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ABSTRACT

Presently a day concrete is generally and profoundly required thing in the development. The
principal parts of cement will be concrete, coarse total, fine total and water. The use and
assembling of concrete will instigate the ecological issues like co2 and intensity outflow. Thus, the
common ventures are needing great substitution of concrete. The GGBS is great halfway
substitution of concrete. This study made sense of going to utilize this technique for fix and
restoration process during the actual development. For this wrapping of GFRP sheets over the
primary individuals to reinforcing it, increment the existence season of designs and disregard the
future fix works. So this task portrays the exploratory and logical investigation of "halfway
substitution of concrete by GGBS and GFRP wrapped on RC radiates.

The GFRP is the composite material. This venture work centers around strength attributes,
examination of M30 grade concrete with supplanting of concrete by GGBS with 20%, 30%, 40%
and half and GFRP wrapping with RC radiates. Glass fiber wrapping can be utilized where cement
loses its ability/plan strength because of consumption changes being used and the plan codes
requests expansions in load conveying limit. From our trial results 20%, 30%, 40% and half GGBS

with 6 mm thick GFRP layer will gave improved results while contrasting with traditional cement.
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CHAPTER1

INTRODUCTION

Cement plays the vital role in construction industry. It acts asabinding
material in all concrete structural. Concrete made with Portland cement isrelatively strong in
compression but weak in tension.lt acts as a binding material inall concrete structural, which
produced by raw material like lime and silica. Oncesituation may occurs there will be no
lime on earth for production of cement. So thatnow, we are selecting the material for partial
replacement of cement. The GGBS, flyash are good partial replacement of cement. Where
the GGBS was an industrialwastematerial in steel& copperindustries. TheGGBS

chemicalproperties aresimilartothechemicalpropertiesofthecement.

Modern civilization relies upon the continuing performance of itscivil
engineering infrastructure ranging from industrial buildings to power stations
andbridges.Concretewashavingbasiccheaplyandeasilyavailableingredientsascement, sand,
aggregate and  water.  After the water, cement is second  most
usedmaterialintheworld.Butthisrapidproductionofcementcreatestwobigenvironmental
problems forwhichwe haveto find out civilengineering solutions. First environmental problem
is emission of COqin the production process of thecement. 1 tone of carbon dioxide is
estimated to bereleasedto the

atmospherewhenltoneofordinaryPortlandcementismanufactured.

Concreteisprobablythemostextensivelyusedconstructionmaterial in the
world with about six billion tones being produced every year.Theconcrete industry is
constantly looking for supplementary cementations material

withtheobjectiveofreducingthesolidwaste disposalproblem.



1.5 tonnes of limestone and clay. Today’s construction industry, use of concrete
isgoingonincreasingrapidly.Demolitionorreconstructionmeanscompletereplacementof
anexistingstructuremaynot be a cost-effectivesolutionand it islikely to become an increasing
financial burden if upgrading is a viable alternative.Therefore repair and rehabilitation of
bridges, buildings, and other civil engineeringstructures is very often chosen over
reconstruction for the damage caused due todegradation, aging, lackofmaintenance,
andsevereearthquakes and changes inthe current design requirements. Previously, the
retrofitting of reinforced
concretestructures,suchascolumns,beamsanotherstructuralelements,wasdonebyremovingandr
eplacingthelowqualityordamagedconcreteor/andsteelreinforcementswith

newandstrongermaterial.

However,withtheintroductionofnewadvancedcompositematerials ~ such
as fibre reinforced polymer (FRP) composites, concrete members cannow be easily and
effectively strengthened using externally bonded FRP
compositesRetrofittingofconcretestructureswithwrappingFRPsheetsprovideamoreeconomical
and technically superior alternative to the traditional techniques in manysituationsbecauseit
offers highstrength,lowweight,corrosion resistance,
highfatigueresistance,easyandrapidinstallationandminimalchangeinstructuralgeometry.Inaddi
tion,FRPmanufacturingoffersauniqueopportunityforthedevelopmentofshapes

andformsthatwould bedifficult orimpossiblewiththeconventionalsteelmaterials.

Severalinvestigatorstookupconcretebeamsandcolumnsretrofitted  with
carbon fibre reinforced polymer (CFRP) glass fibre reinforced polymer(GFRP)composites in
orderto study the enhancement of strength andductility,durability, effect of confinement,

preparation of design guidelines and experimentalinvestigations ofthesemembers.



Theresultsobtainedfromdifferentinvestigationsregardingenhancement
in basic parameters like strength/stiffness, ductility and durability ofstructural members
retrofitted with externally bonded FRP composites, though quiteencouraging, still suffers
from many limitations. This needs further study in order toarrive at recognizing FRP
composites as a
potentialfullproofstructuraladditive. FRPrepairisasimplewaytoincreaseboththestrengthanddesi
gnlifeofastructure. Because of itshigh strength to weight ratio andresistance to

corrosion,thisrepairmethodisidealfordeterioratedconcretestructure.

1.1 GENERAL

Modern  structural  engineering tends to  progresstoward
moreeconomical structures through gradually improved methods of design and the use
ofhigher strength materials. Such developments are particularly important in the field
ofreinforced concrete; the limiting features of ordinary reinforced concrete have beenlargely
overcome by the development of pre stressed concrete. The GGBS, fly ashare good partial
replacement of cement. Where the GGBS was an industrial wastematerial in steel & copper
industries.The GGBS chemical properties are similar tothe chemical properties of the
cement. Pre stress applies a pre compression to themember that reduces or eliminates
undesirable tensile stresses that would
otherwisebepresent.Crackingunderserviceloadscanbeminimizedorevenavoidedentirely.Deflec

tionsmay belimitedtoanacceptablevalue.

Reinforcedcementconcreteisanextremelypopularconstructionmaterialus
edforstructuralcomponentsofabuildinglikebeams,columns and slabs etc. One major flaw of
RCC is its susceptibility to

environmentalattack. Thiscanseverelydecreasethestrengthandlifeofthestructures.



The repair of structurally deteriorated RC  Structures
becomenecessarysincethestructuralelementceasestoprovidesatisfactorystrengthand
serviceability. Some of these structures are in such a bad condition that theyneed to be
replaced. ~Two techniques are typically adopted for the strengthening
ofbeams,relatingtothestrengthenhancementdesired:flexuralstrengthening orshear
strengthening. In many cases it may be necessary to provide both strengthenhancements. For
the flexural strengthening of a beam, FRP sheets or plates areapplied to the tension face of

the member (the bottom face for a simply supportedmemberwith applied top loading or

gravityloading). Principaltensile fibres
areorientedinthebeamlongitudinalaxis,similartoitsinternalflexuralsteelreinforcement. This
increases the beam strength and its stiffness (load required

tocauseunitdeflection),howeverdecreasesthedeflectioncapacityandductility.

TheobjectiveoftheFRPwrappingisto improve the flexural strength and
stiffness of deficient beams dueto variouscauses.Carriedouttheinvestigationondifferent
issueswithGFRPandCFRPconfinement on the flexural behaviour of reinforced and plain
concrete beams andusing GFRP and CFRP in the flexural member as confined materials can

minimizetheamountofcracksandeventually enhancetheperformanceofthestructure.

1.2 BACKGROUND

A large number of structures constructed in thepast using
theolderdesigncodesinthedifferentpartsoftheworldarestructurallyunsafeaccording to the new
design codes. Since replacement of suchdeficient elements
ofstructuresincursahugeamountofpublicmoneyandtime,strengtheninghasbecometheacceptable

wayofimprovingtheloadcarryingcapacityandservicelives.



WrappingTechniquesofFlexuralconcreteelementsistraditionally
accomplished by externally bonding steel plates to concrete. Althoughthis technique has
proved to be  effective in  increasing  strength and  stiffness  of
RCBeam,ithasthedisadvantagesbeingsusceptibletocorrosion and difficulty ininstallation.
Recent developments in the field of composite materials together withtheir inherent
properties which include high tensile strength, good fatigue strength,corrosion resistance,
ease of use make them an alternative to the steel plates in thefield of repair and strengthening
of concrete beams. For the past studies conducted ithas been shown that externally bonded
glass fibre reinforced polymers (GFRP) canbe used to increase or enhance the Flexural

Strength, shear strength, and torsionalcapacityofRCbeams.

1.3 TORSIONALSTRENGHTENINGOFBEAMS

Early efforts for wunderstanding the response of plain
concretesubjected to pure torsion revealed that the material fails in tension rather than
shear.Structural members curved in plan, members ofaspaceframe, eccentrically
loadedbeams, curved box girders in bridges, spandrel beams in buildings, and spiral stair-
cases are typical examples of the structural elements subjected to torsional momentsand
torsion cannot be neglected while designing such  members.  Structural
memberssubjectedtotorsionareofdifferent shapes suchas T-shape, invertedL—shape,doubleT-

shapesandboxsections.

Thesedifferentconfigurationsmaketheunderstandingoftorsion in RC
members of complex task. In addition, torsion is usually associatedwith bending moments
and shearing forces, and theinteraction among these
forcesisimportant. Thus,thebehaviourofconcreteelementsintorsionisprimarilygoverned by the

tensile response of the material, particularly its tensile crackingcharacteristics.



Spandrel beams, located at the perimeter of buildings, carryloads
from slabs, joists, and beams from one side of the member only. This loadingmechanism
generates torsional forces that are transferred from the spandrel beamsto the columns.
Reinforced concrete (RC) beams have been found to be deficient
intorsionalcapacityandinneedofstrengthening. Thesedeficienciesoccurforseveralreasons,sucha
sinsufficientstirrupsresultingfrom construction errors
orinadequatedesign,reductionintheeffectivesteelareaduetocorrosion,orincreaseddemanddueto

a change inoccupancy.

Similar to the flexure and shearstrengthening,the FRPfabricis bonded
to the tension surface of the RC members for torsion strengthening. In
thecaseoftorsion,allsides ofthememberaresubjectedtodiagonaltensionandtherefore the FRP

sheets should be applied to all the faces of the member crosssection.

1.4 ANALYTICALINVESTIGATION

TheprocessofmodellingwithANSY Sbeginswithidentification of input
parameters and the output to be predicted by the network. Theinput and target data are
organized to suit the order of input and output
parameters. ThepresentmodelwasdevelopedusingGeneralRegressionNeuralNetworkGRNN),
which  belongs to the family of Radial BasisNeural Networks. The
GRNNCcontainstwolayerstoprocesstheinputdata. ThearchitectureandfunctionsassociatedwithG

RNNarepresentedinthefollowing section.

The input parameters were the steelreinforcement ratio andthe
thickness of GFRP laminates. One more aspect of the training was that
thecontrolspecimensdidnothaveanyGFRPlaminate. Thiswouldresultinzerothicknessvaluesfora

llcontrolspecimens.



ThiswouldmakethedataforCSMGFRP,WRGFRPandUDCGFRP a
complete set, where the thickness value ranges from 0 mm to 5 mm.The prediction
parameters of static test results were the first crack load, deflection
atfirstcrackload,yieldload,deflectionatyieldload,ultimateload,deflectionatultimate load, crack
width at ultimate stage, number of cracks, average spacing

ofcracks,deflectionductility,deflectionductilityratio,energyductilityandenergyductilityratio.

Anewtechniquehasemergedrecentlywhichusesfibrereinforced polymer
(FRP) sheets to strengthen the beam-column joints which have anumber of favourable
characteristics such as ease to install, immunity to corrosionand high strength. The results
obtained that the FRP strengtheningtechnique
ishighlyefficientandeffective.Basedonthereviewofliteratureitisfoundthatexperimental
investigation on FRP wrapped reinforced beam columnjoints.
Henceanattempthasbeenmadetocarryoutaninvestigationonbeamcolumnjointspecimenswrappe
dwithGFRP

1.5 APPLICATIONS
GGBS iIs used to make durable concrete structuresin
combination with ordinary Portland cement and/or other pozzolanic materials. GGBShas
been widely used in Europe, and increasingly in the United Statesand in
Asia(particularlyinJapanandSingapore)foritssuperiorityinconcretedurability,extendingthelifes
panofbuildingsfromfiftyyearstoahundredyears.
TwomajorusesofGGBSareintheproductionofquality-improved slag
cement, namely Portland Blast furnace cement (PBFC) and high- slagblast-
furnacecement(HSBFC),withGGBScontentrangingtypicallyfrom

30to70% andintheproductionofready-mixedorsite-batched durableconcrete.



ConcretemadewithGGBScementsetsmoreslowlythanconcrete  made
with ordinary Portland cement, depending on the amount of GGBS inthe cementitious
material, but also continues to gain strength over a longer period inproduction conditions.
This results in lower heat of hydration and lower
temperaturerises,andmakesavoidingcoldjointseasier,butmayalso

affectconstructionscheduleswherequicksettingisrequired.

1.6 USESOF GGBS

The major use of GGBS is in ready mixed concrete, and it
isutilizedinathirdofall“ready-
mix“deliveries.Specifiesarewellawareofthetechnicalbenefits,whichGGBSimpartstoconcrete, i

ncluding:

e Betterworkability,makingplacingandcompactioneasier.

e Lower earlyage temperaturerise,reducingthe risk ofthermalcrackinginlargepours.
e Eliminationoftheriskofdamaginginternalreactionssuchas ASR

e Highresistancetochlorideingress,reducingtheriskofreinforcementcorrosion

e Highresistancetoattackbysulphateandotherchemicals

e Considerablesustainabilitybenefits.

1.7 AIM

Themajoraimoftheprojectistostudythebehaviourof

R.C.C. beams in partial replacement of GGBS for cement, retrofittedwith GFRPoverlays so
that to obtain best procedures for strengthening of R.C.C.
beamsusingGFRPoverlays. Toimprovetheloadcarryingcapacityofthe

R.C.CBeamusingGFRPoverlaysistheaimoftheproject.



1.8 OBJECTIVES

1. ThemainobjectiveofGGBSreplacementofcementistoreducethe

[1[1,emissionintheenvironment.

2. TostudytheeffectofdifferentsizedlayersofGFRP,whichcanbewrappedonbothshear
deficientbeamsandflexuraldeficient beams.

3. By using the GGBS in concrete to minimize the corrosion inreinforcementsteel
4, To study the behaviour of reinforced concrete beam partialreplacementofGGBS
bycement.

5. TostudytheeffectofGFRPsheetinimprovingthestrengthofthereinforcedconcretebea
m.

6. To study the effect of RC beam and GFRP sheet wrapped RC

beamdeflection,crackpattern.

1. To analyse the percentage of increase in load carrying capacity
ofGFRPwrappedRCbheamsundertwopintloadingsystem.

1.9 SCOPEOFSTUDY

TheinvestigationsaswellasstudiesconductedontheretrofittingoftheRCC
beamsusingGlassFibrereinforcedpolymeroverlaysarelimited. AndtheamountofemissionofCO.
&heatintheconcretewasreducedinthe partial replacement of GGBS by cement.That’s also
important in this studies. Soit is essential to study the shear carrying capacity, Flexural
carrying capacity andductility of flexural beams in partial replacementof GGBS by cement,
by retrofittingwithGFRP usingANSY Ssoftware.



CHAPTER2

LITERATUREREVIEW

Mahesh.k, et.al,(2013)conductedtoinvestigate
StrengtheningofReinforcedConcreteBeamsUsingGFRPWraps Concrete isone ofthe oldest and
widely used construction materials. It plays a vital role in the field
ofcivilindustry.Concretecanbemanufacturedtoaninexhaustiblerangeofspecifications to suit all
applications. This is possible by using different proportions ofthe natural ingredients or by the
use of different materials. Concrete can be
mouldedintoanyshapebyusingappropriateformwork.Welldesignedandwellplacedconcreteoffer
sexceptionaldurabilityandlonglifeinanystructure. AtpresentWorldwide,agreatresearchisbeingco
nductedconcerningtheuseoffibrereinforced plastic wraps, laminates and sheets in the repair
and strengthening ofreinforced concrete members. Experimental
investigationsofthecubeandcylinderofconcretebeamswithandwithoutglass fibre carried out.
Glass fibres were
usedasthepolymercompositesinthisproject. Theglassfibreswerearrangedasexternally in a
wrapping manner here. Epoxy resins are used to wind the glass
fibrematwithconcretebeam.Inphasel

projectthemechanicalpropertiescubeandcylinderwherefind out.

SonaliK,et.al,(2014)
ToStudythePartialReplacementofCementbyGGBS&RHAandNaturalSandbyQuarrySandinCo
ncrete is the most widely used construction materialin civil engineering industry because of
its high structural strength and stability. Theconcrete industry is constantly looking for
supplementary cementitious material withthe objective of reducing the solid waste disposal
problem. Ground granulated blastfurnace slag (GGBS) Rice husk ash (RHA)and Quarry sand

(QS) are among thesolidwastesgeneratedbyindustry.
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To overcome from this crisis, partial replacement of natural sand (NS)with
Quarry sand and partial replacement of cement with GGBS and RHA can be aneconomic
alternative. This research is carried out in three phase, in first phase mix ofM40 grade
concrete with replacement of 0%,30%,45%,90%and 100% of
quarrysandwithnaturalsandiscarriedouttodeterminetheoptimumpercentageofreplacement  at
which maximum compressive strength is achieved. It is observed thatwhen natural sand is
partially replaced with 60% quarry sand maximum strength isachieved. In second phase,
cement is partiallyreplaced with GGBS by 10%, 20%and 30%. In phase three, combination of
GGBS and RHA is partially replaced withcement. The composition of 22.5%GGBS + 7.5%
RHA with 60% of quarry sandgivesgoodstrengthresults.

Kamadri  Sriveena and Dr. SSunil Pratap Reddy (2013) determine
Experimental AndAnalyticalStudyOnTorsionalBehaviourOfRCFlanged Beams With
Strengthened With Glass FRP Environmental degradation, increased service loads,
reducedcapacityduetoaging,degradationowingtopoorconstructionmaterialsandworkmanshipsa
ndconditionalneedforseismicretrofittinghavedemandedthenecessityforrepairandrehabilitationo
fexistingstructures.Fibrereinforcedpolymers has been used successfully in many such
applications for reasons like lowweight,highstrength anddurability.Many
previousresearchworksontorsionalstrengtheningwerefocusedonsolidrectangularRCbeamswith
differentstriplayouts and different types of fibres. Various analytical models were developed
topredict torsional behaviour of strengthened rectangular beams and successfully usedfor
validation of the experimental works. But literature on torsional strengthening ofRC T- beam
is limited. In the present work experimentalstudy was conducted inorder to have a better

understanding the behaviour of torsional strengthening of solidRCflangedT-beams.

11



Santosh KumarKarri, et.al,(2015) investigatedstrength and Durability Studies on
GGBS Concrete isprobablythemostextensively used construction material in the world with
about six billion tones beingproduced every year. It is only next to water in terms of per-
capita consumption.However, environmental sustainability is at stake both in terms of
damage caused bythe extraction of raw material and CO2 emission during cement
manufacture. Thisbrought pressures on researchers for the reduction of cement consumption
by partialreplacementofcementbysupplementarymaterials. Thesematerialsmaybenaturally
occurring, industrial wastes or by-products that are less energy intensive.This needs to
examine  the admixtures performance  when blended with concrete
soastoensureareducedlifecyclecost. ThepresentpaperfocusesoninvestigatingcharacteristicsofM
20andM40gradeconcretewithpartialreplacementofcementwithgroundgranulatedblastfurnacesla
g(GGBS)byreplacing cement via 30%, 40%, 50%. The cubes, cylinders and prisms are tested
forcompressive strength, split tensile strength, flexural strength. Durability studies

withsulphuricacidandhydrochloricacidwerealsoconducted.

Monu Malvia and Prof. H. S. Goliya (2014) investigated the durability of
geopolymerconcretemanufacturedusingclassFflyashandalkalineactivators(NaOHandNaz2SiOs)
when exposed to sulphate and acidic environment and comparison  was
madewithnormalOrdinaryPortlandCement(OPC)concrete. Intotalfourtestswereconducted to
determine acid and sulphate resistance of geopolymer concrete. The testsinvolved immersionfor
a period of 30to 60 days into 5%solution ofsodium sulphate,5% solution of magnesium sulphate,
5% solution of sulphuric acid and 5% solution ofphosphoric acid.Theevolutionofweight
lossandcompressivestrength losswerestudied. The most significant degradation of compressive
strength and weight weredetermined in acid solution. The least strength changes and weight loss
were found inthesulphatesolution. TheOPCconcretemoredeterioratedinacidaswellasinsulphate
solution in  compared with geopolymer concrete, thus geopolymer concrete
ismoredurablethantheOPCconcrete. Theresultsobtainedandtheobservationsmadeinthisstudyshowth
atOPCconcretehassufferedmoredeteriorationinacidicaswellas sulphate solution as compare to

Geopolymer concrete thus Geopolymer Concrete ismoredurablethanOPCconcrete.
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V.A.Shanmugavelu and N.Ramachandran (2014)determine Experimental and
Analytical ~ studies on  Reinforced  ConcreteBeamswith ~ GFRP  Laminates
ThispaperpresentsANNmodelforpredictingtheperformancecharacteristics of
reinforcedconcretebeamsstrengthenedwithglassfibrereinforcedpolymers(GFRP)laminates. A
total of seven beams of dimension 150mm x 250mm x 3000mm werecast and tested to study
the effectiveness of GFRP on reinforced concrete beams.Beams were strengthened with
CSMGFRP, WRGFRP and UDCGFRP laminates of3mm and 5mm thickness. All the
beamswere subjected to four-point bending andtested up to failure. Deflections were
measured through appropriate instrumentationatallstagesofloading.The
GFRPstrengthenedRCbheamsexhibitincreasedstrengthandcompositeactionuntilfailure. Theprop
osedmodelprovidedsatisfactory prediction of the performance parameters. The maximum
decrease indeflectionforGFRPstrengthenedreinforcedconcretebeamswas44.68%.TheGFRP
strengthened reinforced concrete beams exhibited an enhanced ductility up t094.36%.

J.Vengadesh Marshall Raman and V.MuraliKrishnan
(2016)PartialReplacementofCementwithGGBSinSelf-CompactingConcrete for Sustainable
Construction
conceptofpartialreplacementofcementwhichiscapableforsustainabledevelopmentischaracterize
dbyapplicationofindustrial
wastestoreduceconsumptionofnaturalresourcesandenergyandpollutionoftheenvironment. A
presently large amount of ground granulated blast furnace slag is aby-product of
manufacturing of pig iron with an important impact on environment andhumans. This
research work describes the feasibility of usingthe GGBS in self-compacting concrete
production as partial replacement of cement. GGBS can
beusedasfillerandhelpstoreducethetotalvoidscontent inself-
compactingconcrete.ConstantlevelofFlyashisalsousedinallsetofmixproportiontoincreasethepo
wdercontent forachievethe Workability. Thecementhasbeenreplaced by GGBS accordingly in
the range of 0%, 25%, 30%, 35%, and 40% byweightofcementforM-30mix.
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Afteriterativetrialmixesthewater/cementratio(w/c)wasselectedas

0.40. Self-compacting Concrete mixtures produced, tested and compared in terms
ofcompressive,splittensilestrengthandflexuralstrengthwiththeconventionalconcrete for 7,14,28
days. When the percentage of GGBS replaced to cement withvarying percentage from 25% to
40% the following results were drawn. With 25% ofGGBS the compressive strength at the
end of 7, 14 and 28 days 32.1, 39.94 and47.56N/mm2 respectively. The compressive strength
at theend of 28 days decreaseswhen the GGBS percentage is increased beyond 40%. However
the compressivestrengthofM30concreteattheendof28daysfor40%replacementofGGBSis

43.26N/mm2 as shownin Table -7. The compressive strength showed a steepdecrease when
the GGBS percentage is increased as shown in Chart -1. A similarincrease in the split tensile
strength was observed when the GGBS is increase 25%(5.55N/mm2attheendof28days).

M. Verapathran andP. Murthi(2016)conducted to evaluate the effect of steelslagaging
on acid resistance and rapid chloride permeability of high performance concrete(HPC). Effect of
different aging periods (6, 12, 18, 24, 30, 36 AND 42 months) of steelslag aggregates (SSA) on
acid resistance and rapid chloride permeability of
concretewasstudied. ltwasobservedthattheagingprocessofSSAimprovestheacidresistance and rapid
chloride permeability of HPC made with SSA. A minimum of 30 to36 months aging of SSA is
required to achieve the acid resistance and rapid chloridepermeability of HPC at par with
conventional concrete. Steelslag aggregates havephysical and mechanical properties similar to
that of natural coarse aggregates. Hence,they can be utilized as alternative to natural coarse
aggregates in concrete
production.Workabilityofconcretedecreaseswithincreaseintheagingperiodofsteelslagaggregates.
Dosage of super plasticizer may be increased to increase the

workability.Butinthiswork,itwaskeptconstantforbettercomparison.

Sandeep Aghara and Prof.Tarak vora (2017) determine experimental and analytical
study on torsion behaviour of RC beamstrengthened with GFRP laminations
Fibrereinforcedpolymer(FRP)asanexternalreinforcementisusedextensivelytoenhance the
strength requirement related to flexure and shear in structural systems.But the strengthening
of members subjected to torsion is yetto be explored asTorsion failure is a brittle form of
failure. In present study experimental and
analyticalstudyontorsionalstrengtheningofRCbheamwithGFRPlamentation. Totalsixrectangular

beamsof size 180*230and lengthl500 mm are casted. Out of sixbeam one beam as

14



controlbeam and remainingfive beams are GFRP wrappedbeam at different configuration.
Numerical workwas carried out wusing non-linearfinite element (FE). From
experimentalweconclude that wrapping pattern at

45angelgivemoretorsionalstrengththanwrappingat90degree.

Mithun R, etal, (2018) evaluated the properties of concrete by replacing cement
byGGBSat30%,40%,50%andFlyashat15%,25%,35%.DifferentblendsofflyashandGGBSaretriedaccording
toCodalprovisionsforcompositecementsandM-sandas the replacements to fine aggregates keeping other
constituents of concrete constant.These ternary mixes were tested for workability, strength and durability
properties ofconcrete. The resultswere tested at 7 and 28curing days. From testresults, it
isobservedthatworkabilityofconcretesurgeswithincreasesinFlyashandGGBScontent.  Finally, from the
experimental study we can conclude that composite cementwith performance equivalent to control PPC
or PSC can be prepared by using ternarymixofGGBSandFlyashintherangeof30-50%and15-
35%respectively. TheworkabilityofconcretesurgeswithincreaseinFlyashandGGBScontent. Astheflyashperc
entageincreasesintheternarymix,thetargetedmeanstrengthdecreases.Due to lag in gaining of compressive
strength of the concrete, the de-shuttering time
insiteincreases. TheresultsofModulusofelasticityofconcretereplicatesimilartendenciesascubecompressionst
rengthofconcrete. Thepartialreplacementofcement with pozzolanic materials facilitates Environmental
friendly disposal of the wastewhich is generated in enormous quantities. Composite cement is

environmental friendlyandrecommendedforgradualreplacementofOrdinaryPortlandcement.

B K Varun and Harish B A (2018) attempted to use a fly ash and GGBS as a
partialreplacement of cement. The main aim of this work is to study the fresh and
hardenedproperties of M-30 grade controlconcrete and  concrete  madewith
partialreplacementofflyashandGGBSwithvariouspercentages. Tostudythefreshpropertiesslumptest
s, compaction factor tests, Vee-bee consistometer tests are conducted. To studyhardened
properties compressive and splitting tensile strength tests are conducted.Making concrete with
the combination of Fly ash and GGBS and cement with differentpercentages gives good results
compared to control concrete. So the best way to usethese materials is in combination. Due to
environmental issues in the production ofcement,industrialbyproducts
likeflyashandGGBSareusedassupplementarymaterials in concrete and it saves cost of production

of concrete, and makes it eco-friendly.
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Azmat Ali Phul, et.al, (2019) investigated the incremental demand of cement in
theconstructionfieldisaconcernforenvironmentaldegradation,inthisregard,replacement of cement
is carried out with waste materials by using GGBS and Fly ash.On optimum level of GGBS and
Fly ashwas assessed with varied percentage from O t030% for different curing periods. The
workability of concrete tends to increase initiallywith increasing replacement percentage up to an
optimum limit, but then decreasespartially. GGBSandFly ashcontent increasestheworkability
reduces
atthesamewatercontainingandw/c. Theoptimumworkabilitywasobservedatreplacementpercentage
of 15% as compared to control one that achieved 30%. The
outcomesindicatedthattheadditionofGGBSandFlyashenhancestheworkabilityandcompressivestren

gthwhicheventuallyimproved themechanicalpropertiesofconcret

T.P.Meikandaanet.al, (2019) investigated
flexuralBehaviourofRCbeamwrappedwithGFRPSheetsRepair and strengthening of R.C beam is
now becomingmoreandmore important in the field of structural strengthening and retrofitting. The
presentpaper reviews the study of Glass Fibre ReinforcedPolymer(GFRP) flats
underflexuralbehaviourinreinforcedconcretebeams. Inthisstudy,experimentalinvestigation on the
flexural behaviour of RC Beam has been studied by
wrappingGlassFibreReinforcedPolymer(GFRP)sheets.ReinforcedConcreteBeamexternally bonded
with GFRP sheets were tested to failure using a symmetrical twopoint static loading system. Six
Reinforced Concrete Beams have been cast for
thisexperimentaltest. Allcastbeamsareweakinflexuralandhavingsamereinforcementdetailing. Threebe
amsareused as control beams and three beamsare strengthened using full bottom of glass fibre
reinforced polymer (GFRP)
sheets. Theexperimentalresultshows,thatfullbottomGFRPsheetwrappingin70%preloaded beam can
increase flexural capacity of the beam by 14%(on ultimate load)as compared to Controlled Beams.
Initial flexural cracks appear at a higher load
bystrengtheningthebeamatsoffit. Theultimateloadcarryingcapacityofthestrengthenedbeamis14%mor

ethanthecontrolledbeam.
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VinayakAwasare and Prof. M. V. Nagendra et.al, (2019) investigated Analysis of
strength characteristics of GGBS concreteToday’s construction industry, use of concrete
isgoing on increasing rapidly. Cement is major constituent material of the concretewhich
produced by natural raw material like lime and silica. Oncesituation mayoccurs there will be
no lime on earth for production of cement. This situation leads tothink all people working in
construction industryto do research work on cementreplacingmaterialanduseof it.
IndustrialwasteslikeGroundGranulatedBlastFurnace Slag (GGBS) show chemical properties
similar to cement. Use of GGBS ascement replacement will simultaneously reduce cost of

concrete and help to reducerate ofcementconsumption.

S.V.HemaShangari et.al, (2019) investigatedAn Analytical, Numerical and
Experimental Investigation of GlassFibreSheetWrappedReinforcedConcreteBeams in
construction field maintenance, rehabilitation and strengthening ofstructural members are the
major issue. The wrapping of RC beams with Glass
FibreReinforcedPolymersheetincreasesthestrength. Afiniteelementreinforcedconcrete  model
has been analysed by using ANSYS finite element program for bothunstrengthen and RC
beams. In analytical investigation six beams were analysedusing theoretical formulae. In
experimental investigation Six beams were casted
andanalysedundertwopointloadingsysteminaloadingframe. Theretrofittingisattainedwiththeadh

esionofGFRP sheettothetotalvolumeofthebeams.

17



CHAPTER 3

METHODOLOGY AND
MATERIAL USED

COLLECTION OF MATERIALS

J

DESIGN MIX
CALCULATIONS MIXING
OF CONCRETE

J

ANALYSIS USING ANSYS
SOFTWARE

CASTING AND
DEMOULDING OF
CONCRETE SPECIMENS

J

CURING OF CONCRETE
SPECIMENS FOR 28
DAYS

J

TEST ON HARDENED
CONCRETE USING
STRENGTH PROPERTIES

J

DESIGN AND
ANALYSIS OF
REINFORCED CONCRETE
BEAMS RESULTS

18



3.1CEMENT

Ordinary Portland cement is the most common type of cement ingeneral use
around the world as a basic ingredient of concrete, mortar, stucco,
andmostnonspecialtygrout.ltdevelopedfromothertypesofhydrauliclimeinEnglandinmid19thcen
turyandusuallyoriginatesfromlimestone. Itisafinepowderproducedbyheatingmaterialstoformcli

nker.

After grinding the clinker we will add small amountsof
remainingingredients.Manytypesofcementsareavailable inmarket. Whenitcomestodifferent
grades of cement, the 53 Grade OPC Cement providesconsistently higherstrength compared
to others. As per the Bureau of Indian Standards (BIS), the gradenumber of a cement
highlights the minimum compressive strength that the cement
isexpectedtoattainwithin28days.For53GradeOPCCement,theminimumcompressive  strength

achieved by the cement at the end of the 28th day shouldn’t belessthan53MPa or530kg/cm?.

FIG3.1:CEMENT
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Table:3.1.1 properties of cement

S.no Properties Testresults
1 Normalconsistency 0.32
2 Initialsettingtime 50min
3 Finalsettingtime 320min
4 Specificgravity 3.14
5 Fineness 5%

The colour of OPC is grey colour and by eliminating ferrous oxideduring
manufacturing process of cement we will get white cement also.OrdinaryPortland Cement of
53 Grade of brand name Ultra Tech Company, available in thelocal market was used for the
investigation. Care has been taken to see that theprocurement was made from single batching
in airtight containers to prevent it frombeing effected by atmospheric conditions. The cement
thus procured was tested forphysical requirements in accordance with 1S: 169-1989 and for

chemical requirementinaccordancelS:4032-1988.

3.2 FINEAGGREGATES

Sandis anaturalgranularmaterialwhich ismainlycomposedoffinely divided
rocky material and mineral particles. The most common constituent ofsand is silica (silicon
dioxide, or SiO2), usually in the form of quartz, because of
itschemicalinertnessandconsiderablehardness,isthemostcommonweatheringresistant - mineral.
Hence, it is used as fine aggregate in  concrete.  River  sand
locallyavailableinthemarketwasusedintheinvestigation. Theaggregatewastestedforits  physical
requirements such as gradation, fineness modulus, specific gravity inaccordancewithlS:2386-

1963.The sandwassurfacedriedbeforeuse.
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Fig.3.2 FineAggregates

PROPERTIES MAGNITUDE
Specific gravity 2.6
Bulk density ,kg/m3 1830
Porosity,% 29.67
Grading zone Zone Il
Fineness modulus 3.13
Water absorption 1.02%

Table:3.2.1 PropertiesofFineAggregate
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3.3 COARSEAGGREGATES

Crushed aggregates of less than 12.5mm size produced from
localcrushingplantswereused. Theaggregateexclusivelypassingthroughl2.5mmsieve size and
retained on 10mm sieve is selected. The aggregates were tested fortheir physical requirements
such as gradation, fineness modulus,specific gravity
andbulkdensityinaccordancewithlS:2386-1963.Theindividualaggregatesweremixed to induce
there quired combined grading. The

particularspecificgravityandwaterabsorptionofthemixturearegivenintable.3

PROPERTIES COARSE
AGGREGATE

Particle shape Angular

Particle size 20mm

Specific gravity 2.75

Fineness modulus 4.18

Table:3.3.1 propertiesof coarse aggregate

Fig.3.3. COARSE AGGREGATE
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3.4 WATER

For complete Hydration it requires about 3/10th of its weight of water. It is practicallyproved
that minimum water-cement ratio 0.35 is required for conventional concrete.Water
participates in chemical reaction with cement and cement paste is formed andbind swath

coarse aggregate and fine aggregates. If more water is used, segregationand bleeding takes

place, so

Henceitmayavoidbleeding.lfwatercontentexceedpermissiblelimitsitmaycausebleeding.Iflessw

aterisused,therequiredworkability is not achieved. Potable water fit for drinking is required to

Waterplaysavitalroleinachievingthestrengthofconcrete.

that the concrete becomes weak, but

be used in theconcreteanditshouldhave pHvalue rangesbetween 6t09.

most of the waterwillabsorb.

S. No Property Value
1 PH 7.1
2 Taste Agreeable
3 Appearance Clear
4 Turbidity(NT units) 1.75

Table:3.4.1Physical properties of water
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3.5 GROUNDGRANULATEDBLASTFURNACESLAG
Ground Granulated Blast furnace Slag (GGBS) is a by- productfrom
the blast furnaces used to make iron. These operate at a temperature of about1500 degrees
centigrade and are fed with a carefully controlled mixture of iron ore,coke and limestone. The
iron ore is reduced to iron and the remaining materials froma slag that floats on top of the

iron. This slag is periodically tapped off as a moltenliquidand if

itistobeusedforthemanufactureofGGBS ithastoberapidlyquenched in
largevolumesofwater.The quenchingoptimisesthecementitiouspropertiesand
producesgranulessimilarto coarsesand. Thisgranulatedslag

isthendriedandgroundtoafinepowder.

Blast Furnace

iron ore,
and
limestone

Molten iron

Fig.3.4:SourcesofGroundGranulated BlastSlag

GGBS is used along with the ordinary Portland cement or other pozzolanic
materials inconcrete. Its use is increasing day by day because it improves the durability of
concretewhichessentially  increasethelifespanofconcretestructuresfrom  fiftytohundredyears.
GGBS has Good workability which helps in better placing and compaction andDue to the less
heat of hydration the temperature rise will be less avoiding the risk

ofthermalcrackinginlargevolumeofconcrete.
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The main problem is the original conventionalmaterials aredepleting
and we are in hunt for alternate building materials which lands us here onthe purpose of
GGBS. Being a by-product and waste using it effectively up to someextent serves as a step for
a greener environment and at the same time keeping

inmindthatthestrengthoftheconcretedoesn’tdegradebytheusage GGBS.

GGBShassimilarorslightlyimprovedconsistencythanordinaryPortlandcementconcrete. This makes
the concrete very easy to place and compact. The setting time ofconcrete is mainly influenced by
the temperature and watercement ratio.Using ofGGBS in concrete generally increase the setting
time slightly up to 30 minutes. This hasan advantage that this concrete mix can be workable for a
longer time and the risk ofdeveloping cold joints will be lesser. This property is helpful in
construction in warmweather. If GGBS is used in a concrete mix, it can develop almost same 28
day strengthas ordinary Portland cement. At higher GGBS percentages the increased
cementitiouscontentmayleadachieveequivalent 28daystrengthmuchfaster.

GGBSconcretegainsstrengthmoresteadilythanequivalent concretemadewithPortlandcement.

3.5.1 PROPERTIESOFGGBS

Ground Granulated Blast Furnace Slag which is a by-
productofsteelmanufacturingindustryisanacceptedmineraladmixtureforuseinconcrete. This
granulated materialwhen further ground to less than 45micron
iscalledGroundGranulatedBlastFurnaceSlag(GGBFS).

S.NO Property Value

1 Normalconsistency 30%

2 Initialsettingtimein min 55minutes
3 Finalsetting timeinmin 9hours

4 Specificgravity 2.98

5 Finenessof cementbysieve 8%

Table:3.5.1.1 Physical PropertiesofGGBS
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Fig.3.5:GGBS

Table:3.5.1.2 chemicalpropertiesof GGBS

Material | SiO2 | Al20 | Fe203 CaO MgO SO3 K20 Na20 | LOI
3
GGBS 33.4 | (SiO2+Al 25.02 7.97 0.85 1.28 1.32 13.61
6 203+Fe2
03)

=48.63
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3.6.GLASSFIBREREINFORCEDPOLYMER

3.6.1. FIBREREINFORCEDCONCRETE
Fibreshavebeenusedassecondaryreinforcementsinceancient  times.
Historically, horsehair was wused in mortar and straw in mud bricks.
Intheearly1900’s,asbestosfibreswereusedinconcreteandinthe1950°stheconcept of composite
materials came into being and FRC was one of the topics ofinterest. There was a need to find
a replacement for the ashestos used in concreteonce the health risks associated with the
substance were discovered. By the 1960s,steel, glass and synthetic fibres such as
polypropylene (PP) fibres were used inconcrete,and researchintonewFRCcontinuestoday.
Fibresareusuallyusedinconcretetocontroltheplasticshrinkagecrackinga
nddryingshrinkagecracking. Theyalsolowerthepermeabilityofconcrete and thus reduce the
bleeding of concrete. Some types of fibres producegreater impact,abrasion resistance in
concrete.There is considerable improvementin the post-cracking behaviour ofconcrete
containing fibres. Although in the fibre-reinforced concrete the ultimate tensile strengths do
not increase appreciably, thetensile strains at rupturedo. Compared to plain concrete, fibre
reinforced concrete ismuchtougherandmoreresistanttoimpact.
3.6.2.FIBREREINFORCEDPOLYMER(FRP)
Continuousfibrereinforcedmaterialswithpolymeric matrix(FRP) can
be considered as composite, heterogeneous, and anisotropic materialswith a prevalent linear
elastic behaviour up to failure. Normally, Glass and

Carbonfibresareusedasreinforcingmaterialfor FRP.
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Epoxy is used as the binding material between fibre layers Forthis
study, GFRP sheet was used during the tests i.e., a bidirectional FRP with thefibre oriented in
both longitudinal and transverse directions, due to the flexible
natureandeaseofhandlingandapplication,theFRPsheetsareusedfor torsionalstrengthening.
Throughout this study, E-glass was used manufactured by OwensCorning.
3.6.3GLASSFIBRE

Glass fibre likewise called fibreglass. It is the materialwhich
isproduced using amazingly fine strands of glass. Fibreglass is a lightweight, greatlysolid, and
strong material. In spite of the fact that quality properties are to somedegree lower than
carbon fibre and it is less solid, the material is ordinarily far lessfragile, and the crude
materials are substantially less costly. Its mass quality andweight properties are likewise
extremely idealwhen contrasted with metals, and itcan be effectively framed utilizing shaping
procedures. Glass is the most seasoned,and most natural, execution fibre. Filaments have been
produced from glass sincel930s. Most broadly utilized class of strands in composites are

those produced fromE-glass.

Fig.3.6:GlassFibre

28



E-glass is a low soluble base borosilicate glass initially
createdforelectricalprotectionapplications.Itwasinitiallydeliveredfinanciallyforcomposite
produce in 1940's, and its utilization now approaches2 MT for each
yeararoundtheworld. AwiderangeofnationsproduceEglassanditscorrectarrangement  fluctuate
as per the accessibility and creation of theneighbourhoodcrude materials. It is made as
consistent fibres in groups, or strands, each

containingnormallybetween200and2000singularfibresof10-30pmwidths.

Fig.3.7: GFRP

Glass fibres are also available as thin sheets, calledmats. Amatmay
be made of both long continuous and short fibres (e.g., discontinuousfibres with a typical
length between 25 and 50 mm), randomly arranged and kepttogether by a chemical bond. The
width of such mats is variable between 5 cm and 2m,theirdensitybeingroughly 0.5kg/m?.

Glass fibres typically have a Young modulus of elasticity (70GPa
for E-glass) lower than carbon or aramid fibres and their abrasion resistance isrelatively poor;
therefore, caution in their manipulation is required. In addition, theyare prone to creep and
have low fatigue strength. To enhance the bond betweenfibres and matrix, as well as to
protect the fibres itself against alkaline agents
andmoisture, fibresundergosizingtreatmentsactingascouplingagents.Suchtreatmentsareusefulto
enhancedurabilityandfatigueperformance(staticanddynamic) of the composite material. FRP

composites based on fibreglass are usuallydenotedasGFRP.
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3.6.4. GLASS FIBREREINFORCED POLYMER SHEET

Glass fibres are also available as thin sheets, called mats. A matmay bemade of both
long continuous and short fibres. To enhance the bond between fibresand matrix, as well as to
protect the fibres itself against alkaline agents and moisture,fibres undergo sizing treatments
acting as coupling agents. Suchtreatments areuseful to enhance durability performance of the
composite material. Glass fibres arethe fibres commonly used in the naval and industrial
fields to produce composites ofmedium-highperformance.ltpossesseshighstrength.Glass

ismainlymadeofsilicon(SiO2)withatetrahedralstructure(SiO4).

Fig.3.8:Glassfibrereinforcedpolymer

FRP composites based on fibre glass are usually denotedasGFRP.
The glass fibres available in the form of sheets called glass fibre
reinforcedpolymer(GFRP)sheet. ThefibresandmatrixcombinetoformaGFRP sheet.
3.6.5 PROPERTIESOFGFRPMATERIALS

GFRPcompositesareacuttingedgedevelopmentmaterial, ~ another
option to customary materials, for example, solid, steel and wood.Among numerous
utilizations of FRP in common foundations, connectdecks
havegotmuchconsiderationasaresultoftheirlightweight,highqualityto-weightproportion,

andconsumptionresistance.
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Different points of interest of FRP extension decks arethe
lessening in scaffold deck development time and increment in administration life.The
engaging quality of FRP composites as developmentmaterialsgetsfrom asetof pointsof interest
gatheredfrom the tailor capacityof this material class
throughthesynergisticmixofstrandsinapolymericpitchnetwork,whereinthefibrefortifications
convey stack in predesigned bearingsand the tar goes about asamedium to exchange worries
between abutting filaments through attachment andfurthermore gives insurance to the
filaments.The choice of framework and supportfor manufacture of any composite item
predominantly relies on upon the properties ofmatrixandreinforcement.

3.6.6. APPLICATIONOFGFRPOVERLAYSFORSTRENGTHENINGOF RCBEAMS
Fibrereinforcedpolymer(FRP)compositesareformedbyembeddingcontinu
ousFibresinaresinmatrixthatbindstheFibrestogether.
3.6.6.1 TypesofFRPs
DependingontheFibresused,FRPcompositesareclassified into three
types: Glass FRP composites (GFRP), Carbon FRP
composites(CFRP)and AramidFRPcomposites(AFRP).AlthoughFRPcompositesareexpensive
and more susceptible to physical damage than steel,they have becomean attractive substitute
for steel in strengthening systems for concrete structures dueto their many advantages, high
strength to weight ratio,corrosion resistance, andhighfatigueresistance,
easyandreliablesurfacepreparation.
3.6.6.2 FRPComposite
Fibre Reinforced Polymer composite is defined as a
polymer(plastic) matrix, either thermo set or thermoplastic, that is reinforced (combined)
witha fibre or other reinforcing material with a sufficient aspectratio(length to

thickness)toprovideadiscernablereinforcingfunctioninoneormoredirections
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ApplicationofGFRPoverlaysistheoneofthesimplexmethods for
wrapping the existing structures. GFRP has high strength ratio highstiffness to weight ratio,
flexibility in design, non-corrosiveness, high ultimate strengthandlowerdensity.

3.6.7 ADVANTAGESAND LIMITATIONSOF GFRP OVERLAYS
FORSTRENGTHENINGOFBEAMS

Advantages

1. LowcostwhencomparedtootherFRPs
2. HighStrengthtoweightratio
3. Corrosionresistance
3.6.8 APPLICATIONS
GFRP can be used for both interior and exterior fissures in avariety
of shapes, styles and textures in new building or in retrofitting projects

andalsoindomes,foundation,columns,balustrade,planters,panels,sculpture,entryways,modellin

g,facades,cornice,porticos,cupolas,signs,roofs.
3.7 EXPERIMENTAL WORK:
3.7.1 PRELIMINARY TEST:

SieveAnalysisforFineAggregate
The sieve analysis test for fine aggregate is described as follows. Take one kg
of sandfrom the laboratory sample. Arrange the sieves in order of IS sieves nos. 480, 240,
120,60, 30 and15, keeping sieve no. 480 at the top and 15 at the bottom and cover the top.Keep

the sample in the top sieve no. 480. Carry out the sieving in the set of sieves fornot less than 10
minutes. Find the weight of the sample retained in each sieve.
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Table:3.7.1.1 SieveAnalysisforFineAggregates

SIEVEANALYSISFORFINEAGGREGATES
Sieve Weight Percentage | Percentageof Percentage
S.No | size Retained of weight _
. . weightReta Retained  ©ofPassing
in(m in(gms)
inedin
m)
(gms)
1 10 0 0 0 100
2 4.75 0 0 0 100
3 2.36 18 1.80 1.80 98.20
4 1.18 358 35.80 37.60 62.40
5 0.60 204 20.40 58.00 42.00
6 0.30 194 19.40 77.40 22.60
7 0.15 114 11.40 88.80 11.20
Pan 112 11.20 100 0
Total 1000 364

Finenessmodulus ofheavyweightfine aggregate=SumofCumulative
%ofretained/100

GradingZone:ll F.M:364/100=3.6

SieveAnalysisforCoarseAggregate

The sieve analysis test for fine aggregate is described as follows.
Take one kg of coarseaggregates. Arrange the sieves one over the other in relation to their
size of opening.(25mm, 20mm, 12.5mm, 10mm, 4.75mm). Carry out the sieving for the

specified time.Findtheweight ofaggregate retainedon eachsieve
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SIEVEANALYSISFOR20mmCOARSEAGGREGATES

. . . weightRetai Percentageofw |[PercentageofP

S| _Sleves Welg_htRetal ned in(gms) eightRetained fssing
no ize ned in(gms)
in(mm
)
1 40 0 0 0 100
2 20 562 5.62 5.62 94.38
3 10 9390 93.90 99.52 0.48
4 4.75 26 0.26 99.78 0.22
5 Pan 22 0.22 100 0.00
Total 10000 - - -
Table:3.7.1.2 SieveAnalysis for CoarseAggregates
Specific Gravity Test
Table:3.7.1.3 SpecificGravityofCoarseAggregates
Description Notations 20mmin
gms
Weight of Wy 180
emptyPycnome

ter

Weightofpycnometer+Wat W2 466

er

Weightofpycnometer+Agg W3 260

regate

Wt. of pycnometer W, 514

+water+aggregate
G=(W3-W1)/(W3-W1)—(W4s-W>) 2.65
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3.8 MIXDESIGN

3.8.1 DESIGNSTIPULATIONS

GradeDesignation M-30
Typeofcement O.P.C-53grade
FineAggregate Zone-1
Sp.GravityCement 3.14
Sp.GravityFineAggregate 2.6
Sp.GravityCoarseAggregate 2.75
TARGETMEANSTRENGTH

fo=Tfo+(Sxt)
=30+(5X 1.65)=38.25MPa
SELECTIONOFWATERCEMENTRATIO
Watercementratio = 0.45(forstrengthpointofview)w/c
=0.50(fordurablepointofview)
Adoptlowervalue
wic =0.45
AIRCONTENT
Aircontent=2%
CALCULATEOFWATERCONTENT
Watercontent=186 kg(As perTableNo.4,1S:10262)
% offineAgg=35%
SANDCONTENT
Consider fine aggregate zone-
ISandcontent= 35+1.5%
=36.5%
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CALCULATETHECEMENTCONTENT
Cementcontent=watercontent/w/cratio
=186/0.45
=425.73kg/m?

CALCULATEC.A&F.A(ASPERIS:10262,Cl, NO.3.5.1)
FromTable-

3volumeofcoarseaggregatecorrespondingto20mmsizeaggregateandfineaggregateFORWater—
cementratioof0.50=0.60
Wehaveawatercementratiois0.45.Basedonfollowingconditionvolumeofcoarseaggregateisincreased.

i) Asthewater cement ratio is lowerby 0.10, theproportion of volumeof

coarseaggregateisincreased0.02.

VolumeofCoarseaggregate=0.61Volumeof
Fineaggregate=1-0.61
=0.39
Volume of Fine aggregate =
0.39Step:-6MixCalculation
Volumeofconcrete=1md(a)
Volumeofcement=(Massofcement/Specificgravityofcement*1000)=(425.73/3.15*1000)
Volumeofcement=0.135m3(b)
Volume of water = (Massof water/Specificgravity ofwater*1000)
=(191.58/1*1000)
Volume ofwater=
0.192m3(c)Volumeofallaggregate=a—
(b+c)
=1-(0.135+0.192)
Volumeofallaggregate (e) =0.673m3
Massof Fineaggregate ={ (volume ofFineaggregate)*
(specific gravity of
Fineaggregate)* 1000* e}
={0.39*2.74*1000*0.673}
Massof Fine aggregate =719.17 kg
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Mass ofCoarseaggregate={(volumeofCoarseaggregate)*(specificgravity
Coarseaggregate)* 1000* e}
={0.61* 2.74*1000* 0.673}
Massof Coarse aggregate= 1124.85 kg

MIXPROPORTION

Cement FA CA Water(l
(kg)/m?3 (kg)/m3 (kg)/m3 iter)/m3
425.73 719.17 1124.85 186

Table:3.8.1.1MixdesignofM30gradeconcrete
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3.8.3.REPLACINGMATERIALRATIO

CementReplacing20% ofGGBS

=425.73x(20/100)=85.15
CementReplacing30 %ofGGBS

=425.73x(30/100)= 127.72
CementReplacing40 % ofGGBS

=425.73x(40/100) =170.29
CementReplacing50 %ofGGBS

=425.73x(50/100)= 212.86
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3.9 ANALYTICALINVESTIGATION AND ANALYSIS

Theanalyticalinvestigationisdoneusingsometheoreticalformulas.Forthewra
ppedsectiontheultimatemomentandultimateloadisdetermined using thefollowingformula.
STEP-1:FRPdesignmaterialproperties: Duetothelong-termexposuretovarious  type  of
environmentcan reduce the tensile properties, creep-rupture andfatigue endurance of

laminates. So the material property used should be reducedbasedonenvironmentalconditions.

_ _ fra = Cefra
fro- Design ultimate strength of FRPCe-

EnvironmentalReductionFactor

&fu -Designrupture strainofFRP
STEP-2:ExistingStraincalculation: Theonlyloadactingonthebeamatthetimeof GFRP
installation is dead load. The existing strain value for the cracked section isgiven as

LIQL ‘df—kd J

Ebl = I E

STEP-3: DesignStrainof GFRPsystemTopreventanintermediatedeboningfailure mode, the
effective strain for GFRP is calculated and it should be less than
orequalto0.9timesthedesignrupturestrainofGFRP.

e

fe
g = 0.41 N nEgts <0.9 g,

STEP-4:TheeffectivelevelofstraininGFRPreinforcement:

df—C
c

ere = 0.003 {2} &y < 2

e}

2. = (Zfe + i) {df— |
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The maximum strain level in GFRP is governed by the
strainleveldevelopedInGFRPatthepointatwhichtheconcretecrushes, GFRPruptureordeboningfr
omthesubstrate.

STEP-5: Existing Strain in reinforcement Based on strain level InGFRP sheet,

theexistingstraininreinforcementisdetermined usingtherelation,

STEP-6:StresslevelinreinforcementandGFRP

d- )
df — C)
Thestressinsteeliscalculated

g5 = (2 + Epi) {

f,= E,2, < f,

-— \

ThestressinGFRPsheetiscalculated

fte = Ef2ge

Concretestressblockfactorsarecalculatedbasedontheparabolicstress-strainrelationshipfor

concrete.

STEP-7:CalculateFlexuralstrengthcomponents

Steelcontributiontobending

Mps = 4, {f,d - 2

FRPcontributiontobending

-\Inf = Af {ffc-df =l _3_:1_0_}

STEP-8:CalculateFlexuralstrengthofsection

Thedesignflexuralstrengthofthebeamiscalculatedanditshouldbegreaterthanthemomentcalculatedfort

heunwrappedbeams.

&M, = (M. + ¥M, ¢ > M,
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ANSYSANALYSIS

ANSYS, Inc. is an  American  engineering  software
developerheadquarteredsouthofPittsburghinCecilTownship,Pennsylvania,andUnitedStates.
Ansys publishes engineering analysis software across a range of disciplinesincluding finite
element analysis, structural analysis, computational fluid dynamics,explicitandimplicit
methods,andheattransfer.

3.9.1 HISTORY

The company was founded in 1970. ByJohn A. Swanson asSwanson
Analysis Systems, Inc (SASI). Its primary purpose was to develop andmarket finite element
analysis software for structural physics thatcould simulatestatic (stationary), dynamic
(moving)and thermal(heat transfer) problems.
SASIdevelopeditsbusinessinparallelwiththegrowthincomputertechnologyandengineeringneeds
.Thecompanygrewbyl0percentto20percenteachyear,andin 1994 it was sold to TA Associates.
The new owners took SASI's leading software,called ANSYS, as their flagship product and
designated ANSYS, Inc. as the newcompanyname.

Ansys was listed on theNASDAQ stock exchange in 1996.
In2011, Investor'sBusinessDailygavethefirmatopscoreonitsSmartSelectcomposite ratings. The
organization claims to reinvest 15 percent of its

revenueseachyearintoresearchtocontinuallyrefinethesoftware.

3.9.2 ACQUISITIONS

Ansyshasacquiredanumberofcompaniessince2000,
including ICEM CFD Engineering, Space-claim, CADOE S.A., ofLyon,France,
acompanyspecializinginparametricanalysis,andwithnumerous Frenchclients,including
Michelin, Renault,  Airbus, Areva and EDF,J[6] and CFX  (2003);
CenturyDynamics,HarvardThermal,andFluentinc.(2006).
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An soft Corporation (2008); Apache Design  Solutions
(2011);EsterelTechnologies(2012);[7]EVENandReactionDesign(2013);SpaceclaimCorporatio
n(2014) [8]andNumericalTechnologiesInternational(2015).

3.9.3STRUCTURALANAYSIS
)ANSYSAUTODYNE
ANSYS Autodyne is computer simulation tool for simulating
theresponse of materials to short duration severe loadings from impact, high pressure
orexplosions.
IHANSYSMECHANICAL
ANSY SMechanicalisafiniteelementanalysistoolforstructuralanalysis, i
ncludinglinear,nonlinearanddynamicstudies. ANSY SMechanical  also includes thermal
analysis and coupled-physics capabilities involvingacoustics,piezoelectric,thermal—

structuralandthermo-electricanalysis.

@3
P00

Fig:3.9 STEEL3DMODELINANSYS
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3.10 ELECTRONICS

3.10.1ANSYSHFSS
ANSY SHFSSisaFiniteElementAnalysistoolforsimulating
full-wave electromagnetic fields. HFSS incorporates finite element, integral equation,and
hybrid methods to solve a wide range of microwave, RF and high-speed digitalapplications.
3.10.2ANSYSMAXWELL
ANSY SMaxwellisaFiniteElementAnalysistoolforelectromagnetic field
simulation, primarily for engineers tasked with designing
andanalysingelectromagneticandelectromechanicaldevices,includingmotors,actuators,transfor
mers,sensorsandcoils. ANSY SMaxwellincorporatesfiniteelementmethodsolverstosolvestatic, fr

equency-domain,andtime-varyingelectromagnetic andelectricfields.

3.10.3 ANSYSSIWAVE
ANSYS SI wave is a specialized design platformfor
powerintegrity,signalintegrityandElectromagneticinterference(EMI)analysisofelectronicpacka
gesandPCBs.
SUITES
ANSYS Multi physics and ANSYS Workbench provide
multipleANSY'S toolsina singlepackage.

AVAILABILITY
A free student version is available for download, and
supportsupto32,000nodes/elements.SASIdevelopeditsbusinessinparallelwiththegrowth in
computer  technology and engineering needs. The company grew by

10percentto20percenteachyear,andin1994itwassoldtoTA Associates.
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3.11 BASICSTEPSINVOLVEDINANSYS

3.11.1 PREPROCESSING

The major steps in pre-processing are (i) define Kkey
points/lines/areas/volumes (ii) Define element type and material/geometric propertiesand (iii)
mesh  Lines/areas/ volumes as required. The amount of detail required
willdependonthedimensionalityoftheanalysisi.e.1D,2D,assymmetricand3D(iv) Todefinecontac
tpairingbetweenthetwosurfacesifnecessary(v) Todefineconstraints(Translationalandrotational) (

vi)to defineloads(pointorpressure).

(0 4 St Structural - Mechanical [ANSTS Nk
File Edt View Q 5| Jsohe v UShowbon ReienbodelBen) AW H 4 N @-Hooe R [[RAVE RERE & /S+QAQA Q@AAE NS B O[T
WEdgeCooing v A+ fv Av A fv A H - Thicken Annctations

Filter: Mame. - Bads

Y
XL £

0 NoMessages. No Selection Metric (m, kg, N3, V, A) Degrees rad/s Celsius

Fig:3.10 BEAMMODELIMPORTINANSYS

3.11.2 SOLVER(SOLUTION)
Heretheanalysistypeisdefinedlikestatic,transientdepending on model

we are analysing. Next step is to set  the solution using

SolutionControls.FinallysolvingbyincrementalmethodusingNewtonRaphsonsolver.
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3.11.3 POSTPROCESSING

Fig:3.11 BEAMWITHGFRPMODELIMPORTINANSYS

Inthisstepwecanviewtheresults(i)listsofnodal

displacements(ii)elementforcesandmoments(iii) Deformedshapeand(iv)Stresscontourdiagrams.
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3.12 TESTPROCEDURE

3.12.1 CASTING AND CURING
Theconcrete cubespecimensarecasted bytheconsideration offollowingsteps
1. Cube Mould
The cube moulds of required size150 x 150 x 150 mm for nominal size ofaggregate not
exceeding 38 mm. Cube moulds shall be provided with a
baseplateandtheyshallbeasper!1S:10086-1982.

2. TampingRod
As per 1S:10086-1982, the tamping rod shall be 16£0.5 mm dia and 600+2

mmlongwitharoundedworkingendandshallbemadeofmildsteel.

3. CastingProcess
The cube mould plates should be removed, properly cleaned assembled and

alltheboltsshouldbefullytight. Athinlayerofoilthenshallbeappliedonallthe faces of the mould.

It is important that cube side faces must be parallel .

Aftertaking concrete samples and mixing them, the cubes shall be cast as soon
aspossible.  The concrete sample shall be filled into the cube moulds in
layersapproximately5cmdeep.

In placing each scoopful of concrete, the scoop shall be moved around the

topedgeofthemouldastheconcreteslidesfromit,inordertoensureasymmetrical  distribution
of the concrete with in the mould. Each layer shall becompactedeitherbyhandor

bythevibrationasdescribedbelow.
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CompactionByHand

Each layer of the concrete filled in the mould shall be compacted by not less than35
strokes by tamping bar. The strokes shall be penetrate into the underlyinglayer and the
bottom layer shallbe rodded throught its depth. Where voids areleftby

thetampingbarthesidesofthemouldshallbetappedtoclosethevoids.

Fig:3.12 M30GradeconcretemixinginpartialreplacementofGGBSbycementin
20%, 30%0,40%& 50%.

Fig:3.13 Castingthecompressioncubes
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Fig:3.14 Aftercuredcompressioncubes

CastingofCylinders
Thematerialpropertiesofconcretecanonlybeproperlyevaluatediftestspecimens are made
and cured according to standards. Concrete cylinders aretypically made to evaluate the
compressive strength of the concrete as well asSpilttensilestrength.
5. CylinderMould
Metal 100 x 200 mm or 150 x 300 mm cylinder moulds are used for castingconcrete test
specimens in the field. Before filling, they should be placed on

asmooth, firm, levelsurface.

6. TampingRod
If 100 mm diameter moulds are used then it should be filled in 3 equal layers
andeachlayerroddeduniformly20timeswithalOmmdiameterx450-
600mmlonghemisphericallytippedsteelrod.
If 150 mm diameter moulds are used then it should be filled in 3 equal layers
andeachlayerroddeduniformly25timeswithal6mmdiameterx450-

600mmlonghemisphericallytippedsteelrod.
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7. CastingProcess
The strokes shallbe distributed uniformly over the cross-section of the

mould.Thebottomlayershallberoddedthroughoutitsdepth.Foreachupperlayer,the rod shall penetrate about
25 mm into the underlying layer. If voids are left by therod, the sides of the mould should be tapped to

close voids before adding the extlayerofmaterials.

Fi : 3.5 adcyllnder

CastingofBeams
AccordingtostandardsConcretebeamarecastedtoevaluatetheflexuralstrengthofthe concrete. The
casting and testing procedure to be followed as Indian standard codelS516:1959.

8. CylinderMould
The mould standard size will be 150 x 150 x1500 made out of metal. The tampingbar
shall be a steel bar weighing 2kg, 40 cm long and shall have a ramming face25mmsquare.
The test specimen shall be made as soon as practicable after Mixing and in suchway as to

produce full compaction of concrete while neither segregation norexcessivelaitance.
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Fig :3.16 casting of beam

9. CastingProcess
The compaction shall be distributed uniformly over the section of the mould. Thebottom
layer shall be rodded throughout its depth. For each upper layer, the rodshall penetrate
about 25 mm into the underlying layer. If voids are left by the rod,the sides of the mould

should be tapped to close voids before adding the nextlayerofmaterial.

Fig:3.17 Compactingtheconcretebeams
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Fig:3.18 Beforecuringtheflexuralbeams

CURING

CuringplaysavitalroleconcerningconcretestrengthdevelopmentandDurability. CuringofConcreteisa
methodbywhichtheconcreteisprotectedagainstlossofmoisturerequiredforhydrationandkeptwithinth
erecommendedtemperaturerange.Curingwillincreasethestrengthanddecreasethepermeabilityofhar

denedconcrete.Curingisalsohelpsinmitigatingthermalandplasticcracks,whichcanseverelyimpactdu
rabilityofstructures.

@O REDMI NOTE 9 PRO MAX
QO A1 QUAD CAMERA

Fig: 3.19 curing of beam

Curing practice involveskeeping the concrete damp ormoist untilthe hydration

ofconcreteiscompleteandstrengthisattained.Curingofconcreteshouldbeginsoonafterinitialsettingti
meofconcrete.

As per IS 456— 2000 concrete should not be cured less than 7 days for
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ordinaryPortlandCement,anditmustbeatleast10daysforconcretewithmineraladmixturesorblendedc
ementareused.Incaseofhotweatherandverydrytemperatureconditions,thecuringshouldnotbelesstha

n10DaysforOPCandl4daysforconcretewithblendedcement&mineraladmixtures.

3.12.2 TESTSONHARDENEDCONCRETE

The hardened concrete test consists of both the strength and durability properties of theconcrete.
Thestrength properties ofconcreteis carried outby compressive strengthtest, split tensile strength
test, flexural strength test, cylindrical compression test, andyoung’smodulustest and the
durabilityproperties oftheconcrete

iscarriedoutbyRapidchloridepenetrationtestandsulphateattacktestasfollows.

3.12.2.1 CompressiveStrengthTest

Thisprocedureisapplicableforestablishingtestingmethodforthecompressivestrength  of  concrete
specimens. Specimens stored in water shall be tested immediatelyon removal from the water and
while they are still in the wet condition. Wet condition

isalsomaintainedbycoveringthespecimenswithwetburlap.

The bearing surfaces of the testing machine shall be wiped clean and dry loosesand or
other material removed from the surfaces of the specimen which are to be
incontactwiththecompressionplatens.Incaseofthecubes,thespecimenisplacedinthe machine in such
a manner that the load shall be applied to opposite sides of thecubes as cast that is, not to the top
and bottom. The axis of the specimen shall becarefully aligned with the center of thrust of the
spherically seated platen. No packingshall be use between the faces of the test specimen and the
steel platen of the testingmachine. The loading rate shall be set to 5.2 KN/sec for 15 cm cube, to

uniformly loadthespecimen.

The load shall be applied without shock, and increased continuously until the
resistanceofthespecimentotheincreasingloadbreaksdownandnogreaterloadcanbesustained. The
maximum load applied to the specimen shall then be recorded and theappearance of the concrete

and any unusual features in the type of failure shall benoted.
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Compressivestrength(N/mm?)= Ultimateload inN

Areaof crosssection(mm?)

3.12.2.2 SplitTensileTest

This procedure is applicable for establishing testing method for the split tensile
strengthofconcretespecimens.

Specimen when received dry shall be kept in water for 24 hours before they
aretakenfortesting.Unlessotherconditionsarerequiredforspecificlaboratoryinvestigation specimen
shallbe tested immediately on removalfrom the waterwhilstthey are still wet. Surface water and
grit shall be wiped off the specimensand anyprojecting fins removed from the surfaces which are
to be in contact with the packingstrips. Marking - Diameteral lines shall be drawn on the two
ends of the specimen usingany suitable procedure and device that will ensure that they are in the
same axial plane.Placing of the specimen in the Testing Machine- The bearing surfaces of the

testingmachineandofthepackingstripsshallbewipedclean

. Positioning — One of the plywood strips shall be cantered along the centre of the lowerplaten.
The specimen shall be placed on the plywood strip and aligned so that the linesmarked on the
ends of the specimen are  verticaland centred over  the plywood
strip. Thesecondplywoodstripshallbeplacedlengthwiseonthecylinder,centredonthelines marked on

the ends of the cylinder. The assembly shall be portioned to ensure thefollowingconditions:

e The lines marked on the ends of the specimen are vertical and that the projectionof the
plane of the two lines marked on the ends of the specimen intersects
thecentreoftheplatens,and

e Thesupplementarybearingbarorplate,whenused,andthecentreofthespecimenare

directlybeneaththe centre of thrust ofthe sphericalbearing block.

Rate of Loading— The load shallbe applied without shock and increased continuouslyat a rate to
produce approximately a splitting tensile stress of approximately 14 to 21kg/cm2/min until the
resistance of the specimen to the increasing load breaks down andno greater load can be
sustained. This rate of loading for 15 cm diameter and 30 cmlength cylinder works out 1.62

kN/sec to 2.43 kN/sec. The maximum load applied to
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thespecimenshallthenberecorded. Theappearanceofconcreteandanyunusualfeaturesinthetypeoffail

ureshallalsobenoted.

The measured splitting tensile strength (Tsp) of the specimen shall be calculated to

thenearest0.01N/mm2usingthefollowingformula

Splittensilestrength(N/mm?) = 2P

IHLD

Where,
P=maximum load in N applied to the
specimen,d=measureddiameterismmofthespecimen,

andl= measuredlengthinmmofthespecimen.

3.12.2.3 FlexuralStrengthtest

Thisprocedureisapplicableforestablishingtestingmethodfortheflexuralstrength ~ of  test
specimens. Specimens stored in water at a temperature of 240 to 300 Cfor 48 hours before testing
shall be tested immediately on removal from the water

whilsttheyarestillinawetcondition.Nopreparationofthesurfacesisrequired.

The bearing surfaces of the supporting and loading rollers shall be wiped clean, and anyloose
sand or other material removed from the surfaces of the specimen where they areto make contact
with the rollers. The specimen shall then be placed in the machine insuch a manner that the load
shall be applied to the uppermost surface as cast in
themould,alongtwolinesspaced200mmapart. Theaxisofthespecimenshallbecarefully aligned with
the axis of the loading device. The bed of testing machine shouldbe provided with two steel
rollers 38mm in diameter on which the specimen is to besupported, and these rollers should be
placed at distance 600mm c/c. No packing shallbe used between the bearing surfaces of the

specimen and the rollers .
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The load shall be applied without shock and increasing continuously at a rate such
thattheextremefibrestressincreasesatapproximately0.7kg/sqgcm/min,thatis,atarateof  loading of
400kg/min for the 150 mm specimens. The load shall be increased until thespecimen fails, and
the  maximum load applied to the specimen during the test shall
berecorded. Theappearanceofthefracturedfacesofconcreteandanyunusualfeaturesinthetypeoffailur
eshallbenoted.

Theflexuralstrengthofthespecimenshallbeexpressedasthemodulusofruptureshallbecalculatedtothen

earest0.05N/mm?2asfollows:

Flexuralstrength(N/mm?) = PL

BD?
Where,
b=measuredwidthinmmofthespecimen,
h=measuredepthinmmofthespecimenatthepointoffailure,
I=lengthinmmofthespanonwhichthespecimenwassupported,

andP=maximum loadinNapplied to thespecimen.
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3.13 WRAPPINGOFGLASSFIBRE
Glass Fibre Wrapping can be used where concrete loses

itscapacity/designstrengthduetocorrosionchangeinuseandthedesigncodedemands increases in

load carrying capacity. It can also be used

forrestorationofthedamagesRCCStructuresandtoregainitsdesignstrength.Fibrewrappingisthelat
eststrengthening/enhancementtechnologyforreinforcedconcreteandmasonrystructuralmembers

Fig :3.20 Mixingof resin&hardenerin2:1ratio
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Itisusedforflexural,shearorconfinementstrengtheningofstructural
members and ensure  minimum  disturbance to the structural members
ascomparedtootherconventionalmethod. Theabovefigureisthepictorialrepresentationofglassfibr

ebeingusedinthisprojectwork.

3.13.1 WRAPPINGOFSPECIMENWITHGFRP
Glassfibrereinforcedpolymerwillbewrappedin bottom

fulllayersatthelengthofthebeamspecimen.

'
-."-‘.‘: ~ i —
{
= =

WHAI"FI"L OF armpe

Fig:3.21 Wrappingofbeamspecimen

3.13.2 GFRPLAMINATEBONDINGTECHNIQUE
Glass Fibre Reinforced Polymer (GFRP) laminates were usedfor
strengtheningthe beams. The soffit of the beam was wellcleaned with a

wirebrushandroughenedwithasurface-grindingmachine.

Fig:3.22 GFRPwrapped3layersinRCbeams
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Two part epoxy adhesive consisting of epoxy resin and silica filler was usedto bond
the GFRP laminates. The adhesive was spread over the soffit. The GFRPlaminate was applied

gently by pressing the sheet from one end of the beam to theotheralongthelengthofbeam.

Fig :3.23 After24hoursthe GFRPwasfixedintheRCbeam
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CHAPTER 4

RESULTANDDISCUSSIONS
4. 1. ANALYTICALINVESTICATIONS

4.1.1. BEAMDEFORMATIONANDSTRESSINANSYS

NormalBeam CompositeBeam
Loa
d DEFORMATION(m) STRESS(Pa) DEFORMATION( | STRESS(Pa)
(N) m)
500 3.80E-06 1.02E+05 4.30E-07 8.40E+04
1000 7.60E-06 2.05E+05 8.60E-07 1.60E+05
1500 1.15E-05 3.08E+05 1.20E-06 3.08E+05

Table:4.1.1 BEAMDEFORMATIONANDSTRESSINANSYS
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Fig.4.1:BEAMDEFORMATIONIN ANSYS
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4.1.2.BEAMWITHGFRPMODELIMPORTINANSYS
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Fig.4.2:.BEAMWITHGFRPMODEL IMPORT INANSYS

In the analytical investigation was processed in the ANSYS software.So first
the input of normalRC beam wasloadedin particularcondition. It was havingthe maximum
deformation of 0.4mm in the original dimensions of the beam. But
secondinputwaspreparedinGFRPwrappedRCheam. Itwascarryingthesameloadtothefirst model, and
give the deformation of 03mm in its original dimensions. So the

GFRPwrappingprocesswasincreasetheloadcarryingcapacityoftheelement.
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4.2 RATIOSFORSPECIALCONCRETE(EXTRAINGREDIENTYS)

RATIOS OF GGBS ADDEDING CEMENT
CementReplacing20%,30%,40% &50%0fGGBS
GFRP6mmthicknessaddinglaying

4.3 COMPRESSIVESTRENGTHTEST

The compressivestrength is
usuallyobtainedexperimentallybymeansofacompressivetest.Inthestudyofstrengthofmaterials,th
ecompressive strength is the capacity of a material or structure to withstand
loadstendingtoreducesize.ltcanbemeasuredbyplottingappliedforceagainstdeformationinatestin
gmachine.Somematerialsfractureattheircompressivestrength limit; others deform irreversibly,

so a given amount of deformation may beconsideredasthelimitforcompressiveload.

.O REDMI NOTE 6 PRO
MI DUAL CAMERA

Fig.4.3:Preparationoftestingofcompressioncubes
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Fig.4.4:TestingofcompressioncubesindifferentratiosofGGBSCompressionstrengthtesti

ngresults
MIXD % COMPRESSIVESTRENGTH(N/mm?)
ESIGN OFREPLACEM 7DAYS 14DAYS 21DAYS | 28DAYS
ENT
0 15.6 20.3 27.3 317
20 16.2 22.4 27.5 326
M30
30 18.7 25.6 28.4 34.9
40 15.8 23.4 27.5 332
50 13.5 18.6 23.5 302

Table:4.3.1 Compressive StrengthTestResult
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MODELCALCULATION

STRENGTH

=2 N/mm2
oo

_351000
15007150

=15.6N/mm?2

Fig.4.5:CompressionTest GraphResult

IfnormallytheconventionalM30gradeconcretewasproduces

compressive  strength  after
20%,30%,40%&50%partialreplacementofGGBSconcretewasproduces

the compressive strength

of

28 days is above 30  N\mm?

32.6, 34.9,

332 & 30.2 N\mm?So

showsthatthepartialreplacedconcretewasgivebetterstrengthwhilecomparingto

theconventionalconcrete.
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4.4 Splittensilestrength
To determinethesplittensilestrength,cylindermoulds

ofdiameter150mmandlength300mmwerecasted. Totally,20 cylindricalspecimens
werecastedwithdifferent proportions of GGBS .

The split tensile strength of concrete is calculated by using the following
formulafs=2P/nld

where

P-maximumloadatfailure

I-length ofcylindricalspecimen inmm

d-diameterofcylindricalspecimeninmm.

MIXD % SPLITTENSILESTRENGTHTEST (N/mm?)
ESIGN OFREPLACEM 7DAYS 14DAYS 21DAYS 28DAYS
ENT
0 2.3 4.3 5.25 7.65
M30 20 2.4 4.5 6.25 8.2
30 2.5 4.6 6.54 8.73
40 2.2 4.4 5.9 7.9
50 2.1 4.1 5.12 7.32

Table:4.4.1 SplittensileTestResult

MODELCALCULATION
fs=2P/nld

= 2x700/ 3.14x 300x150

=2.3N/mm?2
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Fig.4.6:Splittensile GraphResult

4.5 FLEXURALSTRENGTHTEST

Duringthetesting,thebeamspecimensofsize1500mmx150mmx150m
m  were used. Specimens  were dried in open air after 7

daysofcuringandsubjectedtoflexuralstrengthtestunderflexuraltestingassembly.

REDMI N
& O bUAL

Fig4.7:Testingofflexural beams overtheGFRPwrappingprocess
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Iftheflexuralstrengthtestwasgivingthebetterresults,comparing to the
conventional concrete. Because of the flexural beams are wrappedin the GFRP sheets in 6mm
thickness. It’s also increase the load carrying capacity of the element were tabulated in table
4.4

ULTIMA
REPLACEMENTS TELOAD
S.NO | OFGGBS IN FLEXURALSTRENGTHIN(N/mm2)
(Tone)
1 0% 12 35.56
2 20% 16.57 47.28
3 30% 17.3 55.08
4 40% 17.84 41.96
5 50% 15 40.32

Table :4.5.1 FlexuralStrengthTestResult
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CHAPTER 5

CONCLUSION

The shear behaviour of concrete beams reinforced with GFRP layer with

6mmthickshear reinforcement hasbeenpresentedin our project.

The compressive strength at 20%, 30%, 40% & 50% percentages GGBS was32.6,
34.9, 33.2 & 30.2 N\mm?. The increase percentage of strengthat 30%percentage
GGBS with  6mm thick GFRP layer over controlled concrete
cubestrength28.3N/mm?at21days.

In 30% GGBS replaced Specimen’s Flexural strength was 1.3%
percentagesincreased(6.54N/mm?)whilecomparedtotheconventionalconcretespecimen(
5.25N/mm?)in21days.

From
ourexperimentalresults20%,30%,40%&50%GGBSwithemmthickenedGFRPlayerwill
gavebetterresultscomparedtoconventionalconcrete.

In Analytical and experimental process of strength beam is comparatively increases
in the addition of 30% GGBS and wrapped GFRP.

In future GGBS is the good and also effective replacement of cement in
thecivilindustries,andalsoGFRPisverymuchusefullinretrofitting&rehabilitationprocess.
Due to environmental issues in the production of cement industry by-product like
GGBS as supply entry materials in concrete and it save cost of production of concrete
and made it Eco friendly.

.The beams was designed under the reinforced section such that fails in flexural zone .
The GFRP wrapped is higher strength when it compared with conventional concrete .

GFRP materials can prevent the strength in future construction or repair work .
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