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AbstractInourcountry,Blackcottonsoilcoversmorethanone-fifthofthewholelandterritory.Theseareforthemost
partfoundinandaroundtheDeccanlevel.Theblackcottonsoilisafar-reachingsoilwhichdemonstrateshazardous
forthedesigningwork.Blackcottonsoilhaslow bearinglimit,highcompressibilityandswellingandshrinkage
properties.Todefeatonthesebuildingissuessoilstabilizationisthebestarrangement.Inourexplorationweutilized
theideaofcompoundstabilization.Weutilizedflyfierydebrisandricehuskstrawslaginvariousextentwithblack
cottonsoil.Thepresentpaperquicklyportraysthetrialexaminationdidbyincludingflyfierydebrisandricehusk
strawpowdertoblackcottonsoilforenhancingitsbuildingproperties.Nowadaysthenecessityofsoilstabilizationin
blackcottonsoilhasbeenexpandedbyincludingdiversematerial.It'sanexpectedtoextendtheexplorationand
includingconceivablematerialherehasbeentalkedaboutwiththisstudy.Stabilizationutilizingstrongsquandersis
one ofthe diverse strategies fortreatment,to enhance the building properties and make itreasonable for
development.Thegainfulimpactsofsomeunmistakablestrongsquandersasgotinresearchfacilityexamines,in
stabilizationofextensivesoilhavebeentalkedaboutinthisstudy.

IndexTerms-BlackCottonSoil(BC-Soil),flyash,lime,brickpowder,Engineeringproperty,Stabilization

I.INTRODUCTION

Therearethreebasictypesofsoilnaturallyoccurringinthisarea:sand,siltandclay.Claysoilsexpand(increase
involume)

1.aregenerallyclassifiedas"expansive.“Thismeansthatagivenamountofclaywilltendto
asitabsorbswateranditwillshrink(lesseninvolume)aswaterisfrawnaway.Theeffectscanbedramaticif

expansivesoilssupportingstructuresareallowedtobecametoowetortoodry.Buildingstructures,foundations,
drivewaysandwalkwaysmaycrackandheaveastheunderlyingexpansivesoilsbecomewetandswell.Sometimes
thecrackingandheavingappeartemporaryasthesoilsdryandshrinkbacktotheiroriginalposition.

MapofsoildepositsinGujaratStateshowsthatthemajorityofGujaratareahavingblackcottonsBasedonourvisits
tovariousindustrieswefinallydecidedtotakewastematerial(Flyash)assoilstabilizersforchemicalsoil
stabilizationconsideringeconomicadvantageandwastedisposalproblems.
MapofsoildepositsinGujaratStateshowsthatthemajorityofGujaratareahavingblackcottonsBasedonourvisits

to variousindustrieswefinallydecided to takewastematerial(Flyash)assoilstabilizersforchemicalsoil
stabilizationconsideringeconomicadvantageandwastedisposalproblems.

Theterm soilstabilizationmeanstheimprovementofthestabilityorbearingpowerofthesoilbytheuseofcontrolled
compaction,proportioning,ortheadditionofsuitableadmixturesorstabilizers.Soilstabilizationdealswithphysical,
physicochemical,andchemicalmethodstomakethestabilizedsoilserveitspurposeaspavementmaterials.
Chemicalstabilizationisoneoftheoldestmethodsofstabilizationofproblematicsoil.Ingeneral,alllime-treatedfine
-grainedsoilsexhibitdecreasedplasticity,improvedworkability,andreducedvolumechangecharacteristics.However,
notallsoilsexhibitimprovedstrengthcharacteristics.Itshouldbeemphasizedthatthepropertiesofsoillime
mixturesaredependentonmanyvariables.ButSoiltype,limetype,limepercentage,andcuringconditions(time,
temperature,andmoisture)arethemost.Themistureof15%brickpowder,15%offlyashand70%limestabilized
blackcottonsoilunderstudyresultedinincreaseintheCBRvaluebyabout135%incomparionwithlime-stabilized
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blackcottonsoil.Thebasicobjectivesofthestudyofblackcottonsoilareasfollowing:

1)ImprovementofbearingcapacityofBlackCottonSoilontheadditionoflime.

2)VariationofStrengthofsoilatdifferentwatercontent.

3)Brickpowder,awastematerialavailableinabundanceatbrickkilns,isrichinsilicaandisavailablefreeofcost.
Chemicalanalysisofbrickpowdershowedrichcompositionofsilicaofabout55%alongwithminorcompositionsof
ironoxide(8%),aluminum oxide(15%),calcium oxide(7%),magnesium oxide(2%),andsulfurtrioxide(1%).Brick
powderisbeingsuccessfullyusedinmortarandconcretemakingfrom thepastfew decades.Itisreportedthat
utilizationof25% brickpowderinconcretemakingresultedinadequatestrengthandthermalresistanceandalso
addressedcosteffectivenessandenvironmental issues .Partialreplacementofcementwithbrickpowderin
mortarhasshowedthatwithuseofbrickpowdertherecycled-aggregatemortarseemedtobesuperiorintermsof
mortar-brickbondstrengthmainlybecauseofitsrheologicalproperties.Useofbrickpowderasapartialsubstitute
forsandinconcreteshowedareductioninunitweightofconcreteandhadimprovedthestrengthofconcrete
adequately.Alsouseofbrickpowderincementmortarreducesthedeteriorationeffectofalkali-silicareactions.

4)EffectoflimeonCBRvalueofthesoil.Toachievetheaboveobjective,theblackcottonsoilhasbeenarbitrarily
mixedwithlime.Sothesuitabilityoflimeisconsideredtoenhancethepropertiesofblackcottonsoil.Thefigureof
theblackcottonsoilisgivenbelow

5)Infrastructureprojectssuchashighways,railways,waterreservoirs;reclamationetc.requiresearthmaterialinvery
largequantity.Inurbanareas,borrowearthisnoteasilyavailablewhichhastobehauledfrom alongdistance.Quite
often,largeareasarecoveredwithhighlyplasticandexpansivesoil,whichisnotsuitableforsuchpurpose.Extensive
laboratory/fieldtrialshavebeencarriedoutbyvariousresearchersandhaveshownpromisingresultsforapplication
ofsuchexpansivesoilafterstabilizationwithadditivessuchassand,silt,lime,flyash,etc.Asflyashisfreely
available,forprojectsinthevicinityofaThermalPowerPlants,itcanbeusedforstabilizationofexpansivesoilsfor
varioususes.Thepresentpaperdescribesastudycarriedout tochecktheimprovementsinthe propertiesof
expansivesoilwithflyashinvaryingpercentages.Bothlaboratorytrialsandfieldtestshavebeencarriedoutand
resultsarereportedinthispaper.Oneofthemajordifficultiesinfieldapplicationisthoroughmixingofthetwo
materials(expansivesoilandflyash)inrequireproportiontoform ahomogeneousmass.Thepaperdescribesa
methodadoptedforplacingthesematerialsinlayers

AbbreviationsandAcronyms

Theterm soilstabilizationmeanstheimprovementofthestabilityorbearingpowerofthesoilbytheuseofcontrolled
compaction,proportioning,ortheadditionofsuitableadmixturesorstabilizers.Soilstabilizationdealswithphysical,
physicochemical,andchemicalmethodstomakethestabilizedsoilserveitspurposeaspavementmaterials.
Chemicalstabilizationisoneoftheoldestmethodsofstabilizationofproblematicsoil.Ingeneral,alllime-treatedfine
-grainedsoilsexhibitdecreasedplasticity,improvedworkability,andreducedvolumechangecharacteristics.However,
notallsoilsexhibitimprovedstrengthcharacteristics.Itshouldbeemphasizedthatthepropertiesofsoillime
mixturesaredependentonmanyvariables.ButSoiltype,limetype,limepercentage,andcuringconditions(time,
temperature,andmoisture)arethemost.Themistureof15%brickpowder,15%offlyashand70%limestabilized
blackcottonsoilunderstudyresultedinincreaseintheCBRvaluebyabout135%incomparionwithlime-stabilized
blackcottonsoil.

RESEARCHMETHODOLOGY

1.1PropertyofBlackCottonSoil

Table1

Thefollowingpropertyoftheblackcottonsoilisgivenbelowintheform ofthetable:

S.NO. PROPERTYOFSOIL BLACKCOTTONSOIL

1 SpecificGravity 27

2 LiquidLimit(%) 68

3 PlasticLimit(%) 27

4 ShrinkageLimit(%) 11

5 Maximum DryDensityofBCS
(KN/m3)

15.5

6 OMC(%) 25.21
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7 SpecificSurfaceArea(m2/gm
)

63

8 PercentageoftheFineSand 38

Blackcottonsoilusedinthestudyisprocuredfrom Bhimavaram areaofAndhraPradesh,India.
Extensivelaboratoryworkiscarriedouttocharacterizetheblackcottonsoil.Theplasticityindex
iscalculatedbydeterminingAtterberg’slimits.Compactioncharacteristicsaredeterminedby
conductingISlightcompactiontestandstrengthcharacteristicsbyconductingCaliforniabearing
ratio(CBR)test.Theresultsobtainedare…..

1.2EngineeringPropertiesofBrickPowder

Theengineeringpropertiesofthebrickpowder,procuredfrom localbrickkilninBhimavaram,are
determinedbycarryingoutextensivelaboratorytests,namely,grainsizeanalysis,Atterberg’slimit
tests,ISlightcompactiontest,andsoakedCBRtest,andtheresultsobtainedare….

Table2

Engineeringpropertiesofbrickpowder.

Engineeringproperty Value

Grainsizeanalysis  

 (a)Gravelsize(%) 0

 (b)Sandsize(%) 86

 (c)Fines(%) 14

Plasticitycharacteristics  

 (a)Liquidlimit(%) NP

 (b)Plasticlimit(%) NP

ISclassification SM

ISlightcompaction  

Maximum drydensity(g/cc) 1.30

Optimum moisturecontent
(%)

33

SoakedCBR(%) 21.17
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1.3EngineeringPropertiesofLime

Blackcottonsoilismixedwithlimeinvaryingproportionsof2%,4%,and6%.Thelime-mixedsoil
isthencuredforadurationof3days.Themixtureisthenoven-driedfor24hours.Theresultsof
varioustestscarriedoutonblackcottonsoilmixedwithvaryingpercentagesoflimeare…..

Table3

Propertiesofblackcottonsoilstabilizedwithvaryingcontentsoflime.

Engineeringproperty 2%lime 4%lime 6%lime

Plasticitycharacteristics      

 (a)Liquidlimit(%) 64.4 NP NP

 (b)Plasticlimit(%) 34.0 NP NP

 (c)Plasticityindex(%) 30.4 NP NP

Differentialfreeswell(DFS)index
(%)

90 60 40

ISlightcompaction      

Maximum drydensity(g/cc) 1.37 1.51 1.34

Optimum moisturecontent(%) 28 25 32

SoakedCBR(%) 7.59 8.52 0.62

IV.RESULTSANDDISCUSSION

Flyashisaheterogeneousby-productmaterialproducedinthecombustionprocessofcoal
usedinpowerstations.Itisafinegreycolouredpowderhavingsphericalglassyparticlesthatrise
withthefluegases.Asflyashcontainspozzolanicmaterialscomponentswhichreachwithlime
toform cementatiousmaterials.ThusFlyashisusedinconcrete,mines,landfillsanddams.

StudiedtheeffectoftwotypesofflyashesRaichurflyash(ClassF)andFlyashbyitselfhaslittle
cementatiousvaluebutinthepresenceofmoistureitreactschemicallyandformscementatious
compounds and attributes to the improvement of strength and compressibility
characteristicsofsoils.Ithasalonghistoryofuseasanengineeringmaterialandhasbeen
successfullyemployedingeotechnicalapplications.

Naivelyflyash(ClassC)ontheCBRcharacteristicsoftheblackcottonsoil.Theflyashcontent
wasincreasedfrom 0to100%.GenerallytheCBR/strengthiscontributedbyitscohesionand
friction.TheCBRofBCsoil,whichconsistsofpredominantlyoffinerparticles,iscontributedby
cohesion.TheCBRofflyash,whichconsistspredominantlyofcoarserparticles,iscontributedby
itsfrictionalcomponent.ThelowCBRofBCsoilisattributedtotheinherentlowstrength,whichis
duetothedominanceofclayfraction.TheadditionofflyashtoBCsoilincreasestheCBRof
themixuptothefirstoptimum levelduetothefrictionalresistancefrom flyashinadditiontothe
cohesionfrom BCsoil.Furtheradditionofflyashbeyondtheoptimum levelcausesadecreaseup
to60%andthenuptothesecondoptimum levelthereisanincrease.ThusthevariationofCBRof
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flyash-BC soilmixescanbeattributedtotherelativecontributionoffrictionalorcohesive
resistancefrom flyashorBCsoil,respectively.InNaivelyflyashalsothereisanincreaseof
strengthwiththeincreaseintheflyashcontent,heretherewillbeadditionalpuzzolonicreaction
formingcementitiouscompoundsresultingingoodbindingbetweenBCsoilandflyashparticles.
Soilstabilisationiswidelyusedinconnectionwithroad,pavementandfoundationconstruction.It
improvestheengineeringpropertiesofthesoil,e.g:Strength-toincreasethestrengthand
bearing capacity, Volumestability-to controltheswell-shrinkcharacteristicscaused by
moisturechanges,Durability-toincreasetheresistancetoerosion,weatheringortrafficloading.
Toreducethepavementthicknessaswellascost.Accordingtotheselectedsightthetraffictype
isguessedassPavementthicknessaccordingtotheCBRvaluesareestimatedandcomparedto
exposetheeconomicimpactofsoilstabilizationbyusingFlyAsh.

Component Bituminouscoal Sub Bituminous

coal

Lignitecoal

Sio2(%) 20-60 40-60 15-45

Al2O3(%) 5-35 20-30 20-25

Fe2O3(%) 10-40 4-10 4-15

CaO(%) 1-12 5-30 15-40

LaI(%) 0-15 0-3 0-5

II.ACKNOWLEDGMENT

From thestudycarriedoutonbrickpowderandlime-stabilizedblackcottonsoilmixture,the
followingconclusionscanbedrawn:
Basedonthepresenttests,thefollowingconclusionscanbedrawn:

1)Asthelocallyavailableborrowsoilhasgenerallyhighplasticity(LL>50)itwasdifficult
toconstructiononit.

2)Theinclusionofdifferentpercentageofflyashinnaturalsoilgenerallyresultedinsome
increasinginunconfinedcompressivestress.

3)Theunconfinedcompressivestressofnaturalsoilwithoutflyashwhichwas114kN/m2,
increasedto123kN/m2at20%flyashinnaturalsoilshowing7.89%improvement
.
4)Aliquidlimitwasdecreaseswithincreasesinpercentageofflyashup30%innaturalsoil
whichwas74.4%,decreasedto72.5%,showing2.56%decreased.

5).Plasticlimitwasdecreaseswithincreasesinpercentageofflyashup30%innaturalsoil
whichwas38.4%,decreasedto32.93%,showing14.24%decreased.

6)Maximum drydensitywasincreasewithincreasesinpercentageofflyashup30%in
naturalsoilwhichwas1.68gm/cc,increaseto1.71gm/ccat14%OMCshowing1.78%
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increase.

7)Aspergrainsizeanalysisthepercentageofgravel1.11%,percentageofsand9.89%and
percentageoffines89%

8)Limestabilizationofblackcottonsoilunderstudyimprovedthestrengthcharacteristicsof
thesoil,butnottotheextentofsuitabilityassubbasematerial.

9)Mixing15% brickpowder,15%Flyashand70%lime-stabilizedblackcottonsoilimprovedthe
maximum drydensityanddecreasedtheoptimum moisturecontentincomparisonto4%lime
stabilizedsoil.
10)70%lime-stabilizedblackcottonsoil15%flyashand 15%brickpowdermixtureresultedin
increaseinthesoakedCBRvaluebyabout135%,whencomparedto4% lime-stabilizedsoil,
makingitsatisfactoryforuseassubbasematerial.

11)Useofbrickpowderreducesthecontentoflimewhichinturnreducesthecostofprojectas
brickpowder isfreelyavailable.Also,useofbrickpowderreducestheproblem ofwaste
disposal.

Hencebrickpowder,flyashandlime-stabilizedblackcottonsoilmixturecanbeeffectivelyused
assubbasematerialinflexiblepavementsofruralareaswherebrickpowderisavailableingood
amountsandalsoinareaswithlessavailabilityofgoodqualitymaterials.
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