding agent. The 

retrofitted beams were left to dry with jute and epoxy for 5 days anditestediagainiwithitheisame 

methodias theicontrolibeamiwasitestediinitiallyianditheicorrespondingiresults areirecorded 

and shown initheisections to follow. 

The beamidesignationsiwere used as follow:- 

 
Table 4.1 – Beam Designations 

Control Beam CB 

Beams pre-loaded at 25% ofiUltimate 

Failure Loadiof control beam 
Type I 

Beams pre-loadediat 50% of Ultimate 

Failure Loadiof control beam 
Type II 

Beams pre-loaded ati75% ofiUltimate 

Failure Loadiof control beam 
Type III 
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4.3 LOAD-DEFLECTION BEHAVIOUR OF CONTROL BEAM 
 
 

From the graph shown in Figure 4.1 it is observed that on increasing loads at a constant rate 

the amount of mid-span deflection increased in the control specimen up to a load of 15.90 kN. 

The specimen behaved elastically till this load after which it entered the plastic range in which 

the deflection observed is very large as compared on the increaseiin theiloadicarryingicapacity 

ofitheibeam. After theiplastic range, there is a sudden drop in loads with zero deflection 

indicating that the beam has failed. Thus, the beam had an elastic range with a plastic range 

afterwards, indicating its ability to deflect permanently before failure that is its ductile 

behaviour. Figure 4.2 confirms the mode of failure of control beam which shows cracking at 

90 in the beam. 

Table 4.2 Detail of Load vs Displacement of Control beam 

Load(KN) Displacement (mm) 

0 0.000 

1 0.268 

2 1.244 

3 2.442 

4 4.720 

5 6.932 

6 9.274 

7 12.914 

8 14.922 

9 17.686 

10 20.330 

11 22.744 

12 25.532 

13 28.092 

14 45.118 

15 49.106 

16 56.370 
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Figure 4.1 load-deflection curve of CB 

 
Figure 4.2  crack pattern in control beam 
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Table 4.3 values at which beams were pre-loaded before retrofitting 

 

4.4 LOAD-DEFLECTION BEHAVIOUR OF RETROFITTED BEAMS 
 

4.4.1 BEHAVIOUR OF RETROFITTED BEAMS (Type I) 
 

Thereiwas noidebondingiof juteiFRP atiall fromithe beamiface inianyidirectionieven at very 

highiload, ionly aisingle crackiappeared asishown in fig 4.3 atithe flexureizone (nearithe beam 

midispan),andithisicrackistarteditoiwideniwithitheiincreaseiinitheiload,iwithoutitheidevelopm

entiof anyiother cracks, iand in anotheribeam, two cracksiappeared, whichistarted to widen 

with theiincrease inithe loadiwithout theidevelopment ofiany othericracks, ithese cracksiwere 

also observediin flexureizone of the beam, iand the ultimateiload carryingicapacityiwas 

reached byifurther wideningiof the crackiat the centre, iwithout generation ofiany other 

alternateicracks. Theiaverageiultimateistrength ofithreeibeamsitestediwasi21.40 KN. 

 

 

 

 

 

 

Figure 4.3 crack in FRP 

 

 

Beams Percentage of Failure Load Load (KN) 

Type I 25 % 3.970 

Type II 50% 7.950 

Type III 75% 11.920 

Crack in FRP 
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Table 4.4 Detail of Load vs Displacement of Type I Beams 

Load(KN) Displacement (mm) 

0 0.000 

1 0.254 

2 0.914 

3 1.886 

4 2.448 

5 4.132 

6 6.474 

7 9.104 

8 11.314 

9 14.686 

10 15.312 

11 19.454 

12 24.787 

13 29.394 

14 33.400 

15 36.510 

16 39.988 

17 41.233 

18 47.624 

19 51.114 

20 59.611 

21.40 65.167 
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Figure 4.4 comparison of load-deflection of control beams and Type I beams 

 
 

 
 

 

Theifailureimodesidepictedibyiretrofittedibeamsiwereiveryiductileiini nature, anditheibeam 

carriedihugeideflectionsibeforeireachingiitsiultimateiloadiasishowniiniFigure 4.4. 

Ductilityicharacterisesitheideformationicapacityiofimembersi (structures) afteriyielding, ior 

theiriabilityitoidissipateienergy. Inigeneral, iductilityiis a structural property which is governed 

byifractureiof theistructuralimember. Theideformabilityiindexiis defined asithe ratio of 

ultimateideflection toiyield orithe firsticrackideflection. Here, itiwas observedithatiType I 

beams haveihigherideformabilityiindexias comparedito controlibeams. Higherideformability 

indeximarksimoreienergyiabsorptioniandimore plasticideformationibefore failure and 

henceiforth a structureiprocessingione wouldidefinitelyibe moreiductileiin nature. 
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4.4.2 LOAD-DEFLECTION BEHAVIOUR OF TYPE II BEAMS 

 

WheniloadiwasiappliedioniTypeiIIibeams, ifirstlyitheiruptureiof juteiFRP wasiobserved at the 

centreifollowed byiFRP debonding, thatiis initheiflexureizone (atitheibeamimidispan) jute 

FRPifirstlyicrackediandisecondlyistartedidebondingias showniin Fig. , debondingioccurred at 

theibottomisideiasiwelliasionitheiotheritwoilateralisidesiof theibeam, thenion further 

incrementiofiload, largeinumberioficracksidevelopediat theibottomisideiof theibeam, iand the 

ultimateiloadicarryingicapacityiwasireachedibyifurtheriwideningiof theseicracksiat the bottom 

withitheigenerationiofiailargeinumberiofialternateicracksiinitheiflexureizone. The average 

ultimateistrengthiof threeibeamsitestediwas 19.70 KN. 

 

 

 

                               

 

 

 

                           
                                         Figure 4.5 debonding of FRP 

 

 

 

 

Debonding of Jute FRP 
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Figure 4.6 Load-Deflection behaviour of Type II beams compared with control beams 

 
 

 

 

 

 

TheidebondingiofitheijuteiFRPiexposeditheicracksiinitheibeam, allitheitype IIibeams showed 

verticalicracksiinithe midispan i.e. inithe pureiflexure zone, theseicracksifirstlyideveloped at 

the loweriface i.e. theibottomisideiof theibeamiandiextendedifromitheibottomisideitowards the 

topifaceiof theibeam. Theiultimateiloadicarryingicapacity (Fig 4.6) wasireachedibyifurther 

wideningiofitheseiflexuralicracksiatitheibottomiwithitheigenerationiof alternateicracks in the 

flexureizone. 

Foritype IIibeams, failureiwasiobserved byiruptureiofiFRP, followediby theidebondingiof FRP 

fromitheirupturedipoint, furtheriby theidevelopmentiof multipleiflexuralicracksiin theibeam 

area. 
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4.4.3 LOAD-DEFLECTION BEHAVIOUR OF TYPE III BEAMS 
 

In Type IIIibeamsisameikindiofifailureipatternias ofiTypeiIIibeamsiwasiseen. Wheniload was 

appliedionitheibeams, thenifirstlyithe FRPistartedidebonding, thenion furtheriincrement of 

load, theijuteifibresiin theitextileijute FRPistarted to crack, ithen againionifurtheriload 

incrementithe cracksiin jute FRPistartedito widen, thenithe beamishowedia verticalicrack in 

theiflexureizone, andithenithis crackistartedislowlyimoving fromithe bottomifaceiof theibeam 

toitheitop face (Fig 4.7). Theiaverageiultimateistrengthiofithreeibeamsitestediwasi17.10 KN. 

 
 

Cracks at 90 degree on top face of beam 

 

 

 
Figure 4.7  top face of the type III beam 

 

 

 

 

Table 4.5 shows the percent increase in ultimate load and change in deflection 

Specimen Maximum 

Load (in kN) 

Ultimate deflection 

(in mm) 

% increase in 

load 

% change in 

deflection 

CB 15.90 56.370 - - 

Type I 21.40 65.167 34.5 15.60 

Type II 19.70 59.430 23.89 5.42 

Type III 17.10 54.500 7.54 3.31 
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Figure 4.8  load-deflection comparison of control beam, type I, type II and type III beams 

 
 

 

 

On analysing the Figure 4.8 which is a comparative graph of the load-deflection for the all 

type of beams tested in the laboratory, it is obtained that the ultimate strength of the beam is 

increased by wrapping the beam with natural FRP i.e. Jute and this gain in strength is the 

maximum when pre-cracking done is minimum i.e. in 25% pre-loaded beam. Thus, if a healthy 

beam was wrapped instead of pre-cracked beams, it would have the highest strength. With 

increased load and strength, the deflection in the beam before failure also increased and is 

maximum with least pre-cracking. 
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4.5 Ductilityi 

 
Ductilityiisi an iimportant iparameteri toi determine ithei deformation icapacity iofi structural  

members underiseismiciloadings. Theidisplacementiductilityifactoriisidefinediasitheiratioiof 

theiultimateidisplacementito theiyieldidisplacementiis usuallyiapplieditoidescribeithe ductility 

capacity. 

AccordingitoitheiseismicidesignicodeiNCSR-02i (Spanish Code) the levelsiof Ductility could 

be defined as in the following table:- 

 

 

Table 4.6:- range defined for ductility 

High ductilityi > 4 

Medium ductilityi 4 > D > 3 

Low ductilityi 3 > D > 2 

No ductilityi 2 > D > 1 

 

 

 

Table 4.7:- Ductility of tested beams 

Beams Ductility 

CB 2.54 

Type I 3.87 

Type II 2.95 

Type III 2.72 

 

 

 

It can be concluded from the table 4.6 and 4.7 that the control beam hasia lowiductility, whereas 

theiretrofittedibeams showimediumilevelsior evenihighilevelsiofiductility. Comparediwith the 

controlibeams, ievenitheitypeiIIIibeamsipossessibetteridisplacementiductility, despiteihaving 

slightlyiloweriultimateidisplacementithen type I and type II beams. 
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4.6 ENERGY ABSORPTION 
 

The energy absorption capacity of reinforced concrete elements is one of the crucial structural 

properties that define their seismic resistance. It is defined as area under the load-deflection 

curve of the beam. The energy absorbed by the beams tested as shown in the following table 

4.8. 

Table 4.8 Energy absorption 

Beam Energy Absorbed at 

Ultimate Load (kN-mm) 

Percent Increase in 

Energy Absorption 

CB 298.65 ---- 

Type I 514.18 72.32 

Type II 416.78 39.53  

Type III 357.11 19.79 
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CHAPTER 5 

CONCLUSIONS 

 

5.1 CONCLUSIONS 

Based upon the results of experimental study carried out the following conclusions can be 

drawn:- 

1. The load carrying capacity of the Type I beams increases by 34.5% when the initially stressed 

(25%) beams are retrofitted with jute fibres in U-type retrofitting technique. These beams 

showed the 15.60 % increase in deflection before failure.  

2. Even the Type II and Type III beams showed increase in ultimate strength i.e. 23.89% and 

7.54 % respectively and also meagre change in deflection was also seen. 

3. With the utilisation of jute wrapping, parameters such as ductility is enhanced such as Type 

I beams showed the value of ductility as 3.57 which showed the good ductile nature as 

compared to control beam, also type II and type III beams showed ductility value 2.95 and 2.72 

respectively which shows that all type of retrofitted beams showed good ductile nature 

4. 3isidediUiwraps, improveitheibehaviouriof the beamiunderiflexure, by notionly improving 

its behaviouriinitheitensionizoneibutialsoiadditionallyithe energy absorbed by the beams is 

alsoiincreased, type I beams absorbed 72.32 % more energy as compared to control beams. In 

type II and type III beams although debonding took place, those beams also showed 39.53 % 

and 19.79 % respectively, showed more energy absorption then control beams. 

5. The useiof textileiFRP, inicontinuousiformihadieffect inidelaying theigrowthiof crack 

formation. Itiwas evidentifrom theiloadicausingithe initialicracks. Theiuse of continuous 

textileiFRPiwas ableito avoiditheibrittleifailure ofithe beams, as theibeams carried huge 

deflectionsibeforeifailure and henceigave outisufficientiwarningsibeforeiit couldicollapse. 

6. Hence, iwe caniconclude thatinaturalifibreiin theitextileiform, likeijute FRPican beiregarded 

as aisuitable strengthening materialifor flexuralistrengthening oficoncrete structures 

particularly, ias aigood alternativeimethodologyiamongithe fabricireinforcement in FRP 

consideringieconomic andienvironmental aspectsiaboutiFRP products. 
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5.2 Scope for the Future Study 

The following are some suggested areas for future studies on the retrofitting of beams using 

natural woven jute: 

1. The effectiof shearispanito depth ratio (a/d) on the failure mode and load carrying behavior 

of shear deficient beamsiretrofitted with jute can be explored. Beams of different lengths and 

cross-section may be cast to achieve this objective.  

2. In this study, all the beams were initially stressed at some percent of the control beam failure 

load and subsequently retrofitted with jute. The stress level and layers of jute may be varied 

(both may be changed simultaneously or one at a time) and their effect on the behavior of 

beams may be studied. 

3. The effect of different configurations used for retrofitting in this thesis on the behavior of 

beams may be studied in combination with the above mentioned points. Further, the researchers 

may also explore the effect of new retrofitting configurations and compare the efficiency of 

those methods with the contemporary rehabilitation techniques.  

4. Jute fibre could be used with some other type of FRP to form any new composite retrofitting 

material and then its behavior could be checked. 
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