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ABSTRACT

Thestudywascarriedouttoevaluatetheeffectofpartialreplacementofcoarse

aggregatewithcrushedcoconutshellonmechanicalpropertiesofconcrete.Granite

waspartiallyreplacedwithcrushedcoconutshellinanincreasingorderof5%,10%,15%,

20%and25%byweightofgranite.Theconcreteandconcretewassubjectedtovarious

testing.The tests include:sieve analysis test,specific gravity test,slump test,

compressivestrengthtest.Resultsobtainedfrom sieveanalysistestrevealedthatsand,

graniteandcrushedcoconutshellwasclassifiedasA-2-6,A-1-aandA-1-baccordingto

AASHTO SoilClassification System,SM,GC and GM according to Unified Soil

ClassificationSystem,thespecificgravitywas2.55and2.61,slumptestresultsofthe

freshconcreterevealedthattheslumpoftheconcretedecreasedfrom 0%additionof

crushedcoconutshellto25% additionofcrushedcoconutshelltotheconcrete,the

hardeneddensityandcompressivestrengthoftheconcretedecreased0%additionof

crushedcoconutshellto25% additionofcrushedcoconutshelltotheconcrete.The

studythereforediscouragestheuseofcoconutshellasaconstituentinconcretesince

thecompressivestrengthoftheconcretewasundermined.
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CHAPTERONE

INTRODUCTION

1.1BackgroundofStudy

Concrete is one ofthe mostglobally utilized man-made materials forbuilding

construction(Danraka,2015).Itsgreatresourcefulnessandrelativelowcostinmeeting

widerangeofdemandshasmadeitakeenbuildingmaterial(SashidarandRao,2014).

Concreteisthepremiercivilengineeringconstructionmaterial(MukhtyarandKumar,

2018).Concrete manufacturing involves consumption ofingredients like cement,

aggregates(coarseand fine),waterand admixtures(Mukhtyarand Kumar,2018).

Amongalltheingredientsofconcrete,aggregatesconstitutethemajorpartofconcrete

astheyoccupy70-85% byvolumeoftheconcretemix(MukhtyarandKumar,2018).

Theseaggregateareproducedduringquarryingoflimestoneespeciallyinregions

where limestone is presentin substantialquantities.Recentincrease in concrete

productioncostduetohighcostoftransportationofcoarseaggregatetoregionswhere

thematerialisrelativelyscarceisamajorsourceofconcerntoprofessionalinthe

buildingindustry.Moreover,thereareseverenegativeenvironmentalimpactassociated

with quarrying oflimestoneranging from noisepollution,impaired airqualityand

emissionofdustandparticlesintotheatmosphere.Theaforementionedproblemshave

necessitatedtheexplorationofenvironmentallyfriendlyalternativefortheproductionof

concreteUchechi,etal.,(2017).

The high costofconstruction materials has been a source ofconcern forall

stakeholdersintheconstructionindustry(Yusuf,etal.,2020).Thecostsofthese

materialskeeprisingdaybyday,therebyleadingtohighcostofconstruction(Yusuf,et

al.,2020).However,withthequestforaffordablehousingsystem forboththeruraland

urbanpopulationofNigeriaandotherdevelopingcountries,variousproposalsfocusing

oncuttingdownthecostofconventionalconstructionmaterialshavebeenputforward.

Oneofthesuggestionsintheforefronthasbeenthesourcing,developmentanduseof

alternative,non-conventionallocalmaterialsincludingthepossibilityofusingsome

agriculturalwastesandresiduesasconstructionmaterials(Yusuf,etal.,2020).
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Manyagriculturalandindustrialby-productsrecognizedaspotentialreplacementof

conventionalaggregateinconcretearelightweightaggregateUchechi,etal.,(2017).

Advantagesoflightweightaggregateconcreteoverconventionalconcreteinclude

decreased dead load,lowerrate ofdepletion ofnaturalresources,lowerthermal

conductivity,andreducedconstructioncosts.Thereisacontinuingtrendtowardsthe

useofmorelightweightconcreteinapplicationssuchasprestressedconcreteandhigh

-rise buildings (Neville and Brooks,2010).Some agriculturalby-products such as

coconutshellhavebeenidentifiedaspotentialreplacementofaggregateinconcrete.

However,agriculturalby-productshavenotbeenfullyutilizedascoarseaggregatesin

buildingsustainableconcretestructuresinNigeria(Yusuf,etal.,2020).

Coconuts are mainly cultivated in the coastalclays and sands and sporadically

distributed inotherareas(Danraka,2015).Theshellsareregarded aswasteand

thereforedisposedoffinlargeamountwhichleadtoenvironmentalproblemsinmostof

tropicalcountriesparticularlyinAfrica(Danraka,2015).Coconutshellhashighstrength

andmodulusproperties(VarmaandShrivastava,2021).Coconutsarebeingnaturally

availableinnatureandsinceitsshellsarenon-biodegradable;theycanbeusedreadily

inconcrete,whichmayfulfillalmostallthequalitiesoftheoriginalform ofconcrete

(VarmaandShrivastava,2021).Coconutshellisoftenusedasacompositeinconcrete

becauseofthecharacteristicsfoundinitbetterthanmaterialthatcommonlyusedin

productionofconcrete(Bansal,etal.,2014).Someresearchershaveconcludedthat

coconutshellcanbeusedforproducinglightweightconcreteandcanbeusedat

differentproportionforrequiredconcretestrength(Danraka,2015).Inaninvestigation

conducted by Kakade and Dhawale,(2015),itwas revealed thatthe 28th day

compressivestrengthofcoconutshellconcretewith25% volumereplacementwith

coconutshellaggregateunderfullwatercuringwas21.31MPaequivalenttograde20

concrete.Thismakesagriculturalwastesconcreteidealforbuildingconstructionifthe

minimum grade ofconcrete is achieved since these are generallycheaperthan

conventionalmaterials.

Inothertoreducetheadverseenvironmentalconsequenceassociatedwithproduction

ofcoarse aggregate,ensure economy in concrete production process through

utilization oflocallyavailable materials and reduce volume ofagriculturalwaste
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generated,this studywillinvestigate the effectofpartialreplacementofcoarse

aggregatewithcrushedcoconutshellonmechanicalpropertiesofconcrete.

1.2StatementofProblem

Thereisagrowingneedtoensurerationaluseofearthresourceintheproductionof

concrete.Concreteproductionincorporatetheuseoffineaggregate(sand),coarse

aggregate(granite),cementandwaterintheircorrectproportion.Coarseaggregateas

oneofthecomponentsofconcreteisproducedduringquarryingoflimestone.There

are severe negative environmentalimpactassociated with quarrying oflimestone

rangingfrom noisepollution,impairedairqualityandemissionofdustandparticlesinto

theatmosphere.Moreover,costofconcreteproductionhaverisensignificantlyasa

resultofhighcostoftransportationofcoarseaggregatetoregionswherethematerial

are presentin negligible quantities.These developments have necessitated the

explorationofenvironmentallyfriendlyalternativesforproductionofconcrete.The

utilizationofagriculturalby-productasapartialreplacementforcoarseaggregateinthe

productionofconcreteconstitutesaviableoption.

Inothertoreducetheadverseenvironmentalconsequenceassociatedwithproduction

ofcoarse aggregate,ensure economy in concrete production process through

utilization oflocallyavailable materials and reduce volume ofagriculturalwaste

generated,thisstudywillexploretheeffectofpartialreplacementofcoarseaggregate

withcrushedcoconutshellonmechanicalpropertiesofconcrete.

1.3Aim andObjectivesofStudy

Theaim ofthestudyistoassesstheeffectofpartialreplacementofcoarseaggregate

with crushed coconutshellash on mechanicalproperties offresh and hardened

concretewhiletheobjectivesare:

I. Toevaluatetheefficacyandfeasibilityofusingcrushedcoconutshellasapartial

substituteforcoarseaggregateinconcrete.
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II. Toevaluatetheindexpropertiesofaggregates(coarseandfine)andadditives

usedforconcreteproduction.

III. Topartiallyreplacecoarseaggregateinconcretewithcrushedcoconutshelland

evaluate iteffecton the mechanicalproperties ofthe fresh and hardened

concretemix.

IV. Toascertainthemaximum amountofcrushedcoconutshellrequiredtoyield

optimum compressivestrengthofthehardenedconcrete.

V. Testthefinishedconcreteforworkability,densityandcompressivestrength.

VI. Compareandmakeevaluativedeductiononthemechanicalpropertiesofboth

the plain cement(conventionalconcrete)and non conventionalconcrete

(coconutshellconcrete).

1.4ScopeofStudy

Thestudyisbasicallyexperimentalandwillemploytheuseofcrushedcoconutshellas

apartialsubstituteforcoarseaggregateinconcrete.Concreteproducedwillbeinthe

ratioof1:2:4andwatertocementratioof0.55.Coarseaggregate(granite)willbe

partlyreplacedwithcrushedcoconutshellinasteppedincreaseof5%to25%byweight

ofcoarse aggregate.Concrete produced with 0% partialreplacementofcoarse

aggregatewithcrushedcoconutshellwillbeusedascontrol.Concreteproducedwillbe

subjected to laboratory investigation.Laboratory investigations are:Particle size

distribution test(sieve analysis),Specific gravity test,Slump (workability)test,

Compressivestrengthtest.Resultsobtainedfrom slump,compressivetestwillbeused

astoolformakingevaluativedeductiononthefreshandhardenedpropertiesofplain

cement(noncoconutshellconcrete)andcoconutshellconcrete.

1.5SignificanceofStudy

Keyfindingsobtainedfrom theeffectofpartialreplacementofcoarseaggregatewith

crushedcoconutshellonthefreshandhardenedmechanicalcoconutshellconcrete

willesignificantinthefollowingways:

I. Reduceconcreteproductioncostthroughutilizationofrelativelycheaperand
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locallyavailablematerials.

II. Facilitatehighrateofconstructionwork.

III. Ensureenvironmentalprotectionthroughreductioninnoiseanddustandparticle

emissionassociatedwithquarryingoflimestoneduringproductionofcoarse

aggregate.

IV. Mitigatewastemanagementproblemsinbothruralandurbanareasthrough

reductioninvolumeofagriculturalwaste(coconutshell)generated.

V. Ensurerationaluseofearthconstituentsinconcreteproduction.

CHAPTERTWO

LITERATUREREVIEW

2.1Overview

Concreteisthemostversatileheterogeneousconstructionmaterialand themost

valuableconstructionmaterialforinfrastructuraldevelopmentofanynation(Mukhtyar

andKumar,2018).Civilengineeringpracticeandconstructionworksaroundtheworld

dependtoaverylargeextentonconcrete.Concreteisasyntheticconstructionmaterial

madebymixingcement,fineaggregates,coarseaggregatesandwaterintheproper

proportions(MukhtyarandKumar,2018).Aggregatesserveasinertfillermaterials

whileatthesametimeimprovingconcreteworkability,volumestabilityanddurability.

Differentalternativesitematerialsandindustrialby-productssuchasflyash,bottom

ash,recycledaggregates,foundrysand,claysand,crumbrubber,glasswillbereplaced

withnaturalaggregateandinvestigatedpropertiesoftheconcretes(Mukhtyarand

Kumar,2018).Apartfrom abovementionedsitematerialsandindustrialby-products,

fewstudiesidentifiedthatcoconutshells,theagriculturalbyproductcanalsobeused

asaggregateinconcrete.

Presently,manyengineersandscientistsareinprocesstofindvariousnaturalaswell
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asmodernizedwaysfortheproductionofconstructionmaterialsespeciallyconcrete.

Theyarealsokeeninmaintainingitsqualityandstrengthandthereforevariousother

materialsareusedasareplacementofaparticularmaterialinthemakingofconcrete.

Onesuchmaterialiscoconutshellwhichcanbeusedinconcretemakingbypartially

replacingcoarseaggregatewhichisaveryimportantcomponentinconcrete.Coconuts

beingnaturallyavailableinnatureandsinceitsshellsarenon-biodegradablein;theycan

beusedreadilyinconcretewhichfulfillalmostallthequalitiesoftheoriginalform of

concrete(Harle,2017).Naturalsourcesaredepletingbyrapidrate;thereshouldbe

somewaytostopitsomewhere.Onewaytoovercomethisproblem istoreplacethe

coarseaggregatesusedintheproductionofconcretebycoconutshellwhicharereadily

availableinnature(Harle,2017).Useofthisnon-biodegradablematerialinconcrete

wouldnotonlymaketheconstructioncostlesssincecoconutshellswouldrequireless

costingascomparedtothecoarseaggregatesbutalsore-usethewastematerialand

helpinenvironmentalaspect.

Use ofcoconutshellaggregate in concrete as structurallightweightconcrete is

recommended.CoconutshellaggregateisapossibleconstructionmaterialandUseof

thisnon-biodegradablematerialinconcretewouldnotonlymaketheconstructioncost

lesssincecoconutshellswould requirelesscosting ascompared to thecoarse

aggregatesbutalsore-usethesitematerialandhelpinenvironmentalaspect(Mukhtyar

andKumar,2018).Apotentialexistsfortheuseofcoconutshellsasreplacementof

conventionalaggregateinbothconventionalreinforcedconcreteandplaincement

concreteconstruction(MukhtyarandKumar,2018).Theuseofcoconutshellsaspartial

replacementforconventionalaggregatesshouldbeencouragedasanenvironmental

protectionandconstructioncostreductionmeasure.

Thissectionwillfocusessentiallyonliteraturesrelevanttotheinvestigationoffresh

and hardened propertiesofconcreteproduced withpartialreplacementofcoarse

aggregatewithcrushedcoconutshell.

2.2HistoryofConcrete

ThefirstmajorconcreteusersweretheEgyptiansinaround2,500BCandtheRomans
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from 300BC theRomansfoundthatbymixingpinksandlikematerialwhichthey

obtainedfrom Pozzuoliwiththeirnormallime-basedconcretestheyobtainedastronger

material.Thepinksandturnedouttobefinevolcanicashandtheyhadunintentionally

produced thefirstpozzolaniccement.Pozzolannaisanysiliceousand aluminous

materialwhichpossesseslittleornocementitiousvalueinitselfbutwill,iffinelydivided

andmixedwithwater,chemicallyreactwithcalcium hydroxidetoform compoundswith

cementitiousproperties(Harle,2017).

2.3ConcreteProductionProcess

2.3.1Batching

Thecorrectmeasurementofthevariousmaterialsusedintheconcretemixiscalled

batching.Errorsinbatchingarepartlyresponsibleforthevariationinthequalityof

concrete.Concretecanbebatchedintwoways:

a)Byvolumebatchingand

b)Bymass(weight)batching

Weigh-batchingofmaterialsisalwayspreferredthanvolumebatching.Whenweigh-

batchingisnotpossibleandtheaggregatesarebatchedbyvolume,suchvolume

measurestoberegularlycheckedfortheweight-volumeratio.

2.3.2Mixing

Thisisthepracticalmeansofproducingfreshconcreteandplacingitintheform so

thatitcanhardenintothestructuralorbuildingmaterialreferredtoasconcrete‘.The

sequenceofoperationisthatthecorrectquantitiesofcement,aggregatesandwater,

possiblyalsoadmixturearebatchedandmixedinaconcretemixerwhichproduces

freshconcrete.Thisistransportedfrom themixerto itsfinallocation.Thefresh

concreteisthenplacedintheforms,andcompactedsoastoachieveadensemass

whichisallowedandhelped,toharden.Theobjectiveofmixingofconcreteistocoat

thesurfaceofallaggregateparticleswithcementpasteandtoblendallingredientsof

concreteintoauniform mass.Mixingofconcreteisdoneeitherbyhandorbymachine.
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Mixersperformancesshallbechecked forconformityto therequirementsofthe

relevantstandards.Concreteshallbemixedfortherequiredtime;bothunder-mixing

andover-mixingshallbeavoided.

2.3.3Transportation

Aftermixing,concreteshallbetransportedandplacedatsiteasquicklyaspossible

withoutsegregation,drying,etc.assoonasconcreteisdischargedfrom themixer,

internalaswellasexternalforcesstartsactingtoseparatethedissimilarconstituents

(Gambhir,2004).Ifover-weightconcreteisconfinedinrestrictingforms,thecoarser

andheavierparticlestendtosettleandfinerandlightermaterialstendtorise.If

concreteistobetransportedforsomedistanceoverroughgroundtherunsshallbe

keptasshortaspossiblesincevibrationsofthisnaturecancausesegregationofthe

materialsinthemix.Forthesamereasonconcreteshouldnotbedroppedfrom aheight

ofmorethan1m.Ifthisisunavoidableachuteshallbeused.Thegreenconcreteshall

behandled,transportedandplacedinsuchamannerthatitdoesnotgetsegregated.

Thetimeintervalbetweenmixingandplacingtheconcreteshallbereducedtothe

minimum possible.

2.3.4Placing

Theformworkandpositionofreinforcementshallbecheckedbeforeplacingconcrete

tomakesurethattheyarecleanandfreeofanydetritus,suchasendsoftyingwire.The

freshconcreteshallbedepositedascloseaspossibletoitsultimateposition(Gambhir,

2004).Careneedtobetakenwhendischargingconcretefrom skipstoavoiddislodging

thereinforcementoroverfillingtheformwork.Whenfillingcolumnsandwalls,care

shallbetakenthattheconcretedoesnotstrikethefaceoftheformwork,whichmight

affectthesurfacefinishofthehardenedconcrete.Fordeepsectionstheconcreteshall

beplacedinuniform layers,typicallynotmorethanabout500mm thick,eachlayer

beingfullycompacted.
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2.3.5Compaction

Compactionofconcreteistheprocessadoptedforexpellingtheentrappedairform the

concrete.Intheprocessofplacingandmixingofconcrete,airislikelytogetentrapped

intheconcrete.Ifthisairisnotdetrainedoutfully,theconcretelossesstrength

considerably.Anticipatedtargetsofstrength,impermeabilityanddurabilityofconcrete

canbeachievedonlybythoroughandadequatecompaction.Onepercentoftheair

voids leftin concrete due to incomplete compaction can lowerthe compressive

strengthbynearlyfivepercent(Gambhir,2004).

2.3.6Curing

Curingofconcreteistheprocessofmaintainingsatisfactorymoisturecontentanda

favorabletemperatureinconcreteduringtheperiodimmediatelyaftertheplacementof

concreteso thathydrationofcementmaycontinuetillthedesiredpropertiesare

developedsufficientlytomeettherequirementsofservice.Thereasonsforcuring

concretearetokeeptheconcretesaturatedorasnearlysaturatedaspossible,untilthe

originallywaterfilledspaceinthefreshcementpastehasbeenfilledtothedesired

extentby the productofhydration ofcement,to preventthe loss ofwaterby

evaporationandto maintaintheprocessofhydration,to reducetheshrinkageof

concreteandtopreservethepropertiesofconcrete.Concretederivesitsstrengthbythe

hydrationofcementparticles.Thehydrationofcementisofmomentaryactionbuta

processcontinuingforalongtime.Therateofhydrationisfasttostartwithbut

continuesoveralongtimeatadecreasingrate.Curingisusuallyrequiresforatleast7

daysafterthedaytheconcreteisplaced,thismayvaryincertainspecialcircumstances

(OnwukaandOmerekpe,2003).Adequatecuringisessentialforthehandlingand

developmentofstrengthofconcrete.Thecuringperioddependsupontheshapeand

sizeofmember,ambienttemperatureandhumidityconditions,typeofcement,andthe

mixproportions.Nevertheless,thefirstweekortendaysarcthemostcritical,asany

dryingoutduringthisyoungagecancauseirreparablelossinthequalityofconcrete.

Generally,thelong-term compressivestrengthofconcretemoistcuredforonly3days
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or7dayswillbeabout60percentand80percent,respectively,oftheonemoistcured

for28daysormore(Gambhir,2004).

2.3.7Formwork

Formworkisastructure,usuallytemporary,usedtocontainpouredconcreteandto

mouldittotherequireddimensionsandsupportuntilitisabletosupportitself.It

consistsprimarilyofthefacecontactmaterialandthebearersthatdirectlysupportthe

facecontactmaterial.Properremovalofformworkisanimportantfactortoachieve

goodqualityofconcreteduringtheservicelife.

2.3.8InspectionandTesting

Inspectionandtestingplayavitalroleintheoverallqualitycontrolprocess.Inspection

could be oftwo types,qualitycontrolinspection and acceptance inspection.For

repeated operations early inspection is vital,and once the planthas stabilized,

occasionalchecksmaybesufficienttoensurecontinuedsatisfactoryresults.The

operationswhicharenotofrepetitivetypewouldrequire,ontheotherhand,more

constantscrutiny.Apartfrom thetestsonconcretematerials,concretecanbetested

both in the fresh and hardened states.The tests on fresh concrete offersome

opportunityfornecessarycorrectiveactionstobetakenbeforeitisfinallyplaced.These

includetestsonworkability,unitweightoraircontent(ifair-entrainedconcreteisused).

2.4ConstituentsofConcrete

ChudleyandGreeno,(2006)assertthattheproportionsofeachofconcretematerials

controlthestrengthandqualityoftheresultantconcrete.Freshconcreteisaplastic

mass,whichcanbemouldedintoanydesiredshape.Thisisitsmainadvantageasa

constructionmaterial(GuptaandGupta,2004).Theyfurtherassertthataggregate,

coarseandfinecombinedoccupyabout70%spaceinagivenmassofconcreteandthe

rest30% spaceisfilledbywater,cementandairvoids.Bert-Okonkwor,(2012)inhis

definitiondescribedconcreteasamixtureofPortlandcement,fineaggregatecoarse
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aggregate,airand water.Sharma,(2008)concludesin stating thatconcreteisa

heterogeneousmixconsistingofthefollowingmaterials:cement,aggregate(coarse

andfine),waterandadmixture(whennecessary).Below aredescriptionsofsomeof

thesecomponentsofconcrete.

2.4.1Cement

Cementisabindermaterial,asubstancemadeofburnedlimeandclaywhichafter

mixingwithwater,setandhardenindependentlyandcanbindothermaterialstogether

Ezeokonkwo,(2014).According to (Onwuka and Omerekpe,2003),cementas a

hydraulicbindersreactexothermicallywithwatertoform hardstrongmasseswith

extremelylowsolubility.Theyconsistofchemicalcompoundssuchascalcium silicate

andcalcium aluminates.Cementisacementitiousmaterialwhichhasadhesiveand

cohesivepropertiesnecessarytoboundinertaggregatesintoasolidmassofadequate

strengthanddurability.Neville,(1993)alsoaddsthatcementisthebindingmaterial

constituentofconcretewhichreactschemicallywithwaterandaggregatetoform a

hardenedmassonhydrating.Iheama,(2010)furtherdefinesitasafinelypulverized

productresultingfrom calcinationofnaturalargillaceouslimestoneatatemperature

below thefusion.InadditiontothisIvor,(1995),definescementasamixtureof

compounds,consistingmainlyofsilicatesandaluminatesofcalcium,formedoutof

calcium oxide,silica,aluminium oxideandironoxide.Hydrauliccementsareoffour

types:Portlandcement,BlendedPortlandCement,andPortlandcementwithaddictives

and High Alumina Cement.Cementvarying chemicalcomposition and physical

characteristics exhibitdifferentproperties on hydration.The cementofdesired

propertiescanbeproducedbyselectingsuitablemixtureofrawmaterials.Thevarious

typesofPortlandcementusedintheconstructionindustryare:OrdinaryPortland

Cement(OPC),RapidHardeningPortlandCement(RHPC),SulphateresistingPortland

Cement(SRPC), Low Heat Portland Cement(LHPC), Blast Furnace Portland

Cement(BFPC), Portland Pozzolana Cement(PPC), Modified Portland Slag

Cement(MPC).

Manyauthors(Ezeokonkwo,2014:Anosike,2010:GuptaandGupta,2004:Iheama,2010)
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agreedtothefactthatontheadditionofwatertocement,hydrationtakesplace,

liberatingalargequantityofheat.Onhydrationofcement,thegelisformedwhichbinds

theaggregateparticlestogetherandprovidesstrengthandwatertightnesstoconcrete

onhardening.Thuscementhasthepropertyofsettingandhardeningunderwaterbya

chemicalreactionwithit.Portlandcementisasubstancewhichbindstogetherthe

particlesofaggregates(usuallysandandgravel)toform amassofhighcompressive

strengthconcrete.Itisacombinationoflimestoneorchalkwithclaymixedina

proportiondependingonthetypeofcementdesired.Portlandcementisthemost

common type ofcementgenerallyused around the world because itis a basic

ingredientofconcrete,mortarandstucco.Itisafinepowderproducedbygrinding

Portlandcementclinkermorethan90%,andalimitedamountofcalcium sulphate

whichcontrolsthesettime.Portlandcementclinkerisahydraulicmaterialwhich

consistatleasttwo-thirdsbymassofcalcium silicates(3CaO.SiO2and2CaO.SiO2).

Okereke,(2003),Portlandcementismanufacturedbyfiringacontrolledmixtureof

chalkorlimestone(CaCO3)andsubstancescontainingsilicaandaluminasuchasshale

inakilnat1500°ctemperature.Theyareheatedtoclinkerandgroundedtoafine

powderwithasmallproportionofgypsum (calcium sulphate)whichregulatestherate

ofsettingwhenthecementismixedwithwater.Anosike,(2010)alsostatesthatthe

manufactureofPCconsistsofthefollowingthreedistinctprocesses:Mixing,Burning

andGrinding.Mixingcanbedonebydry-processorwet-process.Thewetprocessisthe

mostcommon.Themaindifferencebetweenthewetanddryproductionprocessisthe

largeramountofwaterexpelledfrom thekilnduringtheproductionprocess.

2.4.1.1ChemicalCompositionofPortlandCement

Anosike,(2010),theordinaryandrapidhardeningPCcanbetestedbythemethods

giveninI.S.4032.Theresultsofthetestsshouldcomplywiththefollowingchemical

requirements:

a)Theratioofthepercentageoflimetothepercentageofsilica,aluminaand

ironoxidewhencalculatedbythefollowingformula:
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[2.1]CaO-0.7SO3

SiO2 +1.2AL2O30.65Fe2O3

Itshouldbebetween0.66and1.02.

b) TheRatioofthepercentageofaluminatoironoxideshouldnotbelessthan0.66.

c)Weightofinsolubleresidueshouldnotbemorethan2%.

d)Weightofmagnesiashouldnotexceed6%.

e)Totalsulphurcontentcalculatedassulphuricanhydride(SO3)shouldnotexceed2.75

or3.0%.

f)Totallossofignitionshouldnotbemorethan2%.

AccordingtoShetty,(2005),theraw materialsusedinthemanufactureofPortland

cementconsistmainlyoflime(Cao),silica(SiO2),alumina(Al2O3)andironoxide

(Fe2O3).Thefourcompoundsareusuallyregardedasthemajorconstituentsofcement.

Theyaredescribedinabbreviatedform bycementchemistsasfollows:CaO=C;SiO2=

S;Al2O3=A;andFe2O3=F.Likewise,H2OinhydratedcementisdenotedbyH,and

SO3byS.Inadditiontothemaincompoundslistedabove,thereexistminorcompounds,

suchasMgO,TiO2,Mn2O3,K2OandNa2O;theyusuallyamounttonotmorethanafew

percentofthemassofcement.Twooftheminorcompoundsareofparticularinterest:

theoxidesofsodium andpotassium,Na2OandK2O,knownasthealkalis.Theyhave

been found to reactwith someaggregates,theproductsofthereaction causing

disintegrationoftheconcrete,andhavealsobeenobservedtoaffecttherateofthe

gainofstrengthofcement(Neville,2005).Therelativeproportionsoftheseoxide

compositionsare responsible forinfluencing the variouspropertiesofcement;in

additiontorateofcoolingandfinenessofgrinding.Table2.0showstheapproximate

oxidecompositionlimitsofordinaryPortlandcement.

Table2.0OxideCompositionLimitofOrdinaryPortlandCement(OPC)(Shetty,2005).

Oxide ApproximatePercentages

CaO 60-67

SiO2 17-25



14

AL2O3 3.0-8.0

Fe2O3 0.5-6.0

MgO 0.1-4.0

Alkalis(K2O,N2O) 0.4-1.3

SO3 1.3-3.0

Theoxidespresentintherawmaterialswhensubjectedtohighclinkeringtemperature

combinewitheachothertoform complexcompounds.Theidentificationofthemajor

compoundsislargelybasedonR.H.Bogue’sworkandhenceitiscalled―Bogue’s

Compounds.Thefourcompoundsusuallyregardedasmajorcompoundsaretricalcium

silicate (C3S), dicalcium silicate (C2S), tricalcium aluminate (C3A) and

tetracalciumalumino ferrite (C4AF).Shetty,(2005).The Bogue’s formula used in

calculatingthepercentageofthevariouscompoundsisgivenasfollows:C3S=4.07

(CaO)–7.60(SiO2)–6.72(Al2O3)–1.43(Fe2O3)–2.85(SO3)C2S=2.87(SiO2)–

0.754(3CaO.SiO2)C3A=2.65(Al2O3)–1.69(Fe2O3)C4AF=3.04(Fe2O3).

2.4.1.2PropertiesofCement

a)FinenessofCement

Finenessisavitalpropertyofcementwhichinfluencestherateofreactionofcement

withwater(hydration).Thefinenessofthecementaffectstherateofhydration.Italso

affectsitsplaceability,workabilityandwatercontentofaconcretemixmuchlikethe

amountofcementusedinconcrete.Foragivenweightofafinelygroundcement,the

surface area ofthe particles is greaterthan fora coarselyground cement.The

advantagesoffinercementinclude:

a)Increasestherateofhydration

b)Morerapidandgreaterstrengthdevelopment,

c)Reducedbleedingrateofconcrete

d)Improvingtheworkabilityofconcrete.
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Thefinenessofcementhasanimportantbearingontherateofhydrationandhenceon

therateofgainofstrengthandalsoontherateofevolutionofheat.Finercementoffers

agreatersurfaceareaforhydrationandhencefastensthedevelopmentofstrength.

Finenessofcementisdetermined bypermeability.Forexample,in theblaineair

permeabilitymethod,aknownvolumeofairispassedthroughcement.Thetimeis

recordedandthespecificsurfaceiscalculatedbyaformula.Finenessisexpressedin

termsofspecificsurfaceofthecement(Cm2/gr).ForOPCspecificsurfaceareais2600

-3000Cm2/gr.ThistestisconductedasperBSEN196-6:1995.

NevilleandBrooks,(2004),threemethodsofdeterminingthefinenessofcementareby

sieveanalysis,byspecificsurfaceareamethodandbyLEAandnursemethod.

b)SoundnessofCement

Soundnessisreferredtoasthevolumestabilityofcementpaste.Thecementpaste

shouldnotundergolargechangesinvolumeafterithasset.FreeCaOandMgOmay

resultinunsoundcement(Chanadan.2019).Uponhydration,CandM (calcium and

magnesium)willform CHandMHwithvolumeincreasethuscracking.(Gartener,etal.

1989),sinceunsoundnessisnotapparentuntilseveralmonthsoryears,itisnecessary

toprovideanacceleratedmethodforitsdeterminationwhichincludes:

a)LechatelierMethodwhereonlyfreeCaOcanbedetermined.

b)AutoclaveMethodwherebothfreeCaOandMgOcanbedetermined.

Inthesoundnesstestaspecimenofhardenedcementpasteisboiledforafixedtime

sothat anytendencytoexpandisspedupandcanbedetected.Soundnessmeans

theabilitytoresistvolumeexpansion.ForordinaryPortlandcement,BS-EN197part1

(2000)hasspecifiedamaximum expansionof10mm.TheworkofChowdhuryetal.,

(2015)indicatedthatthesoundnessofcementwasimprovedwiththeadditionofsaw

dustashaspartialreplacement.Intheresearch,cementwasreplacedbytheashwithin

therangeof5%to30%andthesoundnesswasfoundtoincreasewithanincreasein

theashcontent.

c)SettingTimeofCement



16

Settingtimereferstoachangefrom liquidstatetosolidstate.Duringsettingtime,

cementpasteacquiresomestrength(Gartener,etal.1989).Thewatercontenthasa

markedeffectontimeofsetting.Inacceptancetestforcement,thewatercontentis

regulatedbybringingthepastetoastandardconditionofwetnessandthisisreferred

toas“normalconsistency”.NormalconsistencyofOPCrangesfrom 20-30%byweight

ofconcrete.Vicatapparatus is used to determine normalconsistency.Normal

consistencyisthatconditionforwhichthepenetrationofastandardweighedplunger

intothepasteis10mm in30sec.Inpractice,thetermsinitialsetandfinalsetareused

todescribearbitrarychosentimeofsetting.Initialsetindicatesthebeginningofa

noticeablestiffening and finalsetmayberegarded asthestartofhardening (or

completelossofplasticity).Itisthealsotheperiodbetweenthetimewaterisaddedto

cementandtimeatwhich1mm squaresectionneedlefailstopenetratethecement

paste,placedintheVicat’smould5mm to7mm from thebottom ofthemould.Final

settingtimeisthattimeperiodbetweenthetimewaterisaddedtocementandthetime

atwhich1mm needlemakesanimpressiononthepasteinthemouldbut5mm

attachmentdoesnotmakeanyimpression.Thesettingtimetestiscarriedoutusingthe

VicatapparatusasperBS-EN196part3(1995).Theresultsofthetestshouldcomply

withtherequirementsofBS-EN197part1(2000),whichrecommendaminimum of60

minutesandamaximum of10hoursastheinitialandfinalsettingtimesofordinary

Portlandcementrespectively.(Gartener,etal.1989)summarizedthefactorsaffecting

settingtimeas:

a)TemperatureandHumidity.

b)Amountofwater

c)Chemicalcompositionofcement

d)Finenessofcement(thefinerthecement,thefasterthesetting)

Marthong,(2012),investigatedthattheadditionofsawdustashinOPCgrade42.5had

increasedtheinitialandfinalsettingtimes.Thiswasattributedtothelow rateof

hydrationinthepastecontainingthesawdustash.
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2.4.2Aggregate

Ezeokonkwo,(2014),theterm aggregateincludesthenaturalsand,gravelsandcrushed

stoneusedinmakingconcrete.Bert-Okonkwor,(2012)describestheterm aggregate,as

inertmaterialslikegravel,crushedstones,brokenbottleswhicharemixedwithcement

andwaterto makeconcrete.(Merritt,1983:Rangwala,2005),intheircontribution

describeaggregatesasinertorchemicallyinactivematerialswhichform thebulkof

concreteandareboundtogetherusingcementasabinder.Inanyconcrete,aggregates

(fineandcoarse)usuallyoccupiesabout70-75%(GuptaandGupta,2004:Nevilleand

Brooks,2004).Theaggregateshavetobegradedsothewholemassofconcreteacts

asarelativelysolid,homogeneous,densecombinationwiththesmallestparticles

actingasinertfillerforthevoidsthatexistbetweenthelargerparticles(Nawy,2002).

This statementgives us the suggestion thatthe selection and proportioning of

aggregatesshouldbegivendueattentionasitnotonlyaffectsthestrengthbutthe

durabilityandstructuralperformanceoftheconcretealso.

Aggregatesareconsideredcleaniftheyarefreeofexcessclay,silt,mica,organic

matter,chemicalsaltsandcoatedgrainsEzeokonkwo,(2014).Inadditionto that,

(Merritt,1983:Rangawala,2005:Neville,1993),supporttheideathatanaggregate

shouldbephysicallysoundifitretainsdimensionalstabilityundertemperatureor

moisturechangeandresistsweatheringwithoutdecomposition.Ezeokonkwo,(2014)

concludesthatforanaggregatetobeconsideredadequateinstrength,aggregate

shouldbeabletodevelopthefullstrengthofthecementingmatrix.Anosike,(2010),

aggregatesprovidebetterstrength,stabilityanddurabilitytothestructuremadeoutof

cementconcretethancementpastealone.

Aggregateisnottrulyinertbecauseitsphysical,thermalandchemicalproperties

influence the performance ofconcrete.While selecting aggregate fora particular

concrete,theeconomyofthemixture,thestrengthofthehardenedmassanddurability

ofthestructuremustfirstbeconsidered(GuptaandGupta,2004).

2.4.3Water

Waterusedintheconcretereactswithcementandcausesittosetandharden.Italso
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facilitatesmixing,placingandcompactingoffreshconcrete.Abruckle,(2007),states

thatmixingwaterforconcreteisrequiredtobefitfordrinkingortobetakenfrom an

approvedsource.Findingsinpreviousworks(Ezeokokwo,2014:Bert-Okonkwo,2012:

NeilandRavrinda,1996)suggestthat,toachievetherequiredworkabilityandstrength

ofconcreteinbothitsfreshandhardenedstate,thewaterusedformixingandcuring

needstobeofappropriatequality,thatis,itshouldbefreefrom impuritiessuchas

suspendedsolids,organicmatterandsaltswhichmayadverselyaffectthesetting,

hardening,strengthanddurabilityoftheconcrete.

Waterisusedintheproductionofconcrete,washingofaggregates,mortarandbricks

formation.Waterisalsousedforconstructionoperationslikecasting,painting,terrazzo

finishing,plasteringandotheroperations.Aftercastingofconcrete,waterispouredon

theconcretetogiveitstrengthinaprocessknownascuring.Aftercompletionofthe

building,waterisusedforcleaningthebuildinginreadinessforinspection,handing-over

andoccupancy.Asaresultofthesefacts,itisobviousthatwaterisveryimportantin

buildingconstructionandrelatedactivities.NeilandRavindra,(1996)furtherdefine

watertocementratio(w/c)astheweightofwaterdividedbytheweightofcement.

Accordingto(BS8110:Part1,1997),theamountofwaterrequiredinaconcretemixis

theminimum forcompletehydrationofcement.Ifsuchconcreteisfullycompacted

withoutsegregation,itwoulddevelopthemaximum attainablestrengthatagivenage.

TheBS8110,(1997)furtherstatesthatthewater-cementratioofapproximately0.25

weightisrequiredforfullhydrationofcement.OmuvwieandMosaku,(2010)suggest

thatifthewaterisnotproperlymanaged,itcanturnaroundtoinflictseriousstructural

damagetothebuildingovertimeandthatsuchdamagecanleadtostructuralfailureof

thebuildingandeventualcollapseasideoftheeconomicdrainonclient,safetyrisksas

wellasaestheticdevaluation.

2.4.4Admixture

Admixturesarenotaprimaryconstituentofconcrete.Theyareaddedtoconcreteif

necessaryandnotallthetime.BrantleyandBrantley,(2004)admixturesarethose

chemicalsthatcanbeaddedtotheconcretemixtoachievespecialpurposesormeet
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certainconstructionconditions.Admixturesaremixedintotheconcretetochangeor

alteritsproperties.

Theuseofadmixturesshouldofferimprovementinthepropertiesofconcreteby

adjustingtheproportionsofcementandaggregates.However,itshouldnotaffect

adverselyanypropertyofconcrete.Anadmixtureshouldbeusedonlyafterassessing

itseffectontheconcretetobeusedunderanintendedsituation.Itshouldalsobe

knownthatadmixturesarenosubstituteforgoodworkmanshipi.e.theeffectofbad

workmanshipcannotbeimprovedbytheuseofadmixtures.

GuptaandGupta,(2004)andAnosike,(2010)suggestthatadmixturesperform the

followingfunctions:

a)Acceleratetheinitialsettingandhardeningofconcrete.

b)Retardtheinitialsettingofconcrete

c)Increasethestrengthofconcrete

d)Improvetheworkabilityoffreshconcrete

e)Improvethedurabilityofconcrete

f) Reducetheheatofevaluation

g)Controlthealkali-aggregateexpansion

h)Aidinthecuringofconcrete

i) Improvewearresistancetoconcrete

j) Reduceshrinkageduringthesettingofconcrete

Bamibgoyeetal.,(2016)undertookparticlesizedistributionanalysis,slumptestand

compressivestrengthonhardenedconcreteinexploitingeconomicsofgravelasa

substitutetograniteinconcreteproduction.Sulymonetal.(2017)reportedthatsources

ofgravelgreatlyinfluencecompressive,flexuralandsplit-tensilestrengthofconcrete

David,etal.,(2018).

2.5PropertiesofFreshConcrete

2.5.1Workability

Itisvitalthattheworkabilityofconcreteismatched to therequirementsofthe
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constructionprocess(ReynoldsandSteadman,2008).Theeaseordifficultyofplacing

concreteinsectionsofvarioussizesandshapes,thetypeofcompactionequipment

neededthecomplexityofthereinforcement,thesizeandskillsoftheworkforceare

amongsttheitemstobeconsidered(ReynoldsandSteadman,2008).Ingeneral,the

moredifficultitistoworktheconcrete;thehighershouldbethelevelofworkability.But

theconcretemustalsohavesufficientcohesivenessinordertoresistsegregationand

bleeding(Shetty,2005).Concreteneedstobeparticularlycohesiveifitistobepumped,

orallowedtofallfrom aconsiderableheight.

2.5.2PlasticCracking

Therearetwo basictypesofplasticcracks,plasticsettlementcracks,whichcan

developindeepsectionsand,oftenfollowthepatternofthereinforcementandplastic

shrinkagecrackswhicharemostlikelytodevelopinconcreteslabs(Reynoldsand

Steadman,2008).Bothtypesform whiletheconcreteisstillinitsplasticstate,beforeit

hassetorhardenedand,dependingontheweatherconditions,withinaboutonetosix

hoursaftertheconcretehasbeenplacedandcompacted(ReynoldsandSteadman,

2008).Theyareoftennotnoticeduntilthefollowingday.Bothtypesofcrackarerelated

totheextenttowhichthefreshconcretebleeds.

Freshconcreteisasuspensionofsolidsinwaterand,afterithasbeencompacted,

there is a tendencyforthe solids (both aggregates and cement)to settle.The

sedimentationprocessdisplaceswater,whichispushedupwardsand,ifexcessive,

appearsasalayeronthesurface.Thisbleedwatermaynotalwaysbeseen,sinceitcan

evaporateonhotorwindydaysfasterthanitrisestothesurface.Bleedingcangenerally

bereduced,byincreasingthecohesivenessoftheconcrete(ReynoldsandSteadman,

2008).Thisisusuallyachievedbyoneormoreofthefollowingmeans:increasingthe

cementcontent,increasingthesandcontent,usingfinersand,usinglesswater,air-

entrainment,usingroundednaturalsandratherthananangularcrushedone.Therateof

bleedingwillbeinfluencedbythedryingconditions,especiallywind,andbleedingwill

takeplaceforlongeroncolddays.Similarly,concretecontainingaretardertendsto

bleedforalongerperiodoftime,duetotheslowerstiffeningrateoftheconcrete,and
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theuseofretarderswill,ingeneral,increasetheriskofplasticcracking.

Plasticsettlementcracks,causedbydifferentialsettlement,aredirectlyrelatedtothe

amountofbleeding (Reynoldsand Steadman,2008).Theytend to occurin deep

sections,particularlydeepbeams,buttheymayalsodevelopincolumnsandwalls.This

isbecausethedeeperthesection,thegreaterthesedimentationorsettlementthatcan

occur.However,crackswillform onlywheresomethingpreventstheconcrete‘solids’

from settlingfreely.Themaindangerfrom plasticcrackingisthepossibilityofmoisture

ingressleadingtocorrosionofanyreinforcement(ReynoldsandSteadman,2008).Ifthe

affectedsurfaceistobecoveredsubsequently,byeithermoreconcreteorascreed,no

treatmentisusuallynecessary.Inothercases,oftenthebestrepairistobrushdry

cement(dampeneddownlater)orwetgroutintothecracksthedayaftertheyform,and

whiletheyarestillclean;thisencouragesnaturalorautogenoushealing.

2.5.3EarlyThermalCracking

Thereactionofcementwithwater,orhydration,isachemicalreactionthatproduces

heat(ReynoldsandSteadman,2008).Ifthisheatdevelopmentexceedstherateofheat

loss,the concrete temperature willrise.Subsequentlythe concrete willcooland

contract.Ifthecontractionoftheconcretewereunrestrained,therewould beno

cracking atthisstage.However,inpracticethereisnearlyalwayssomeform of

restraintinducingtension,andhenceariskofcracksforming.Therestraintcanoccur

duetobothexternalandinternalinfluences.Concreteisexternallyrestrainedwhen,for

example,itiscastontoapreviouslycastbase,suchasawallkicker,orbetweentwo

alreadyhardenedsections,suchasininfillbayinawallorslab,withouttheprovisionof

acontractionjoint.Internalrestraintoccurs,forexample,becausethesurfacesofan

elementwillcoolfasterthanthecore,producingatemperaturedifferential.Whenthis

differentialislarge,suchasinthicksections,surfacecracksmayform atanearlystage.

Subsequently,asthecoreofthesectioncools,thesesurfacecrackswilltendtoclosein

theabsenceofanyexternalrestraints.Otherwise,thecrackswillpenetrateintothecore,

andlinkuptoform continuouscracksthroughthewholesection.

Themainfactorsaffectingthetemperatureriseinconcretearethedimensionsofthe



22

section,thecementcontentandtype,theinitialtemperatureoftheconcreteandthe

ambienttemperature,thetypeofformworkandtheuseofadmixtures(Reynoldsand

Steadman,2008).Thickersections retain more heat,giving rise to higherpeak

temperatures,andcooldownmoreslowly.

2.6PropertiesofHardenedConcrete

2.6.1TensileStrength

Thedirecttensilestrengthofconcrete,asaproportionofthecubestrength,variesfrom

aboutone-tenthforlow-strengthconcretestoone-twentiethforhigh-strengthconcretes

(ReynoldsandSteadman,2008).Theproportionisaffectedbytheaggregateused,and

thecompressivestrengthisthereforeonlyaverygeneralguidetothetensilestrength

(ReynoldsandSteadman,2008).Forspecificdesignpurposes,inregardtocrackingand

shearstrength,analyticalrelationshipsbetweenthetensilestrengthandthespecified

cylinder/cubestrengthareprovidedincodesofpractice.Theindirecttensilestrength

(orcylindersplitting strength)is seldom specified nowadays.Flexuraltesting of

specimensmaybeusedonsomeairfieldrunwaycontracts,wherethemethodofdesign

isbasedonthemodulusofrupture,andforsomeprecastconcreteproductssuchas

flagsandkerbs.

2.6.2Shrinkage

Withdrawalofwaterfrom hardenedconcretekeptinunsaturatedaircausesdrying

shrinkage(ReynoldsandSteadman,2008).Ifconcretethathasbeenlefttodryinairof

agivenrelativehumidityissubsequentlyplacedinwater(orahigherrelativehumidity),

itwillswellduetoabsorptionofwaterbythecementpaste.However,notallofthe

initialdryingshrinkageisrecoveredevenafterprolongedstorageinwater.Fortheusual

rangeofconcretes,thereversiblemoisturemovementrepresentsabout40%–70% of

thedryingshrinkage.A patternofalternatewettinganddryingwilloccurinnormal

outdoorconditions.Themagnitudeofthecyclicmovementclearlydependsuponthe

durationofthewettinganddryingperiods,butdryingismuchslowerthanwetting.The
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consequenceofprolongeddryweathercanbereversedbyashortperiodofrain.More

stableconditionsexistindoors(dry)andinthegroundorincontactwithwater(e.g.

reservoirsandtanks).

Shrinkageofhardenedconcreteunderdryingconditionsisinfluencedbyseveralfactors

inasimilarmannertocreep(ReynoldsandSteadman,2008).Theintrinsicshrinkageof

thecementpasteincreaseswiththewater/cementratiosothat,foragivenaggregate

proportion,concreteshrinkageisalsoafunctionofwater/cementratio.Therelative

humidityoftheairsurroundingthemembergreatlyaffectsthemagnitudeofconcrete

shrinkageaccordingtothevolume/surfacearearatioofthemember(Reynoldsand

Steadman,2008).Thelowershrinkagevalueoflargemembersisduetothefactthat

dryingisrestrictedtotheouterpartsoftheconcrete.

2.6.3Creep

Theincreaseinstrainbeyondtheinitialelasticvaluethatoccursinconcreteundera

sustainedconstantstress,aftertakingintoaccountothertime-dependentdeformations

notassociatedwithstress,isdefinedascreep(ReynoldsandSteadman,2008).Ifthe

stressisremovedaftersometime,thestraindecreasesimmediatelybyanamountthat

islessthantheoriginalelasticvaluebecauseoftheincreaseinthemodulusof

elasticitywithage(ReynoldsandSteadman,2008).Thisisfollowedbyafurthergradual

decreaseinstrain.Thecreeprecoveryisalwayslessthantheprecedingcreep,sothat

thereisalwaysaresidualdeformation.

The creep source in normal-weightconcrete is the hardened cementpaste.The

aggregaterestrainsthecreepinthepaste,sothatthestiffertheaggregateandthe

higheritsvolumetricproportion,theloweristhecreepoftheconcrete.Creepisalso

affectedbythewater/cementratio,asistheporosityandstrengthoftheconcrete

(Shetty,2005).Forconstantcementpastecontent,creepisreducedbyadecreasein

thewater/cementratio.Themostimportantexternalfactorinfluencingcreepisthe

relativehumidityoftheairsurroundingtheconcrete.Foraspecimenthatiscuredata

relativehumidityof100%,thenloadedandexposedtodifferentenvironments,thelower

therelativehumidity,thehigheristhecreep.Thevaluesaremuchreducedinthecase
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ofspecimensthathavebeenallowedtodrypriortotheapplicationofload.The

influenceofrelativehumidityoncreepisdependentonthesizeofthemember.When

dryingoccursatconstantrelativehumidity,thelargerthespecimen,thesmalleristhe

creep.Thissizeeffectisexpressedintermsofthevolume/surfacearearatioofthe

member.Ifnodryingoccurs,asinmassconcrete,thecreepisindependentofsize.

Creepisinverselyproportionaltoconcretestrengthattheageofloadingoverawide

rangeofconcretemixes(ReynoldsandSteadman,2008).Thus,foragiventypeof

cement,thecreepdecreasesastheageandconsequentlythestrengthoftheconcrete

atapplicationoftheload increases.Thetypeofcement,temperatureand curing

conditionsallinfluencethedevelopmentofstrengthwithage.

2.6.4CompressiveStrength

Thestrengthofconcreteisspecifiedasastrengthclassorgrade,namelythe28-day

characteristiccompressivestrengthofspecimensmadefrom freshconcreteunder

standardizedconditions(ReynoldsandSteadman,2008).Theresultsofstrengthtests

areusedroutinelyforcontrolofproductionandcontractualconformitypurposes.The

characteristicstrengthisdefinedasthatlevelofstrengthbelow which5%ofallvalid

testresultsisexpectedtofall.

In principle,compressive strengths can be determined from cores cutfrom the

hardenedconcrete.Coretestsarenormallymadeonlywhenthereissomedoubtabout

thequalityofconcreteplaced(e.g.ifthecuberesultsareunsatisfactory),ortoassistin

determiningthestrengthandqualityofanexistingstructureforwhichrecordsarenot

available.Greatcareisnecessaryintheinterpretationoftheresultsofcoretests,and

samplesdrilledfrom insituconcreteareexpectedtobelowerinstrengththancubes

made,curedandtestedunderstandardlaboratoryconditions.

2.7QualityofConcrete

Likeallotherengineeringoperations,concretemixedatsiterequiresspecialquality

controlwhichshouldbecarriedoutduringpreparation,batching,mixingandplacingof
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theconcretemix(Oyenuga,2011).Thequalitycontrolofconcreteshould aim at

producingauniform materialwhichprovidespropertiesparticularlydesirableforthe

work.Thebasicreasonforqualitycontrolincludes:ensuringthatworkmanshipdoes

notfallbelowacertainspecifiedstandardandlimitingtheoverallvariationinthequality

ofconcrete(Oyenuga,2011).Variationsinconcretequalityareduetoalargenumberof

factors which includes:variation batching,mixing variation,variation in qualityof

cement,variationindegreeofcompactionandvariationincuring.
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2.7.1FactorsAffectingQualityofConcrete

Inviewofthedifferentprocessesinvolvedinthemanufactureofconcrete,theproblems

ofqualitycontrolarediversifiedandtheirsolutionelaborated.Thefactorsinvolvedare

the personnel,the materials and equipment,the workmanship in allstages of

concreting,i.e.batchingofmaterials,mixing,transportation,placing,compaction,curing,

andfinallytestingandinspection.Itisthereforenecessarytoanalyzethedifferent

factorscausingvariationsinthequalityandthemannerinwhichtheycanbecontrolled.

2.7.1.1Materials

Fora uniform qualityofconcrete,the ingredients (particularlythe cement)shall

preferablybeusedfrom asinglesource.Wheningredientsfrom differentsourcesare

used,thestrengthandothercharacteristicsofthematerialsarelikelytochangeand,

therefore,theyshouldonlybeusedafterproperevaluationandtesting.

2.7.1.2PortlandCement

Cementisanymaterialthathardensandbecomesstrongadhesiveafterapplicationin

plasticform.Cementisthebindingconstituentofconcrete.Similartypesofcement

from differentsourcesandatdifferenttimesfrom thesamesourceexhibitvariationsin

propertiesofconcrete,especiallyincompressivestrength.Thisvariationinthestrength

ofcementisrelatedtothecompositionofraw materialsaswellasvariationsinthe

manufacturingprocess.Thecementshallbetestedinitiallyoncefrom eachsourceof

supplyand,subsequently,ateverytwomonthsinterval.Adequatestorageundercover

isnecessaryforprotectionfrom moisture.Setcementwithhardlumpsistoberejected.

2.7.1.3Aggregates

Inanyconcrete,aggregates(finesandandCoarse)usuallyoccupiesabout70-75%and

between60–80%ofthetotalvolumeoftheconcretemass.Theaggregateshavetobe

gradedsothewholemassofconcreteactsasarelativelysolid,homogeneous,dense

combinationwiththesmallestparticlesactingasinertfillerforthevoidsthatexist

between the larger particles.This therefore suggests that the selection and
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proportioningofaggregatesshallbegivendueattentionasitnotonlyaffectsthe

strength,butthedurabilityandstructuralperformanceoftheconcretealso.Further,the

aggregateischeaperthancementandthusitischeapertouseasmuchquantityof

aggregateandaslittleofcementaspossible.Aggregatesprovidebetterstrength,

stabilityanddurabilitytothestructuremadeoutofcementconcretethancementpaste

alone.Aggregateisnottrulyinertbecauseitsphysical,thermalandchemicalproperties

influence the performance ofconcrete.While selecting aggregate fora particular

concrete,theeconomyofthemixture,thestrengthofthehardenedmassanddurability

ofthestructuremustfirstbeconsidered.Grading,maximum size,shape,andmoisture

contentofthe aggregate are the majorsource ofvariability.Aggregate shallbe

separatelystockpiledinsinglesizes.Thegradedaggregateshouldnotbeallowedto

segregate.

2.7.1.4Water

Thewaterusedformixingconcreteshallbefreefrom silt,organicmatter,alkali,and

suspended impurities.Sulphates and chlorides in watershould notexceed the

permissiblelimits.Generally,waterfitfordrinkingmaybeusedformixingconcrete.

2.7.1.5Personnel

Thebasicrequirementforthesuccessofanyqualitycontrolplanistheavailabilityof

experienced,knowledgeableandtrainedpersonnelatalllevels.Thedesignerandthe

specification-writershouldhavetheknowledgeofconstructionoperationsaswell.The

siteengineershallbeabletocomprehendthespecificationstipulation.Everythingin

qualitycontrolcannotbecodifiedorspecifiedandmuchdependsupontheattitudeand

orientationofpeopleinvolved.Infact,qualitymustbeadisciplineimbibedinthemind

andthereshallbestrongmotivationtodoeverythingrightthefirsttime.

2.7.1.6Equipments

Theequipmentusedforbatching,mixingandvibrationshallbeoftherightcapacity.
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Weigh-batchersshallbefrequentlycheckedfortheiraccuracy.
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2.7.1.7Workmanship

Theactivitiesinvolvedintheworkmanshipinallstagesofconcreting,i.e.batchingof

materials,mixing,transportation,placing,compaction,curingandfinallytestingand

inspection.

2.7.1.8ReadyMixedConcrete

Ifinsteadofbeingbatchedandmixedonsite,concreteisdeliveredforplacingfrom a

centralplant,itisreferredtoasready-mixedorpre-mixedconcrete.Thisisusedfor

largebatcheswithlorrytransportersupto6m3capacity.Ithastheadvantageof

eliminatingsitestorageofmaterialsandmixingplant,withtheguaranteeofconcrete

manufacturedtoquality-controlledstandards.Placementisusuallydirectfrom thelorry

thereforesite-handlingfacilitiesmustbeco-ordinatewithdeliveries.Advantagesof

Ready-MixConcrete:

(a)Close qualitycontrolofbatching which reduces the variabilityofthe desired

propertiesofthehardenedconcrete.

(b)Useoncongestedsitesorinhighwayconstructionwherethereislittlespacefora

mixingplantandaggregatestockpiles.

(c)Useofagitatortruckstoensurecareintransportation,thuspreventingsegregation

andmaintainingworkability

(d)Conveniencewhensmallquantityofconcreteorintermittentplacingisrequired.

Thedisadvantageofready-mixconcreteisthatitiscostlierbyabout10–15% than

concretemixedatprojectsite.Butthisisoftenoff-setbysavingsinsiteorganization,in

supervisorystaff,andincementcontent.

2.7.1.9ConcreteMixRatio

Whenmakingconcreteit'simportanttousethecorrectconcretemixingratiosto

produceastrong,durableconcretemix.Mixingwaterwiththecement,sand,andstone

willform apastethatwillbindthematerialstogetheruntilthemixhardens.Thestrength

propertiesoftheconcreteareinverselyproportionaltothewater/cementratio.Basically

thismeansthemorewateryouusetomixtheconcrete(veryfluid)theweakerthe
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concretemix.Thelesswateryouusetomixtheconcrete(somewhatdrybutworkable)

thestrongertheconcretemix.Accurateconcretemixingratioscanbeachievedby

measuringthedrymaterialsusingbucketsorsomeotherkindofmeasuringdevice.By

measuringthemixingratiosyouwillhaveaconsistentconcretemixthroughoutyour

entireproject.

2.8CoconutShell

Coconuts are mainly cultivated in the coastalclays and sands and sporadically

distributed inotherareas(Danraka,2015).Theshellsareregarded aswasteand

thereforedisposedoffinlargeamountwhichleadtoenvironmentalproblemsinmostof

tropicalcountriesparticularlyinAfrica(Danraka,2015).Coconutshellhashighstrength

andmodulusproperties(VarmaandShrivastava,2021).Coconutsarebeingnaturally

availableinnatureandsinceitsshellsarenon-biodegradable;theycanbeusedreadily

inconcrete,whichmayfulfillalmostallthequalitiesoftheoriginalform ofconcrete

(VarmaandShrivastava,2021).Coconutshellisoftenusedasacompositeinconcrete

becauseofthecharacteristicsfoundinitbetterthanmaterialthatcommonlyusedin

productionofconcrete(Bansal,etal.,2014).Someresearchershaveconcludedthat

coconutshellcanbeusedforproducinglightweightconcreteandcanbeusedat

differentproportionforrequiredconcretestrength(Danraka,2015).Inaninvestigation

conducted by Kakade and Dhawale,(2015),itwas revealed thatthe 28th day

compressivestrengthofcoconutshellconcretewith25% volumereplacementwith

coconutshellaggregateunderfullwatercuringwas21.31MPaequivalenttograde20

concrete.Thismakesagriculturalwastesconcreteidealforbuildingconstructionifthe

minimum grade ofconcrete is achieved since these are generallycheaperthan

conventionalmaterials.

2.9ReviewofPastwork

Mukhtyarand Kumar,(2018)investigated the use ofcoconutshellas a partial

replacementforcoarseaggregateinconcrete.Coarseaggregate(granite)waspartially

replacedwithcoconutshellinanincreasingpercentageof2.5,5and10%byweightof
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concrete.Freshandhardenedmechanicalpropertiesoftheconcretewereinvestigated.

Findingsrevealedthattheslump,flexuralandcompressivestrengthofthecoconutshell

concretewascomparabletoconventional(plaincement)concrete.

Danraka,(2015)evaluatedtheeffectivenessofcoconutshellasingredientinconcrete.

The study examined the effectofcoconutshellas fine and coarse aggregate

replacementonthebehaviorofconcretewithrespecttosomevitalproperties.The

coconutshellconcretewasdesignedforcharacteristicstrengthof30MPawiththe

incorporationofcoconutshellasreplacementforfineandcoarseaggregateat10%,

20%and30%ofvolumefractionsrespectively.Theworkability,compressivestrengthas

wellasdensitiesandwaterabsorptionof96curedconcretesampleswereevaluatedat

7,14,21and28daysrespectively.Theresultsshowedthatincreaseinreplacementof

coconutshellvolumefractionsyieldedincreaseinworkabilityandwaterabsorptionwith

correspondingdecreaseinthemechanicalpropertiesoftheconcrete;however28day

compressivestrengthof25MPaanddensityof1874kg/m3 wasobtainedfor30%

respectivereplacementoffineandcoarseaggregates.

Yusuf,etal.,(2020)investigatedtheeffectofcoconutshellandfiberoncompressive

strength ofconcrete.The strength properties (density,compressive and tensile

strengths)ofcoconutshellconcrete(CSC)producedbyreplacingconventionalcoarse

aggregatewith0,20,40,60,80and100%CSatmixratioof1:11/2:3,andwater/cement

(w/c)ratio of0.5 were determined.AnothersetofCSC produced atthe same

proportionswerereinforcedwithfibre(1,2,3and4% byweightofcement)andthe

strengthsre-determined.Atotalof18samplesof150mm CSCcubesand72samples

of100x200mm fibre-reinforcedCSCcylinders,respectivelywereproducedandtested

after28daysofcuringforcompressivestrengthandtensilestrength,correspondingly.

Results show thatthe physicalproperties ofCS conformed to specifications for

lightweightaggregates,confirmingthatCSasalightweightaggregatesuitableforthe

productionoflightweightconcrete.Resultsalsosuggestedthatthestrengthproperties

ofCSCdecreasedwithincreaseinproportionofCS.However,thestrengthproperties

increasedwithincreaseintheproportionofCF,implyingthatCFservedasagood

reinforcementinCSC.Inaddition,foreachproportionofCF,thestrengthpropertiesof
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CSC decreased with increased proportion ofCS.The use ofCF is,therefore

recommendedasreinforcementinconcrete.

TukimanandMohd,(2009)investigatedtheeffectofpartialreplacementofcoarseand

fine aggregate in concrete with coconutshelland grinded palm kernelshellon

compressivestrengthofconcrete.fivedifferentconcretemixeswithdifferentthe

combination ofnaturalmaterialcontentnamely0%,25%,50%,75% and 100%.Three

samplespecimenwillbepreparedforeachconcretemixes.Theparameterswillbe

tested are flexuralstrength,compressive strength,tensile strength,modulus of

elasticity,durabilityand deflection crackbehavior.Effectofaggregate contentto

workabilitywasalsoexamined.Findingsobtainedfrom thestudysuggestthatthe

combinationofcoconutshellandgrainedpalm kernelshellhaspotentialaslightweight

aggregateinconcrete.Also,usingthecombinationofcoconutshellandgrainedpalm

kernelasaggregateinconcretecanreducethematerialcostinconstructionbecauseof

thelowcostandabundantagriculturalwaste.

Veeresh and Sunil,(2021)assessed the effectofpartialreplacementofcoarse

aggregatewithcoconutshellandcompletereplacementoffineaggregatewithRobo

sandonmechanicalpropertiesofconcrete.Inthisinvestigation,M25(1:11/2:3)grade

ofconcretewithcombinationof coconutshellcontentasCoarseaggregateinthe

proportionof0%,5%,10%,20%and25%willbereplacedandRobosand(stonedust)as

fineaggregatewithfull100% replacementofnaturalsand,samplespecimensare

preparedandwillbetestedforworkability,compressivestrengthandsplittensile

strength for7,14 and 28 days respectively.Results obtained suggestthatthe

compressive,workabilityandsplittensilestrengthofthecoconutshellandRobosand

concretecanbecomparedtothatofcorrespondingnormalconcrete.

PolusaniandVaraigyam,(2020)evaluatedtheeffectofeggshellpowderandcoconut

shellaggregateonM40andM50gradesofconcrete.Thepropertiesofconcretewith

5%replacementofcementwitheggshellpowderand2.5%,5%,10%partialreplacement

ofcoarseaggregatewithcoconutshellforM40andM50gradesofconcretewere

studied.A totalof72cubeswerecastedandtheirpropertiessuchasworkability,

compressivestrength,impactstrength,densityofconcretewereevaluated.Theresults

wereanalyzedandcomparedwiththeconventionalconcrete.Theresultsshowedthat
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thecompressivestrengthofcoconutshellmixconcreteexistedtobemoreorless

equivalenttotheconventionalconcrete.

ArivalaganandSudharkar,(2020)conductedastudyonoptimum useofcoconutshell

aspartialreplacementofcoarseaggregateinlightweightconcrete.Theconcretemade

withcoconutshellwasfoundtobedurableintermsofitsresistanceinwater,acidic,

alkalineandsalty.Densityofcoconutshellisintherangeof550-650kg/m3andthese

arewithinthespecifiedlimitsforlightweightaggregate.Coarseaggregatewasreplaced

bycrushedcoconutshellsinthreedifferentpercentagessuchas5%,10%,20%,30%,

40%and50%.Thephysicalcharacteristicpropertiesofconcretesuchascompressive

strength,splittensilestrengthandflexuralstrengthusingthemixmadebyreplacing

coarseaggregatewithcoconutshellaggregatewerestudiedinthepresentresearch

workandmixeswerecomparedwithnormalconcreteproperties.Theresultsfrom the

study were expected to promote the use ofcoconutshellas a substitute for

conventionallightweightcoarseaggregates.

Bansal,etal.,(2014)studiedthepartialreplacementofcoarseaggregatewithcoconut

shell.Thereplacementofcoarseaggregateofcoconutshellby5%and10%.Designmix

usedisM20gradeandtestingofspecimensareconductedafter7and28daysof

curing.Testconductedare:slumptest,compressiveandflexuralstrengthtest.Results

obtainedsuggestthattheworkability,flexuralandcompressivestrengthoftheconcrete

increasedtoat5and10%additionofcoconutshelltotheconcrete.Ultimately,concrete

producedwithpartialreplacementofcoarseaggregatewithcoconutshellwastermed

aslightweightconcrete.

AbubakarandAbubakar,(2011)conductedanexploratorystudyofcoconutshellas

coarseaggregateinconcrete.Physicalandmechanicalpropertiesofcoconutshelland

crushedgraniterockweredeterminedandcompared.Atotalof72concretecubesof

size150x150x150mm withdifferentmixratiosof1:2:4,1:11/2:3and1:3:6werecasted,

testedandtheirphysicalandmechanicalpropertiesdetermined.Aggregatecrushing

value(ACV)forcoarseaggregateis21.84and4.71forcoconutshell.Elongationand

flakinessindexare58.54and15.69respectivelyforgravels,whileforcoconutshellis

50.56and99.19respectively.CompressivestrengthinN/mm2ofcoconutshellat

7,14,21 and 28 days with mix ratios of 1:2:4,1:11/2:3,and 1:3:6 are (8.6,
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8.9,6.4,),(9.6,11.2,8.7),(13.6,13.1,10.7) and (15.1,16,5,11) respectively, likewise

(19.1,18.5,9.6),(22.5,23.0,10.4),(26.7,24.9,12.9)and(28.1,30.0,15)respectivelyfor

gravel.Sincetheconcretestrengthofcoconutshellwithmixratio1:11/2:3,attained

16.5N/mm2at28daysitcanbeusedinplainconcrete.Hencecostreductionof48%

willbeachieved.

Harle,(2019)investigatedtheeffectofpartialreplacementofcoarseaggregatewith

coconut shellon mechanicalproperties of concrete.The density,slump and

compressivestrengthofconcretearetested.Thereplacementofcoarseaggregateby

coconutshellby0%,10%,20% and30%.Thetestswerecarriedoutandtheresults

obtainedsuggestedthatthereplacementmorethan20%leadstolightweightaggregate

concrete.The slump found outto be increases as the percentage replacement

increased.Similarlythedensityisreducedasthepercentagereplacementincreased.

Thecompressivestrength found to bedecreasesasthepercentagereplacement

increases.

VermaandShrivastava,(2021)conductedanexperimentalinvestigationontheuseof

coconutshellaspartialsubstituteforcoarseaggregateinconcrete.Inpresentstudy,

compressivestrengthofconcreteofM20gradeshasstudiedbyreplacingnatural

coarse aggregates at0%,5%,10%,20% and 30%,byweightwith coconutshell.

Compressivestrengthofcoconutshellconcretehasbeenevaluatedon7,14,21and28

days.Thecompressivestrengthofcoconutshellconcretewas

reducedaspercentagereplacementincreased.Concretemixturesweretestedand

comparedintermsofcompressivestrengthoftheconventionalconcrete.Thestudy

resultshowsthatCoconutShellConcrete(CSC)canbeusedaslightweightconcrete.
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Buildingonidentifiedgapsfrom pastworksontheeffectofpartialreplacementof

coarseaggregatewithcoconutshellonmechanicalpropertiesofconcrete,thecurrent

studywilladoptstheuseof5%additionofcoconutshelltothecoarseaggregateduring

theproductionoftheconcrete.Strength,densityandworkabilityofthecoconutshell

concretewillbeevaluatedandconclusionwillbedrawnbasedonfindingsobtained.
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CHAPTERTHREE

MATERIALSANDMETHODS

Thissectionpresentsthematerialsandmethodsusedtoactualizetheresearchgoal.

Relevantstandards were employed to ascertain how the materials collected be

analyzedandalsothevariouslaboratoryteststobeconducted.AllTestssuchassieve

analysistestforfine,coarseaggregate,specificgravityoffineandcoarseaggregate,

bulkdensitytestoffineaggregate,slumporworkabilitytestoffreshconcrete,water

absorptiontest,compressivestrengthofhardenedconcretewerecarriedoutatCivil

EngineeringLaboratoryNnamdiAzikiweUniversityAwkaAnambraState.

3.1CollectionandPreparationofMaterials

3.1.1Water

Watersample used forthe experimentalstudy was collected within the school

environment.Thewatersamplepassed allthenecessaryrequirementforuseas

ingredientofconcretebasedonthefactthatitiscolourless,devoidofsuspendedsolid

particles,containsinfinitesimaltraceofdissolved solid particleswith no traceof

turbidityafterbeingsubjectedtolaboratorytesting.Thewaterwascollectedintwo

gallons

3.1.2FineAggregate(Sand)

Sandsampleusedinproducingtheconcretewasprovidedataconstructionsiteat

NnamdiAzikiweUniversityCampus.ThesandwasSievedthrough5.0mm testsieveto

removelargerparticlesandthenair-driedtoasaturatedstateofanaggregate.The

samplepassedthenecessaryrequirementforuseasingredientofconcretebasedon

thefactthatitisgrittywithparticlesizesvisibletothenakedeyes,physicalproperties

ofthesandsamplesweredeterminedpriortoitsincorporationintotheconcrete.Index

propertiesofthesandsampleweredeterminedpriorto itsincorporationinto the

concrete.

3.1.3CoarseAggregate
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GranitesamplesdesignatedasGT wasprocuredfrom InfrastructureDevelopment

Company(popularlyknownasIDC)locatedalongEnugu-Onitshaexpressway.After

procurement,thegranitesampleswereconveyedtothelaboratoryunitofDepartment

ofCivilEngineeringNnamdiAzikiweUniversityAwkaAnambraStatewheretheindex

properties ofthe aggregate were determined.The granite sample passed allthe

necessaryphysicaltestinthat,ithashighcrushingstrength,itisrelativelylargeinsize

(withinrangeof4.75mm to20mm)andisarepresentativeofgranite(chippings)in

color.Thegranitesamplewillbepartiallyadmixedwithcoconutshellinastepped

increaseof5%to30% byweightofcoarseaggregate.

3.1.4Cement

OrdinaryPortlandcement(Dangotecement)wasusedfortheexperimentalstudy.This

cementisdesignated asOPC.The cementwaspurchased atOnitsha Marketin

AnambraState.Uponpurchase,thecementwasconveyedtoschoollaboratorywhereit

waskeptinacooldryplacepreparatoryforvariouslaboratorytesting.Thecement

samplesatisfytherequirementforuseasoneofthemajorcomponentofconcretein

that,itwasnotcakedorbakedthroughvisualinspectionandquicksettingtime.

3.1.5CoconutShell(CS)

CoconutshellusedfortheexperimentalstudydesignatedasCSwasprocuredfrom a

localcoconuttraderin Awka Anambra State.Coconutshellsafterpurchase was

conveyedtoacrushingsitewhereitwascrushedandsievedthrough20mm openingto

assumethegradationofcoarseaggregates.Aftercrushing,thecrushedcoconutshell

was conveyed to CivilEngineering Laboratory NnamdiAzikiwe University Awka

Anambra State.The crushed coconutshellwas stored in an emptycementbag

preparatorytovariouslaboratorytesting.
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Plate3.1:CoconutShellBeforeandAfterCrushing.

3.2LaboratoryInvestigation

This section presents the experimentalprocedure and laboratorytests thatwere

adoptedforthestudy.Thetestsconductedwasconductedforalltheconstituentsof

concreteandthisinclude:Sieveanalysistestforfine,coarseaggregateandadditive

(crushedcoconutshell),specificgravityoffine,coarseaggregateandadditive(crushed

coconutshell),bulkandcompacteddensityoffineaggregate,waterabsorptiontest,

slump(workability)testoffreshconcreteandcompressiveofhardenedconcrete.The

aforementionedtestswereconductedatCivilEngineeringLaboratory,NnamdiAzikiwe

UniversityAwkaAnambraState.Below isadetaileddescriptionoftestprocedures

apparatusandcomputationoftestresults.

3.2.1ParticleSizeDistribution(SieveAnalysis)Test

Sieveanalysisisaprocedureusedtoassesstheparticlesizedistributionofagranular

material(sand,gravel).Thesizedistributionisoftenofcriticalimportanceto the
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behaviourofthematerialduringuse.Sieveanalysiscanperformedonanytypeofnon-

organicororganicgranularmaterialincludingsand,crushedrock,clay,granite,feldspar

andawiderangeofmanufacturedpowders,grainsandseeddowntominimum size

dependingontheexactmethod.Thestandardgrainsizeanalysistestdeterminesthe

relativeproportionofdifferentgrainsizesastheyaredistributedamongcertainsize

ranges.

Theparticlesizedistribution(PSD)orsieveanalysiswereperform forcoarseaggregate

(granite),fineaggregate(sand) andadditive(quarrydust)inorderto determinethe

gradingofeachmaterialinaccordancewithBS812-103(1990).

Plate3.2RangesforgrainSizesofdifferentSoiltype(Atkinson,2000).
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Plate3.3GradingCurveRangesforDifferentSoilTypes(Atkinson,2000).

Forasoiltobewellgradedthevalueofcoefficientofuniformity(Cu)hastobe

greaterthan4and6forgravelandsandrespectively,whiletheCoefficientof

Curvature(Cv)shouldbeintherangeof1to3.

Theapparatusneededforthisexperimentislistedbelow:

I. Stackofsievesincludingpanandcover.

II.Mechanicalsieveshaker.

III.Weighingbalanceof0.01gsensitivity.

IV.Handbrush

V.Mortarandpestle(Usedforcrushingifthesampleisconglomeratedorlumped)

VI.ThermostaticallycontrolledOven(Withtemperatureofabout80OC-110OC).

VII.Maskingtapeforidentificationofsample.

VIII. Exercisebookandpenforrecordingofresult.

IX.The calculation forattaining Coefficientofuniformity and Coefficientof

curvatureareoutlinedbelow.
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Percentageretained(%)= ×100massofsoilretainedinthesieve(g)

totalmassofsoilsample(g)

Cumulativepercentageretained=∑Percentageretained(%)

CumulativePercentageFiner(%)=100-Cummulativepercentageretained.

CoefficientofCurvature=D60

D10

CoefficientofUniformity= 2(D30)

D10×D60

Where

D10=particlesizesuchthat10%ofthesoilisfinerthanthesize

D30=particlesizesuchthat30%ofthesoilisfinerthanthesize.

D60=particlesizesuchthat60%ofthesoilisfinerthanthesize.

Plate3.4ApparatusforParticleSizeDistributionTest(SieveAnalysis).
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Plate3.5ApparatusforParticleSizeDistributionTest(SieveAnalysis).

TestProcedure

I. Cleanproperlythestackofsievestobeusedfortheexperimentusinghand

brush.

II. Weighabout500gofair-driedsoilsampleonaweighingbalance.

III. Pourtheweighedsoilsampleinto75um sieveandwashunderasteadysupplyof

wateruntilclearwaterstartcomingoutfrom thesieveafterpassingthroughthe

soilsample.

IV. Afterwashingpourthewashedsoilsampleintoapre-weighedplateanddryit

insidethethermostaticallycontrolledovenatacontrolledtemperatureof80-

110OCfor16-24hrs.

V. Removethesamplefrom theovenanddetermineitweight(netweight)by

deductingtheweightofplatefrom theweightofplateandsoil.

VI. Arrangethestacksofsieveintheascendingorder,placeinamechanicalsieve

shaker,andthereafterpourthesampleandconnecttheshakerforabout10-15
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minute.

VII. Disconnectthesieveshakeranddeterminethemassretainedoneachofthe

sievesizes.

VIII. Determine the percentage retained,Cumulative percentage retained and

Cumulativepercentagefiner.

IX. PlotthegraphofsieveCumulativepercentagefineragainstsievesizes.

X. DetermineD10,D30andD60from theplottedgraph.

XI. DeterminetheCoefficientofCurvatureandCoefficientofUniformityandclassify

thesoilusingtheAmericanAssociationofStateHighwayandTransportation

Official(AASHTO)andUnifiedSoilClassificationSystem (USCS)respectively.

3.2.2SpecificGravityofFineAggregateTest

Specificgravityistheratioofmassofunitvolumeofsoilatastatedtemperatureto

massofequalvolumeofgas-freedistilledwateratthesametemperature(Krishna,

2002).Alsoasdefinedby(Braja,2006),Specificgravitycanbedefinedastheratioof

unitweightofamaterialtounitweightofwater.Thespecificgravityofsoilsolidsis

oftenneededforvariouscalculationsinsoilmechanics.Itcanbedeterminedaccurately

inthesoillaboratory.

Theapparatusemployedforthisexperimentincludes:

I. Densitybottleof50mlcapacityandastopper.

II. Desiccatorcontaininganhydroussilicagel.

III. Thermostaticallycontrolledovenwithtemperatureofabout80-110OC.

IV. Weighingbalanceof0.01gsensitivity.

V. Mantleheater.
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VI. Plasticwashbottle.

VII. Distilledwater.

VIII. Funnel

IX. Thinglassrodforstirring.

X. 425um Sieve.

XI. Drypieceofclothforcleaning.

XII. Maskingtapeforidentificationof

sample.

XIII. Exercise book and pen for

recordingofresult.
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Plate3.6ApparatususedforSpecificGravityTest.

3.2.3SpecificGravityofCoarseAggregateTest

Specificgravityistheratioofmassofunitvolumeofsoilatastatedtemperatureto

massofequalvolumeofgas-freedistilledwateratthesametemperature(Krishna,

2002).Alsoasdefinedby(Braja,2006),Specificgravitycanbedefinedastheratioof

unitweightofamaterialtounitweightofwater.Thespecificgravityofsoilsolidsis

oftenneededforvariouscalculationsinsoilmechanics.Itcanbedeterminedaccurately

inthesoillaboratory.

Theapparatusemployedforthisexperimentincludes:

I. Densitybottleof50mlcapacityandastopper.

II.Desiccatorcontaininganhydroussilicagel.

III.Thermostaticallycontrolledovenwithtemperatureofabout80-110OC.

IV.Weighingbalanceof0.01gsensitivity.

V.Mantleheater.

VI.Plasticwashbottle.

VII.Distilledwater.

VIII. Funnel

IX.Thinglassrodforstirring.

X.425um Sieve.

XI.Drypieceofclothforcleaning.

XII.Maskingtapeforidentificationofsample.
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XIII. Exercisebookandpenforrecordingofresult.

Plate3.7:ApparatususedforSpecificGravityTest.

3.2.4Slump(WorkabilityTest)

Slumptestisusedtodeterminetheworkabilityorconsistencyofconcretemixprepared

atthelaboratoryortheconstructionsiteduringtheprogressofthework.

Theproceduresareasfollows:

I. Cleantheinternalsurfaceofthemoldandapplyoil.

II.Placethemoldonasmoothhorizontalnon-porousbaseplate.

III.Fillthemoldwiththepreparedconcretemixin4approximatelyequallayers.

IV.Tampeachlayerwith25strokesoftheroundedendofthetampingrodina

uniform manneroverthecrosssectionofthemold.Forthesubsequentlayers,

thetampingshouldpenetrateintotheunderlyinglayer.
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V.Removetheexcessconcreteandlevelthesurfacewithatrowel.

VI.Cleanawaythemortarorwaterleakedoutbetweenthemoldandthebaseplate.

VII.Raisethemoldfrom theconcreteimmediatelyandslowlyinverticaldirection.

VIII. Measuretheslumpasthedifferencebetweentheheightofthemoldand

thatof

heightpointofthespecimenbeingtested.

Calculation

Slump=Heightoftheslumpcone–Heightoftheunsupportedconcrete.

Figure3.7:TypesofConcreteSlumpTestResults.

1.TrueSlump–Trueslumpistheonlyslumpthatcanbemeasuredinthetest.The

measurementistakenbetweenthetopoftheconeandthetopoftheconcrete

aftertheconehasbeenremovedasshownabove.Inatrueconcretejust

subsidesshortlyandmoreorlessmaintainthemouldshape.Thistypeofslump

ismostdesirableandrepresentsthereliableconditiontogetanideaaboutthe

workabilityofconcrete.

2.ZeroSlump–Zeroslumpistheindicationofverylowwater-cementratio,which

resultsindrymixes.Thistypeofconcreteisgenerallyusedforroadconstruction.

Inthisslump,theconcretemaintainstheactualshapeofthemouldasitissaid

tobestiff,consistentandalmostnon-workable.
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3.CollapsedSlump–Inthecase,freshconcretecollapsescompletely.Thisisan

indicationthatthewater-cementratioistoohigh,i.e.concretemixistoowetorit

isahighworkabilitymix,forwhichaslumptestisnotappropriate.

4.ShearSlump–Inthiscase,one-halfoftheconeslidedowninaninclinedplane,

thisslumpindicateslackofcohesionintheconcretemix.Shearslumpmay

occurincaseofaharshmix.

Figure3.8:ApparatususedforSlumpTest

3.2.5CompressiveStrengthofHardenedConcrete

Thetestmethod coversdeterminationofcompressivestrengthofcubicconcrete

specimens.Itconsistsofapplyingacompressiveaxialloadtomoldedcubesatarate

whichiswithinaprescribedrangeuntilfailureoccurs.

TheApparatusUsedincludes:

I. Testing Machine-Thetesting machinemaybeofanyreliabletype,of
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sufficientcapacityforthetestsandcapableofapplyingtheloadattherate

specifiedin5.5.Thepermissibleerrorshallbenotgreaterthan±2percentof

themaximum load.

II. CubeMoulds-Themouldshallbeof150mm sizeconformingtoIS:10086-

1982.

III. Weightsandweighingdevice

IV. Toolsandcontainersformixing,

V. Tamper(squareincrosssection)

TestProcedure

I.SamplingofMaterials-Samplesofaggregatesforeachbatchofconcreteshallbeof

thedesiredgradingandshallbeinanair-driedcondition.Thecementsamples,on

arrivalatthelaboratory,shallbethoroughlymixeddryeitherbyhandorinasuitable

mixerinsuchamannerastoensurethegreatestpossibleblendinganduniformityin

thematerial.

II.Proportioning-Theproportionsofthematerials,includingwater,inconcretemixes

usedfordeterminingthesuitabilityofthematerialsavailable,shallbesimilarinall

respectstothosetobeemployedinthework.

III.Weighing-Thequantitiesofcement,eachsizeofaggregate,andwaterforeach

batchshallbedeterminedbyweight,toanaccuracyof0.1percentofthetotalweightof

thebatch.

IV.MixingConcrete-Theconcreteshallbemixedbyhand,orpreferably,inalaboratory

batchmixer,insuchamannerastoavoidlossofwaterorothermaterials.Eachbatch

ofconcreteshallbeofsuchasizeastoleaveabout10percentexcessaftermoulding

thedesirednumberoftestspecimens.

V.Mould-Testspecimenscubicalinshapeshallbe150mm ×150mm ×150mm .Ifthe

largestnominalsizeoftheaggregatedoesnotexceed20mm,10omm cubesmaybe

usedasanalternative.Cylindricaltestspecimensshallhavealengthequaltotwicethe

diameter.

VI.Compacting-Thetestspecimensshallbemadeassoonaspracticableaftermixing,

and in such a wayas to produce fullcompaction ofthe concrete with neither
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segregationnorexcessivelaitance.

VI.Curing-Thetestspecimensshallbestoredinaplace,freefrom vibration,inmoist

airofatleast90percentrelativehumidityandatatemperatureof27°±2°Cfor24hours

±½hourfrom thetimeofadditionofwatertothedryingredients.

VII.PlacingtheSpecimenintheTestingMachine-Thebearingsurfacesofthetesting

machineshallbewipedcleanandanyloosesandorothermaterialremovedfrom the

surfacesofthespecimenwhicharetobeincontactwiththecompressionplates.

VIII.Inthecaseofcubes,thespecimenshallbeplacedinthemachineinsuchamanner

thattheloadshallbeappliedtooppositesidesofthecubesascast,thatis,nottothe

topandbottom

IXTheaxisofthespecimenshallbecarefullyalignedwiththecentreofthrustofthe

sphericallyseatedplaten.Nopackingshallbeusedbetweenthefacesofthetest

specimenandthesteelplatenofthetestingmachine.

X.Theloadshallbeappliedwithoutshockandincreasedcontinuouslyatarateof

approximately140kg/sqcm/minuntiltheresistanceofthespecimentotheincreasing

loadbreaksdownandnogreaterloadcanbesustained.

XI.The maximum load applied to the specimen shallthen be recorded and the

appearanceoftheconcreteandanyunusualfeaturesinthetypeoffailureshallbe

noted.

Thecompressivestrengthofconcretecubeiscomputedasfollows:

CompressiveStrength(N/mm2)= Appliedload(N)

AreaofCube(mm ×mm)

Whereappliedload(N)=Force

Nowconversionofappliedloadfrom TonforcetoKNorN.

1Tonforce=10kNor10,000N.

For220kN=220×1000=220,000N

Areaofcube=150mm×150mm =22,500mm2
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CompressiveStrength= =9.78N/mm220,000N

22,500mm2

Plate3.9:UniversalTestingMachineforCompressiveStrengthTest.
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CHAPTERFOUR

RESULTSANDDISCUSSION

Duringtheexperimentationphaseofthestudy,keyfindingswereobtainedwhichwas

valuableinascertainingtheindexpropertiesoftheaggregatesusedfortheproduction

ofconcrete and also forevaluating the effectofpartialreplacementofcoarse

aggregateswithcrushedcoconutshellonfreshandhardenedmechanicalpropertiesof

concrete.TheseresultsarepresentedinTable4.1below:

4.1Results

Table4.1:PhysicalPropertiesofConcreteComponentsEmployedintheResearch

ConcreteComponents/Properties Sand Granite CrushedCoconutShell

SpecificGravity 2.55 2.61 ----

Percentage Passing Sieve No 200

(0.075mm)

8.03 ------ ------

PercentagePassingSieveNo10(4.75mm) ----- 5.78 1.67

AASHTOClassificationSystem A-2-6 A-1-b A-1-a

UnifiedSoilClassificationSystem SM GC GM

CoefficientofUniformity 2.8 7.2 2.22

CoefficientofCurvature 0.85 1.44 0.56

Gradation SP GP GP

Table4.2:SlumpTestResultatVaryingPercentagesofCCS

Percentage

Replacementof

CCS

Heightof

SlumpCone

(mm)

Heightof

Collapse

Slump(mm) SlumpType
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0 300 265 35 Trueslump

5 300 270 30 Trueslump

10 300 275 25 Trueslump

15 300 282 18 Trueslump

20 300 285 15 Trueslump

25 300 290 10 Trueslump

Table4.3:CompressiveStrengthTestResultsatVaryingPercentagesofCCS

PercentageReplacement

ofCCS

CompressiveStrength

(N/mm2)

0 22.96

5 21.06

10 18.94

15 17.43

20 16.02

25 14.91

Table4.4:CompressiveStrengthTestResultsatVaryingIntervalsofCuringDays

CuringDays(Age) CompressiveStrength

(N/mm2)

7 17.96

28 19.14
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Table4.5:DryDensityTestResultsatVaryingPercentagesofCCS

PercentageReplacement

ofCCS
DryDensity(kg/m3)

0 2173

5 2041

10 1956

15 1831

20 1759

25 1653

Table4.6:DryDensityTestResultsatVaryingIntervalsofCuringDays

CuringDays(Age) DryDensity(kg/m3)

7 1873

28 1931

4.2AnalysisofResults

4.2.1SieveAnalysis

Figure4.0isasemilogarithmicgraphshowingtheparticlesizedistributionofsand,

quarrydustandgraniterespectively.ThepercentagepassingthroughsieveNo200

(0.075mm)sieveforsandwas8.03,coefficientofuniformityandcurvaturewere2.8

and 0.85 respectivelyand asaresult,sand wasclassified asA-2-6 according to

AASHTOClassificationSystem andSM (sandmixedwithsilt)accordingtoUnifiedSoil
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Classification System.The percentage passing through sieve No 4 (4.75mm)for

crushedcoconutshellandgranitewere1.67and5.78,coefficientofuniformityand

curvaturewere2.22,0.56,7.2and1.44respectivelyandasaresult,crushedcoconut

shellandgranitewereclassifiedasA-1-aandA-1-aaccordingtoAASHTOClassification

System andGM (gravelmixedwithsilt)andGC(gravelymixedwithclay)accordingto

UnifiedSoilClassificationSystem.Thegradationoftheaggregatessamplerevealed

thatthesampleswerepoorlygraded.

Figure4.0:ParticleSizeDistributionCurveforSand,GraniteandCrushedCoconut

Shell

4.2.2SpecificGravity

Table4.0andFigure4.1show thespecificgravityoftheaggregatesusedinthe

research.Thespecificgravityoftheaggregatesandadditive(crushedcoconutshell)

rangedfrom 1.67to2.61.Itwasobservedthatgranitewithaspecificgravityof2.61

producedthehighestspecificgravityvalue.ThesandandgranitesamplesmetASTM

requirementforspecificgravityofnormalweightconcretewhichstatethatthespecific

gravityoftheaggregatemustexceed2.4.Whilethecrushedcoconutshellmetthe

ASTM requirementforspecificgravityoflightweightconcretewhichstatethatthe
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specificgravityoftheaggregateforlightweightconcreteproductionmustfallbelow

2.4.Thisimpliesthatconcreteproducedwithcrushedcoconutshellarelikelytobelight

weight.

Figure4.1:GraphShowingtheSpecificGravityValuesofAggregateandConcrete

Additives.

4.2.3Slump

Table4.2andFigure4.2showstheslumpofconventionalandcrushedcoconutshell

concreteatconstantwaterto cementration and varying percentagesofcrushed

coconutshell.Theoptimum slumpvaluewasrecordedforthecontrolspecimen(0%

CCS).Itwasobservedthattheconcreteslumpdecreasedonconsistentadditionof

crushedcoconutshelltotheconcrete.Thedeclineinslumpofcrushedcoconutshell

concretecouldbeattributabletothehighwaterabsorptionofthecrushedcoconutshell.

Thehighwaterabsorptionofcrushedcoconutshellreducesthewatercontentrequired

forhydrationofcementwhichinvariablyreducedtheslumpofthefreshconcrete.This

resultsuggestscrushedcoconutshellrequiresmorewatertocementratiosoasto

achieveaworkablemix.
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Figure4.2:ChartShowingtheSlumpoftheConcreteatVaryingPercentagesof

CrushedCoconutShell

4.2.4CompressiveStrength

Table4.3andFigure4.3showstheresultofcompressivestrengthofthehardened

concreteatvaryingpercentagesofcrushedcoconutshellandcuringdaysrangingfrom

7and28daysrespectively.Themaximum compressivestrengthwasrecordedforthe

controlspecimen(0%CCS).Itwasobservedthatthecompressivestrengthofboththe

controlspecimenandmodifiedconcrete(crushedcoconutshellconcrete)increased

withcuringdays.ThisresultisinagreementwiththeworksofYusuf,etal.,(2020).On

consistentadditionofcrushedcoconutshelltotheconcrete,itwasobservedthatthe

compressivestrengthdecreased.Theconsistentdeclineincompressivestrengthcould

beattributedtothehighwaterabsorptionofcrushedcoconutshell.Thehighwater

absorption ofcrushed coconutshellreduces the density ofthe concrete which

invariablyresulttodeclineincompressivestrengthasdensityofhardenedisanindices

ofthestrengthoftheconcrete.ThisfindingisinagreementwiththeworksofBansal,et

al.,(2014),VermaandShrivastava,(2019),Yusuf,etal.,(2020)andArivalagan,(2020).



59

Figure4.3:GraphofCompressiveStrengthagainstCuringDays

Figure4.4:GraphofCompressiveStrengthagainstPercentageReplacementof

CrushedCoconutShell

4.2.5HardenedConcreteDensity

Theresultsobtainedforthehardenedconcretedensityoftheconventionandcrushed



60

coconutshellconcreteweresimilartothatobtainedforcompressivestrength.Itwas

observedthatthedrydensityofcrushedcoconutshellconcretewaslowerthanthatof

thecontrolspecimen.Onconsistentadditionofcrushedcoconutshelltotheconcrete,

thedrydensityoftheconcretedecreased.Itwasalsoobservedthatthedrydensityof

theconcreteincreasedwithcuringdays.Itwasalsoobservedthatat20%additionof

crushedcoconutshelltotheconcrete,theconcretebecamelightweightastheirdensity

waslessthan1800kg/m3 (BSEN,2011).Theconsistentdeclineindrydensityofthe

crushedcoconutshellconcretecouldbeattributedto thelow densityofcrushed

coconutshellwhichultimatelyaffectsthedensityofthefinishedconcrete.

Figure4.5:GraphofdrydensityagainstCuringDays
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Figure4.6:GraphofDryDensityagainstVaryingPercentagesofCrushedCoconut

Shell
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CHAPTERFIVE

CONCLUSIONANDRECOMMENDATION

5.1Conclusion

From thefindingsobtainedoneffectofpartialreplacementofgranitewithcrushed

coconutshellonfreshandhardenedmechanicalpropertiesofconcrete,thefollowing

conclusioncanbedrawn:

1 Preliminaryinvestigation oftheaggregatesamplesused fortheproduction

suggests thatthe aggregates satisfied standard requirementforconcrete

production.

2 ThespecificgravityofcrushedcoconutshellfellbelowASTM requirementsfor

normalweightaggregateandasaresultwillbeusefulforproductionoflight

weightconcrete.

3 Theslumpofthecontroldecreasedwithincreasingpercentagesofcrushed

coconutshell.

4 Thedrydensityofthehardenedconcretedecreasedwithincreasingpercentages

ofcrushedcoconutshell.

5 The compressive strength of the concrete decreased with increasing

percentagesofcrushedcoconutshellwiththeoptimum valueofcompressive

strengthobtainedforthecontrolspecimen(0%CCS).

6 Thecrushedcoconutshellwasadjudgedasfeasiblebutineffectivealternative

forstrengthimprovementinconcrete.

5.2Recommendation

Therecommendationonstrengthenhancementinconcretecontainingcrushedcoconut

shellasapartialsubstituteforcoarseaggregateinconcreteisasfollows:

1 Concreteproducedwithpartialreplacementofgranitewithcrushedcoconut

shellcanonlybeusedfornonstructuralpurposeasviolationofthisspecification

couldresulttolossinstructuralintegrityoftheconcrete.

2 Thisstudydiscouragestheuseofcrushedcoconutshelleitherasapartialor
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complete additive in enhancementof mechanicalproperties of concrete

particularlywhenthemodifiedconcreteistoservestructuralpurposes.
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APPENDICES

APPENDIXA

CompressiveStrengthTests

TableA1:CompressiveStrengthTestResultfor0%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)

7days 1:2:4

492.3 21.88

22.30504.3 22.41

508.5 22.6

28days

1:2:4

530.4 23.57

23.62535.7 23.81

528.3 23.48

TableA2:CompressiveStrengthTestResultfor5%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)
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7days 1:2:4

455.6 20.25

20.27452.3 20.10

460.4 20.40

28days

1:2:4

500.4 22.24

21.84490.3 21.79

483.5 21.49
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TableA3:CompressiveStrengthTestResultfor10%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)

7days 1:2:4

424.3 18.86

18.49418.5 18.60

405.4 18.02

28days

1:2:4

435.8 19.37

19.39440.7 19.59

432.4 19.22

TableA4:CompressiveStrengthTestResultfor15%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)

7days 1:2:4

380.5 16.91

16.62372.7 16.56

368.5 16.38

28days

1:2:4

410.5 18.24

18.23411.3 18.28

408.6 18.16
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TableA5:CompressiveStrengthTestResultfor20%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)

7days 1:2:4

350.6 15.58

15.66362.5 16.11

344.5 15.30

28days

1:2:4

368.6 16.38

16.37370.4 16.46

365.8 16.26

TableA6:CompressiveStrengthTestResultfor25%CCA

CuringDays

(Age)

MixbyVolume FailureLoad

(kN)

Compressive

Strength

(N/mm2)

Average

Compressive

Strength

(N/mm2)

7days 1:2:4

320.8 14.26

14.43322.5 14.33

330.7 14.70

28days

1:2:4

345.8 15.37

15.39344.5 15.31

348.8 15.50
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FigureA1:GraphofCompressiveStrengthagainstCuringDaysat0%CCS

FigureA2:GraphofCompressiveStrengthagainstCuringDaysat5%CCS
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FigureA3:GraphofCompressiveStrengthagainstCuringDaysat10%CCS

FigureA4:GraphofCompressiveStrengthagainstCuringDaysat15%CCS
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FigureA5:GraphofCompressiveStrengthagainstCuringDaysat20%CCS

FigureA6:GraphofCompressiveStrengthagainstCuringDaysat25%CCS
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APPENDIXB

DryDensityTests

TableB1:DensityTestResultfor0%CCS

Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)

7days 7.08

7.23

2098

21417.24 2145

7.36 2181

28days 7.35

7.44

2178

22057.48 2216

7.50 2222

TableB2:DensityTestResultfor5%CCS

Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)

7days 6.82

6.80

2021

20166.84 2027

6.75 2000

28days 6.95

6.97

2059

20656.92 2050

7.04 2086

TableB3:DensityTestResultfor10%CCS
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Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)

7days 6.52

6.46

1932

19146.41 1899

6.45 1911

28days 6.68

6.64

1979

19986.71 1988

6.84 2027

TableB4:DensityTestResultfor15%CCS

Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)

7days 6.21

6.12

1840

18146.04 1789

6.12 1813

28days 6.31

6.23

1870

18476.24 1849

6.15 1822

TableB5:DensityTestResultfor20%CCS

Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)
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7days 5.95

5.9

1763

17485.92 1754

5.83 1727

28days 6.08

5.97

1801

17705.93 1757

5.91 1751

TableB6:DensityTestResultfor25%CCS

Curingdays

(Age)

Weight(kg) AverageWeight

(kg)
Density(kg/m3) AverageDensity

(kg/m3)

7days 5.42

5.41

1606

16045.34 1582

5.48 1624

28days 5.81

5.74

1721

17015.74 1700

5.68 1683
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FigureB1:GraphShowingtheDryDensityValuesatVaryingPercentagesofCCS

FigureB2:GraphShowingtheDryDensityValuesatIntervalsofCuringDays
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APPENDIXC

SlumpTests

TableD1:SlumpTestResultatVaryingPercentagesofCCS

Percentage

Replacementof

CCS

Heightof

SlumpCone

(mm)

Heightof

Collapse

Slump(mm) SlumpType

0 300 265 35 Trueslump

5 300 270 30 Trueslump

10 300 275 25 Trueslump

15 300 282 18 Trueslump

20 300 285 15 Trueslump

25 300 290 10 Trueslump
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FigureD1:GraphShowingtheSlumpoftheConcreteatVaryingPercentagesofCCS

APPENDIXD

SieveAnalysisTests

TableE1:SieveAnalysisTestResultforSand

Sieve

Sizes

MassRetained

(g)

%MassRetained

(g)

Cum %

Retained

Cum %

Finer

2 7.97 2.66 2.66 97.34

1.18 9.98 3.33 5.99 94.01

0.85 11.73 3.91 9.90 90.10

0.6 27.95 9.32 19.21 80.79
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0.425 44.02 14.67 33.89 66.11

0.3 53.69 17.90 51.78 48.22

0.15 112.1 37.37 89.15 10.85

0.075 8.46 2.82 91.97 8.03

Tray 2.3 0.77 92.74 7.26

FigureE1:ParticleSizeDistributionCurveforSand

TableE2:SieveAnalysisTestResultforGranite

SieveSizes MassRetained(g) %Mass

Retained(g)

Cum %

Retained

Cum %

Finer
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31.25 0.18 0.02 0.02 99.98

25 98.6 8.96 8.98 91.02

20 367.27 33.39 42.37 57.63

12.5 509 46.27 88.64 11.36

9.5 14.71 1.34 89.98 10.02

6.3 32.11 2.92 92.90 7.10

4.75 14.53 1.32 94.22 5.78

Tray 12.48 1.13 95.36 4.64

FigureE2:ParticleSizeDistributionCurveforGranite
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TableE3:SieveAnalysisTestResultforCrushedCoconutShell

Sieve

Sizes

Mass

Retained(g)

%Mass

retained

Cum %

Retained

Cum %

finer

(mm)

14 25 8.33 14.49 91.67

12.5 95 31.67 46.16 60.00

10 60 20.00 66.16 40.00

9.5 105 35.00 101.16 5.00

4.75 10 3.33 104.49 1.67

Tray 5 1.67 106.16 0.00

Total 300 37.50
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FigureE3:ParticleSizeDistributionCurveforCCS
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FigureE4:ParticleSizeDistributionCurveforSand,GraniteandCrushedCoconutShell.
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APPENDIXE

SpecificGravityTests

TableF1:SpecificGravityResultforCrushedGranite.

Determinants Trial1 Trial2 Trial3

WtofSaturated

aggregateand

basketinwater

W1(g).

458.72 460.68 462.46

Wtofbasketin

WaterW2(g).

190.48 192.84 192.88

WtofSaturated

aggregateinair

W3(g).

438.62 442.24 440.82

WtofOven-dried

aggregateinair

W4(g).

432.80 434.28 434.86

TheSpecificgravityofthesampleiscalculatedasfollows:

ApparentSpecificGravityforCrushedGranite.

Trial1(GS1)= = =2.63W4

(W4-(W1-W2)

432.80

(432.80-(458.72-190.48)

Trial2(GS2)= = =2.61(W4

(W4-(W1-W2)

434.28

(434.28-(460.60-192.84)
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Trial3(GS3)= = =2.60W4

(W4-(W1-W2)

434.86

(434.86-(462.46-192.88)

ApparentSpecificGravity= = =2.61(GS1 +GS2 +GS3)

3

(7.84)

3

BulkSpecificGravityforCrushedGranite.

Trial1(GS1)= = =2.48W4

(W3-(W1-W2)

432.80

(438.62-(458.7-190.48)

TableF2:SpecificGravityResultforSand

Determinants Trial1 Trial2 Trial3

Wtofdensitybottle,W1(g). 24.50 25.32 25.12

Wtofbottle+drysoil,W2(g). 34.48 35.31 35.10

Wtofbottle+soil+water,W3(g). 84.43 86.39 85.03

Wtofbottle+water,W4(g). 78.35 80.32 78.93

TheSpecificgravityofthesampleiscalculatedasfollows:

SpecificGravityforSand

Trial1(GS1)= = =2.56(W2-W1)

-(W2-W1)(W3-W4)

(34.48-24.50)

-(84.43-78.35)(34.48-24.50)

Trial2(GS2)= = =2.55(W2-W1)

-(W3-W4)(W2-W1)

(35.31-25.32)

-(86.39-80.32)(35.31-25.32)

Trial3(GS3)= = =2.53(W2-W1)

-(W3-W4)(W2-W1)

(35.10-25.12)

(85.03-78.93)(35.10-25.12)
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SpecificGravity= = =2.55(GS1 +GS2 +GS3)

3

(2.56 +2.55 +2.53)

3
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TableF3:SpecificGravityResultforCrushedCoconutShell

Determinants Trial1 Trial2 Trial3

WtofSaturatedaggregate

andbasketinwaterW1(g).

268.5 254.8 230.4

WtofbasketinWaterW2

(g).

158.1 157 132.4

WtofSaturatedaggregate

inairW3(g).

438.62 442.24 440.82

WtofOven-driedaggregate

inairW4(g).

280.6 290.5 305.8

TheSpecificgravityofthesampleiscalculatedasfollows:

ApparentSpecificGravityforCrushedCoconutShell

Trial1(GS1)= = =1.65W4

(W4-(W1-W2)

280.6

(280.6-(268.5-158.1)

Trial2(GS2)= = =1.51(W4

(W4-(W1-W2)

290.5

(290.5-(254.8-157)

Trial3(GS3)= = =1.47W4

(W4-(W1-W2)

305.8

(305.8-(230.4-132.4)

ApparentSpecificGravity= = =1.54(GS1 +GS2 +GS3)

3

(4.63)

3
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FigureF1:SpecificGravityofAggregateandCrushedCoconutShell


