
i

USEOFGEOFIBRESINTHERECONSTRUCTIONOFIFITEROADAWKAANAMBRASTATE,

NIGERIA

BY

AKUJORPAULCHIJIOKE

(NAU/2017224047)

SUBMITTEDTO

THEDEPARTMENTOFCIVILENGINEERING

FACULTYOFENGINEERING

NNAMDIAZIKIWEUNIVERSITYAWKA.

INPARTIALFUFILLMENTOFTHEREQUIREMENTSFORTHE AWARDOF

BACHELOROFENGINEERING(B.ENG)DEGREEINCIVIL ENGINEERING

MAY,2023

CERTIFICATION



ii

I,certifythatthisworkwascarriedoutbymeandhavenotbeensubmittedeitherinpart

orwholetothisuniversityorotherinstitutionsfortheawardofadegree.

BY

___________________________
_________________
AKUJORPAULCHIJIOKE Date

RegNo:2017224047
(ProjectStudent)



iii

APPROVALPAGE

Thisresearchwork“UseofGeofibresintheReconstructionofIfiteRoadAwkaAnambra

State,Nigeria”hasbeenassessedandapprovedbydepartmentofcivilengineering

NnamdiAzikiweUniversity.

__________________________________

_______________

Engr.B.A.Njotae Date

(ProjectSupervisor)

__________________________________

_______________

Engr.Prof.C.A.Ezeagu Date

(HeadofDepartment)

__________________________________

_______________Engr.Prof.D.O.Onwuka

Date (ExternalExaminer)



iv

DEDICATION

ThisworkisdedicatedtoAlmightyGodforthegiftoflifeandalsoforguidingme

throughschool.



v

ACKNOWLEDGEMENT

SpecialthanksgotoAlmightyGodforgivingmethestrengthtocompletethisworkand

alsoforHisguidanceandprotectionthroughoutmystayinNnamdiAzikiweUniversity.

Iwanttothankinaveryspecialway,myprojectsupervisorinthepersonofEngr.B.A.

Njotaeforhistimeandguidanceintheaccomplishmentofthisproject.Maythegood

lordenlargeyourcoastandalsoprotectyourfamily.

AlsoIwillliketoexpressmyprofoundgratitudetomymum;MrsPriscaAkujorforher

moralsupport,constantprayersthroughoutmystayinschool,specialthanksgoesalso

tomysiblingsfortheirencouragementduringtryingtimesofmyacademicpursuit.

SpecialthanksgototheHeadofDepartmentofCivilEngineeringinthepersonofEngr.

Prof.C.A.Ezeagu.HehasbeenmorelikeafathertousallandIappreciatehimsomuch.

Iwillalsoliketoextendmyheartfeltappreciationtoallthestaff(academicandnon-

academic)oftheDepartmentofCivilEngineeringfortheirinvaluabletutorshipand

professionalguidance.

Iwillliketoappreciatemyfriendswhohasinonewayortheothercontributedto

makingmeabetterperson,Ajie,youholdaspecialplaceinmylife,Chibyke,Kaycee,

Nelson,Frank,OsasandCo,maytheLordAlmightyrewardyouallgreatly.



vi

ABSTRACT

Thestudywasundertakentoevaluatetheeffectofgeofibresinthereconstructionof

IfiteRoadAwkaAnambraState,Nigeria.Samplesofsub-gradesoilwerecollected

withinthefailedsectionofIfiteRoad.Geofibreswasaddedtothesoilinanincreasing

orderof5%,10%,15% and20% byweightofthesoilinasingleanddoublelayered

system.Thesub-gradesoilsamplesandsamplestabilizedwithgeofibreswassubjected

tolaboratorytesting.Thetestconductedweresieveanalysistest,specificgravitytest,

atterberglimittest,compactiontestandCBRtest.Resultsobtainedfrom sieveanalysis

testclassifiedthesamplesasA-7-6accordingtoAASHTOSoilClassificationSystemand

CH(clayofhighplasticity)accordingtoUnifiedSoilClassificationSystem,thespecific

gravityofthesub-gradesoilwas2.66,theliquidlimit,plasticlimitandplasticityindex

ofthesub-gradesoilwas34.8%,21.5% and13.3%,themaximum dryunitweightofthe

sub-grade soilincreased from 20.7kN/m3 to 22.67kN/m3,forthe single layered

disposition ofgeofibreswhileforthedoublelayereddispositionofgeofibres,the

maximumdryunitweightofthesub-gradesoilincreasedfrom20.7kN/m3to23.2kN/m3.

TheCBRofthesub-gradesoilincreasedfrom 25.8% to32.6% forthesinglelayered

system,27.4% to34.8% forthedoublelayered.Thestudythereforerecommendsthe

useofgeofibresinroadconstructionasimprovementinthestrengthpropertiesofthe

sub-gradesoilwasobserved.
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CHAPTERONE

INTRODUCTION

1.1BackgroundofStudy

Roadsinfrastructurearethemostessentialcomponentforsocioeconomicdevelopment

ofanycountry(MittalandShukla,2019).(Burnett,2011)opinedthattherearecountless

advantagesassociatedwiththeconstructionofgoodroadnetworksparticularlywithin

theconfinesofsocioeconomicandenvironmentalbenefits.Highwaypavementisan

integratedsystem comprisingoflayersofsuperimposedprocessedmaterialsabovethe

naturalcompactedsub-gradesoilwhichfunctionprimarilytodistributethewheelload

ofvehicletothesupporting soilin such awaythatthebearingcapacityofthe

supportingsoilisnotexceeded(Kadeyali,1997).Pavementtypesrangesfromflexibleto

rigidtosemi-rigidandcompositepavement(Kadeyali,1997).

Oneofthewidelyused pavementtypesin Nigeriaisflexiblepavement.Flexible

pavementsaremulti-layeredsystem consistingsub-grade(pavementfoundation),sub-

base,basecourseandwearingcourse(asphaltconcrete).Performanceofaflexible

pavementduringserviceissignificantlyinfluencedbythestrengthandstiffnessofthe

sub-gradelayerasitservesasfoundationforthepavement(Kadeyali,1997).Sub-grade

isnaturalcompactedearthcomposedsoilsrangingfrom laterite,claysandthereare

caseswherethesub-grademaycontainexpansivesoilsthatitsstrengthasstrength

cannotbeguaranteedunderappliedloads(Osinubi,2013).Insuchscenariostabilization

ofthesub-gradesoilbecomenecessary.Soilstabilizationinvolvestheplacementofa

materialinagivensoillayerwherethepresenceofthematerialcausesaredistribution

ofstressesandstrainsinthesoilfavorabletothepurposeathand(Palmeira,2014).

Currently,soilstabilizationismostcommonlyperformedwithgeosynthetics,leadingto

anincreaseinthestrengthandadecreaseinthecompressibilityofthecomposite

material.Inotherwords,theadditionofgeosyntheticreinforcementinregionsoftensile

strain helpsto inhibitthe stressesin the soil,thereby increasing the shearing

characteristicsofthecompositematerial(Jewell,2012).

Moreover,the escalating costofmaterialsand lack ofresourcesavailable have
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motivatedhighwayengineerstoexplorenew alternativesinbuildingnew roadsand

rehabilitationofexistingones(Chandra,etal.,2008).Recently,syntheticmaterialslike

geofibershave evoked considerable interestamong both highway engineersand

manufacturersforusingthesematerialsasreinforcingmaterialsinflexiblepavements.

GeofibershavebeenusedcountrieslikeIndiaintheconstructionofflexiblepavement.

(Pandey,etal.,2012)carriedoutacomparativestudyonperformanceofgeofiberand

nongeofiberreinforcedflexiblepavementsinIndia.Resultssuggestedthatgeofiber

reinforced flexible pavement performs satisfactorily in service than pavement

constructedwithconventionalmaterials.

Geofibersare usually polypropylene fibersblended into soilsto create an ideal

reinforcementsystem fortherepairofslopefailures,reinforcementofpavementsub-

grades,foundationstabilization,andimprovementofretainingwallbackfill(Chatrabhuj

andMaheshwari,2020).Theyaremanufacturedinlargescaleandhavefourthlargest

volume in production afterpolyesters,polyamidesand acrylicsBysynergistically

meshingwiththesoilalreadyonsite,geofibershelpcreateasoilreinforcementsystem

with dramaticallyimprovedengineeringpropertiesTheyaremadein theform of

manufacturedsheet,includingaregularnetworkofintegrallyassociatedparts,which

maybelinkedbyextrusion,bondingorinterlacing,whoseopeningsarelargerthanthe

constituents,madeintoanextremelyexposed,networklikearrangement,i.e.theyhave

largeapertures.Theyworkasreinforcementmaterials.Accordingto(Chatrabhujand

Maheshwari,2020),geofibreshave the potentialofbeen used asaconventional

materialsforroadconstruction.

IfIteroadisaone-lanesinglecarriagewaylocatedattheoutskirtofNnamdiAzikiwe

UniversityAwkaAnambraStateNigeria.TheroadpassesthroughplacessuchasYahoo

Junction,MiracleJunction,CommissionerQuarters,Firstand Second Marketsand

terminatesatasteppedterraininAroma.Theseroadmajorlyusedbystudentand

lecturersofNnamdiAzikiweUniversityischaracterizedbyseverepavementdistresses

rangingfrom largepotholes,alligatorcracking,collapseandcloggingofdrainage

channelsevidentinregionsespeciallyatMiracleandYahoojunctionrespectively.

Occurrence ofthisdistresseshave been largely attributed to poorgeotechnical

propertiesofthesub-gradesoil,thereforeitishighlypertinentfrom civilengineering
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standpointtoenhancethestrengthpropertiesofthesub-gradesoilasameansof

minimizingthedistressesrecordedalongIfiteroad.

Inothertoreducepavementdistressesbyenhancingthestrengthofsub-gradesoil

alongIfiteroadAwkaAnambraState,Nigeriaandalsopromotetheuseofgeofiberasa

conventionalmaterialforroad construction in Nigeria,thisstudy willtherefore

investigate the structuralbenefits ofusing geofibers as materialfor strength

enhancementofsub-gradesoilsalongIfiteroadAwkaAnambraState,Nigeria.

1.2StatementofProblem

TheincreasinglossinserviceabilityofIfiteroadAwkaAnambraState,Nigeriaisamajor

source ofconcern to road users.Ifite road ischaracterized bysevere pavement

distressesrangingfrom largepotholes,alligatorcracking,ruttingandraveling.These

distressescouldbeduetothepoorgeotechnicalpropertiesofthesub-gradesoil.

Moreover,performanceofaflexiblepavementduringserviceissignificantlyinfluenced

bythestrengthandstiffnessofthesub-gradelayerasitservesasfoundationforthe

pavement(Kadeyali,1997).Sub-gradeisnaturalcompacted earth composed soils

rangingfrom laterite,claysandtherearecaseswherethesub-grademaycontain

expansivesoilsthatitsstrengthasstrengthcannotbeguaranteedunderappliedloads

(Osinubi,2013).Insuchscenariostabilizationofthesub-gradesoilbecomenecessary.

Strengthenhancementofsub-gradesoilsusingconventionalstabilizingagents(cement,

lime)isarelativelyexpensiveprocessandasaresult,highwayengineershaveexplored

newalternativesinconstructingnewroadsandrehabilitationofexistingones(Chandra,

etal.,2008).Theutilizationofsyntheticmaterialslikegeofibersinroadconstruction

havegeneratedconsiderableinterestasthematerialhavethepotentialtocreatean

idealreinforcementsystem fortherepairofslopefailures,reinforcementofpavement

sub-grades,foundation stabilization,and improvementofretaining wallbackfill

(ChatrabhujandMaheshwari,2020).

Inothertoexploretheuseofgeofibersasacosteffectivematerialforstrength
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improvementofsub-gradesoilinroadconstruction,thisstudywillthereforeevaluate

theuseofgeofiberasamaterialforstrengthenhancementofsub-gradesoilsalongIfite

roadAwkaAnambraState,Nigeria.

1.3AimandObjectivesofStudy

Theaim ofthestudyistoevaluatetheuseofgeofiberasamaterialforstrength

improvementofsub-gradesoilinroadconstructionwhiletheobjectivesare:

1 Ascertain the feasibilityand efficacyofusing geofibersasan additive for

strengthenhancementofsub-gradesoilsalongIfiteroadAwkaAnambraState,

Nigeria.

2 Evaluatetheindexpropertiesofgeofibersandsub-gradesoilscollectedalong

Ifiteroad.

3 Studytheeffectofgeofibresonstrengthpropertiesofsub-gradesoilscollected

alongIfiteroad.

4 Determinethemaximum amountofgeofibersneededforoptimum improvement

instrengthofsub-gradesoils.

5 Drawconclusionandmakerelevantrecommendationinthelightofthefindings

obtainedfromthestudy.

1.4ScopeofStudy

Thestudyisfocusedbasicallyonpromotingtheuseofgeofibresasanadditivefor

strengthenhancementofsub-gradesoilsalongIfiteroadAwkaAnambraState,Nigeria.

Thegeofibrewillbeaddedtothesub-gradesoilsinincreasingpercentagesof5% ina
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twolayeredsystem byweightofthesub-gradesoilsSamplesofsub-gradesoilsand

geofibreswillbecollectedandsubjectedtolaboratorytesting.Thelaboratorytesting

includes:Sieveanalysistest,Specificgravitytest,Atterberglimit(LiquidandPlastic

limit)test,CompactiontestandCaliforniaBearingRatiotest.TheCaliforniaBearing

Ratiotestwillbeusedasindextoevaluatethestrengthofthesub-gradesoil.During

theexperimentalinvestigationfordeterminationofCaliforniaBearingRatio(CBR)value

ofthesub-gradesoilsmodifiedgeofibre,singlelayeranddoublelayerofgeofibrewill

beplacedhorizontallyatvaryingdepthsoastocertainthestrengthofthemodifiedsub

-gradesoils.Recommendationswillbemadebasedonkeyfindingsobtainedfrom

CaliforniaBearingRatiotest.

1.5SignificanceofStudy

TheuseofgeofibresinthereconstructionofIfiteRoadAwkaAnambraState,Nigeriawill

beofimmenseeconomicbenefits.Someoftheconventionalpracticeadopted in

strengthenhancementofweaksub-gradesoilsincludes:completeexcavationand

importationofsoilswithhigherstrengthanddensity,treatmentthroughstabilization

usingchemicalstabilizerslikelimeandPortlandcement,thesearerelativelyexpensive

process.Geofibreswhichareresidueobtainedduringproductionofplasticswilloffset

thehighcostassociatedwithtreatmentofweaksub-gradesoilsifincorporatedasa

componentinroadconstructionandreconstructionprocess.Theeconomicbenefits

associatedwiththeuseofgeofibresinroadconstructioncomesfrom thefactthat

geofibresarecheaptoprocureandwillalsoreplacerelativelyexpensiveadditiveslike

Portlandcement,limeandstonedustusedasaconventionalmaterialsinstrength

enhancementofweaksub-gradesoils.Therefore,aconsiderablecostsavingswillbe

fosteredshouldgeofibresbeusedasamaterialforimprovementofbearingstrengthof

weaksub-gradesoils.

1.6JustificationofStudy

Performanceofaflexiblepavementduringserviceissignificantlyinfluencedbythe
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strength and stiffnessofthe sub-grade layerasitservesasfoundation forthe

pavement(Kadeyali,1997).Sub-gradeisnaturalcompacted earth composed soils

rangingfrom laterite,claysandtherearecaseswherethesub-grademaycontain

expansivesoilsthatitsstrengthasstrengthcannotbeguaranteedunderappliedloads

(Osinubi,2013).Insuchscenariostabilizationofthesub-gradesoilbecomenecessary.

Moreover,escalatingcostofmaterialsandlackofresourcesavailablehavemotivated

highwayengineerstoexplorenewalternativesinbuildingnewroadsandrehabilitation

ofexistingones(Chandra,etal.,2008).Itisbasedonthisbackdropthatthisstudywill

exploretheuseofgeofibersforroadconstruction.Geofibersareusuallypolypropylene

fibersblendedintosoilstocreateanidealreinforcementsystem fortherepairofslope

failures, reinforcement of pavement sub-grades, foundation stabilization, and

improvementofretainingwallbackfill(ChatrabhujandMaheshwari,2020).Researchon

useofgeofibersforroadconstructionisdonesolelyonalimitedbasesandthisresearch

willexploredeeplyontheuseofgeofiberasamaterialforstrengthmodificationofsub-

gradesoilsalongIfiteroadAwka,AnambraStateNigeria.

CHAPTERTWO

LITERATUREREVIEW

2.1Overview

Anarrangementcomprisingoflayersofoverlaymaterialsabovetheusualsub-grade

whichactsasfoundationallayerisreferredtoaspavement.Themechanism ofload

transferinapavementstructureregardlessofthepavementtypesissurfaceorwearing

coursetobasecoursetosub-baseandultimatelytothenaturalcompactedsub-grade

whichactsprimarilyasthepavementfoundation,thissub-gradethereafter,transferthe

loadtotheunderlyingsoilorsoilofsufficientbearingcapacity(Kadeyali,1997).The

bearingcapacityoftheunderlyingsoilmustnotbeexceededotherwise,failureofthe

pavementmightoccurtherebycompromisingthedesignlifeofsuchpavementdesign.

Thepavementstructureisexpectedtoposses’desirablecharacteristicsforittoperform

satisfactorilyduringitsservicelifeandthisfeatureincludes:adequateskidresistance,

durability,favorablelightreflectingcharacteristics,minimum noisepollution,andgood
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ridingsurface,longdesignlifewithlowrepaircost,impermeablesurfaceandstructural

efficiency.

Theprimaryaim ofprovidingsuperimposedlayersinapavementstructureistoensure

thatthestressgeneratedduetotrafficloadareconsiderablyreduced,suchthatitis

transferredtoasoilofsufficientbearingcapacity.Flexibleandrigidpavementsarethe

commonlyusedtypeofpavementstructure(Kadeyali,1997).Flexiblepavementare

usuallycomposedofbitumen(binder),aggregate(crushedgravelandsand)andfiller

materials(quarrydustorstonedust)withthebitumenactingasthemostchemically

activeandenergeticallyexpensiveconstituentswhilerigidpavementarecomposedof

aggregate(sandandcrushedrock),binder(cement),waterandreinforcementwiththe

cementactingasthemostchemicallyactiveandenergeticallyexpensiveconstituents.

Rigidpavementpossessflexuralrigiditysuchthatthestressgeneratedduetotraffic

loadarenottransferredfrom graintograintothelowerlayersbutratherdepends

solelyontheconcreteslabwhichtransferstheloadtoawiderareainaccordancewith

thedesign.However,inflexiblepavementwheelloadtransferdoesnotdependonthe

flexuralstrengthbutratherdependsonthegraintograincontactoftheaggregate.

Thereforetheflexuralstrengthofflexiblepavementisrelativelylowcomparedtothat

oftherigidpavement.Thischapterwillthereforefocusessentiallyonflexiblepavement

structureaswellaspromotetheuseofgeofibersasanadditiveforenhancementofsub

-gradestrengthinflexiblepavements.

2.2RoadTransportationandSocietalNeed

Roadtransportisregardedastheengineofgrowthanddevelopmentinanyeconomy

(Badejo,2014).Asapublicutility,roadtransportsuppliesessentialgoodsandservices,

theabsenceofwhichcanresultinatotalorpartialcollapseofaneconomy(Bos,2014).

The importance ofroad transportation to anynation can be appreciated ifitis

consideredthatitprovidesforeconomic,social,political,culturalandtechnological

needsofindividualandsociety(Badejo,2014).Thevariedrolesstem from thefactthat

humanactivitiesarenotconcentratedinjustalocation,andtherefore,theneedforman

toaccessthediverseneeds,rangingfrom shelter,recreation,work,socialinteraction,

religious,andtocommercialactivities(Morenikeji,2017).Itisonthispremisethatroad
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transportationisbeingdescribedaslifelinesforpeopleandsociety(Johansson,2014).

Butwhenroadinfrastructureisundevelopedinanyhumansettlement,forcertain

reasons,economiccostsareimposed(Bogale,2016).Similarly,(Oyesiku,2016)posited

thattheroadtransportdevelopmentprocessisnotwithoutexternalitiessuch as

pollution,noise,dirtandcongestion,whichaffectpeople’shealthandclimatechange.

Studies have been conducted focusing on the impact of road transportation

developmentglobally.(Johansson,2014)studiedthesocio-economicimpactsofroad

conditiononlow volumeroadsinruralareasofthenorthernperipheryofEurope.

Johanssonwasinterestedinthesocio-economicconsiderationstakenbytheroad

managementofpartnercountries (Scotland,Norway,Sweden and Finland)and

concluded thatthe targetstandardsforthe generalroad conditionsand lowest

acceptablestandardsaremoreorlessexpressedandsocioeconomicmodelsareused

forbudgetdiscussionsandbudgetdistribution.(Lalnundanga,etal.2015)studiedthe

impactofroadconstructiononthesocio-economicconditionofthecommunitiesinthe

hilly terrain ofLungleidistrict,Mizoram,India and results revealed thatroad

constructionbroughtaboutanimprovementinthecommunitylivelihoodandincrease

inthenumberofeducationalandhealthcentres.Also,therewasanincreasednumber

ofpeopleincertainjobssuchascarpentryandhandloom,andfurther,stimulatethe

efficiencyofimportandexportofgoodsandservices.

InNigeria,roadtransportationisthepredominantmodewithover90% ofdomestic

freights and passengers being moved by this mode ( Badejo, 2017). This

overdependencehasbeen linked toitsadvantagesofaccessibility,flexibilityand

availability(Badejo,2014).Itisalsonoteworthythatthedemandforroadtransporthas

beenontheriseduetogrowingurbanpopulationthroughoutNigeria(Ogwude,2017).

However,theroadnetworkisbeingdescribedaspoorexceptforAbuja,whichisanew

cityhavingmodernroadsandanextensivenetworkofthepedestrianwalkway(Ogwude,

2017).WhileroadsinNigeriaareindeplorablecondition,theeffortsbythegovernment

toaddresstheissuearealsonoteworthyasover60% ofthenationalinvestmenton

transportationhasbeenallocatedtoroadtransportinfrastructure(Badejo,2014).Given

theabovebackground,itisevidentthatthereisacorrelationbetweentheconstruction

ofroadfacilitiesandtheeconomicdevelopmentofacity.Itisalsoworthnotingthat
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roaddevelopmentimpactscouldeitherbedirectorindirect.Therearealsoimpacts

duringconstruction,thosealonganewlycompletedroad,andthosewithlong-term

impacts(Wanjiku,2018).However,moststudiesfocusontheimpactsoftheroad

constructionaftercompletion,butthereisadearthofstudyparticularlyindeveloping

countriesincludingNigeriathatexaminedroadinfrastructuredevelopmentimpacts

duringconstructionandpost-constructionphases.

2.3FlexiblePavement

Aflexiblepavementisoneofthecommonlyconstructedpavementstructuresduetoits

relativeeconomyinconstructionandservicelife.Inaflexiblepavement,stresses

generatedbywheelloadaretransmittedtoalowerlayer(usuallysub-grade)bygrainto

graintransfermechanism asitdoesnotrelyonitsflexuralstrengthforloadtransfer

(Kadeyali,1997).Flexiblepavementconsistofabituminoussurfaceplacedoveralayer

ofgranularmaterialandalayerofsuitablemixtureoffineandcoarseaggregateresting

on thenaturalcompacted sub-gradeacting asthepavementfoundation.Flexible

pavementsaremostlyofbituminousmaterialactingasthebindingagentsuchthatit

remainsincontactwiththeunderlyingmaterialsevenwhenminordeficienciesoccurs.

Flexible pavementsare furtherdivided into three sub-group namely:high type,

intermediateandlowtype.Hightypepavementshavesurfacecoursethatsufficiently

supporttheanticipatedtrafficloadwithoutvisibledistressduetofatigueandtheyare

notvulnerabletounfavorableweathercondition.Intermediatetypepavementshave

surfacecoursethatmoderatelysupportanticipatedtrafficloadwithlikelihoodofthe

pavementdevelopingdistressandthismainlyduetothequalityofthetreatedsurface

astheirtreatedsurfacearelow comparedtothehightypepavements.Low type

pavementsarehighlyvulnerable to environmentalconditions,marginallysupport

expectedtrafficloadwithhighpossibilityofdistressbeendeveloped.Thistypeof

flexiblepavementareusedmainlyforlowcostroadsandhavewearingcourseranging

fromuntreatedtoloosednaturalmaterialstosurfacetreatedearth.
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2.3.1StructuralComponentofaFlexiblePavement

Thestructuralcomponentofaflexiblepavementincludes:sub-gradeorpreparedroad

bed,sub-base,basecourseandwearingcourse,allthesecomponentsaresuperimposed

oneachotherandperform distinctfunctions(Kadeyali,1997).Theperformanceofeach

componentlargelydictatestheperformanceoftheflexiblepavementsandasaresult

properevaluationofthesecomponentsisrequiredforeffectivepavementperformance

andservicelife.

2.3.1.1Sub-grade

Thesub-gradeisoneofthemostimportantstructuralcomponentsofaflexible

pavement.Itisanaturalcompactedearthlyingbeneathotherlayersandactas

interfacebetween thepavementandtheunderlyingsoil.Itisreferredtoasthe

pavementfoundationasittransmitstheexpectedtrafficloadtotheunderlyingsoilof

sufficientbearingcapacity.Thesub-gradeconsistsmainlyofearthmaterialandmustbe

compactedtothedesirabledensity,neartheoptimum moisturecontent.Thestrength

andstiffnessofthesub-gradeconsiderablyinfluencestheperformanceofapavement

structure(Chandravali,2019).Thestiffnessisreferredtoasthedegreeofresistance

upon loading and itdependsprimarily upon the soilproperties,existing stress

conditionsandsoilstresshistory(Susanka,2016).

2.3.1.2Sub-base

Thesub-baseisalayerofmaterialabovethesub-gradeandbeneaththebasecourse

andtheyfunctionprimarilytoprovidestructuralsupport,improvedrainageandreduce

intrusionoffinesfromthesub-gradetothepavementstructure.Thestructuralcapacity

ofthewearingcoursecanbeusedtodeterminewhetherasub-basecanbedispensed

with.Ifthepavementisconstructedoverahighqualitywearingsurface,stiffsub-grade

maynotrequireadditionalfeaturesofferedbyasub-baselayerandinsuchcondition,

sub-basemaybedispensedwith.

2.3.1.3Base-course
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Thebase-courseisalayerofmaterialsdirectlyabovethesub-baseandbeneaththe

wearingorsurfacecourse,itreducesthemagnitudeorintensityoftheloadtransmitted

totheunderlyingpavementslayers.Itprovidesadditionalloaddistributionmechanism

andcontributestosub-surfacedrainage.Itmaybecomposedofcrushedstone,crushed

slugandotheruntreatedorstabilizedmaterials.

2.3.1.4WearingCourse

Wearingcourseisalayerdirectlyincontactwithtrafficloadsandgenerallycontains

superiorqualitymaterials.Theyareusuallyconstructedwithdensegradedasphalt

concrete.Thefunctionsandrequirementsofthislayerare:Itprovidescharacteristics

suchasfriction,smoothness,drainage.Also,itwillpreventtheentranceofexcessive

quantitiesofsurfacewaterintotheunderlyingbase,sub-baseandsub-grade,itmustbe

toughtoresistthedistortionundertrafficandprovideasmoothandskidresistant

ridingsurface,itmustbewaterprooftoprotecttheentirebaseandsub-gradefrom the

weakeningeffectofwater.

2.3.2TypicalCoatusedinFlexiblePavement

Typicalcoatsofaconventionalflexiblepavementincludessealcoat,primecoatand

tackcoat.Sealcoatisathinsurfacetreatmentusedtowater-proofthesurfaceandto

provideskidresistancewhiletackcoatisaverylightapplicationofasphalt,usually

asphaltemulsiondilutedwithwater,itprovidesproperbondingbetweentwolayersof

bindercourseandmustbethin,uniformlycovertheentiresurfaceandsetveryfastand

primecoatisanapplicationoflowviscouscutbackbitumentoanabsorbentsurfacelike

granularbasesonwhichbinderlayerisplaced.Itprovidesbondingbetweentwolayers.

Unliketackcost,primecoatpenetratesintolayerbelow,plugsthevoids,andformsa

watertightsurface.

2.3.3FactorsInfluencingPerformanceofFlexiblePavement
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2.3.3.1Traffic

Traffic is the most important factor influencing pavement performance.The

performance of pavements is mostly influenced by the loading magnitude,

configurationandthenumberofloadrepetitionsbyheavyvehicles(SharadandGupta,

2004).Thedamagecausedperpasstoapavementbyanaxleisdefinedrelativetothe

damageperpassofastandardaxleload,whichisdefinedas80kNsingleaxleload(E80).

Thusapavementisdesignedtowithstandacertainnumberofstandardaxleload

repetitions(E80’s)thatwillresultinacertainterminalconditionofdeterioration.

2.3.3.2Moisture

Moisturecansignificantlyweakenthesupportstrengthofnaturalgravelmaterials,

especiallythesub-grade.Moisturecanenterthepavementstructurethroughcracks

andholesinthesurface,laterallythroughthesub-grade,andfromtheunderlyingwater

tablethroughcapillaryaction(SharadandGupta,2004).Theresultofmoistureingress

isthe lubrication ofparticles,lossofparticle interlock and subsequentparticle

displacementresultinginpavementfailure.

2.3.3.3Sub-grade

Thesub-gradeistheunderlyingsoilthatsupportstheappliedwheelloads.Ifthesub-

gradeistooweaktosupportthewheelloads,thepavementwillflexexcessivelywhich

ultimatelycausesthepavementtofail(SharadandGupta,2004).Ifnaturalvariationsin

thecompositionofthesub-gradearenotadequatelyaddressedbythepavementdesign,

significantdifferencesinpavementperformancewillbeexperienced.

2.3.3.4ConstructionQuality

Failuretoobtainpropercompaction,impropermoistureconditionsduringconstruction,

qualityofmaterials,andaccuratelayerthickness(aftercompaction)alldirectlyaffect

theperformanceofapavement(SharadandGupta,2004).Theseconditionsstressthe

need forskilled staffand theimportanceofgood inspection and qualitycontrol

proceduresduringconstruction.
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2.3.3.5Maintenance

Pavementperformancedependsonwhat,when,andhowmaintenanceisperformed.No

matterhow wellthepavementisbuilt,itwilldeteriorateovertimebaseduponthe

mentioned factors(Sharad and Gupta,2004).The timing ofmaintenance isvery

important;ifapavementispermittedtodeterioratetoaverypoorconditionthenthe

addedlifeistypicallyabout2to3years.Thisaddedlifewouldpresentabout10percent

ofthetotallife.Delayinmaintenanceholdfurtherimplications,inthat,therewillbean

incrementinrepairandrehabilitationcost.Thus,postponingmaintenancebecauseof

financialconstraintswillresultinasignificantfinancialpenaltywithinafewyears.

2.4DurabilityofFlexiblePavement

Flexiblepavementconsistsmainlyoflayeredmaterialswhichincludethesub-grade,

basecourse,sub-baseandthesurfacecourseandthestrengthanddurabilityofthe

pavementislargelydependentonthenatureofthevariouscomponents(Obetaand

Njoku,2016).The sub-grade (regardlessofthe nature offrostsusceptibility or

fluctuationinwatertable)functionsprimarilyasthepavementfoundationprovidinga

favorableplatform fortheconstructionofthepavement.Thesub-basewhethernatural

orstabilizedwithPortlandcement,asphalt,lime,flyash,actasasupportthebase

course,preventtheintrusionoffinegrainedsub-gradesoilintothebasecourseand

ensuringthedrainageoffreewater(ObetaandNjoku,2016).Thebasecoursewhich

compriseschieflyofgoodqualityaggregates(boundorunbound)providesanimportant

portionofthestructuralcapacityofthepavementbearingsignificantamountofthe

wheelloadtransmittedtoitthroughthepavementsurfaceandtransferringthisloadto

theunderlyinglayers(sub-base)whilethesurfacecoursetypicallymadeofasphaltic

concrete(wearingcourse)withstandskidding,trafficabrasionanddisintegrationeffect

ofclimate(Christopheretal,2006).Itisthereforeevidentthatthedurabilityof

pavementisaffectedbythenatureofthesematerialsexpressedintermsofstrength,

moisturecontent,drainageandspatialvariability.
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Theoppositionofapavementtoweatheringandabrasiveactionoftrafficwithinits

designlifeisusedtogaugethedurabilityofapavement.Dependingonthefactorof

concern,itcanbegaugedusingthethin-film oventest,rollingthin-film oventest,

pressureageingvesselmethodandconceptofdurabilityindexfrom theMarshaltest.

With regardsto asphaltpaving materials,durability can also be defined asthe

resistanceposedbythesematerialsintheasphaltpavementstructuretoadverse

effectsofenvironmentalconditionssuchaswater,ageingandtemperaturevariations

foralengthyperiodwithoutanysubstantialdeteriorationwhiletakingintoaccounta

givenvolumeoftrafficloading(ScholzandBrown,1996).Thus,pavementdurabilityis

alsothemeasureofhow asphaltbinderphysicalpropertieschangewithage(age

hardening).

2.5Geofibers

Geofibersare usually polypropylene fibersblended into soilsto create an ideal

reinforcementsystem fortherepairofslopefailures,reinforcementofpavementsub-

grades,foundationstabilization,andimprovementofretainingwallbackfill(Chatrabhuj

andMaheshwari,2020).Theyaremanufacturedinlargescaleandhavefourthlargest

volume in production afterpolyesters,polyamidesand acrylicsBysynergistically

meshingwiththesoilalreadyonsite,geofibershelpcreateasoilreinforcementsystem

with dramaticallyimprovedengineeringpropertiesTheyaremadein theform of

manufacturedsheet,includingaregularnetworkofintegrallyassociatedparts,which

maybelinkedbyextrusion,bondingorinterlacing,whoseopeningsarelargerthanthe

constituents,madeintoaextremelyexposed,networklikearrangement,i.e.theyhave

largeapertures.Theyworkasreinforcementmaterials.Accordingto(Chatrabhujand

Maheshwari,2020),geofibershave the potentialofbeen used asaconventional

materialsforroadconstruction.

2.5.1BenefitofUsingGeofibersinFlexiblePavement

Therearetwomain benefitsofusing geofiberin thesub-gradelayerofflexible

pavements.Foragivencross-sectionofthepavement,additionofgeofiberleadstoan

increaseinserviceabilitylifeandreductioninthemaintenancecostofthepavement.
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Thisalternativeisfeasiblewhenthemaintenanceandreplacementcostsduringthe

servicelifeofthepavementareoffsetbythehighinitialcostofusingthegeofiberfora

givenproject(PerkinsandIsmeik,1997).Also,ifthepavementisdesignedforsame

serviceabilitylifeasanunreinforcedpavement,additionofgeofibermayresultsin

reductioninthethicknessofthelayersabovethesub-gradelevelofflexiblepavement.

Thisalternativeisfeasibleifthecostofthegeofiberislessthanthecombinedcostof

thereplacedsub-basematerialandanyconstructionrelatedcostsassociatedwitha

reducedsub-gradethickness(PerkinsandIsmeik,1997).Bothoftheabovealternatives

aredesirable,aspartofthedesignprocessinvolvesminimizingthetotalcostofthe

pavementstructure,includinginitialcostsplusmaintenancecosts.Thesavingsof10-

20% oftotalprojectcosthavebeenestimatedbycombiningthesebenefits(Bergetal.,

2000).

The aforementioned benefits are primarily related with the ability ofgeofiber

reinforcementtoresisttrafficloads.However,thepavementstructuresdeteriorateasa

resultofthecombinedeffectsoftrafficandenvironment-relateddamage.Anadditional

useofgeofiberinflexiblepavementtoresistenvironmentalloadshasbeenproposed

recently(ZornbergandGupta,2009).Thebenefitsinvolvethemitigationoflongitudinal

crackswhenpavementsareconstructedoverexpansivesub-grades.Theconstructionof

roadwaysoverthesesub-grades(whicharecommoninNew Delhi,India)haveledto

significantvolumechangesduringsubsequentcyclesofseasonalwettinganddrying

due to moisture fluctuations.These volume changesinduce verticalmovements,

acceleratethedegradationofpavementmaterials,andultimatelyshortentheservice

lifeoftheroadway.Thespecificproblem addressedinthisresearchincludedthe

occurrenceoflongitudinalcracksthatdevelopduetoaboveenvironmentalloadingon

pavementsconstructedoversuchexpansivesub-grades.

2.5.2ReviewofWorksonUseofGeofiberforPavementConstruction

Astudyconductedby(PittiandRaman,2018)onimprovementofcbrstrengthofclay

soilsusinggeofiber.Theeffectofgeofiberonthestrengthoftheclaysoilwasassessed
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throughcaliforniabearingratio(CBR)test.Thegeofiberwasmixedwithclaysoilin

differentratiosof0%,0.25%,0.50%,0.75%,and1% respectively.TheLiquidlimit,

PlasticLimit,DryDensity,Optimum MoistureContentandCompressiveStrengthofthe

soilsamplewithvaryingpercentageoffiberisalsostudied.ThenCBRtestisconducted

withthecorrespondingOMCforthedifferentratioof0.25%,0.50%,0.75%,and1% of

polypropylene.Fromthefindingsitwasobservedthatastheratioofgeofiberincreased,

theoptimummoistureofthesoildecreasedwhiletheCaliforniabearingratioofthesoil

increasedconsistentlywithincreaseinpercentagesofgeofibers.

Inanotherstudy,(Viswanadhum,etal.,2011)investigatedtheInfluenceofrandomly

distributedgeofibersontheintegrityofclay-basedlandfillcovers.Aseriesofcentrifuge

testswasperformedonmodelclay-basedlandfillcoverswithandwithoutgeofiber

reinforcementat40gravities.Ahydraulic-baseddifferentialsettlementsimulatorwas

usedtoinducecontinuousdifferentialsettlementswithadistortionlevelupto0.125.

Analysisand interpretation ofthetestresultsindicateasignificantpotentialfor

geofiberreinforcementtodecreaseandtoretardsoilcrackpotentialinadiscreteand

randomlydistributedsoilbarrierreinforcedwithgeofibers,whileretainingitshydraulic

performance.

(MittalandShukla,2019)investigatedStrengthImprovementofPoorSub-gradeSoil

Reinforcedwithgeofibers.Geofibersheetsareplacedinsingleanddoublelayersat

variousdepthsofsoilsub-gradeandheavycompaction.Californiabearingratio(CBR)

andunconfinedcompressivestrength(UCS)testswereconducted.Thetestresults

indicatesignificantimprovementsinCBR,UCSandaxialstrainatfailureaswellasa

reduction in post peak strength loss.Maximum improvements in unconfined

compressivestrengthandCaliforniabearingratiowererecordedat36% and41%,62%

and70%,respectively.Theunconfinedcompressivestrengthvalueswererecorded

whenthegeofiberwasplacedinsinglelayer(0.2H)andindoublelayers(0.2Hand0.4H)

from thetopofthespecimen.Scanningelectronmicroscopy(SEM)wasusedtostudy

themicromechanicalinteractionbetweensoilandgeofibersurface.Itwasobservedthat

interlockingandsurfacefrictionbetweensoilparticlesandfibersofthegeofiberare

responsibleforstrengthenhancementofweaksub-gradesoil.

Inordertobridgegapsonpreviousworksandincreaseawarenessontheefficacyof
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geofiberasamaterialforstrengthenhancementofsub-gradesoilsinroadconstruction,

thisstudywillbeassesstheeffectofgeofibersonstrengthofsub-gradesoilscollected

alongIfiteroadAwkaAnambraStateNigeria.

CHAPTERTHREE

MATERIALSANDMETHODS

Thissectionpresentsthematerialsandmethodsusedtoactualizetheresearchgoal.

Relevantstandardsand journalswere employed to ascertain how the materials

collectedbeanalyzedandalsothevariouslaboratoryteststobeconducted.AllTests

suchassieveanalysistest,specificgravitytest,atterberglimit(liquidandplasticlimit)

test,compaction testand California bearing ratio testwere carried outatCivil

EngineeringLaboratorylocatedinNnamdiAzikiweUniversityAwkaAnambraState,

Nigeria.

3.1Collection,PreservationandPreparationofMaterials

3.1.1Sub-gradeSoils

Disturbedsub-gradesampleswerecollectedatthefailedsectionofthepavement

locatedalongifiteroadAwkaAnambraStateNigeria.Thechoiceofcollectingsamples

alongpavedwasjustifiedbythefactthatthesamplewasarepresentationofthesub-

gradesoil.Samplecollectedwaslateriticinappearance.Thesamplewascollectedin
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emptycementbagswiththeaidofshovelandwasconveyedtothelaboratoryfor

variouslaboratorytesting.Uponarrival,thein-situmoisturecontentofthesamplewas

determinedbeforesubsequentexperimentalinvestigations.

Plate3.0:SampleofDisturbedSub-gradeSoilscollectedalongIfiteRoad.

3.1.2Geofiber

Geofibersof12mminlengthand34micronsindiameterwereusedfortheexperimental

study.ThegeofiberusedfortheexperimentalinvestigationisdesignatedasGF.This

fiberwasprocuredfrom plasticindustriesatOnitsha,AnambraStateandwillbe

partiallyaddedtothesub-gradesoilsinasteppedincreaseof5% to20% inasingleand

doubledlayeredsystembyweightofsub-gradesoil.
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Plate3.1:SampleofGeofibreusedfortheExperimentalStudy
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Figure3.1.1:SampleofGeofibreusedfortheexperimentalstudy

3.2SamplingLocality

Disturbedsub-gradesampleswerecollectedwithinthefailedsectionofthepavement

located along Ifite Road Awka Anambra State,Nigeria.Ifite road located within

AnambraNorthlocalgovernmentareaisaone-lanesinglecarriagewayusedby

commercialmotorist.TheroadisclassifiedastrunkBroadsinceitisownedbythestate

government.IfiteroadpassesthroughplaceslikeYahoojunction,MiracleJunction,

Commissionerquarters,firstandSecondmarketterminatingatasteppedterrainin

Aroma.TheroadisusedmajorlybystudentandlecturersofNnamdiAzikiweUniversity

duetoitsproximityandeaseofaccessibilitytothestudycenter.Ifiteroadarelieswithin

longitude6o45lEto7o30lEandlatitude6o00lNto6o30lN.

3.3ExperimentalInvestigation

Thissection presentstheexperimentalprocedureand laboratoryteststhatwere

adoptedfortheprojectwork.Thetestswasconductedforthesub-gradesamples,

geofibersandsub-grademodifiedandthistestsinclude:sieveanalysistest,specific

gravitytest,waterabsorption test,atterberg limit(liquid and plasticlimit)test,

compaction testand Californiabearing ratiotest.Theaforementioned testswere

carriedoutatCivilEngineeringLaboratorylocatedinNnamdiAzikiweUniversityAwka,

Anambra,StateNigeria.Belowisadescriptionoftestproceduresandapparatus:

3.3.1SpecificGravityTest

Specificgravityistheratioofmassofunitvolumeofsoilatastatedtemperatureto

massofequalvolumeofgas-freedistilledwateratthesametemperature(Krishna,

2002).Alsoasdefinedby(Braja,2006),Specificgravitycanbedefinedastheratioof

unitweightofamaterialtounitweightofwater.Thespecificgravityofsoilsolidsis

oftenneededforvariouscalculationsinsoilmechanics.Itcanbedeterminedaccurately

inthesoillaboratory.

Theapparatusemployedforthisexperimentincludes:
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1 Densitybottleof50mlcapacityandastopper.

2 Desiccatorcontaininganhydroussilicagel.

3 Thermostaticallycontrolledovenwithtemperatureofabout80-110OC.

4 Weighingbalanceof0.01gsensitivity.

5 Mantleheater.

6 Plasticwashbottle.

7 Distilledwater.

8 Funnel

9 Thinglassrodforstirring.

10 425umSieve.

11 Drypieceofclothforcleaning.

12 Maskingtapeforidentificationofsample.

13 Exercisebookandpenforrecordingofresult.



22

Plate3.2:ApparatususedforSpecificGravityTest(Source:Braja,2006)

TestProcedure

1 Thedensitybottleproperlycleanedandrinsedwithdistilledwater,thereafter

oven-driedandthencooleditinadesiccatorsoastoremoveanymoisture

present.

2 Theemptycleananddrydensitybottlewasweighedandrecordedas(M1).

3 About10-15gofsoilpassingthrough425um sievewasplacedinsidethedensity

bottle,weighandtheweightofdensitybottle+drysoil+stopperwasrecordedas

(M2).

4 Distilledwaterwasaddedtofillabouthalftothree-fourthofthedensitybottle,

andthen thesamplewassoaked for24hrs(Thetimestatedistoenable

completesettlementofthesoilparticlewhichisevidentwhenclearwater

appearsabovethesubmergedsoil).

5 The density bottle wasgently stirred using thin glassrod and thereafter

connectedtoamantleheatertode-airthesample,thesamplewasnotallowed

toboilover.

6 Afteragitation,thesamplewasallowed tocoolatroom temperatureand then

filledwithdistilledwateruptothespecifiedmark(atlowermeniscuslevel),the

exteriorsurfaceofthedensitybottlewascleanedwithacleandryclothandthe

weightofthedensitybottle+stopper+soilfilledwithwaterwasdeterminedand

recordedas(M3).

7 Thedensitybottlewasemptied,cleanedandrinsedwithdistilledwater,then

filledwithdistilledwateruptothesamemark.Theexteriorsurfaceofthedensity

bottlewascleanedwithacleandryclothandtheweightofthedensitybottle
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filledwithdistilledwater+stopperwasdeterminedandrecordedas(M4).

8 Thetestprocedurewasrepeatedfortwomoretrialsand theaveragespecific

gravityvaluewasobtainedfrom thetotalnooftrial,thevariationinthespecific

gravityresultobtainedforeachtrialmustnotexceed2%,otherwiserepeatthe

experiment.

TheProcedureforComputationofresultobtainedareasfollows:

Specificgravity(GS)=
(M2-M1)

(M2-M1)-(M3-M4)

WhereM1=weightofdensitybottle+stopper

M2=Weightofdensitybottle+air-driedsoil+stopper.

3.3.2ParticleSizeDistribution(SieveAnalysis)Test

Sieveanalysisisaprocedureusedtoassesstheparticlesizedistributionofagranular

material(Atkinson2000).Thesizedistributionisoftenofcriticalimportancetothe

behaviourofthematerialduringuse.Sieveanalysiscanperformedonanytypeofnon-

organicororganicgranularmaterialincludingsand,crushedrock,clay,granite,feldspar

andawiderangeofmanufacturedpowders,grainsandseeddowntominimum size

dependingontheexactmethod.Thestandardgrainsizeanalysistestdeterminesthe

relativeproportionofdifferentgrainsizesastheyaredistributedamongcertainsize

ranges.

Soilpossessesanumberofphysicalcharacteristicswhichcanbeusedasaidtoidentify

itsizesinthefield.Ahandfulofsoilrubbedthroughthefingercanyieldthefollowing:

1.Sandandothercoarserparticlearevisibletothenakedeye.

2.Siltparticlebecomesdustyandareeasilybrushedoff.

3.Clayparticlearegreasyandstickywhenwetandhardwhendryandhavetobe



24

scrappedorwashedoffhandandboot

Forasoiltobewellgradedthevalueofcoefficientofuniformity(Cu)hastobe

greaterthan4and6forgravelandsandrespectively,whiletheCoefficientof

Curvature(Cv)shouldbeintherangeof1to3.

Fig3.1RangesforgrainSizesofdifferentSoiltype(Atkinson,2000).
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Fig3.2GradingCurveRangesforDifferentSoilTypes(Atkinson,2000).

Theapparatusneededforthisexperimentislistedbelow:

1.Stackofsievesincludingpanandcover.

2.Mechanicalsieveshaker.

3.Weighingbalanceof0.01gsensitivity.

4.Handbrush

5.Mortarandpestle(Usedforcrushingifthesampleisconglomeratedorlumped)

6.ThermostaticallycontrolledOven(Withtemperatureofabout80OC-110OC).

7.Maskingtapeforidentificationofsample.

8.Exercisebookandpenforrecordingofresult.

9.The calculation forattaining Coefficientofuniformity and Coefficientof

curvatureareoutlinedbelow.
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Percentageretained(%)=
massofsoilretainedinthesieve(g)

totalmassofsoilsample(g)
×100

Cumulativepercentageretained=∑Percentageretained(%)

CumulativePercentageFiner(%)=100-Cummulativepercentageretained.

CoefficientofCurvature=
D60
D10

CoefficientofUniformity=
(D30)2

D10×D60

Where

D10=particlesizesuchthat10% ofthesoilisfinerthanthesize

D30=particlesizesuchthat30% ofthesoilisfinerthanthesize.

D60=particlesizesuchthat60% ofthesoilisfinerthanthesize.
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Plate3.3ApparatusforParticleSizeDistributionTest(Source:Braja,2006).

Plate3.3.1ApparatusforParticleSizeDistributionTest(Source:Braja,2006)

TestProcedure

1 Thestackofsievestobeusedfortheexperimentwasproperlycleanedusing

handbrush.

2 About500gofair-driedsoilsamplewasweighedwiththeaidofaweighing

balance.

3 Theweighedsoilsamplewaspouredinto75um sieveandwashunderasteady

supplyofwateruntilclearwaterstartcomingoutfrom thesieveafterpassing

throughthesoilsample.

4 Afterwashingpourthewashedsoilsampleintoapre-weighedplateanddryit

insidethethermostaticallycontrolledovenatacontrolledtemperatureof80-

110OCfor16-24hrs.
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5 Thesamplewasremovedfrom theovenandtheweightwasdetermine(net

weight)bydeductingtheweightofplatefromtheweightofplateandsoil.

6 Thestacksofsievewasarrangedintheascendingorder,placedinamechanical

sieveshaker,andthereafter thesample waspouredandconnectedtothe

shakerforabout10-15minute.

7 Thesieveshakerwasdisconnectedandthemassretainedoneachofthesieve

sizeswasdetermined.

8 The percentage retained,Cumulative percentage retained and Cumulative

percentagefinerwasdetermined.

9 ThegraphofsieveCumulativepercentagefineragainstsievesizeswasplotted.

10 D10,D30andD60weredeterminedfromtheplottedgraph.

11 TheCoefficientofCurvatureandCoefficientofUniformitywasdeterminedand

usedtoclassifythesoiladoptingtheAmericanAssociationofStateHighwayand

TransportationOfficial(AASHTO)andUnifiedSoilClassificationSystem (USCS)

respectively.
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Plate3.4:WeighingofSub-gradeSoilforParticleSizeDetermination

3.3.3AtterbergLimitTest

Thebehaviorofsoilsespeciallyfinegrainedsoilsdiffersconsiderablyinthepresenceof

water.Clayinthepresenceofwatermayalmosttakealiquidorcanbequitehard.

Consistencyisthepropertyofsoilthatoffersresistancetodeformation,itdenotethe
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degreeoffirmnessofasoilandcanbeexplainedintermsofplasticityandstickinessof

soil.Stickinessistheabilityofsoilespeciallyfinegrainedsoiltoadheretoother

materialswhileplasticityontheotherhandistheabilityofsoilstoundergoachangein

shapeundertheactionofanimpressedforcewithoutachangeinvolume.

Stickinessofsoilsespeciallyfinegrainedsoilscanbeidentifiedpracticallybymixingof

anair-driedsoilwithagivenquantityofwaterandtheninterposingthesoilbetween

thethumbandtheforefinger(indexfinger),thereafterthefollowinginferenceare

madeasitregardstotheobservationandthisincludes:

1.Non-Sticky:Ifthewetsoilfallsfreelybetweenthethumbandtheforefinger

withoutleavinganyremainorwithoutstretching.

2.SlightlySticky:Ifthewetsoilfallsslowlywithaninfinitesimaltracesof

remainsbutwithoutstretching.

3.Sticky:Ifthewetsoilfallsquiteslowlywithvisibleremainsandapparent

stretching.

4.VerySticky:Ifthewetsoilstretchesbetweenthethumbandtheforefinger

withoutfalling.

Theplasticityofsoilscanbeidentifiedpracticallybyrollingaknownweightofwetsoil

into a3mm uniform diameterthread and thefollowing inferencesbased on the

observationaremadeandtheyareasfollows:

1.Non-Plastic:Ifthewetsoilcannotberolledintothread.

2.SlightlyPlastic:Ifthewetsoilcanberolledintothreadbutcrumbleseasilyunder

applicationoflittlepressure.

3.Plastic:Ifthewetsoilcanberolledinto3mm threadbutcrumblesunderintense

applicationofpressureandcannotbereformed.

4.VeryPlastic:Ifthewetsoilcanberolledinto3mmdiameterthreadbutcrumbles

underintenseapplicationofpressureandcanbereformed.



31

Theatterberglimitisalimitcharacterizedbyvisibletransitionofsoil(especiallyfine

grainedsoils)from liquid-plastic-semi-solid-solidstateconsequentuponthevariation

ofmoisturecontent.ThistestwasdevelopedbyAlbertAtterbergaSwedishagricultural

scientistin1911.Thistestisdividedintothreelimitsnamely:

1.LiquidLimit(LL)

2.PlasticLimit(PL)

3.ShrinkageLimit(SL)

1.LiquidLimitTest

Itisthewatercontentatwhichthesoilhasasmallshearstrengththatitflowstoclose

agrooveofstandardwidthwhenjarredinaspecifiedmanner.Itistheminimum water

contentatwhichthesoiltendstoflow likealiquid.Whenasoilismixedwithan

excessiveamountofwater,itwillbeinaliquidstateandflowlikeaviscousliquid.When

theviscousliquiddriesgraduallyduetolossofmoistureitwillpassintoaplasticstate.

Withfurtherlossofmoisture,thesoilwillpassintoasemi-solidstate.Withevenfurther

reductionofmoisture,thesoilwillpassintoasolidstate.Themoisturecontent(%)at

whichacohesivesoilwillpassfrom liquidstatetoplasticstateisreferredtoasthe

liquidlimitofthesoil.

InordertostudytheliquidlimitofthesoilCasagrandetestwasconducted.liquidlimitis

generallydeterminedbythemechanicalmethodusingCasagrandeapparatusorthe

standardliquidlimittestapparatus.Withrespecttothismethod,theliquidlimitis

definedasthemoisturecontentatwhich25blowsordropinstandardliquidlimit

apparatuswilljustcloseagrooveofstandardizeddimensioncutintosamplebya

groovingtoolataspecifiedamount(Aroja,etal2017).

Theapparatususedforliquidlimitdeterminationisoutlinedbelow:



32

1.Liquidlimitdevice(Cassagrandetype)

2.Groovingtool

3.Moisturecontenttins

4.Porcelainevaporatingdish

5.Spatulaorpelletknife

6.Thermostaticallycontrolledoven

7.Weighingbalancesensitiveto0.01g

8.Plasticwashbottlecontainingdistilledwater

9.Papertowels

10.Maskingtapeforidentificationoftin.

11.Exercisebookandpenforrecordingofdata

12.425umSieve

13.Airtightcontainer
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Plate3.5ApparatusforAtterbergLimitTest

TestProcedure

1.Thesamplewaspreparedbyweighingabout150gofsoilandpassingitthrough

425um sieve,thesamplewasmixedwithdistilledwaterinaglassplatewiththe

aidofpelletknife,duringthemixingoperation,coarseparticlewasremovedby

handandmixedthesamplewasmixedtoform athickhomogenouspaste,

thereafter,themixedsoilwasplacedinanairtightcontainerandleavetomature

for24hrs.

2.Themassoffourmoisturecontenttinswasdeterminedandrecordedas(W1)

3.Thematuredsamplewasplacedonanevaporatingdishwithlittlewateraddedto
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itusingtheplasticsqueezebottle;thesoilwasproperlymixedtoensureuniform

distributionofmoisture.

4.Aportionofthepaste(mixedsoil)wasplacedontheliquidlimitdeviceandthen

themixturewasleveledsoastoobtainamaximumdepthof1cm.

5.Thegroovingtoolwasusedtocutagroovealongthesymmetricalaxisofthecup

holdingthetoolperpendiculartothecup.

6.Thehandleofthecrankoftheliquidlimitdevicewasrotatedattherateoftwo

revolutionpersecondandthenoofblowsrequiredtoclosethegrooveata

distanceof13mm wascounted.Closingofthegrooveshouldbeasaresultof

plasticflowofthesoilandnotbysliding,ifslidingoccursrepeatthetest.

7.About10gofsoilintheclosedgroove wastakenandplacedinthemoisture

contenttinsformoisturecontentdetermination,thesamplewasweighedand

recordedas(W2)

8.Therestofthesoilinthecupwasremovedandpapertowelwasusedtocleanthe

cassagrandecupproperly.

9.Thewatercontentofthesoilwasalteredandtheprocesswasrepeatedtoobtain

therequirednoofblowsintherangeof15-40blows.

10.Thegraphofmoisturecontentagainstthelogofnoofblowswasplottedandthe

moisturecontentcorrespondingto25blowsontheabscissagivesthevalueof

theliquidlimit.

TheProcedureemployedfortheComputationoftheResultobtainedisasFollows:

Moisturecontent=
Weightofwater

weightofdrysoil
×100=

W2-W3

W3-W1
×100

WhereW1=Weightofemptytin.

W2=Weightoftin+wetsoil.

W3=Weightoftin+oven-driedsoil.
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Plate3.6:WeighingofSampletobematuredforLiquidLimitDetermination



36

2.PlasticLimitTest

Theplasticlimitofasoilisthemoisturecontentexpressedasapercentageofthe

weightofoven-driedsoilattheboundarybetweentheplasticandthesemi-solidstate

ofconsistency.Itisthemoisturecontentatwhichasoilwilljustbegintocrumblewhen

rolledintoauniform 3mm diameterthreadusingaglassplateorotherrecommended

surfaceforrolling.SoilusedforAtterberglimittestcanbeclassifiedbasedonthe

plasticityindexofthesoil.Theplasticityindexistheamountofwaterrequiredto

changeasoilfrom itsplasticlimittoliquidlimit,inotherworditisthenumerical

differencebetweentheliquidlimitandtheplasticlimitofsoil.Table3.1givesthe

plasticityratingsoffinegrainedsoils.

Table:3.1 PlasticityRatingsforFinegrainedSoil(Braja,2002)

PlasticityIndex Plasticity

0 Non-Plasticity

<7 LowPlasticity

7-17 MediumPlasticity

17-35 HighPlasticity

>35 VeryHighPlasticity

1.Theapparatususedforthisexperimentincludes:

2.Asmoothglassplateabout300mmsquareand10mmthick.

3.Apaletteknifeorspatula

4.Ashortlengthof3mmmetalrod

5.Moisturecontenttins

6.Plasticsqueezebottle
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7.Weighingbalancewith0.01gsensitivity

8.Veneercaliper

9.Maskingtapefortinidentification

10.Exercisebookandpenforrecordingofresult.

TestProcedure

1.Thesamplewaspreparedbythemethoddescribedintheliquidlimitusingthe

samplepassing425umsieve.

2.Theemptymoisturecontenttinswasidentified,weighedandrecordedas(W1).

3.About20gofthepreparedsoilpastewasplacedonaporcelainevaporatingdish

and waterwasadded using the plasticsqueeze bottle,the soilwasmix

thoroughlyuntilthepasteisplasticenoughtoberolledintoaball.

4.Aportionoftheballwastakenandrolledonaglassplatewiththepalm ofthe

handintoathreadofuniform diameterthroughoutitslengthbyrollingforward

andbackward.

5.Therollingandremoldingcontinueduntilthethreadjuststarttocrackata

distanceof3mm.

6.Thesmallcrumbedpieceswascollectedandplacedinamoisturecontenttina

weighedandrecordedas(W2).

7.Thetinwasplacedintheovenataconstanttemperatureof80-110OCforaperiod

of16-24hrs.

8.After24hrs,thetinwasremovedfrom theovenandtheweightofthedrysoil

plusthetinwasdeterminedandrecordedas(W3).

9.Thetestprocedurewasrepeatedforatleasttwotrialsandtakestheaverage
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plasticlimitvalueforallthetrials.

TheComputationforPlasticLimitisasfollows:

Plasticlimit=
Weightofwater

Weightofoven-driedsoil
×100=

W2-W3

W3-W1
×100

WhereW1=Weightofemptytins.

W2=Weightoftinpluswetsoil

W3=Weightoftinplusoven-driedsoil

3.3.5CompactionTest

Compactionistheprocessofincreasingthebulkdensityofthesoilbydrivingoutair.It

involvesthedensificationofsoilsbymechanicalmeanstherebyincreasingthedry

densityofthesoil.Accordingto(Shruthi,2017)Compactionofsoilistheprocessby

whichthesoilsolidarepackedmorecloselytogetherbymechanicalmeans,thus

increasingitdrydensity.Itcouldalsobestatedastheprocessofpackingthesoil

particlemorecloselytogetherusuallybytamping,rollingorothermechanicalmeans,

thusincreasingthedrydensityofthesoil.Itisachievedthroughthereductionofthe

volumeofairvoidinthesoilwithlittleornoreductioninwatercontent.Theprocess

mustnotbeconfusedwithconsolidationinwhichwaterissqueezedoutunderthe

actionofsteadystaticload.Consolidationisanaturalprocessandresultindense

packingofthesoil.

Incivilengineeringpracticesoilcompactionisessentialforthefollowingreasons:

1.Increasingthebearingstrengthoffoundation

2.Providestabilitytoslopeandfoundation.

3.Preventionofundesirablesettlementofstructures

4.Reductionofwaterseepagefromstructure
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ThecompactionmethodstobeadoptedforthisresearchareBritishStandardLightfor

thesub-gradesoilsandsub-gradesoilmodifiedgeofiber.

DetailsofBritishStandardCompactionProcess

Table3.2DetailsofCompactionMould.

Type Diameter(mm) Height(mm) Volume(cm3)

BritishStandard 105 115.5 1000

Table3.3DetailsofCompactionProcedure

Type of

test

Mould(cm3) Rammer(kg) Drop(mm) Nooflayers Blow per

layer

BSlight 1000 2.5 300 3 27

BSheavy 1000 4.5 450 5 27

ThemechanicalenergyappliedineachtypeofBritishStandardinterm ofworkdoneis

givenasfollows:
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BritishStandardLight

Mechanical energy =
Weightoframmer×nooflayers×noofblows×heightofdrop

Volumeofmould

=
2.5g×3layers×27blows×300mm

1000
=60.75kgm=60.75×9.81Nm=596j

Workdoneperunitvolumeofsoil=
596

1000
=596kj/m3

BritishStandardHeavy

Mechanicalenergy=
4.5×5×27×450

1000
=2652j

1.Theapparatususedforthetestareasfollows:

2.Compactionmouldwithadetachablebaseplateandremovableextensioncollar.

3.Metalrammer(either2.5kgor4.5kg)

4.MeasuringCylinder200mlor500ml

5.LargeMetaltray(600mm×600mm×600mm)

6.Balanceupto10kgreadableto1g

7.Smalltoolssuchaspaletteknife,steelstraightedgeabout300mmlong.

8.Dryingoventemperatureof105-110OC

9.Apparatusformoisturecontentdetermination
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Plate3.7:ApparatusemployedforCompactionTest.

TestProcedure

1.Themould,extensioncollarandbaseplatewascleanedanddried.Thedimension

wasmeasuredandweightothenearest1kgcheckiftherammerfallsfreely.

2.Theinternalsurfaceofthemouldwasgreased.

3.Theextensioncollarwasattachedtothemould.

4.About3kgofthesoilsamplewasweighedonaweighingbalance.
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5.About4% waterwasadded to the soilsample,mixing itthoroughlyand

separatingthesoilintothreelayersforBritishStandardLightandfivelayersfor

BritishStandardHeavy.

6.Thewetsoilwaspouredintothemouldandcompactedthoroughlybyapplying

therequirednoofblowusingeithera2.5kgor4.5kgrammerfallingfreelyfroma

heightof300mm.Theblow wasdistributeduniformlyoverthesurfaceofthe

mould.

7.Aftercompletionofthecompactionoperation,theextensioncollarwasremoved

andthetopofthemouldwascarefullylevelledbymeansofastraightedge.

8.Themouldwiththecompactedsoiltothenearest1kg,wasweighedandrecorded

asW2.

9.The moisture contentofthe representative sample ofthe specimen was

determinedandrecordedasM.

10.Theprocedurewasrepeatedand8%,12%,16% and20% ofwaterwasaddedand

thevalueobtainedwasrecorded.

11.Thegraphofdrydensityagainstmoisturecontentwasplottedandthemaximum

drydensity(MDD)ofthesoilatthecorrespondingoptimum moisturecontent

(OMC)wasdetermined.

TheComputationoftheresultobtainedisasfollows:

DeterminationofDryDensity(Pd).

Wtofmould(kg)=W1

Wtofmould+wetsoil(kg)=W2

Wtofwetsoil(kg)=W2-W1

Volumeofmould(M3)=W4
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BulkDensity(kg/m3)=
Wtofwetsoil(kg)

Volofmould(m3)
=

W2-W1

W4

MoistureContent(%)=
mosturecontent(top)+moisturecontent(bottom)

2

DryDensity(kg/m3)=
Bulkdensity

1+moisturecontent(%)
=

Pb

1+w/100

DeterminationofMoistureContent(w)fortopandbottomrespectively.

Wtoftin(kg)=W1

Wtoftin+wetsoil=W2

Wetofwetsoil(kg)=W3=W2-W1

Wtoftin+drysoil(kg)=W4

Wtofdrysoil(kg)=W5=W4-W1

Wtofwater(kg)=W6=W3-W5

MoistureContent(%)=
Wtofwater

Wtofdrysoil
×100=

W6

W5
×100
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Plate3.8:LaboratoryDeterminationofCompactionPropertiesofSub-grade

Soils

3.3.5CaliforniaBearingRatio(CBR)Test

TheCaliforniabearingratiotestwasoriginallydevelopedbytheCaliforniadivisionof

highwayin1938,forthedesignofhighwaythickness.Thetestisusedforevaluatingthe
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suitabilityofmaterialsusedinsub-grade,sub-baseandbasecourserespectively.The

testresulthasbeencorrelatedwiththethicknessofvariousmaterialsrequiredfor

flexiblepavementconstruction.Thetestmaybeconductedonapreparedspecimenina

mouldoronthesoilin-situcondition.

Inthetesttheloadrequiredtopushaplungerintoasoilspecimenatacontrolledrateis

measured,thentheloadontheplungeratacertaindepthisrecordedasapercentageof

astandardizedload.Theloadnecessarytopushaplungertoacertaindepthintothesoil

isexpressedasapercentageoftheloadrequiredtoforcethesameplungertothesame

depthintoastandardsampleofcompactedcrushstone.Theconstructionofhighway

pavementrequiresaCaliforniaBearingRatiovaluefor2.5mm and5mm penetration

respectively,withthatof2.5mm penetrationbeingcomparativelyhigherthanthatof

5mm penetration.TheFederalMinistryofworkStandardSpecificationforroadsand

bridges(1997)statethatroadconstructionmaterialshouldhaveaCBRvalueof10%,

20% and80% foruseassub-grade,sub-baseandbasecourserespectively.Thematerial

tobeusedforthetestwillbesubjectedto48hourssoakinginothertoascertainit

behaviorunderworstcondition(floodingasaresultofintenserainfall).

Table3.1Standardloadadoptedfordifferentpenetrationonastandardmaterialwith

CBRvalueof100%

Penetration of plunger

(mm)

StandardLoad(kg)

2 1150

2.5 1320

4 1760

5 2000

6 2220

7.5 2630

8 2650

10 3180

12.5 3600
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1.Theapparatususedforthetestareoutlinedbelow:

2.Acylindricalcorrosionresistantmould152mm×127mmhavingadiameterof150

-152mmwithadetachablebaseplateandaremovableextensioncollar.

3.Acompressivedeviceforstaticcompactionofapplyingaforceofatleast300KN

4.Metalplugs150mm±0,5mmand50mmthick.

5.Metalrammer2.5kgor4.5kg.

6.Dialgaugeof0.01gsensitivity.

7.Soakingtank.

8.Asteelrodofabout16mm diameterand600mm longandastraightedgeof

300mmsteelstripeand3mmthickwithonebevelededge.

9.Weighingbalanceof25kgaccuracyandaspatula.

10.Filterpaper

11.Apparatusformoisturecontentdetermination.

12.Maskingtapeusedforidentificationofmoisturecontenttins.

13.Exercisebookandpenforrecording.
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Plate3.9:CaliforniaBearingRatioTestMachine.

TestProcedure

ThemethodsusedforCaliforniaBearingRatioTestare:

1.Compressionwithtamping.

2.Compaction with known maximum dry unitweight(MDUW)and optimum

moisturecontent(OMC).

3.Forthiscourseofstudythemethodforcompactedsamplewithknownmaximum

dryunitweight(MDUW)andoptimum moisturecontent(OMC)istobeadopted
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andtheprocedureisoutlinedbelow:

4.CarryoutCompactiontestusing6kgofsoilsample,varyingthemoisturecontent

ataparticularpercentagesay4%,determinethemaximum drydensityand

optimummoisturecontent.

5.CleanproperlyandgreasetheinternalsurfaceoftheCBRmould.

6.Weigh6kgofsoilmixingwiththeoptimum moisturecontentdeterminedfrom

compactiontest.

7.Dividethesoilinto5equallayer(CBRHeavy)andsealinanairtightcontainer

untilrequestedforuse.

8.Standthemouldassemblyinasolidbase,placethefirstsoilportionandcompact

using4.5kgrammerfor62evenblows.

9.Repeatusingtheremainingfourportionofsoilinturnsothatthelevelofthesoil

isnotmorethan6mmabovethetopofthemouldbody.

10.Removethecollarandtrim thesoilflushwithmouldwiththescrapperorknife

edge.

11.Weighthemould,soilandbaseplatetothenearestkg.

PreparationforSoaking

Soilmaysoftenwhenloadisplacedonitduetofloodingorincreaseinmoisturecontent.

Soakingofthesampleisdoneprimarilytodeterminethestrength (loadbearing

strength)ofthesoilunderworstcondition(rainyseason).Belowarethelistofapparatus

usedforCBRSoaking:

1.PerforatedbaseplatefittedtoCBRmouldinplaceofnormalbaseplate.

2.Perforatedswellplatewithanadjustablestem toprovideasealingforthestem

ofthedialgauge.
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3.Tripodmountingtosupportdialgauge

4.Soakingtank

5.AnnularSurcharge discswith internaldiameterof52-54mm and external

diameterof145mmto150mm.

6.Petroleumjelly.

7.TheSoakingproceduresareenumeratedasfollows:

8.Removethebaseplateandreplacewithperforatedbaseplate.

9.Fitthecollartotheotherend ofthemould,packthescrew thread with

petroleumjellytomakeitwatertight.

10.Placethemouldassemblyinsoaking,placethefilterpaperinthesample,the

perforatedswellplate,andthenannularsurchargedisc.

11.Mountdialgaugeontopoftheextensioncollar,securethedialgaugeinplace

andadjustthestemintheperforatedbaseplatetogivezero.

12.Filltheimmersiontankwithwaterjustbelow theextensioncollar.Startthe

timerwhenwaterhasjustcoveredthebaseplate.

13.Recordthetimetakenforwatertoappearatthetopofthesampleifitdoesoccur

withintwodays.Floodthetopofthesampleandleavetosoakforaday.

14.Plottheswellingagainstelapsedtimeorsquarerootoftime.Flatteningcurve

indicatesthatswellingiscomplete.

15.Takeoffthedialgaugeanditssupport;removethemouldassemblyandleaveto

drainfor15min.

16.RemovetheSurchargediscs,perforatedplateandcollar,thenfittheotherbase

plate.

17.Weighthesample+mould+baseplateifdensityisrequiredaftersoakingis
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completed.

18.Ifthesamplehasswollen,trimittothelevelofthemouldandreweigh

19.Testthesamplebyadjustingthedialgaugetostartatzeroandtakethereading

atintervalof0.5mmforevery30secondstill7mmpenetration.

20.Recordtheloadatpenetrationof0,0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5,5.0,5.5,

6.0,6.5and7.0mmandexpressthisforceaspercentageofthestandardload.

21.CalculatetheCBRfor2.5and5mm penetration;repeatthesameprocedurefor

topandbottom,thehigherCBRvaluewillbeusedastheCBRforthematerial.

22.Plotthegraphofforce(KN)againstpenetration(mm).

23.Thenormalcurveisconvexupward,butiftheinitialpartisconcaveupward

appliesthenecessarycorrectiontothecurve.

Mathematicallyitisexpressedas
testload

standardload
×100

Where

Testload=dialgaugereading×proofringconstant

CHAPTERFOUR

RESULTSANDDISCUSSION

Thissectionpresentsexperimentalresultsvaluableinassessingtheuseofgeofibresin

roadconstruction.TheseresultsarepresentedinTable4.0–4.1below:

4.1Results
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Table4.0:IndexPropertiesoftheSub-gradeSoilSamples

Properties SoilSample

SpecificGravity 2.66

LiquidLimit(%) 34.8

PlasticLimit(%) 21.5

PlasticityIndex(%) 13.3

PlasticityRating MediumPlasticity

PercentagePassingSieveNo200

(0.075mm)

43.7

AASHTOSoilClassificationSystem A-7-6

UnifiedSoilClassificationSystem CH

Table4.1:CompactionandCBRCharacteristicsofSoilStabilizedwithGeofibres

PercentageReplacement/Properties 0%G

F

5%GF 10%GF 15%GF 20%GF

MaximumDryUnitWeight(kN/m3)(singlelayered

system)

20.7 21.7 22.2 22.2 22.67

OptimumMoistureContent(%)(singlelayered

system)

11.8 13.8 10.8 12.21 10.68

MaximumDryUnitWeight(kN/m3)(singlelayered

system)

20.7 21.73 22.64 23.1 23.2

OptimumMoistureContent(%)(singlelayered

system)

11.8 14.97 7.85 7.3 15.1

CBRValues(singlelayeredsystem) 25.8 27.3 29.5 30.3 32.6

CBRValues(doublelayeredsystem) 25.8 28.8 31.6 32.5 34.8

4.2EvaluationoftheIndexPropertiesoftheSoilSample

Figure4.0isasemi-logarithmicplotoftheparticlesizedistributionofthenaturalclayey

soils.ThepercentagepassingsieveNo200(0.075mm)was43.7andasaresult,thesoil
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sample was classified as CH (clay ofhigh plasticity)according to Unified Soil

ClassificationSystem andA-7-6accordingtoAASHTOSoilClassificationSystem.The

shapeparameter(D10)cannotbedeterminedfrom theparticlesizedistributionchart

andasaresult,thegradationoftheclayeysamplescouldnotbeascertained.

Atterberglimittestofthesoilsamplerevealedthattheliquidlimit,plasticlimitand

plasticityindexofthesampleswere34.8%,21.5% and13.3% respectively.Theresults

meetstherequirementgivenbyFederalMinistryofWorksandHousing,(1999)which

statethattheliquidlimitandplasticityindexofsub-gradesoilsamplesmustnotexceed

80% and55% respectively.

The specific gravity ofthe sample was 2.66;this value obtained satisfied the

specificationgivenbyFederalMinistryofWorksandHousing,(1999)whichstatethat

thespecificgravityofsub-gradesoilsmustliewithintherangeof2.5to2.75.The

specificgravityvalueobtained(2.66)alsosuggestthepresenceofclayorsiltwhichis

advantageousatthesub-gradelevelofroadconstruction.
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Table4.3EconomicAnalysisPavementReconstructedwithGeofiberandNonGeofibre

ReinforcedSub-gradeSoilalongIfiteRoadAwkaAnambraState,Nigeria.

GeofibreReinforced
Sub-gradeSoils

Non-Geofibre
ReinforcedSub-
gradeSoils

BillNo Description Amount(#) Amount(#)
1 Earthwork 5,125,000.00 9,989,200.00
2 Roadwork 50,840,000.00 54,899,000.00

SubTotal 55,840,000.00 64,888,200.00
Add5%
Contingency

2,798,250.00 3,244,410.00

SubTotal 58,763,250.00 68,136,610.00
Add5% VAT 2,938,162.50 3,406,663.50
GrandTotal 61,701,412.50 71,539,240.00

4.2.5EconomicAssessmentofGeofibreandNonGeofibreConstructedPavement

Structure

Table4.3depictstheeconomicassessmentofthepavementconstructedwithsub-grade

reinforcedwithgeofibreandnongeofibrereinforcedsub-gradesoils.From thefindings

obtained,itisveryobviousthatthecostofpavementconstructedwithsub-grade

reinforcedwithgeofibrewasrelativelylessercomparedtothatconstructedwithoutthe

useofgeofibre.Thediscrepancyincostisduetotherelativecheapnessofgeofibreand

easeofreplacementofexpensivematerialsusedforstrengthenhancementofthesub-

gradesoils.Itisthereforepertinenttoincorporatetheuseofgeofibreasamaterialfor

roadconstructionasthiswillnotonlyenhancethebearingstrengthofthesub-grade

soilbutalsofostercosteffectivenessinbothpavementconstructionandreconstruction

process.
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Figure4.0:ParticleSizeDistributionCurvefortheSoilSample

Figure4.1:Liquid,PlasticandPlasticityIndexofthesoilSample

4.3Evaluation oftheCompaction andCBR CharacteristicsoftheSub-gradeSoil

StabilizedwithGeofibres

Figure4.1-4.3showstheresultsofmaximum dryunitweightandoptimum moisture

contentobtainedatvaryingpercentagesofgeofibresforbothsingleanddoublelayered

system.Resultsobtainedrevealedthatthemaximum dryunitweightofthesoil

increasedonconsistentadditionofgeofiberstothesoilfrom 5% to20% forthesingle

layereddispositionofgeofibres.Although,aslightdeviationwasobservedat15%

geofibrecontent,thiscouldbeattributedtolapsesintheexperimentationprocess.

Whileforthedoubledlayereddispositionofgeofibres,atrendofdecreaseandincrease

inmaximumdryunitweightofthesub-gradesoilwasobserved.Thepeakmaximumdry

unitweightwasrecordedat15% geofibrecontent.Theoptimum moisturecontenton
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theotherhand,wasfound todecreasewith increasing percentagesofgeofibers.

Comparativeassessmentoftheeffectofsingleanddoublelayereddispositionof

geofibersonthecompactioncharacteristicsofthesoilshowsthattheincreaseinthe

maximum dryunitweightofthesub-gradesoilwasconsistentforthesinglelayered

dispositionofgeofibresthanthatofthedoublelayer.However,thepeakmaximum dry

unitweightforthedoublelayereddispositionofgeofibreswashigherthanthatofthe

singlelayer.Worksindicativeofthesefindingsaretheworksof(Nangiaetal.2015),

(KrishnaandRao,2017)and(Dayakar,etal.2018).

Table4.2depictstheCBRcharacteristicsofthesoilsamplesstabilizedwithgeofibresfor

bothsingleanddoublelayeredarrangements.Resultsobtainedforthesinglelayered

system showsthatadditionofgeofibrestothesoilimprovedtheCBRcharacteristicsof

the soilfrom itsnaturalvalue of25.8% to 32.6% while forthe double layered

disposition,theCBRcharacteristicsofthesoilincreasedfrom 27.4% to34.8%.The

additionofgeofibresenhancedtheCBRofthesoilmakingthemsuitableforuseasboth

sub-basetype2andsub-basetype1materialasrecommendedbyFederalMinistryof

WorksandHousing,(1999).
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Figure 4.2:

MaximumDryUnitWeightforSinglelayerDispositionofGeofibres

Figure 4.3:

OptimumMoistureContentforSinglelayerDispositionofGeofibres
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Figure 4.4:

MaximumDryUnitWeightforDoublelayerDispositionofGeofibres

Figure 4.5:

OptimumMoistureContentforDoublelayerDispositionofGeofibres
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0%GF@doublelayer 27.4
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CHAPTERFIVE

CONCLUSIONANDRECOMMENDATION

Fromthefindingsobtainedontheassessmentoftheeffectofgeofibresasamaterialfor

roadconstruction,thefollowingconclusioncanbedrawn:

1 Evaluationoftheparticlesizedistributionofclayshowsthatthepercentage

passingsieveNo200(0.075mm)was43.7andasaresults,theclaysamplewas

classifiedasCH(clayofhighplasticity)accordingtoUnifiedSoilClassification

SystemandA-7-6accordingtoAASHTOSoilClassificationSystem.

2 Thespecificgravity,liquidlimit,plasticlimitandplasticityindexofthesoil

samplewere2.66,34.8%,21.5% and13.3%.

3 Themaximum dryunitweightofthesoilsamplewasfoundtoincreaseon

consistentaddition ofgeofibres from 5% to 20% forthe single layered

dispositionofgeofibrewhileforthedoublelayereddispositionofgeofibre,a
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rangeoffluctuatingvalueswasobtained.

4 Theoptimum moisturecontentofthesoilsamplewasfoundtodecreaseon

consistentadditionofgeofibrestothesoilfrom 5% to20% forboththesingle

anddoublelayerdispositionofgeofibres.

5 TheCaliforniaBearingRatioofthesoilsamplewasfoundincreaseonconsistent

additionofgeofibrestothesoilfrom 5% to20% forboththesingleanddouble

layerdispositionofgeofibres.

6 ThegeofiberenhancedtheCBRcharacteristicsofthesoilmakingthem suitable

foruseasbothsub-basetype1and2material

7 ThecompactionandCBRcharacteristicsofthedoublelayereddispositionof

geofiberswerehigherthanthatofthesinglelayer.

8 Thegeofiberswereadjudgedasacosteffectivematerialforenhancingthe

densityandstrengthpropertiesofsoilsusedforroadconstruction.

.

5.2Recommendation

Thefollowingrecommendationinthelightofthefindingsobtainedonuseofgeofibres

inroadconstructioncanbemade:

1 The study recommend the use of geofibres particularly double layered

dispositionofgeofibersinroadconstructionasgeofibreshaspositiveeffecton

strengthpropertiesofsoilsusedforroadconstruction.

2 Thestudyalsoadmonisheshighwayconstructionindustries,professionalbodies

and highway practicing engineers to emulate countries like India which

incorporatetheuseofgeofibresinroadconstructionandalsopromotelocallythe
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potentialsofgeofibresasamaterialforroadconstructionasthiswillfoster

economyin road construction and ensure rationaluse ofmaterialin road

construction.
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APPENDICES

APPENDIXA

SieveAnalysisTest

TableA1:SieveAnalysisTestResultsfortheSub-gradeSoil

SieveSizes
(mm)

MassRetained(g) % MassRetained Cum% Retained Cum% Finer

2 0.03 0.006 0.006 99.994

1.18 5.04 1.008 1.014 98.986

0.85 13.78 2.756 3.77 96.23

0.6 32.95 6.59 10.36 89.64

0.425 37.26 7.452 17.812 82.188

0.03 85.14 17.028 34.84 65.16

0.15 84.09 16.818 51.658 48.342

0.075 23.21 4.642 56.3 43.7

Tray 0.68 0.136 56.436 43.564

Total 500
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FigureA1:ParticleSizeDistributionCurvefortheSub-gradeSoil

APPENDIXB

SpecificGravityTest

TableB1.SpecificGravityResultforsub-gradesoil

Determinants Trial1 Trial2 Trial3

Wtofdensitybottle,W1(g). 24.76 25.64 25.90

Wtofbottle+drysoil,W2

(g).

34.74 35.63 35.90

Wtofbottle+soil+water,

W3(g).

84.33 85.15 85.79

Wtofbottle+water,W4(g). 78.07 78.94 79.56

TheSpecificgravityofthesampleiscalculatedasfollows:

SpecificGravityforsub-gradesoil

Trial1(GS1)=
(W2-W1)

(W2-W1)-(W3-W4)
=

(34.74-24.76)

(34.74-24.76)-(84.33-78.07)
=2.68

Trial2(GS2)=
(W2-W1)

(W2-W1)-(W3-W4)
=

(35.63-25.64)

(35.63-25.64)-(85.15-78.94)
=2.64

Trial3(GS3)=
(W2-W1)

(W2-W1)-(W3-W4)
=

(35.90-25.90)

(35.90-25.90)(85.79-79.56)
=2.65

SpecificGravity=
(GS1+GS2+GS3)

3
=

(2.68+2.64+2.65)

3
=2.66



68



69

APPENDIXC

LiquidandPlasticLimitTest

TableC1:LiquidLimitResultfortheSub-gradeSoil

BLOWS 38 33 28 23 18

Wtofemptytin
(g)

14.7 13.53 17.76 15.86 14.21

Wtoftin+wet
soil(g)

18.62 17.94 23.04 20.38 19.45

Wtoftin+drysoil
(g)

17.84 17.01 21.79 19.17 17.88

Wtofwetsoil(g) 3.92 4.41 5.28 4.52 5.24

Wtofdrysoil(g) 3.14 3.48 4.03 3.31 3.67

Wtofwater(g) 0.78 0.93 1.25 1.21 1.57

MoistureContent
(%)

24.84 26.72 31.02 36.56 42.78

TableC2:PlasticLimitResultfortheSub-gradeSoil

Sub-gradeSoil Test1 Test2 Test3

Wtofemptytin
(g)

16.28 15.68 15.27

Wtoftin+wet
soil(g)

17.2 16.34 16.59

Wtoftin+drysoil
(g)

17.04 16.21 16.38

Wtofwetsoil(g) 0.92 0.66 1.32

Wtofdrysoil(g) 0.76 0.53 1.11

Wtofwater(%) 0.16 0.13 0.21

PlasticLimit(%) 21.05 24.53 18.92
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FigureC1:LiquidLimitGraphfortheSub-gradeSoil
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APPENDIXD

CompactionTest

TableD1:DryUnitWeightResultforSub-gradeSoil+0%GFatSingleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.6 1.6 15.70 3.49 15.17

8 0.001 4 5.75 1.75 17.17 6.23 16.16

12 0.001 4 5.9 1.9 18.64 9.13 17.08

16 0.001 4 6.1 2.1 20.60 11.80 18.43

20 0.001 4 6 2 19.62 14.01 17.21

TableD1.1:MoistureContentDetermination(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
drySoil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 15.23 31.78 16.55 31.21 15.98 0.57 3.57

8 14.85 47.69 32.84 45.76 30.91 1.93 6.24

12 14.54 56.54 42 53.04 38.5 3.5 9.09

16 14.12 59.37 45.25 54.61 40.49 4.76 11.76

20 14.07 59.08 45.01 53.64 39.57 5.44 13.75
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TableD1.2:MoistureContentDetermination(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
drySoil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 17.61 35.53 17.92 34.94 17.33 0.59 3.40

8 14.58 48.44 33.86 46.46 31.88 1.98 6.21

12 14.8 46.62 31.82 43.95 29.15 2.67 9.16

16 14.64 60.66 46.02 55.79 41.15 4.87 11.83

20 14.43 58.76 44.33 53.22 38.79 5.54 14.28
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FigureD1:CompactionCurveforSub-gradesoil+0%GFatSingleLayer
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TableD2:DryUnitWeightResultforSub-gradesoil+5%GFatSingleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.55 1.55 15.21 4.52 14.55

8 0.001 4 5.65 1.65 16.19 9.02 14.85

12 0.001 4 6.05 2.05 20.11 11.99 17.96

16 0.001 4 6.2 2.2 21.58 13.81 18.96

20 0.001 4 6 2 19.62 16.61 16.82

TableD2.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 15.55 30.48 14.93 29.84 14.29 0.64 4.48

8 15.35 32.87 17.52 31.59 16.24 1.28 7.88

12 14.45 56.08 41.63 51.59 37.14 4.49 12.09

16 13.6 48.82 35.22 44.92 31.32 3.9 12.45

20 16.4 77.33 60.93 68.84 52.44 8.49 16.19

TableD2.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 14.96 31.69 16.73 30.96 16 0.73 4.56

8 15.21 37.1 21.89 35.08 19.87 2.02 10.17

12 13.82 40.93 27.11 38.05 24.23 2.88 11.89

16 15.83 56.01 40.18 50.72 34.89 5.29 15.16

20 14.41 70.05 55.64 61.95 47.54 8.1 17.04
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FigureD2:CompactionCurveforSub-gradesoil+5%GFatSingleLayer

TableD3:DryUnitWeightResultforSub-gradesoil+10%GFatSingleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.7 1.7 16.68 3.36 16.14

8 0.001 4 5.95 1.95 19.13 7.94 17.72

12 0.001 4 6.15 2.15 21.09 9.31 19.29

16 0.001 4 6.25 2.25 22.07 10.82 19.92

20 0.001 4 6 2 19.62 18.98 16.49

TableD3.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry

Wtof
dry

Wtof
Water
(g)

Moisture
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Soil

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 15.24 27.46 12.22 26.93 11.69 0.53 4.53

8 14.83 34.28 19.45 32.72 17.89 1.56 8.72

12 17.98 55.72 37.74 52.64 34.66 3.08 8.89

16 14.09 70.04 55.95 64.56 50.47 5.48 10.86

20 16.07 68.12 52.05 57.99 41.92 10.13 24.17

TableD3.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 17.57 33.04 15.47 32.71 15.14 0.33 2.18

8 17.24 44.76 27.52 42.92 25.68 1.84 7.17

12 14.78 57.05 42.27 53.3 38.52 3.75 9.74

16 14.63 60.32 45.69 55.87 41.24 4.45 10.79

20 14.44 71.57 57.13 64.64 50.2 6.93 13.80
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FigureD3:CompactionCurveforSub-gradesoil+10%GFatSingleLayer
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TableD4:DryUnitResultforSub-gradesoil+15%GFatSingleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.7 1.7 16.68 3.72 16.08

8 0.001 4 5.85 1.85 18.15 6.49 17.04

12 0.001 4 5.95 1.95 19.13 9.36 17.49

16 0.001 4 6.25 2.25 22.07 12.21 19.67

20 0.001 4 6.2 2.2 21.58 14.22 18.89

TableD4.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 16.55 36.37 19.82 35.66 19.11 0.71 3.72

8 13.79 42.91 29.12 41.17 27.38 1.74 6.36

12 14.98 42.17 27.19 39.95 24.97 2.22 8.89

16 13.94 54.73 40.79 50.25 36.31 4.48 12.34

20 14.36 56.1 41.74 50.92 36.56 5.18 14.17

TableD4.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.57 30.4 15.83 29.77 15.2 0.63 4.14

8 17.25 42.2 24.95 40.65 23.4 1.55 6.62

12 15.15 46.88 31.73 44.04 28.89 2.84 9.83
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16 14.41 52.65 38.24 48.53 34.12 4.12 12.08

20 14.52 60.15 45.63 54.45 39.93 5.7 14.27

FigureD4:CompactionCurveforSub-gradesoil+15%GFatSingleLayer

TableD5:DryUnitWeightResultsforSub-gradesoil+20%GFatSingleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight
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Soil

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.8 1.8 17.66 2.79 17.18

8 0.001 4 6.05 2.05 20.11 5.21 19.12

12 0.001 4 6.15 2.15 21.09 7.96 19.54

16 0.001 4 6.3 2.3 22.56 10.68 20.39

20 0.001 4 6.2 2.2 21.58 12.32 19.21

TableD5.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 12.82 19.01 6.19 18.84 6.02 0.17 2.82

8 12.66 30.05 17.39 29.17 16.51 0.88 5.33

12 12.84 40.53 27.69 38.51 25.67 2.02 7.87

16 12.81 47.72 34.91 44.75 31.94 2.97 9.30

20 12.95 49.83 36.88 45.88 32.93 3.95 12.00

TableD5.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 12.73 22.43 9.7 22.17 9.44 0.26 2.75

8 12.66 43.05 30.39 41.58 28.92 1.47 5.08

12 12.71 53.6 40.89 50.55 37.84 3.05 8.06

16 12.59 50.24 37.65 46.19 33.6 4.05 12.05

20 15.3 77.83 62.53 70.81 55.51 7.02 12.65
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FigureD5:CompactionCurveforSub-gradesoil+20%GFatSingleLayer

TableD6:DryUnitWeightforSub-gradeSoil+0%GFatDoubleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.9 1.9 18.64 4.09 17.91

8 0.001 4 6.15 2.15 21.09 8.04 19.52

12 0.001 4 6.2 2.2 21.58 10.12 19.60

16 0.001 4 6.2 2.2 21.58 12.99 19.10

20 0.001 4 6.15 2.15 21.09 17.39 17.97
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TableD6.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 13.36 32.56 19.2 31.85 18.49 0.71 3.84

8 14.21 43.22 29.01 41.27 27.06 1.95 7.21

12 15.65 46.71 31.06 44.24 28.59 2.47 8.64

16 16.23 38.9 22.67 36.59 20.36 2.31 11.35

20 14.42 56.68 42.26 50.84 36.42 5.84 16.04

TableD6.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(%)

4 15.31 38.64 23.33 37.67 22.36 0.97 4.34

8 14.95 40.09 25.14 38.04 23.09 2.05 8.88

12 16.47 46.76 30.29 43.61 27.14 3.15 11.61

16 15.28 52.24 36.96 47.52 32.24 4.72 14.64

20 15.72 60.84 45.12 53.72 38 7.12 18.74
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FigureD6:CompactionCurveforSub-gradesoil+0%GFatDoubleLayer

TableD7:DryUnitWeightResultsforSub-gradesoil+5%GFatDoubleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 5.8 1.8 17.66 5.04 16.81

8 0.001 4 6 2 19.62 9.54 17.91

12 0.001 4 6.15 2.15 21.09 12.87 18.69

16 0.001 4 6.2 2.2 21.58 14.97 18.77

20 0.001 4 6.1 2.1 20.60 20.59 17.08
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TableD7.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.56 38.94 24.38 37.68 23.12 1.26 5.45

8 15.24 42.16 26.92 39.76 24.52 2.4 9.79

12 16.84 44.86 28.02 41.51 24.67 3.35 13.58

16 16.67 50.94 34.27 46.88 30.21 4.06 13.44

20 17.05 61.28 44.23 53.57 36.52 7.71 21.11

TableD7.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.21 45.68 31.47 44.29 30.08 1.39 4.62

8 15.16 48.34 33.18 45.52 30.36 2.82 9.29

12 16.34 51.28 34.94 47.49 31.15 3.79 12.17

16 15.55 54.72 39.17 49.17 33.62 5.55 16.51

20 14.82 58.86 44.04 51.5 36.68 7.36 20.07
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FigureD7:CompactionCurveforSub-gradesoil+5%GFatDoubleLayer

TableD8:DryUnitWeightResultforSub-gradesoil+10%GFatDoubleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 6 2 19.62 4.67 18.74

8 0.001 4 6.3 2.3 22.56 7.85 20.92

12 0.001 4 6.25 2.25 22.07 10.62 19.95

16 0.001 4 6.25 2.25 22.07 14.63 19.26

20 0.001 4 6.15 2.15 21.09 18.73 17.76
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TableD8.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 15.24 40.68 25.44 39.58 24.34 1.1 4.52

8 14.38 48.64 34.26 45.86 31.48 2.78 8.83

12 15.16 50.48 35.32 46.95 31.79 3.53 11.10

16 16.2 52.11 35.91 47.44 31.24 4.67 14.95

20 17.12 56.85 39.73 50.81 33.69 6.04 17.93

Table8.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.88 41.36 26.48 40.14 25.26 1.22 4.83

8 15.64 47.88 32.24 45.81 30.17 2.07 6.86

12 16.39 45.28 28.89 42.62 26.23 2.66 10.14

16 12.86 50.42 37.56 45.72 32.86 4.7 14.30

20 15.12 61.28 46.16 53.74 38.62 7.54 19.52
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FigureD8:CompactionCurveforSub-gradesoil+10%GFatDoubleLayer

Table9:DryUnitWeightResultsforSub-gradesoil+15%GFatDoubleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 6.1 2.1 20.60 5.89 19.46

8 0.001 4 6.35 2.35 23.05 7.31 21.48

12 0.001 4 6.3 2.3 22.56 11.89 20.17

16 0.001 4 6.25 2.25 22.07 15.27 19.15

20 0.001 4 6.2 2.2 21.58 19.96 17.99
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Table9.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 15.24 43.76 28.52 42.15 26.91 1.61 5.98

8 14.92 46.84 31.92 44.76 29.84 2.08 6.97

12 13.36 49.28 35.92 45.75 32.39 3.53 10.90

16 15.21 53.74 38.53 48.96 33.75 4.78 14.16

20 17.44 55.94 38.5 49.44 32 6.5 20.31

Table9.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 16.42 42.15 25.73 40.74 24.32 1.41 5.80

8 14.54 48.74 34.2 46.31 31.77 2.43 7.65

12 16.28 50.12 33.84 46.26 29.98 3.86 12.88

16 13.58 58.42 44.84 52.11 38.53 6.31 16.38

20 15.69 63.26 47.57 55.46 39.77 7.8 19.61



89

FigureD9:CompactionCurveforSub-gradesoil+15%GFatDoubleLayer

TableD10:DryUnitWeightResultforSub-gradesoil+20%GFatDoubleLayer

Percentages
ofWater

Volof
Mould

Wtof
Mould

Wtof
Mould
+Wet
Soil

Wtof
Wet
Soil

Bulk
Density

Moisture
Content

Dry
Unit
Weight

(%) (m3) (kg) (kg) (kg) (kN/m3) (%) (kN/m3)

4 0.001 4 6.05 2.05 20.11 6.27 18.92

8 0.001 4 6.2 2.2 21.58 7.76 20.03

12 0.001 4 6.3 2.3 22.56 9.85 20.54

16 0.001 4 6.35 2.35 23.05 15.06 20.04

20 0.001 4 6.2 2.2 21.58 19.39 18.08
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TableD10.1:DeterminationofMoistureContent(Top)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.46 48.62 34.16 46.83 32.37 1.79 5.53

8 15.38 49.52 34.14 47.11 31.73 2.41 7.60

12 13.78 51.64 37.86 48.44 34.66 3.2 9.23

16 16.33 52.95 36.62 48.69 32.36 4.26 13.16

20 17.48 66.72 49.24 58.87 41.39 7.85 18.97

TableD10.2:DeterminationofMoistureContent(Bottom)

Percentages
ofWater

Wtof
tin

Wtof
tin+
wet

Wtof
wet
Soil(g)

Wtof
tin+
dry
Soil

Wtof
dry

Wtof
Water
(g)

Moisture

(%) (g) Soil(g) (g) Soil(g) Content
(g)

4 14.24 52.87 38.63 50.34 36.1 2.53 7.01

8 14.86 55.74 40.88 52.74 37.88 3 7.92

12 15.13 58.26 43.13 54.17 39.04 4.09 10.48

16 14.54 60.82 46.28 54.11 39.57 6.71 16.96

20 16.38 65.72 49.34 57.56 41.18 8.16 19.82
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FigureD10:CompactionCurveforSub-gradesoil+20%GFatDoubleLayer
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APPENDIXE

CBRTest

TableE1:CBRTestResultsforSub-gradesoil+0%GFatSingleLayer

Penetration
(mm)

Dial
Reading
(Top)

Force
(KN)

Dial
Reading
(Bottom)

Force
(KN)2

0.5 36 1.5 10 0.7

1 54 1.8 25 1.1

1.5 71 2.4 38 1.4

2 84 2.8 52 1.7

2.5 96 3.4 67 2.1

3 108 3.6 82 2.4

3.5 115 3.9 99 2.9

4 122 4.2 110 3.2

4.5 126 4.4 126 3.6

5 130 4.7 137 3.9

5.5 136 5 148 4.2

6 140 5.2 157 4.6

6.5 154 5.4 166 4.8

7 158 5.7 174 5.1
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TableE2:CBRTestResultsforSub-gradesoil+5%GFatSingleLayer

Penetration
(mm)

Dial
Reading
(Top)

Force
(KN)

Dial
Reading
(Bottom)

Force
(KN)2

0.5 36 1.8 10 1

1 54 2.2 25 1.3

1.5 71 2.7 38 1.7

2 84 3.2 52 2.2

2.5 96 3.6 67 2.6

3 108 3.9 82 2.9

3.5 115 4.1 99 3.3

4 122 4.3 110 3.8

4.5 126 4.7 126 4.2

5 130 5.1 137 4.5

5.5 136 5.4 148 4.7

6 140 5.6 157 5.1

6.5 154 5.9 166 5.4

7 158 6.1 174 5.6

TableE3:CBRTestResultsforSub-gradesoil+10%GFatSingleLayer

Penetration
(mm)

Dial
Reading
(Top)

Force
(KN)

Dial
Reading
(Bottom)

Force
(KN)2

0.5 36 2.1 10 1.3

1 54 2.5 25 1.7

1.5 71 2.9 38 2.1

2 84 3.4 52 2.5

2.5 96 3.9 67 2.8

3 108 4.2 82 3.2

3.5 115 4.5 99 3.6



94

4 122 4.8 110 4

4.5 126 5.2 126 4.3

5 130 5.5 137 4.7

5.5 136 5.8 148 5

6 140 6.1 157 5.3

6.5 154 6.4 166 5.7

7 158 6.7 174 6

TableE4:CBRTestResultsforSub-gradesoil+15%GFatSingleLayer

Penetration
(mm)

Dial
Reading
(Top)

Force
(KN)

Dial
Reading
(Bottom)

Force
(KN)2

0.5 36 2.6 10 1.2

1 54 2.9 25 1.5

1.5 71 3.2 38 1.9

2 84 3.6 52 2.3

2.5 96 4 67 2.6

3 108 4.3 82 3

3.5 115 4.6 99 3.4

4 122 4.9 110 3.7

4.5 126 5.2 126 4.1

5 130 5.4 137 4.4

5.5 136 5.6 148 4.8

6 140 5.8 157 5.1

6.5 154 6.1 166 5.4

7 158 6.3 174 5.7

TableE5:CBRTestResultsforSub-gradesoil+20%GFatSingleLayer

Penetration
(mm)

Dial
Reading
(Top)

Force
(KN)

Dial
Reading
(Bottom)

Force
(KN)2

0.5 36 2.5 10 1.5

1 54 2.9 25 1.9

1.5 71 3.3 38 2.3

2 84 3.8 52 2.6

2.5 96 4.3 67 2.9

3 108 4.7 82 3.3
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3.5 115 5.1 99 3.8

4 122 5.5 110 4.2

4.5 126 5.8 126 4.6

5 130 6.1 137 5

5.5 136 6.3 148 5.3

6 140 6.7 157 5.6

6.5 154 7 166 5.9

7 158 7.3 174 6.2

Figure4.7:GraphShowingtheCBRValuesoftheSub-gradeSoilsStabilizedat

DifferentDispositionofGeofibres


