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ABSTRACT

Thisprojectwasusedtoinvestigatetheeffectofcoarseaggregategradation
onthecompressivestrengthofconcretefrom thethreesamplesofgranites
gotten from Agu-Awka round Aboutof20mm,10mm and 25mm coarse
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aggregate,whichwaslefttodryandwastestedwithsieveanalysisasthe
preliminarytestin orderto determine the particle size distribution.The
workability(slump)oftheconcretewascarriedoutthroughaslumptestof
whichtheapparatususedareAnameltray,handtrowel,shovel,slumpcone,
headpan,metallictape,tampingrodof25blowsoneachlayersofthreefills
andaweightbalance.Theweightofthesampleofthefineaggregateused
was300kg,theweightofthesamplefor10mm coarseaggregateusedwas
2000kg,theweightofthesampleforthe20mm coarseaggregateusedwas
2000kg,theweightofsampleforthe25mm coarseaggregateusedwas
2000g.Withthemixingratioofwatertocementratioof1:2:4.Theslumps
obtainedareintherangeof15mm to88mm.Thehighestslumpwasobtained
atconcreteA6whichis25mm and10mm coarseaggregate.TheCompressive
strengthofsixcubesofconcretemadebyusingthreedifferent coarse
aggregate(20mm and10mm),(10mm and25mm)inamixedproportion,then
thethirdsizewhichis25mm.TheCompressivestrengthofonefrom eachof
thecubegroupsweremonitoredandcrushedattherangeof7daysand
28daysbyaCompressivetestingmachine.TheCompressivestrengthofthe
concretewasdetermined bytheautomaticCompressivetesting machine
whenatthe7thdayofcuringatestloadof305.28KNwasconfirmedtocrush
acubeof(10mm and20mm)concretewithastrengthof13.50N/MM 2̂,Atest
loadof345.41KNwasconfirmedtocrushacubeof25mm atastrengthof
15.35N/MM 2̂,Aloadof416.25KNwasconfirmedtocrushacubeof(10mm
and25mm)ataCompressivestrengthof(18.50N/MM 2̂).Onthe28thdayof
curingatestloadof426.06KNwasconfirmedtocrushsecondcubeof10mm
and20mm ataCompressivestrengthof18.93N/MM 2̂.Aloadof460.06(KN)
wasconfirmedtocrushacubeof(25mm)ataCompressivestrengthof
20.40N/MM 2̂.Andatestloadof573.75KNwasconfirmedtocrushedacube
of(10mm and25)ataCompressivestrengthof25.50N/MM 2̂.Inconclusion,
itisnowmadetobeknownthroughtheresearchmadethattheCompressive
strengthofaconcretecanbedeterminedfrom theGradation(proportions)
used and the smallerthe size of an aggregate,the increase in the
water/cementratio which causes reduction effecton the Compressive
strengthoftheconcreteandthelargerinsizeofacoarseaggregatepresentin
aconcretemix,theCompressivestrengthwhichisalsoinagreementwiththe
findingsofVilane,B.RandSabelo(2016).Thatistosay,increaseinwater
ratiobeyondtheproperproportion,Amateurcuringofconcreteandsmallerin
sizeofacourseaggregateduringGradation,affecttheCompressivestrength
ofaconcrete.

CHAPTERONE
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INTRODUCTION

1.1BackgroundofStudy

Concrete is a composite materialcomposed offine and coarse

aggregatebondedtogetherwithafluidcement(cementpaste)that

hardens(cures)overtime.Concreteisthesecond-most-usedsubstance

intheworldafterwaterandisthemostwidelyusedbuildingmaterial.Its

usageworldwide,tonforton,istwicethatofsteel,wood,plastics,and

aluminum combined.Gagg,(1may2014)globally,theready-mixconcrete

industry,Thelargestsegmentoftheconcretemarket,isprojectedto

exceed $600 billion in revenue by 2025,Which is equivalentto

#276,198,000,000.00inNigeria.Thiswidespreaduseresultsinanumber

ofenvironmentalimpacts.Mostnotably,theproduction processfor

cementproduceslargevolumesofgreenhousegasemissions,leadingto

net8% ofglobalemissions.Otherenvironmentalconcerns include

widespreadillegalsandmining,impactsonthesurroundingenvironment

such as increased surface runofforurban heatisland effect,and

potentialpublichealthimplicationsfrom toxicingredients.Significant

researchanddevelopmentarebeingdonetotrytoreducetheemissions

ormake concrete a source ofcarbon sequestration,and increase

recycledandsecondaryrawmaterialscontentintothemixtoachievea

circulareconomy.Concrete is expected to be a key materialfor

structuresresilienttoclimatedisasters,aswellasasolutiontomitigate

thepollutionofotherindustries,capturingwastessuchascoalflyashor

bauxitetailingsandresidue.

When aggregate ismixed with dryPortland cementand water,the
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mixtureformsafluidslurrythatiseasilypouredandmoldedintoshape.

Thecementreactswiththewaterthroughaprocesscalledconcrete

hydrationthathardensoverseveralhourstoform ahardmatrixthat

bindsthematerialstogetherintoadurablestone-likematerialthathas

many uses.NationalHighway Institute.Portland CementConcrete

Materials(PDF).FederalHighwayAdministration.Archived(PDF)from

theoriginalon9October2022.Thistimeallowsconcretetonotonlybe

castinforms,butalsotohaveavarietyoftooledprocessespreformed.

Thehydrationprocessisexothermic,whichmeansambienttemperature

playsasignificantroleinhow long ittakesconcreteto set.Often,

additives(suchaspozzolansorsuperplasticizers)areincludedinthe

mixtureto improvethephysicalpropertiesofthewetmix,delayor

acceleratethecuringtime,orotherwisechangethefinishedmaterial.

Mostconcrete is poured with reinforcing materials (such as rebar)

embeddedtoprovidetensilestrength,yieldingreinforcedconcrete.

Inthepast,limebasedcementbinders,suchaslimeputty,wereoften

usedbutsometimeswithotherhydrauliccements,(waterresistant)such

asacalcium aluminatecementorwithPortlandcementtoform Portland

cementconcrete(namedforitsvisualresemblancetoPortlandstone).

Manyothernon-cementitioustypesofconcreteexistwithothermethods

ofbindingaggregatetogether,includingasphaltconcretewithabitumen

binder,which is frequently used forroad surfaces,and polymer

concretesthatusepolymersasa binder.Concreteisdistinctfrom

mortar.Whereas concrete is itselfa building material,mortaris a

bondingagentthattypicallyholdsbricks,tilesandothermasonryunits

together.
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Thestrengthofconcrete,dependsverymuchontheaggregatestype,

sizeandsource.Aggregatesamounttoatleastthreequartersofthe

volumeofnormalweightofconcreteandtheyarecheaperthancement

andalsoconferaconsiderablebetterdurability.Theaggregatesare

dividedintotwomajorparts

Thefineareaggregatesnotlargerthan5mm whilecoarseaggregateare

sizesofatleast5mm.Aggregatepropertiesonconcretelikegradingof

aggregatesdependsonproportion.Ifgradingofaggregateisvaried,it

alsochangescementcontent,costeconomy,workabilityofthemixand

porosity.

Itisanimportantfactorandhasamaximum influenceonworkability.

Wellgradedaggregateresultsintheleastamountofvoidsinagiven

volume.Lessvoid resultsin excessivepasteavailabilityin theunit

volumeandmorelubrication.Hencethemixiscohesiveandavoids

segregation.

Notethatcoarseaggregatemakesupabout75%ofconcretebyvolume.

Strength ofconcrete is also affected by the properties ofcourse

aggregatesbesideswatercementratioandotherproperties.Lightweight

aggregateconcretemaybemoreinfluencedbythecompressivestrength

ofthe aggregate.Coarse aggregate is usuallygreaterthan 4.7mm

(retainedonano.4sieve)whichaccountfor60to80percentofthe

weightoftheconcrete.Normalaggregatelikechippings,granite,gravel,

limestoneandsandstonearemostlyusedinmoderncivilengineering

project.Coarse aggregate defines the concrete thermaland elastic

propertiesanddimensionalstability.Coarseaggregateusedinconcrete
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making contains aggregates of various sizes.This particle size

distributionofthecoarseaggregateistermedasGRADATION.Thesieve

analysisisconductedtodeterminetheparticlesizedistributionofasoil.

Eachtypeofthegradationhasacertaininfluenceontheconcrete

properties.Thetypeofaggregategradingemployedisasaresultofa

particularmix yields,higherstrength,lowershrinkage and greater

durability.Meanwhile,Itisadvisabletomakearightchoiceinselectinga

certainsizeofaggregatethatwillbesuitableforaparticulartypeof

concretework.Evenmostofthepropertiesexhibitedbyconcreteare

whatismadeupofaggregate.

1.2Problem statement

Attimes,concrete afterbeing produced and cured shrinkage and

cracked,deformedandcrepedundertensionbyappliedloadbeforeits

duetime.Whensuchthinghappensitmeans,thattheconcretehas

failedinvariousways,especiallyinitscompressivestrengthwhichin

turndependsonthesizeofcoarseaggregatesusedforthatparticular

concrete.Poorcompressivestrengthofconcreteisattimesduetolittle

ornohydrationoftheconcrete.

Asaworkableconcreteissaidtobeconcretesuitableforplacingand

compactingunderthesitecondition,mostlyinconcreteproduction,an

endproductofmaximum strengthandgoodworkabilityisexpected,

whichimpliesthatwhencansuitablesizeofcoarseaggregateisused,it

means,there is bound to be a compromise in the concrete initial

expectedproperties.Inavoidingsuchproblem,itisthenimperativethat

rightsizeofcoarseaggregateisemployedduringconcreteworksincea
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certaincategoriesofaggregategradinghasacertaineffectonconcrete

properties.

Theproposedresearchwillattempttodeterminethesuitablegradingof

coarseaggregatethatwillbringoutthebestpropertiesinconcrete.

1.3Aim ofStudy

Theaim ofthisresearchistodeterminetheeffectofcoarseaggregate

gradationonthecompressivestrengthofconcrete.

1.4ObjectiveoftheStudy

i. Todeterminethroughtheexperimentwhichparticularsizeofthe

coarseaggregatethatgivesaconcretethebestproperties

ii. Obtainingthroughsomelaboratorytesttheoptimum compressive

strengthandworkabilityofconcretebyusingdifferentsizesofa

particularcoarseaggregate.

iii. Toresearchmoreonthenatureofconcrete.

iv. Knowingthecharacteristicbehaviorofcoarseaggregategradation.

1.5RelevanceofStudy

The study is so crucialin various dimensions,itis academically

impressiveandtimelythecontributionoftheresearchtotheacademic

settingisthatitwillserveasamemorandum tofurtherresearchonthe

areasofconcretetechnologyandpropertiesofconcreteintermsof
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grading.Asitwillserveasasourceofdataforresearchersonfield

knowledge.

1.6ScopeofWork

Thisresearchworkwaslimitedtotheeffectofaggregategradingat

varying percentage in differentconcrete mix,which is related to

workability and compressive strength properties of the resulting

concreteonly.

1.7LimitationsofWork

ThisresearchwaslocalizedaroundNnamdiAzikiweUniversityAwka,

duetotheknowledgeleveloftheresearchertonecessarydataand

resourcesformoredetailedresearch.

i. Themoneytoconveytheaggregatesfrom theseller'sshoptothe

labwastooexpensiveduetohighrateoffuelpricewhichisoneof

thelimitationsofthework.

ii. Theunavailabilityofmuchequipmentespecially,whenthereare

manyresearchersinthelab.
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CHAPTERTWO

REVIEW OFRELATEDLITERATURE.

Aliteraturereviewontheeffectofaggregategradingonthequalitiesof

concretewaspresentedinthischapter.

2.1Overviewofconcrete.

Concrete is a composite materialcomposed offine and coarse

aggregatebondedtogetherwithafluidcement(cementpaste)that

hardens,(cures)overtime.Concreteisthesecondmostusedintheworld

afterwaterand is the mostused building materials.The paste,

composedofPortlandcementandwater,coatthesurfaceofthefine

andcoarseaggregatethroughachemicalreactioncalledHYDRATION,

thepastehardensandgainsstrengthtoform therocklikemassknown

asconcrete.

2.2ConcreteComponentsandMixes

Concrete is made up oftwo components,aggregates and paste.

Aggregatesaregenerallyclassifiedintotwogroups:Fineandcoarseand

occupyabout60to80percentofthevolumeofconcrete.Thepasteis
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composedofcement,water,andentrappedairandordinaryconstitutes

20to40percentofthetotalvolume.

Massconcreteandreinforcedconcretearecompositematerials.Mass

orplain concrete is made up ofcementorlime,fine and coarse

aggregateandwater.Reinforcedconcreteincorporatessteel,although

wroughtiron was used in the earliestreinforced structures before

1900.Thecementorlimeisusedasanadhesivetobindthecoarseand

fineaggregate.Waterisaddedafterdrymixing,whichstartsachemical

reactionwiththecementorlime,resultinginafluidmixingthathardens

into asolid masswith good compressivestrength butpoortensile

strength.

2.2.3Cement

Cementisabinder,achemicalsubstanceusedforconstructionthatsets,

hardensandadherestoothermaterialstobindthem together.Cementis

seldom usedonitsown,butrathertobindsandandgravel(aggregate)

together.Cementmixed with fine aggregate produces mortarfor

masonryorwithsandandgravel,producesconcrete.Concreteisthe

mostwidelyusedmaterialinexistenceandisbehindonlywaterasthe

planet'smostconsumedresources.



22

Plate2.1

2.3UnmixedCement

Portland cement is the basic ingredient of concrete.Cement is

manufactured through a closelycontrolled chemicalcombination of

calcium,silicon,aluminum,ironandotheringredients.Commonmaterial

usedtomanufacturecementincludelimestone,shells,andchalkormark

combinedwithshale,clay,slate,blastfurnace,slaysilicasandandiron

ore.Theseingredientswhenheatedathightemperaturesform arock-

likesubstancethatisgroundintothefinepowderthatwecommonly

thinkofascement.

BricklayerJosephAspdinofleadsEnglandfirstmadePortlandearlyin

the19thcenturybyburningpowderedlimestoneandclayinhiskitchen

stove.Withthiscrudemethod,helaidthefoundationforanindustrythat

annuallyprocessesliterallymountainsoflimestone,clay,cementrock

andothermaterialsintoapowdersotopassthroughasievecapableof

holdingwater.
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Cementusedinconstructionareusuallyinorganicoftenlimeorcalcium

silicatebased,which can becharacterized asHydraulicortheless

commonNon-hydraulicdependingontheabilityofthecementtosetin

thepresenceofwater.

2.3.1Hydrauliccement(egPortlandcement)setandbecomeadhesive

throughachemicalreactionbetweenthedryingredientsandwatersthe

chemicalreactionresultinmineralhydratesthatarenotverywater

solubleandso,arequitedurableinwaterandsafefrom chemicalattack.

Thisallowssettinginwetconditionorunderwaterandfurtherprotects

thehardenedmaterialwhichwasfoundbyancientRomanswhoused

volcanicash(pozzolana)withaddedlime(calcium-oxide).

2.3.2Non-hydrauliccement(lesscommon)doesnotsetinwetcondition

orunderwater.Rather,itsetsasitdriesandreactswithCarbondioxide

intheair.Itisresistanttoattackbychemicalaftersetting.Theword

"CEMENT"can be traced back to the AncientRoman term OPUS

CAEMENTICIUM,usedtodescribemasonryresemblingmodernconcrete

thatwasmadefrom cruisedrockwithburntlimeasbinder.Thevolcanic

Ashandpulverizedbricksupplementsthatwereaddedtotheburntlime,

to obtain a hydraulic binder,were laterreferred to as CEMENTUM,

Cimentum,Cementandcementtime.Organicpolymersaresometimes

usedascementinconcrete.

Worldproductionofcementisaboutfourbilliontonnesperyear,of

whichabouthalfismadeinChina.Ifthecementindustrywereacountry,

itwouldbethethirdlargestcarbondioxideemitterintheworldwithupto

2.8billontonnes,surpassedonlybyChinaandtheUnitedState.Theinitial
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calcinationreactionintheproductionofcementisresponsibleforabout

4%ofglobalC02emissions,asthecementkilninwhichthereaction

occursistypicallyfiredbycoalorpetroleum cokebecause,aluminous

flameisrequiredtoheatthekilnbyradiantheattransfer.Asaresult,the

productionofcementisamajorcontributortoclimatechange.

2.4ChemicalPropertiesofCement.

Fourmajoroxideare(Ca0,Si02,Al203andFe203)occupythevolumeof

cement(90%)the main chemicalcontentof Portland cementare

tabulatedbelow:

ChemicalpropertiesofPortlandcement(Gamageetal2011):

Chemical content.

Amount

Calcium oxide(Cao) 60-67

Silicondioxide(Sio2) 17-25

Aluminum oxide(Al203) 3-8

Ironoxide(Fe203) 0.5-4

Magnesium oxide(Mg0) 0.1-4

Sodium oxide(Na20) 0.2-1.3

Potassium Oxide(K20) 0.2-1.3

SulphurTrioxide(S03) 1-3

2.4.1Aggregate:

Areinertgranularmaterialssuchassandgravel,orcrushedstonethat's

alongwithwaterandPortlandcementareanessentialingredientsin
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concrete.Aggregatematerials;aresand,gravel,crushedstone,slagetc.

Aggregatesareoftwotypeswhichinclude:Coarseandfineaggregate.

Theaggregateofeachtypeisfurthersubdividedintomanytypesand

classificationbasedontheirsizes.Thetechniqueofseriesanalysisis

used forgradation ofaggregate foruse in concrete and forother

applications.Thecoarsegrainedaggregate,willnotpassthroughsieve

with4.75mm opening(No.4)

Plate2.02. Plate2.03.

2.4.2TheFineAggregate

Arethoseparticlespassingthe9.5mm(3/8mm)insievealmostentirely

passingthe4.75mm No.4sieveandpredominantlyretainedonthe75um

(No.200).Notethatforincreaseworkabilityandforeconomyasreflected

byuseoflesscement,thefineaggregateshouldhavearoundedshape.

The purpose ofthe fine aggregate:To fillthe void in the coarse
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aggregateandtoactasaworkabilityagent.Increaseinthemaximum

sizeofaggregatewillincreasedurabilitybydecreasingthecementpaste

contentthatwillbeunderthephysicalorchemicalattacks(mindes,etal

2003).Useofharddenseandstrongaggregatewillimprovedurabilityby

providing good wearresistance.(IMCP2006:Mindess,etal,2003)And

again,aggregateshouldbefreeofreactivesilicathatcausesachemical

reactionbetweenthealkaliintheaggregatesbecause,alkalisilicate

reactionisverydamagingforconcreteanditsignificantlydecreasesthe

durabilityofconcretebycausingmapcracking,popoutandstaining

Mindnessetal(2003).Althoughtheimportanceofusingcleanaggregate

graduallybegantobeunderstoodinthe1800s,Itisunlikelythattheuse

ofcleanaggregatethatwerefreefrom claycoatings,organicmaterials

orseasaltswasalwaysensuredinearlyconcrete.Theconsequencesof

usingdirtyaggregateincludesatendencytoattractandretainwater,

poorsettingandcuring,andchemicalreactionsthatresultsincorrosion

ofthereinforcingandaccumulationofefflorescenceontheconcrete

surface.Formanybuilders,economicconsiderationsandtherealityof

working in a country with a rudimentary land based transport

infrastructure would have meantthatthe mostlikely sources of

aggregatewerethosethatwerelocallyavailable.

Themostcommonlyusedaggregatescamefrom stream andgravelpits,

andoftenincludesseasandandshells.Gradingandsizeofaggregate

bothaffecttheamountofwaterneededtoobtainworkability.Generally,

about30%ofthevolumeofwellgradedsandisvoid,whichmeansthat

30%ofthisvolumeofcementbinderwillberequired.Thisexplainsthe

commonlyusedproportionof1:3bindertosandratiooftenusedin
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mortarspecifications.Thisisausefulguidelineformixesingeneral,

unlessthehistoricmortarisknown to havehad a differentbinder

aggregate ratio.The shape ofthe aggregate willalso affectthe

workabilityoftheconcrete.Anextremelyrough,angularaggregateis

lessworkableandmayrequiremorewatertobeaddedtothemixto

increaseitworkability,thusreducingstrengthandproducingamore

porousconcrete.Sharpaggregatecanalsohindercompaction.Itdoes

however,bond wellwith the cementpaste to produce a stronger

concrete.Therefore,abalancebetweenroundedandsharpaggregateis

desirable,ideally,aggregateshouldhaveacompressivestrengthequally

tothatofthecementpasteshouldbechemicallyinertinwater,and

shouldbeclean,hardandfreefrom claycoatingsandorganicmaterials

toensureagoodbondwiththecement.

2.4.3EffectofCoarseAggregateonConcrete

Severalfactorsareknowntoinfluencethestrengthofconcrete.They

include theirbatch ratio،process,aggregate texture,shape ofother

constituents material,(woode, Amoah, Aguba and Ballow, 2015).

Aggregatesaremixtureofvarioussizesofstoneorrockparticlesin

contactwitheachother.Theyaretypicallycombinationofgraveland

crushedjeetendraprajapet,DepartmentofCivilEngineering,Libali-08).

NepalEmail:jeeten.Aggregatewasoriginallyviewedasinert,inexpensive

materialdispersedthroughoutthecementpastesoastoproducea

largervolumeofconcreteinfact,aggregateisnottrulyinertbecauseit's

physical,thermalandsometimes,chemicalpropertiesinfluencesthe

performanceofconcrete.(NevilleandBrooks,2010).Manystudieshave

been made to determine the effectofthe physicaland chemical
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properties ofaggregate on the behaviorofconcrete.Theyinclude

investigationsintotheeffectofparticlestrength,surfacetexture,and

shapeandalkalireactivity.Findingsindicatethataggregateplaysamore

activerolethanwaspreviouslybelievedandabetterunderstandingwill

resultfrom furtherresearch(Stensater,1963).Thecompressivestrength

offreshandhardenedconcreteisgreatlyaffectedbythetypeofcoarse

aggregate being used in concrete mixing.Since coarse aggregate

occupies majorvolume in concrete,the overallpropertyofcoarse

aggregateaffectthepropertyofconcreteproducedwithdifferentnormal

mix.Thepropertiesofcoarseaggregatearegovernedbytheirsource,

size,shape,unitweight,texture eye.Coarse aggregate properties

(geological,physicalandmechanical)areinfluencedbythesourcefrom

whichtheyhavebeenrecovered.

Thevariationontheaggregatesproperties(eithermechanicalorphysical)

alsoaffectsthepropertyofconcretestrength,workabilityanddurability.

Thereissignificantinfluenceofdifferenceaggregatetypesonconcrete

compressive strength,with strongeraggregate types increasing the

overallstrengthoftheconcrete(1995:Larrard&Belloc,1997).Aggregate

characteristicslike shape,texture,and grading influence workability,

furnishability,bleeding,pumpability,andsegregationoffreshconcrete

andaffectstrength,stiffness,shrinkage,creep,density,permeabilityand

durabilityofhardenedconcrete(lafrenz,1997).Thestudyoneffectof

contentand particle size distribution ofcoarse aggregate on the

compressivestrengthofconcreterevealedthatcompressivestrengthis

stronglylinkedtothecoarseaggregateparameters(content,proportion

offine to coarse aggregate and grain size distribution ofconcrete
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mixture (Mohammed,salm & said 2010).Sahin etalin 2003 also

observedthattheincreaseinstrengthforagivenincreaseincement

contentdependsonthetypeofaggregateusedandthecementcontent

itselfwhileOZTURAN &CECEN (1997)havefoundthatforthesame

propertiesofpaste,differenttypesofcoarseaggregatewithdifferent

shape,texture,mineralogyandstrengthmayresultindifferentconcrete

strength.Inresearchontheeffectofaggregatecontentonthebehavior

ofconcrete,Ruiz(1966)foundthatthecompressivestrengthofconcrete

increases in coarse aggregate content,up to a criticalvolume of

aggregateandthendecreases.In1947,GlanvilleetAll,hasexpressed

theopinionthattheshape,textureandporosityofaggregateaffect

concreteworkability.

2.4.4GradationofAggregate.

AccordingtoHaseebJamal,(Oct5,2019).Saysthattheparticlesize

distributionofanaggregateasdeterminedbysizeanalysisistermedas

Gradation ofAggregates.Ifallthe particles ofuniform size,the

compactedmasswillcontainmorevoidswhereasaggregatecomprising

particlesofvarioussizeswillgiveamasswithlesservoid.Theparticle

sizedistributionofamassofaggregateshouldbesuchthatthesmaller

particlesfillthevoidbetweenthelargerparticles.Thepropergradingof

anaggregateproducesdenseconcreteandneedslessquantityoffine

aggregateandcementwaste,therefore,itisessentialthatcoarse&fine

aggregatesbewellgradedtoproducequalityconcrete.Ingeneral,ifthe

water-Cementratioischosencorrectly,awiderangeingradingcanbe

usedwithoutamajoreffectonstrength.
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Figure2.1by(HaseebJamal/on:Oct05,2019

GradingCurveofAggregate

2.4.5GradingCurveofAggregate.

Thegradingofaggregateisrepresentedintheform ofacurveoranS-

CURVE.Thecurveshowingthecumulativepercentageofthematerial

passingthesieverepresentedintheordinatewiththesieveopeningsto

the logarithmic scale represented on the Abscissa is termed as

GRADINGCURVE.

2.5.1.TypesofAggregates

i. DenseorwellgradedAggregate:HasgradationclosetotheFWHA

maximum densitygradingcurve.

ii. Gap-gradedAggregate:Hasonlyasmallpercentageofparticlesin

themid-sizerang.

iii. Uniformlygradedaggregate-composedmostlyofparticlesofthe
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samesize.

iv. Opengradedaggregate-Containsonlyasmallpercentageofsmall

sizeparticle.

The optimization ofaggregate gradation improves the rheological,

mechanicalanddurabilitypropertiesofconcrete.Segregationinplastic

state undervibration particularlyis the mostvulnerable problem in

concretecontainingaggregatewithpoorgradation.

Aggregateinconcrete,beingmuchstifferthanthehardenedcement

paste,actto resistthe shrinkage behaviorofconcrete.Aggregate

gradationwhichdeterminestherelativeproportionofaggregateand

cementpasteinaconcretetherefore,dictatestheshrinkagebehaviorof

concreteandhencelongterm durabilityofconcrete.Thepropergrading

ofanaggregateproducesdenseconcreteandneedslessquantityoffine

aggregateandcementwastetherefore,itisessentialthatcoarseand

fineaggregatesbewellgradedtoproducequalityconcrete.

2.5.2.GradationanditsEffectinCompressiveStrengthofConcrete.

Coarse aggregates used in concrete making contain aggregates of

various sizes.The sieve analysis was conducted to determine this

particle size distribution.Grading pattern is assessed bysieving a

samplesuccessivelythroughtheentiresievesmountedoneoverthe

otherinorderofsize,withlargersieveonthetop.Thematerialretained

oneachsieveaftershakingrepresentsthefractionofaggregatecoarser

thanthesieveinquestionandpropergradationensuresthatasampleof

aggregate contain allstandard fractions ofaggregate in required
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proportionsuchthatthesamplecontainsminimum voids.Asampleof

the wellgraded aggregate containing minimum voids willrequire

minimum pastetofillupthevoidsintheconcrete.Mindess,etc(1981)

explainedthatminimum pastemeanslessquantityofcementandless

quantityofwaterleadingtoincreasedeconomy,higherstrength,lower

shrinkageandgreaterdurability.Theworkabilityisimprovedwhenthere

isanexcessofpasteabovethatrequiredtofillthevoidsinthesand,and

alsowhenthereisenoughwatertohydratetheconcrete.Anexcess

mortar(sandpluscement)willfillthevoidsinthecoarseaggregate

becausethefinemateriallubricatesthelargerparticles.Cement-pasteor

thematrixthatlinkstogetherthecoarseaggregatesisweakerthanthe

aggregates.Itisthismatrixthatisvulnerabletoallillsofconcrete.Itis

morepermeableandissusceptibletodeteriorationbytheattackof

aggressivechemicals.Thereforelesserthequantityofsuchweaklinkin

concretethebetterwilltheconcretebe.

This objective can be achieved by having wellgraded aggregates.

Variation in coarse aggregates gradation causes change in the

workabilityofconcrete(BS1881,1983).Therearethreetypicalrange

categoriesofaggregategrading,theyare;WellGraded,PoorGraded,and

GapGraded.Eachofthetypeofgradinghasacertaintypeofeffecton

thecompressivestrengthofconcrete.ACICommittee(1991)rightly

arguedthatwell-gradedaggregatehasagradationofparticlesizethat

fairlyevenlyspansthesizefrom thefinesttothecoarsest.Asliceofa

coreofWell-Gradedaggregateconcreteshowsapackedfieldofmany

differentparticlessizes.Well-Gradedaggregateischaracterizedbythe

S-Shapedingradationcurve.Poor-Gradedaggregateischaracterizedby
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smallvariationinsize.Itcontainsaggregateparticlesthatarealmostof

thesamesize.Thismeansthattheparticlespacktogether,leaving

relativelylargevoidsintheconcrete.Itisalsocalled"Uniform-Grade".It

is characterized bysteep curve.Gap-Graded aggregate consists of

aggregate particles in which some intermediate size particles are

missing.AcoresliceofGap-Graded,orskipsize,concreteshowsafield

of smallsized-aggregate interspersed with slightly isolated,large

aggregate pieces embedded in a small sized aggregate. It is

characterizedbyagradationcurvewithaJumpinbetween.Montgomery

(2001)explainedthatpoorgradedconcretegenerallyrequireexcessive

amountsofcementpastetofillthevoidsmakingthem uneconomical.

Gap-GradedconcretefallinbetweenWell-Gradedandpoorlygradedin

termsofperformanceandeconomy.GapGradedisviablegradation,but

notoptimal.Well-Gradedaggregatesaretrickyinproportion.Thegoalof

aggregate proportioning and sizing is to maximize the volume of

aggregateintheconcretewhilepreservingthestrength,workabilityand

finishing.Thisbalancetheproportionsofeachsotherearejustenough

ofeachsizetofillallthevoids,whilepreservingworkabilityandCast-

Surfacequality.Neville(1995)explainedthatsomeexperimentshave

concludedthatgradingformaximum densitygivesthehigheststrength,

andthatthegradingcurveofthebestmixtureresemblesaparabola.

Howeversuchaggregatesgradedformaximum densitygiveaharsh

concretethatisverydifficultinordinaryconcreting.Sotheproportioning

shouldbebasedonthesurfaceareaofaggregatesthatIstothewetted.

Otherthingsremainingsame,itcanbesaidthattheconcretemadefrom

aggregategrading having leastsurfaceareawillrequireleastwater

whichwillconsequentlybethestrongest.OzturanandCecen(1997)
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showedthatgenerallyangularaggregateparticleshaveroughtexture

androundaggregateparticlesaresmoothtextured.From thebonding

pointofview,itseemsthatsmoothtexturedroundedparticlesform a

poorbond with cementpaste.Butthe smooth looking surface of

roundedparticlesisalsoroughenoughatthemicroscopiclevelandthe

cement-gelthatformsabondwithaggregatesurfacesalsohasparticle

sizesinthelevelofmicrons.Both,surfaceandthecementgelreactsat

thesub-microscopiclevel.

Angularaggregates have higherspecific surface area than smooth

roundedaggregate.Withagreaterspecificsurfacearea,theangular

aggregatemayshow higherbondstrengththanroundedaggregates.

Also,angularaggregatesexhibitbetterinterlockingeffectinconcrete

thatcontributesinstrengthofconcrete.Higherspecificareaofangular

aggregates with rough texture demands more waterfora given

workabilitythanroundedaggregates

2.5.3Admixture/Additive

Admixture are ingredients otherthan Portland cement,water,and

aggregatethatareaddedtotheconcretemixtureimmediatelybeforeor

duringmixing.Theyareusedtomodifycertainpropertiesoftheconcrete

andcanbeclassifiedaccordingtotheirfunction

i. WaterreducingAdmixture.

ii. RetardingAdmixtures.

iii. Cementagent.
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iv. Workabilityagent.

v. AirentrainingAdmixture.

Theworkabilityoffreshconcreteisalsoimprovedwithair-entrainment.

RegardingAdmixturesareusedto slow therateofconcretesetor

hardening.Theyareparticularlyusefulforconcretethatisplacedduring

hotweather.Ontheotherhand,acceleratingAdmixturelikeCalcium

Chlorideareusedtoincreasetherateofset(hardening)duringcold

weather.

2.5.4Water

Waterisanotheressentialingredientinconcrete.Itisnow understood

thatmixingwatershouldbekeptfreefrom saltsandotherimpurities.On

occasion,salt,sugarorglycerinwasaddedtomixingwatertoprevent

freezingduringcoldweather.Although(Marsh1905)thenrecommended

usingfreshwater,thisindicatesthatatthistime,therewasstillonlya

vagueunderstandingthatsaltmightbeaproblem.Saltinthewaterhave

anextremelydetrimentaleffectonreinforcedconcreteanditisprobable

thatseawaterwasusedinmanyearlystructures.

2.5.5PropertiesofConcreteDuringitPlasticState

Workabilityofconcrete:

Workabilityisacomplexpropertyofconcrete.Theworkabilityoffreshly

mixedconcrete,determinestheeaseandhomogeneitywithwhichitcan

bemixed,placedandcompacted.AgoodWorkabilityshouldnotshow

anysegregationandbleedingaftercompaction.
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2.6.Segregationofconcrete

Plate2.04. .

2.6.1Segregationofconcrete

Separation ofcoarse aggregate from the concrete mix is called

segregation ofconcrete.A good concrete should show no to less

segregationaftermixing.Excessivesegregationleadstohoneycombing

anddecreasinginthedensityofconcreteandultimatelylossifstrength

ofhardenedconcrete.
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Plate2.05 Plate2.06.

2.6.2Bleedinginconcrete

Separationofwaterfrom freshlymixedconcreteiscalledbleeding.A

goodconcreteshouldpossessno to lessbleeding.Bleedingmakes

concreteporous&weak.

2:6.3Propertiesofconcreteduringithardenedstate

Theconcretegains95%ofdesiredcompressivestrengthwithin28days

byperiodiccuring.Thehardenedconcreteshouldpossessthefollowing

properties.

2.6.4Compressivestrengthofconcretegrade

Thestrengthofconcreteisdesignatedasthecharacteristiccompressive

strengthof150mm cubeattheageof28dayswhentestedwiththe

universaltesting machine in N/mm 2̂.As grades ofconcrete vary

between 15 to 80N/mm 2̂.These gradesdifferon the basisofmix

proportion.Note that,a good concrete should notshow less than

19N/mm 2̂(5%)ofcompressivestrengthwhentestedwithUTM after

28days.

2.6.5TensilestrengthofConcrete

Concreteisverylow intension.Thetensilestrengthofconcreteisan

importantpropertywhichaffectstheextentandwidthofcracksinthe

structure.Agoodconcreteshouldhaveatensilestrengthof1/10times

thatofcompressivestrength.

2.6.6TensilestrengthofConcreteformula[Fcr=0.7√FckN/mm 2̂]the
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tensilestrengthofconcreteiscalculatedexperimentallybysplitcylinder

method.Thevalueoftensilestrengthvariesbetween1/8to1/12ofcube

compressivestrength.

GradesofConcrete. TensileStrength

M20-M25 2.2N/mm 2̂

M25-M30 2.6N/mm 2̂

M30-M35 2.9N/mm 2̂

M35-M50 3.2-3.5N/mm 2̂

M50-M60 3.5-4.1N/mm 2̂

2.7Modulusofelasticity

Elastic modulus ofconcrete is an importantproperty required for

computationofdeflectionsofstructuralconcretemembers.

Itistheratiobetweenstressandstrain.Ec=5000√FckN/mm 2̂.

GradesofConcrete. ModulusofElasticityin

KN/MM 2̂

M20-M25 30

M25-M30 31

M30-M35 32
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M35-M50 33-35

2.7.1Poisonratio

Itistheratiooflateralstrainandlongitudinalstrain.Poissonratiovaries

between0.1forhighstrengthconcreteand0.2forweakconcrete.

Plate2.07.

2.7.2Shrinkageofaconcrete

Thepropertyofdecreasinginvolumeduringtheprocessofdryingand

hardeningofconcreteiscalledshrinkageofconcrete.Shrinkagemay

leadtothesurfacecracks.Anoccurrenceofshrinkagecracksdepends

upontheproportionandingredientsofconcreteandalsoenvironmental

conditions.
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Typesofshrinkageinconcrete

i. Plasticshrinkageinconcrete

ii. Dryingshrinkageinconcrete

iii. Autogenousshrinkageinconcrete

iv. Carbonationshrinkageinconcrete.

Plasticshrinkage

Thistypemanifestsitselfsoonaftertheconcreteisplacedintheforms

whiletheconcreteisstillintheplasticstage.

Dryshrinkage

The dryshrinkage isalso an everlasting processwhen concrete is

subjected to drying conditions.The drying shrinkage ofconcrete is

analogoustothemechanism ofdryingoftimberspecimen.

Autogenousshrinkage

Wherenomoisturemovementorfrom thepasteispermittedwhen

temperatureisconstantsomeshrinkagemayoccur.

Carbonationshrinkage

Carbondioxidepresentintheatmospherereactsinthepresenceof

waterwithhydratedcement.

Creepinconcreteisdefinedastheplasticdeformationunderconstant

loadorstress.Initialcreepisrapidatfirstbutapproachesalimitafter

about5years.Thecreepisroughlyinproportiontotheloadandisgreater
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inweakerandlessmatureconcrete.

2.7.3Permeability

Allconcreteistosomeextentpermeable,particularlywatervapor.Lime

concrete,howeveris much more permeable than modern,general

purposeCementconcrete.Wellcompactedconcretemadewithalow

water.Cementratiohasgoodresistancetowaterabsorption,butwhere

morewaterhasbeenusedinthemixing,aswasoftenthecaseinearly

concrete,the concrete tends to be more porous and hence more

permeable.Thepermeabilityofearlyconcretecanbeadisadvantage

wherereinforcementwasincorporatedasthisreinforcingismorelikely

tocorrode.

2.7.4Durability

The ability ofconcrete to withstand the condition forwhich itis

designatedwithoutdeteriorationforalongperiodofyearsisknownas

Durability orthe ability ofa concrete to resistweathering action,

chemicalattackandabrasionwhilemaintainingitsdesiredEngineering

properties.

Concretewillbedurableif:

i. Thecementpastestructureisdenseandoflowpermeability

ii. Underextremecondition,ithasentrainedairtoresistfreeze-thaw

cycle.

iii. Itismadewithgradedaggregatethatarestrongandinert.

Chemical:Asageneralprinciple,thebetterthecompressivestrength,the
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betterthe chemicalresistance.Lime,concrete which is softerand

weakerthanPortlandconcreteismorevulnerabletochemicalattack.In

concretethathasvoidsandcracksorisporous,reinforcingsteelwillbe

morelikelytobeaffectedbychemicalsandthismayresultbincorrosion

damagetothestructure.

Fire:Reinforcedconcreteisoneofthemostfire-resistantofcommon

structuralmaterial.However,althoughthestrengthofordinaryconcrete

increasesuptotemperatureof120C,thereisaseriouslossofstrength

athightemperature.Flexuralstrengthismoreaffectedthancompressive

strength becauseoftheeffectofheaton steelreinforcing thefire

resistanceofnon-reinforcedconcreteisslightlylowerthanthatofbrick

ofthesamethickness,althoughthetypeofaggregatewillaffectthis

siliceousAggregatehavethepoorestfireresistance,whilethosethat

includeburntclayproducts,pumice,well-burntclinker,crushedlimestone

andpelletedflyashhavegreaterfireresistance.Concretefailsinfirst

becauseofthedifferentialexpansionofthehotexposedlayersover

coolerinternallayer.Theinsulationthattheconcreteprovidesisan

importantfactorin its fire resistance,and lightweightAggregate

concreteperformsbetterinthisrespectifsteelreinforcingisexposed,

fireresistanceandstructuralstrengthreducedramaticallyastherapid

conditionofheatincreasesthetemperaturedifferential

Appearance:Earlyconcretestructurewasoftenrenderedwithplasteror

cladinavenierofbrickorstow wherethesurfacewasleftuntouched

aftertheformworkwasremoved.Theaestheticeffectdependedonthe

inherentcolourand texture ofthe concrete and the qualityofthe

formworkandworkmanship.Thefinalcolourofconcretedependsonthe
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colorofconcreteaswellasthatoftheaggregateforexample,where

SCORIA wasusedforAggregate,thecoloroftheconcretetendedto

haveareddishtinge.EarlyPortlandcementsweregenerallylighterin

colorthanmoderngrey,generalpurposeCement.

However,allconcrete changes appearance overtime,as the initial

cementlaitance(Milkiness,i.efineparticlesinthesurface)weatheraway

from theAggregateatthesurface.

Curing:Concretethathasbeenspecificallybatched,mixed,placedand

finishedcanstillbeafailureifimproperlyorinadequatelycured.Curing

isusuallythelaststepinaconcreteprojectandunfortunately,isoften

neglectedevenbyprofessionals.Curinghasamajorinfluenceonthe

properties ofhardened concrete such as durability,strength,water-

tightness,wearresistance,volumestabilityandresistancetofreezing

and thawing.Properconcrete curing foragriculturaland residential

applicationsinvolveskeepingnewlyplacedconcretemoistandavoiding

temperatureextremes(above90°Forbelow50°F)foratleastthreedays.

A seven-days(orlonger)curingtimeisrecommendedifconstruction

constraintspermit.

Procedurethatpreventthelossofthemixingwaterfrom concreteby

sealingthesurface.Thiscanbethesurfaceandcanbedonebycovering

theconcretewith imperviouspaperorplasticsheet,orbyapplying

membraneformingcuringcompound.Thebestcuringmethodfora

particularjobdependsoncostapplicationequipmentrequired,materials

available,andthesizeandshapeoftheconcretesurfacebeginsthe

curing as soon as the concrete has hardened sufficientlyto avoid
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erosionorotherdamagetothefreshlyfinishedsurface.Thisisusually

withinonetotwohoursafterplacementandfinishing.

Testing:Theextentoftestingwilldependonthenatureoftheproject,

theallocationoffundingandthefeasibility.Thissectionaimstogive

those managing the structure a generalknowledge ofthe testing

methodsthatareavailabletoassistintheanalysisandevaluationof

repairsthatmayberequired.Arangeofonsite,non-destructivetestcan

beundertaken.Laboratorytestingcanalsobeusedtosupplementthe

fieldconditionsurveyandon-sitetestingasnecessarylaboratorytesting

asnecessary.Laboratorytestingwillrequiresamplestobetakenon-site.

Thesecanbeintheform oflump,sawnorcoresamples.However,core

samplesmaybedifficulttoobtainonremotesites,asapowersource

andwaterarenecessaryfortheuseofacoredrill.Itmayalsobein

appropriateanddisfiguringtotakesuchsamplefrom ahistoricstructure.

Awell-equippedconcretelaboratorycananalysethesampleforstrength,

unitweight,alkalinity,Carbonation,porosity,alkali-aggregatereaction.

PresenceofChloridesandpastcomposition.Suchtestcandetermine

approximatemixproportionandcementcontent.

Packingdensity:Givenaunitvolumefilledwithparticlepackingdensity

orpackingdegreeisthevolumeofsolidsinitsunitvolumeandisequal

tooneminusthevoids,thepackingdensitygivesanindicationofhow

efficientlyparticlesfillacertainvolumeandforthatreasonissuchan

importantconceptinmaterialscience.Ifhighvolumeofparticlescanbe

packedinacertainvolume,thenecessityforbindingwhichusuallyis

muchmoreexpensive,tofillthevoidsandglueparticlewillbedecreased.
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Thepackingdensityorpackingdegree(Hudson,1999)notonlydepends

ontheAggregatecharacteristics,butalsoonthecompactionmethod

andonthedimensionsofthecontainer.Ifthesampleisjustpoured,the

packingdensitywillbelowerthanthatcorrespondingtoasampletapped

witharodorasamplevibrated.Unfortunately,acorrelationamong

packingdensitiesobtainedusingdifferentcompactionmethodshasnot

beenestablishedasitdependsonthesize,shapeandtextureofthe

particlesinfact,itispossiblethatacrushedAggregatehasalowerloose

densitythanaroundedone,whilethevibrateddensitycouldbethe

opposite.Otherauthorspreferscompactedpackingdensitiesbecause

theyareassociatedwithlessvariability(delarrad,1999).

CHAPTERTHREE

MATERIALSANDMETHODS

Threesizesofcommerciallyavailablechippingaggregatesforconcrete

workwasinvestigated.Normalconcreteisbeingproducedfrom different

sizesofaggregatesandthisimpartsdifferentqualitiestotheresulting

concretes.Forthepurposeofthiswork,threesizesofaggregate,25mm,

20mm,and10mm willbeused.Theselectedaggregateswillbespread
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outforfew daysbeforeuse,todry,inordertokeeptheaggregatesat

surfacedrycondition.

Normalmix(1:2:4)andwater–cementratioof0.55mm willbeadopted

forthisworkandmixcompositiontobeobtainedbyweightmethod.As

discussedinliteraturereview,coarseaggregatecontributesalottothe

qualitiesofconcrete.Gradationofcoarseaggregateinthesamehand

hasgreateffectalsoonconcreteinthesensethatasthesizesofthe

coarseaggregatediffers(alongwiththeirphysicalandmineralogical

hardness)sodotheirqualitiesinconcretemixture.

3.1Materialsused

Cement:OrdinaryPortlandcement(BuaPortlandcement)wasusedfor

thispurpose.

Coarse Aggregates:Three differentsizes ofcommerciallyavailable

chippings;10mm,20mm,and25mm wereused.

FineAggregate:Sharpriversandobtainedfrom aselleratAgụAwka.

Water:Watergottenfrom CivilEngineeringconcretelaboratory,wasused.

3.2ListsoftheRequirementsused.

They are;concrete would of dimension 150mm×150mm×150mm,

rammer/tampingrod,shovel,headpan,handtowel,BSsieve,weighing

balance,mechanicalsieve shaker,slump cone,curing tank and

Compressivestrengthtestingmachine.
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3.3PreliminaryTest

Iensuredthattheaggregateswhererightonesduetodescriptionusing

sieveanalysis.

3.4Methodology

Iinvestigatedtheworkabilitythroughtheslumptestcarriedoutand

compressivestrengthsofsixdifferentconcretesmadebyusingthree

differentcoarseaggregates(20mm and10mm),(10mm and25mm)ina

mixedproportions,Thenthethirdsizewhichis25mm.

Byusingthethreedifferentcoarseaggregates,Iexperimentedbycasting

atotalofsixdifferentconcretes.Atacertainmix,andthecompressive

strengthofonefrom eachofthegroupsmonitoredandcrushedatthe

rangeof7daysand28days.Thereweremixturestooinwhichthe25mm

and10mm werebroughttogetherandusedtoprepareconcretewhilethe

workabilityisgottenandcompressivestrengthat7daysand28days

obtained.Atthese mixtures,the 25mm and 10mm were varied at

differentpercentages.Thetotalsixdifferentmixtureswereconductedin

stagesandproportionsasshownbelow:

CALCULATIONS

Parameters

Densityofconcrete=2400kg/m

Sizeofcubes=150mm ×150mm =0.15m ×0.15m
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Volumeofcube=0.15m ×0.15m ×0.15m

Weightofcube=2400kg/m ×

Calculatingfortheindividualcomponentsusingmixratio1:2:4=cement:

sand:aggregate

1+2+4=7

Forcement;1/7×8.1=1.157kg

Forsand;2/7×8.1=2.314kg

Forcoarseaggregate;4/7×8.1=4.629kg

Provideadditional10% on allconcretecomponentsto takecareof

wastage.

Cement=1.157+(10/100×1.157)=1.157+0.1157=1.2727kg

Sand=2.314+(10/100×2.314)=2.314+0.2314=2.545kg

Aggregate=4.629+(10/100×4.629)=4.629+0.4629=5.0919kg

Estimatingtheweightofwaterforonecubegiventhatthewatercement

ratiousedis0.55

Water/cement=0.55

Thereforeweightofwater=weightofcement×0.55=1.2727×0.55=

0.7024kg=0.7024litres

Level1:forconcreteA1(25mm coarseaggregate+100% of10mm

coarseaggregate)
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Atthisstage100% of10mm coarseaggregatewasmixedalongwith

sand,cement,and waterto form a concrete since 25mm coarse

aggregatewasat0%.Slumptestwasperformedandsixcubeswere

casted.

Withamixratioof1:2:4,theconcrete’sconstituentsappearedasfollows:

Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

Level2:forconcreteA2(25%of25mm coarseaggregate+75%of10mm

coarseaggregate):

Atthisstage 25% of25mm coarse aggregate wasmixed with the

remaining75%of10mm coarseaggregate.Aftertheproportioning,the

wholeaggregatesweremixedalongwithsand,cement,andwaterto

form aconcrete.Slumptestwasperformedandsixcubeswerecasted.

Withamixratioof1:2:4,theconcreteconstituentsappearedasfollows:

Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

25%of20mm coarseaggregate=25/100×30.5514=7.6378kg

Therefore7.6378kgof25mm coarseaggregatewereused.
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75%of10mm coarseaggregate=75/100×30.5514kg=22.9136kg

Therefore22.9136kgof10mm coarseaggregatewereused.

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

Level3:forconcreteA3(50% of25mm coarseaggregate+50% of

10mm coarseaggregate):

Atthisstage 50% of25mm coarse aggregate wasmixed with the

remaining50%of10mm coarseaggregate.Aftertheproportioning,the

wholeaggregatesweremixedwithsand,cement,andwatertoform a

concrete.Slumptestwasperformedandsixcubeswerecasted.

Withamixratioof1:2:4,theconcrete’sconstituentsappearedasfollows:

Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

50%of25mm coarseaggregate=50/100×30.5514=15.2757kg

Therefore15.2757kgof25mm coarseaggregatewasused

50%of10mm coarseaggregate=50/100×30.5514=15.2757kg

Therefore15.2757kgof10mm coarseaggregatewereused

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

Level4:forconcreteA4(75% of20mm coarseaggregate+25% of

10mm coarseaggregate)
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Atthisstage 75% of25mm coarse aggregate wasmixed with the

remaining25%of10mm coarseaggregate.Aftertheproportioning,the

twoaggregatesweremixedtogetheralongwithsand,cement,andwater

andpreparedasconcrete.Slumptestwasperformedandsixcubeswere

casted.

Withamixratioof1:2:4,theconcrete’sconstituentappearedasfollows:

Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

75%of25mm coarseaggregate=75/100×30.5514kg=22.9136kg

Therefore,22.9136kgof25mm coarseaggregatewereused.

25%of10mm coarseaggregate=25/100×30.5514=7.6378kg

Therefore7.6378kgof10mm coarsewereused.

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

Level5:forconcreteA5(100% of25mm aggregate+0% of10mm

coarseaggregate)

Heretheonlycoarseaggregateusedinconcretemixwas25mm coarse

aggregatebecause10mm wasat0%.The25mm coarseaggregatewas

mixedwithsand,cementandwatertoprepareaconcrete.Slumptest

wasperformed.Sixcubeswerecasted.

Withamixratioof1:2:4,theconcrete’smaterialsusedwereasfollows:
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Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

Level6:forconcreteA6(100%of25mm coarseaggregate):

Atthisstage100% of20mm coarseaggregatewasmixedalongwith

sand,cement,andwatertoform aconcrete.Slumptestwasperformed

andsixcubeswerecasted.

Withamixratioof1:2:4,theconcrete’sconstituentsappearedasfollows:

Cement=1.2727×6=7.662kg

Sand=2.545×6=15.27kg

Totalcoarseaggregate=5.0919×6=30.5514kg

Water=0.7024×6=4.2144litres=4.2144×1000=4214.4ml

3.5ConcreteMixing

Handmixingmethodwasadoptedwithtrowelinmixingallthevarious

concretes.Onahard-dryconcretefloor,therequiredvolumesofallthe

concrete’s constituents needed for a certain concrete mix were

measuredout,andbyusingshoveltheywerethoroughlymixedtogether.

Aftermixingslumptestwastakenandfinallytheconcretewascasted

intothecubes.

Byfollowingthesamemixingmethod,alltheindividualconcreteswere



53

mixed,slumpteststakenandwerecastedintocubes.

3.6ConcreteCuring

Thetestspecimens(theconcretecubes)werestoredinthelaboratoryat

aplacefreefrom vibrationfor24hoursafterwhichthespecimenswere

removedfrom themouldsandimmediatelysubmergedinacleanfresh

water(curingtank).Thespecimenswereleftinthecuringtankuntil

takenoutjustpriortothecompressiontestinrangeof7daysand28

days.Foraccurateresult,thewaterthatcontainedthespecimenswas

renewedevery7days,whilethespecimenswerenotallowedtobecome

dryatanytimeuntiltheywerecrushed.

3.7CompressionTest

Ineachselecteddayforeachthreeconcretecubestobecrushedsay;

7daysand28days,theyweretakenawayfrom thecuringtank,weighed

overataweighing scaleand thetakento thecompressiontesting

machineandsequentiallycrushedtofailure.Theaveragecompressive

strengthoftheselectedthreecubeswastakenandrecordedasthe

compressivestrengthofthecubeforagivenparticularday.

By following the depicted procedures mentioned above and also

maintainingthestandardstheindividualconcretesmadebythethree

differentsizedcoarseaggregateswereworkedonandtheirrespective

averagecompressivestrengthsnotedandrecorded.
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CHAPTERFOUR

RESULTSANDDISCUSSION

4.1DataPresentation

Itisshown in literaturereview thatamong otherconstituentsofa

concretesuchasfineaggregate(sand),andwaterthatcoarseaggregate

alsocontributetothecompressivestrengthofconcrete.Itisalsoshown

thateachindividualgradationofacoarseaggregateduetoitsproperties

hascertaininfluenceonthecompressivestrengthofconcrete.

To thisend,thestudyinvestigated how thesizes(gradations)ofa

commerciallyavailablechippingsinfluencethecompressivestrengthof

concrete.Threedifferentsizes20mm,10mm and25mm oftheselected

chippingswereinvestigatedsoastoknowtheireffectsontheconcrete

compressivestrength.

Inordertoensurethathighdegreeofaccuracywasachieved,eachand

everyoneoftheselectedgradationwassingledoutandeveryphaseof

the research carried outone afterthe other.The phases ofthe

experimentswerethesameforallthegradations.

4.2ANALYSISANDRESULTS

PropertiesofAggregates

Theresultsforthesieveanalysisforthefineaggregategradingforthe

workisshownbelow
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Weightofsampleused=300kg

Table4ShowingSieveAnalysisofFineAggregate

GraphicalRepresentationoftheFineAggregate

Lookingatfig4.1,thegraphofcumulativepercentagepassingagainst

thesievesizes,showsthatthefineaggregateisuniformlygradedand

containslessamountofpowderedfineparticlesandfewervoids,which

hinderearlystrengthformationinconcrete,thereforeitisgoodforthe

study.

Sieve
size

(mm)

Massretained

(g)

Cumulative

retained

Cumulative%

retained

Cumulative%

Passing

4.75 1.21 1.21 0.40 99.6

2.00 7.83 9.04 3.01 96.99

1.18 15.44 24.48 8.16 91.84

0.60 225.21 249.69 83.23 16.77

0.30 40.99 290.68 96.89 3.11

0.15 8.64 299.32 99.77 0.23

0.075 0.64 299.96 99.99 0.01

Tray 0.66 300 100 0.00
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Variousresearchesandcountlesspracticeshaveshownthatapoorly

graded fineaggregateisuneconomicalin civilengineering practice.

Poorlygradedfineaggregatewillbeunstableandalwayscontainlotof

voidsandduetothatexcessamountofcementpastearerequiredtofill

thevoidsandthereforerequiresadequatecompactionsoastoobtain

durableconcretematrix.

Sieveanalysisfor10mm courseaggregate

Weightofsampleused=2000g

Sieve size

(mm)

Weight

retained(g)

Percentage

retained(%)

Cumulative

% retained

(%)

Cumulative

% passing

(%)

26.5 0 0 0 100

25 0 0 0 100

20 0 0 0 100

14.0 900 45 45 55

10 1000 50 95 5

4.7 100 5 100 0

Tray 0 0 0 0

Total 2000 100
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SIEVEANALYSISFOR20MM COARSEAGGREGATE

WEIGHTOFSAMPLEUSED=2000g

Sieve size

(mm)

Weight

retained(g)

% weight

retained(%)

Cumulative

%retained

Cumulative

%passing

26.5 175 8.75 8.75 91.25

25 561.5 28.08 36.83 63.17

20 1123 56.15 92.98 7.02

14.0 140.5 7.02 100 0

10 0 0 100 0

4.7 0 0 0 0

Tray 0 0 0 0

Total 2000 100

SIEVEANALYSISFOR25MM COARSEAGGREGATE

WEIGHTOFSAMPLEUSED=2000g

Sieve size Weight % weightCumulative Cumulative%
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(mm) retained(g) retained(%) %retained passing

26.5 50 2.5 2.5 97.5

25 1200 60 62.5 38.5

20 500 25 87.5 12.5

14.0 200 10 97.5 2.5

10 50 2.5 100 0

4.7 0 0 100 0

Tray 0 0 100 0

Total 2000 100
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y6

SLUMP

Figure4.2:Showingtheheightsoftheslumpsobtainedbytheconcretes

madeusingthethreeselectedcoarseaggregates.

Theslumpsobtainedareinrangeof15mm to88mm.Thehighestslump

wasobtainedatConcreteA6.Atthisstageonly25mm coarseaggregate

wasused.Thisresultisgottenprobablyduetothemixratioused(1:2:4).
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COMPRESSIVESTRENGTHSOFTHECONCRETE

CUBE

Type

Age

(days)

Weightof

cube

(kg)

Testload

(KN)

Strength

(N/mm2)

Average

strength

(N/mm2)

A1 7 8.7 305.28 13.50 13.85

8.9 320.40 14.24

8.6 310.52 13.80

28 8.8 426.06 18.93 18.30

8.9 386.00 17.16

8.7 424.00 18.80

A2 7 8.2 345.41 15.35 15.50

8.2 360.00 16.00

8.4 340.88 15.15

28 8.3 460.06 20.40 20.03

8.5 450.00 20.00

8.3 442.80 19.68

A3 7 8.7 416.25 18.50 18.99

8.7 443.25 19.70

8.5 422.55 18.78
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28 8.8 573.75 25.50 24.53

8.7 575.00 24.80

8.6 524.25 23.30

A4 7 8.2 496.74 22.00 21.80

8.4 467.04 20.70

8.4 510.70 22.69

28 8.6 577.80 25.68 26.33

8.5 617.63 27.45

8.5 582.08 25.87

A5 7 8.5 397.43 17.66 17.60

8.6 395.54 17.50

8.5 386.00 17.20

28 8.8 530.66 23.50 23.85

8.6 554.48 24.64

8.8 526.60 23.40

A6 7 8.3 418.67 18.60 19.86

8.1 465.56 20.69

8.3 456.56 20.29

28 8.5 530.66 23.50 25.30

8.3 580.56 25.80

8.6 598.60 26.60

P1,P2,P3,P4,P5andP6:Average
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CompressivestrengthsofthecubesforconcreteA1,A2,A3,A4,A5AND

A6respectively.

Lookingatthegraphaboveandbycomparingthecompressivestrengths

oftheconcretesmadeusingthethreedifferentcoarseaggregate.Itis

seenthatthehighestcompressivestrengthwasachievedbyconcreteA4

(concretemadeof25%of10mm and75%of20mm coarseaggregate),

followedbyA6(concretemadeof100%20mm coarseaggregate),then

followed by concrete A3 (50% each of10mm and 25mm coarse

aggregate),thenextisconcreteA5(concretemadeof100%of25mm

coarseaggregate),concreteA2camenext(concretemadeof75% of

10mm and25%of25mm coarseaggregate)andconcreteA1(concrete

madeof100%10mm coarseaggregate)camelast.
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CHAPTERFIVE

CONCLUSIONANDRECOMMENDATION

5.1Conclusion

From thecomparativeworkabilityandstrengthanalysiscarriedouton

theconcrete,thefollowingconclusionsweremadebasedontheresults

obtained.

i. Theworkabilityoftheconcreteincreasesasthewater/cement

ratioincreasesinproportiontoagivencoarseaggregate

ii. Iobservedthatthesmallerthesizeofanaggregate,theIncreasein

water/ cement ratio which causes reduction effect on the

compressivestrengthoftheconcrete.

iii. ThepresenceofLargeAggregatesizesresultedinhigherstrength

oftheconcrete.Thissuggeststhatthelargerthesizesofcoarse

aggregatepresentinaconcretemix,thegreatertheCompressive

strength.ThisisinagreementwiththefindingsofVilane,B.R.and

sabelo,N.2016

5.2 Recommendation

i. Theuseofconcretemixcontaininglargeamountoffineaggregate

shouldbediscouragedbecausetheworkabilityispoorandthereis

alotofvoidthathaveadverseeffectontheCompressivestrength.

ii. Theutilizationofgraniteisstronglyadvisedinhigherstrength

concreteapplicationslikeinhighrisebuildingswherestrength

cannotbecompromised.

iii. Selecting 10mm sized aggregate in concrete mix when being
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presented along with20mm and 25mm sized aggregatesince

25mm and10mm hasbeenfoundtoyieldaconcreteofhigher

compressivestrengthintermsofeconomy.
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