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Abstract 

Clayey isoils ioften iexhibit iundesirable iengineering 

ibehaviour isuch ias ilow istrength, 

 swelling iand ishrinkage icharacteristics ietc. iTo 

iimprove ithese iproperties, ithe icommon imethod 

ifollowed iis istabilization. iAn iexperimental iprogram 

icarried iout iin ithis istudy iaims ito ihighlight ithe 

iphysical imechanisms iof istabilization iof ian iexpansive 

isoil iby iadding ian iinert imaterial i(sand). iThe istudy 

iaimed ito ianalyze ithe ieffect iof istabilization ion ithe 

ivariation of isoil iconsistency iand ithe iresults ihave 

ishown ithat isoil iconsistency improved iappreciably. 

iThe ifindings iof ithe ilaboratory itestingiprocedures ialso 

ipresented isubstantial iimprovement iin istrength iwith 

ithe iaddition iof isand ipercentages iup ito i60% iby 

iweight iof isoil, ias iwell ia inoticeable ialteration iin ithe 

imoisture-density irelation. iThe isoil itested icould ibe 

iused ias isubgrade imaterial iinipavement istructures 

 for ilow ivolume ibearing iroads, iafter iits istabilization 

iwith ifine isand. iA ifurther istep iin ithe iinvestigation 

iprocess icould ibe ithe ianalysis iof ithe iswelling 

ipotential iof iclayey isoils 

 iniconjunction iwith ithe iaddition iof iother iwaste 

imaterialsialong iwith isand, ias iwell ias ithe icost-

benefitirelationships iof istabilization iwith isand iinilarge 

iprojects ilike ithe 

highway iconstruction 
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1. Introduction i 

Subgrade iassumes ia isignificant ijob iin isafe iand 

ifinancially isavvy iasphalt idevelopment, igiven 

ithat ithe i imaterials iare ireasonable. iFor ithe imost 

ipart, ithere iis ia iprerequisite ifor ithe iimprovement 

iof iboth ithe ipliancy iand ithe ibearing ilimit iof 

ineighborhood isoils. iThe iadjustment istrategies 

iare ia itypical iproposal ifor isuch iobjectives ito ibe 

iaccomplished. iThere iare inumerous imethods ifor 

isoil iadjustment iand ithe idecision ibetween ithem 

irelies iupon ia ifew ifinancial, iuseful iand inatural 

iboundaries. iDiscrete iprocedures iare isubstance 

iadjustment, iwarm iadjustment, iadjustment iby 

iadded isubstances, ifor iexample, ilime iand 

iconcrete.Sand iis ia inormally ihappening igranular 

imaterial. iAs ia iresult iof iits ihigh iburden ibearing 

ilimit iin irestricte icondition, isand icould ibe 

iutilized ias ia ifiller imaterial. iIn ithis iway, isand 

icould ibe iutilized iin ishifting iextents ias 

iadmixture ito ifirm isoils iadjusting ithe iproperties 

iof iversatility, icompaction iand iquality iof ithe 
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iblends i(Khemissa iet ial., i2015; iLouafi iet ial., 

i2012). iThis iwork imeant ito iassess ithe iresearch 

icenter ioutcomes iacquired iat ithe ipoint iwhen ia 

idark idirt isoil iwas itried ifor ithe idry ithickness 

idampness irelationship iand ifor ithe iunconfined 

icompressive iquality iafter ithe iadmixture iof isand 

iin ivarious iextents.Soils idemonstrating ivolumetric 

ichanges iwhen ithey ireact ito ichanges iin itheir 

idampness icontent iare idescribed ias ibroad. iSuch 

isoils idisplay iexpanding ishrinkage iand iregularly 

iresult ito iharm ion icommon ibuilding 

idevelopments ilike ithe itransportation ifoundation. 

iThe ialteration iin isoil ivolume iis iincredibly 

idependent ion iboth ithe imineralogy iof imaterials 

imaking ithe isoils iand itheir idegrees iin ithe iearth 

imass. iIssues iin iparticular istructures ihave 

ideveloped iin ivarious ispots iin iGreece; 

ioccurrences iof isuch iunsafe ierrands iare ithe 

iNational iRoad inear iThebes, iCentral iGreece, 

ialong ia i20 ikm iterritory i(Gkasios iet ial., i2000), 

iand ithe itypical iroad iarrangement iof iN. iEvros 

iprefecture i(Papakyriakopoulos iet ial., i2006), 

iwhere igeotechnical iissues ihave ibeen 

inoted.Various iexperts ihave iapplied iinactive 
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imaterials ito isoils, ias ia iprocedure ifor ioffsetting 

ithem i(Bengraa iet ial., i2005; iKaoua iet ial., i1994; 

iLamara iet ial., i2005; iLouafi iet ial., i2011). 

iRegardless iof ithe iway ithat ithe iassessment 

iworks ihave ishown ithat ithe iextension iof iinactive 

imaterials iis ia ipromising isystem ifor ioffsetting 

isuch isoils,there iare iup i'til inow imany iopen 

irequests ion ithe ilead iof ian iupdated isoil ithat 

irequire ianswers ifrom ithe ipros' iarea. iIn ithis 

iwork, ithe ieffect ithe idevelopment iof isand ion 

ithe icharacteristics iof ia iclayey isoil iis ibeing 

imulled iover. iIn ian iinvestigation iwork i(Chavali 

iet ial., i2014) iit iwas ifound ithat ithe imost 

iextraordinary idry ithickness iof imud isand imix 

iimproved iin iwith ithe idevelopment iof isand iup 

ito i30%; istarting ithere iit idecreased. iIn ia 

icomparative ireport, ithe iperfect iclamminess 

icontent ireduced iup ito i30% isand icontent ifrom 

ithat ipoint ion iit iextended ihardly. iThere iis ian 

ienergy ifor iexploring ithe isimultaneous imovement 

iof isand iand ivarious imaterials iin ichange 

ifundamentals i. iSharma iet ial. iwent iafter iusage 

iof isand, irice ihusk iflotsam iand ijetsam iand 

iwaste iplastic ifiber ifor iimproving icompaction 
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icharacteristics iof iclayey isoil ifor iuse ias 

isubgrade imaterial. iThe ieffect iof imaterials, ifor 

iinstance, ifly iflotsam iand ijetsam ior istream isand 

ion icompaction, iand iquality icharacteristics iof 

idull icotton isoil ihas ibeen icomprehensively 

ianalyzed iin icountries ilike iIndia iwhere iissues 

iare iexperienced ias ia iresult iof icyclic igrowing 

iand icontracting ibehavior iof ithe isoils. iBasically, 

iadvancement iplans iin iwhich isand iis iused ias ia 

istabilizer ias iopposed ito icement ior ilime icould 

iprovoke irestricted iadvancement icosts ifor 

iboulevards ipassing ion imedium ithickness 

itraffic.An iinvestigation iwork iin iUganda 

iexhibited ithat imost iextraordinary idry ithickness 

i(MDD) iand iperfect isoddenness icontent i(OMC) 

iextended ifrom i1867 ito i2357 ikg/m3 iand 

idecreased ifrom i16.5 ito i8.5%, iexclusively, iat 

isand iblends iof i20-100% iwhile ithe iunconfined 

icompressive iquality ilessened ifrom i787 ito i95 

ikPa iat isand iblends iof i20-60%.As iper 

imodification itechniques ifollowed iin iorder ito 

iimprove ithe iearth, ithe ibetter isoil iparticles iare 

isuperseded iwith icoarser iparticles iof isand 

iadmixture. iIn isuch ia iway, ia iuniform ilevel iof 
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iparticles iin ithe iearth iis imade iand ithe 

icomposite imix isurrounded ihas iboth iassociation 

iand igrinding. iFurthermore, iwhen isuitably imixed, 

iset iand icompacted iat isite, ithe isoil ishows 

iimproved iweight ipassing ion ilimit 
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OBJECTIVES: 

 

• To iimprove ithese icharacteristics isuch ias ilow 

istrength, iswelling iand ishrinkage ietc. 

• The istudy iaimed ito ianalyse ithe ieffect iof 

istabilization ion ithe ivariation iof isoil iconsistency. 

The ifindings iof ithe ilaboratory itesting iprocedures ialso 

ipresented isubstantial iimprovement iin istrength iwith 

ithe iaddition iof isand ipercentages iup ito i25 i% iby 

iweight iof isoil 
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 i2. iMaterials iand iMethods 

The idirt iexamples ifor ithe iresearch icenter 

iexamination iwere igathered iat ian iarea iwhere ithe 

ithickness iof iexpanding isoils ifluctuates ifrom ia 

icouple iof imeters ito ia ifew imany imeters, ishowing 

iup iin i1 ito i3 imeters isuperimposed ilayers iwhich iare 

iexchanging iwith isand, irock ior icobble ilayers. iThe 

iearth icontent, ias iwell ias ithe imechanical iconduct, iof 

ithese idirts ilikewise idiffers isignificantly ifrom isite ito 

isite. iThe imud itested ihad ia idim igrayish ishading. 

iThe igrain isize iappropriation iof ithe ichose iclayey 

isoil ihas ibeen iresolved iby iboth ithe idry istrategy 

i(AASHTO iT27-11) iand ihydrometer iinvestigation. 

iThe igrain isize idissemination iof ithe idirt iis iappeared 

iin itable i1 iand ifigure1   
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Soil Collection and Preparation :

Red Soil : DIU Main Campus
Gray Soil : Saver
Sand : Sylhet 

SAMPLE Gs LL(%) PL(%) IP(%) FM 

Soil (Red 

Color)

2.73 33.5 23.25 10.26 (CL Type) _

Soil (Gray 

Color)

2.74 32.5 19.92 12.58 (CL Type) _

Sand 2.67 _ _ _ 2.9 (Coarse Sand)
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Specific iGravity iof iSoil 

 

Purpose: i iThis ilab iis iperformed ito idetermine ithe 

ispecific igravity iof isoil iby iusing ia ipycnometer. 

iSpecific igravity iis ithe iratio iof ithe imass iof iunit 

ivolume iof isoil iat ia istated itemperature ito ithe imass 

iof ithe isame ivolume iof igas-free idistilled iwater iat ia 

istated itemperature iStandard iReference: i iASTM iD 

i854-00 i– iStandard iTest ifor iSpecific iGravity iof iSoil 

iSolids iby iWater iPycnometer. 

 

o Significance: i iThe ispecific igravity iof ia isoil iis 

iused iin ithe iphase irelationship iof iair, iwater, iand 

isolids iin ia igiven ivolume iof ithe isoil. i 

 

 i 

o Equipment: i iPycnometer, iBalance, iVacuum 

ipump, iFunnel, iSpoon 

 
 

 i 

 

https://civilseek.com/specific-gravity-of-soil/
https://civilseek.com/specific-gravity-of-soil/
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   Apparatus 
 

 

Test iProcedure: 

 

o Determine iand irecord ithe iweight iof ithe iempty 

iclean iand idrypycnometer, iWP. 

 

o Place i125g iof ia idry isoil isample i(passed ithrough 

ithe isieve iNo. i10) iin ithe ipycnometer. iDetermine 

iand irecord ithe iweight iof ithe ipycnometer 

icontaining ithe idry isoil, iWPS. 
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o Add idistilled iwater ito ifill iabout ihalf ito ithree-

fourth iof ithepycnometer. iSoak ithe isample ifor i10 

iminutes. 

 

o Apply ia ipartial ivacuum ito ithe icontents ifor i10 

iminutes ilonger, ito iremovethe ientrapped iair. 

 

o  iStop ithe ivacuum iand icarefully iremove ithe 

ivacuum iline ifrom ipycnometer. 

 

o  iFill ithe ipycnometer iwith idistilled i(water ito ithe 

imark), iclean ithe iexterior isurface iof ithe 

ipycnometer iwith ia iclean, idry icloth.Determine 

ithe iweight iof ithe ipycnometer iand icontents, iWB. 

 

o  iEmpty ithe ipycnometer iand iclean iit. iThen ifill iit 

iwith idistilled iwater ionly i(to ithe imark). iClean 

ithe iexterior isurface iof ithe ipycnometer iwith ia 

iclean, idry icloth. iDetermine ithe iweight iof ithe 

ipycnometer iand idistilled iwater, iWA 

 

o Empty ithe ipycnometer iand iclean iit. 
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Data iAnalysis: 

Calculate ithe ispecific igravity iof ithe isoil isolids iusing 

ithe ifollowing 

formula: 

W i(W iW i) 

Specific iGravity,G iW 

0 iA iB 

0 

S i+ i− 

= 

Where: 

W0 i= iweight iof isample iof ioven-dry isoil, ig i= iWPS 

i- iWP 

WA i= iweight iof ipycnometer ifilled iwith iwater 

WB i= iweight iof ipycnometer ifilled iwith iwater iand 

isoil 



13 
 

 ©Daffodil International University 
 

 
  



14 
 

 ©Daffodil International University 
 

 iATTERBERG i iLIMITS i iTEST i 

 

 

 iINTRODUCTION: iThe iAtterberg ilimits iare ia ibasic 

imeasure iof ithe inature iof ia ifine-grained isoil. 

iDepending ion ithe iwater icontent iof ithe isoil, iit imay 

iappear iin ifour istates: isolid, isemi-solid, iplastic iand 

iliquid. iIn ieach istate ithe iconsistency iand ibehavior iof 

ia isoil iis idifferent iand ithus iso iare iits iengineering 

iproperties. iThus, ithe iboundary ibetween ieach istate 

ican ibe idefined ibased ion ia ichange iin ithe isoil's 

ibehavior. iThe iAtterberg ilimits ican ibe iused ito 

idistinguish ibetween isilt iand iclay, iand iit ican 

idistinguish ibetween idifferent itypes iof isilts iand 

iclays. iThese ilimits iwere icreated iby iAlbert 

iAtterberg, ia iSwedish ichemist.They iwere ilater irefined 

iby iArthur iCasagrande. 

 

 

 iAIM: i 

To idetermine ithe iliquid iand iplastic ilimits iof ithe 

igiven isoil isample. i
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Apparatus i: 

▪ FOR iLIQUID iLIMIT iDETERMINATION: iThe 

idevice irequired iare ithe imechanical ifluid 

ibreaking ipoint igadget, icutting iinstrument, 

iporcelain ivanishing idish, ilevel iglass iplate, 

ispatula, ipalette iblades, ibalance, ibroiler iwash 

ibottle iwith irefined iwater iand iholders. i 

 

▪ FOR iPLASTIC iLIMIT iDETERMINATION: iThe 

imechanical iassembly icomprises iof ia iporcelain 

ivanishing idish, iaround i12 icm iin iwidth i(or ia 

ilevel iglass iplate, i10 imm ithick iand iaround i45 

icm isquare), ispatula, iaround i8 icm ilong iand i2 

icm iwide i(or ipalette iblades, iwith ithe isharp iedge 

iaround i20 icm ilong iand i3 icm iwide, ifor iuse 

iwith ilevel iglass iplate ifor iblending isoil iand 

iwater), ia iground-glass iplate, iabout i20×15 icm, 

ifor ia isurface ifor imoving, ibalance, istove, 

iholders, iand ia ibar, i3 imm iin iwidth iand iaround 

i10 icm ilong 
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▪ Shrinkage ilimit: iAs ifar ias ipossible i(SL) iis ithe 

iwater icontent iwhere ifurther iloss iof idampness 

iwon't ibring iabout iany imore ivolume idecrease. i 

 

As ifar ias ipossible iis iconsiderably iless inormally 

iutilized ithan ias ifar ias ipossible iand ias ifar ias 

ipossible. i 

 

▪ Plastic ibreaking ipoint: iAs ifar ias ipossible i(PL) 

iis ithe iwater icontent iwhere isoil ibegins ito 

idisplay iplastic iconduct. iA istring iof isoil iis iat iits 

iplastic icutoff iwhen iit iis imoved ito ia iwidth iof i3 

imm ior istarts ito idisintegrate. iTo iimprove 

iconsistency, ia i3 imm imeasurement ibar iis 

ifrequently iused ito icheck ithe ithickness iof ithe 

istring iwhen idirecting ithe itest. i(Otherwise iknown 

ias iSoil iSnake iTest). i 

 

▪ Fluid ibreaking ipoint: iLiquid ilimit' i(LL ior i) iis 

icharacterized ias ithe idiscretionary ifurthest ireaches 

iof iwater icontent iat iwhich ithe idirt iis igoing ito 

igo ifrom ithe iplastic istate iinto ithe ifluid istate. iAt 

ithis ibreaking ipoint, ithe idirt ihas ia ilittle 
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iestimation iof ishear iquality, ilosing iits icapacity 

ito istream ias ia iliquid.In idifferent iwords, ias ifar 

ias ipossible iis ithe ibase idampness icontent iat 

iwhich ithe idirt iwill iin igeneral istream ias ia ifluid. 

 

 

 

PROCEDURE i 

 

❖ FOR iDETERMINATION iOF iLIQUID iLIMIT: 

i 

The idirt iexample ishould ipass i425–μ iIS iSieve. iAn 

iexample iof iabout i1.20 iN iought ito ibe itaken. iTwo 

ikinds iof iscoring iinstruments—Type iA i(Casagrande 

itype) iand iType iB i(ASTM itype)— iare iutilized 

irelying ion ithe iidea iof ithe idirt. iThe icam iraises ithe 

imetal icup ito ia ipredetermined istature iof i1 icm ifrom 

iwhere ithe icup idrops iUp ion ithe isquare iapplying ia 

iblow ion ithe ilast imentioned. iThe iturning iis ito ibe 

iperformed iat ia ipredefined ipace iof itwo irevolutions 

ifor ieach isecond. iThe iscoring idevice iis iintended ito 
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icut ia istandard inotch iin ithe idirt iexample ionly 

ibefore igiving iblows. i 

 

❖ Air-dried isoil itest iof i1.20 iN ipassing i425–μ iI.S. 

iSifter iis itaken iand iis iblended iin iwith iwater iand 

iplied ifor iaccomplishing iconsistency. iThe 

iblending itime iis iindicated ias i5 ito i10 imin. iby 

icertain ispecialists. iThe idirt iglue iis iput iin ias ifar 

ias ipossible icup, iand ileveled ioff iwith ithe 

iassistance iof ithe ispatula. iA iperfect iand isharp 

ifurrow iis icut iin ithe icenter iby imethods ifor ia 

iscoring idevice. iThe iwrench iis ipivoted iat iaround 

i2 icycles ifor ievery isecond iand ithe iquantity iof 

iblows irequired ito imake ithe iparts iof ithe idirt ipat 

iisolated iby ithe iscore imeet ifor ia ilength iof 

iaround i12 imm iis ichecked. iThe iwater icontent iis 

iresolved ifrom ia ilittle iamount iof ithe idirt iglue. i 

 

❖ This iactivity iis irehashed ia icouple iof imore 

ioccasions iat ivarious itextures ior idampness 

isubstance. iThe idirt iexamples iought ito ibe iset iup 

iat isuch itextures ithat ithe iquantity iof iblows ior 

istuns irequired ito iclose ithe isection iwill ibe iless 
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iand imore ithan i25. iThe iconnection ibetween ithe 

iquantity iof iblows iand irelating idampness 

isubstance iin ithis iway igot iare iplotted ion isemi-

logarithmic idiagram ipaper, iwith ithe ilogarithm iof 

ithe iquantity iof iblows ion ithe ix-hub, iand ithe 

idampness isubstance ion ithe iy-hub. iThe idiagram 

ialong ithese ilines igot, ii.e., ithe ibest ifit istraight 

iline, iis ialluded ito ias ithe i‗Flow-chart' ior i‗Flow 

ibend'. i 

 

The idampness icontent irelating ito i25 iblows 

ifromhe istream ibend iis itaken ias ithe ifluid 

irestriction iof ithe idirt. iThis iis ithe icommonsense 

imeaning iof ithis icutoff iwith iexplicit ireference ito 

ias ifar ias ipossible imechanical iassembly iand ithe 

istandard imethod isuggested. iExperience ishows 

ithat, ifor iexample, ibend iis ireally ia istraight iline.  

I 
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❖ FOR iDETERMINATION iOF iPLASTIC 

iLIMIT: i 

An iexample iweighing iabout i0.20 iN ifrom ithe 

ialtogether iblended ibit iof ithe imaterial ipassing i425–μ 

iIS istrainer iis ito ibe itaken. iThe idirt iwill ibe iblended 

iin iwith iwater iso ithe imass igets isufficiently iplastic 

ito ibe ihandily imolded iinto ia iball. iThe iblending iwill 

ibe idone iin ia ivanishing idish ior ion ithe ilevel iglass 

iplate. iOn iaccount iof iclayey isoils, iadequate itime i(24 

ihrs.) iought ito ibe igiven ito iguarantee iuniform 

iappropriation iof idampness iall ithrough ithe idirt imass. 

iA iball iwill ibe ishaped iand imoved ibetween ithe 

ifingers iand ithe iglass iplate iwith isimply ienough 

istrain ito ifold ithe imass iinto ia istring iof iuniform 

ibreadth iall ithrough iits ilength. iThe ipace iof irolling 

iwill ibe isomewhere iin ithe irange iof i80 iand i90 

istrokes ifor ievery imoment, iconsidering ia istroke ione 

icomplete imovement iof ithe ihand iforward iand iback 

ito ithe ibeginning iposition ionce imore. iThe irolling 

iwill ibe idone iwork ithe istrings iare iof i3 icm 

imeasurement. iThe idirt iwill iat ithat ipoint ibe iworked 

itogether ito ia iuniform imass iand imoved ionce imore. 

iThis iprocedure iof isubstitute irolling ia imassaging iwill 

ibe iproceeded iuntil ithe istring idisintegrates iunder ithe 
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iweight irequired ifor irolling iand ithe idirt ican inever 

iagain ibe ifolded iinto ia istring. iAt ino itime iwill 

iendeavor ibe imade ito ideliver idisappointment iat 

iprecisely i3 imm ibreadth. iThe idisintegrating imay 

ihappen iat ia imeasurement imore inoteworthy ithan i3 

imm; ithis iwill ibe iviewed ias ia ipalatable iend ipoint, 

igave ithe idirt ihas ibeen ifolded iinto ia istring iof i3 

imm iin idistance iacross ipreceding. iThe ibits iof 

idisintegrated isoil istring iwill ibe igathered iand ithe 

idampness icontent idecided, iwhich iis ias ifar ias 

ipossible'. iThe ihistorical ibackdrop iof ithe idirt 

iexample iwill ilikewise ibe iaccounted ifor. 

 

1. OMC ivalue iis iwith irespect ito ithe ispecific 

iamount iof icompaction ienergy iapplied ito ithe 

isoil. 
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Standard iProctor iCompaction iTest 

 

The istandard iProctor iCompaction itest iwas ideveloped 

iby iR.R iProctor iin i1933. iProctor ishowed ithat: 

➢ The isoil imoisture icontent iand ithe idegree iof idry 

idensity ito iwhich ithe isoil iis iprepared ito ibe 

icompacted imaintain ia idefinite irelationship. 

➢ The iOptimum imoisture icontent i(OMC) ior 

iOptimum iWater iContent i(OWC) iis ithe imoisture 

icontent iat iwhich ithe isoil iattains imaximum idry 

idensity. iThis 

 

❖ Scope iof iStandard iProctor iCompaction iTest 

The iscope iof ithe iStandard iproctor icompaction itest iis 

ito idetermine ithe irelationship ibetween ithe imoisture 

icontent iand ithe idensity iof ithe isoil ithat iis 

icompacted iin ia imold iwith ia irammer iof i2.5kg 

idropped iat ia iheight iof i305mm.Relationship ibetween 

imaximum idry idensity iand ioptimum imoisture icontent 

iof isoil ican ibe iobtained ifrom isoil icompaction icurve 

iobtained ifrom iStandard iProctor iCompaction iTest. 

iThis irelationship ihelps iin idetermining ithe ioptimum 

iwater icontent iat iwhich ithe imaximum idry idensity iof 

isoil ican ibe iattained ithrough icompaction. 
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Apparatus ifor iStandard iProctor iCompaction 

iTestThe iapparatus iconsists iof ia istandard imold iof i4 

iinches iin iinternal idiameter. iThe ieffective iheight iof 

ithis istandard imold iis i4.6 iinches. iThe imaximum 

icapacity iof ithe imold iis i1/30 icubic ifoot. iThe 

iapparatus iis ishown iin ithe ifigure-1 ibelow. 

 

 

The imold iconsists iof ia idetachable ibase iplate. iThe 

itop iof ithe imold iconsist iof itwo i2-inch iheight icollar 

iwhich iis iremovable. iThe isoil iis iadded iinto ithe 

imold iin ithree ilayers, ieach ilayer iundergoing i25 

iblows. iThis icompaction iis icarried iout iby imeans iof 

ia i5.5 ipound irammer ifalling ifrom ia iheight iof i12 

iinches. 
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Indian iStandard iSpecification i– iIS:2720 i(Part iVII) 

irecommended ispecification ifor istandard iproctor itest 

ihave isome iminor imodifications iand imetrifications. 

iThe icross-section iof ithe iapparatus iused ias iper 

iIndian icodes iare ishown iin ifigure-2. iThe idiameter iof 

ithe imold iis i100mm iwith ia iheight iof i127.3mm. iThe 

icapacity iof ithe imold iis i1000ml. 

The irammer iused ihas ia imass iof i2.6 ikg. iThis 

iundergoes ifree idrop iof i310 imm iwith ia iface 

idiameter iof i50 imm. iThe isoil icompaction iis icarried 

iout iin ithree ilayers. iThe iheight iof icollar iis i60 imm 

iwhich iis iremovable. iThe imold iis iplaced iover ia 

idetachable ibase iplate.In icertain icases, ithe isoil itaken 

ifor itesting imay iretain ion i4.75mm isieve. iIf ithis 

iamount iis igreater ithan i20%, ithen ia imold iof ilarger 

iinternal idiameter isay i150mm iis iemployed. iThis 

imold ihas ia iheight iof i127.3 imm iand ia icapacity iof 

i2250 iml. 

 

Procedure ifor iStandard iProctor iTest 

The iprocedure ifor icarrying iout ithe istandard iProctor 

itest iare ias ifollows. 

▪ Collect ithe isoil isample iweighing i3kg. iThe 

isample imust ibe i3kg iafter iair idrying iit. iUsually, 

ithis isoil iwill ibe ipulverized isoil ithat ipasses 
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ithrough i4.75mm isieve. iIf ithe isoil iis icoarse-

grained itype, ithe iwater iis iadded isuch ithat iits 

iwater icontent icomes ito i4%. 

▪ If ithe isoil iis ifine-grained, iwater iis iadded ito 

imake iits iwater icontent ito i8%. iThe iwater 

icontent iof ithe isample iafter iaddition imust ibe 

iless ithan ithe ioptimum iwater icontent. 

▪ The isoil iafter ithe iaddition iof iwater iis imixed 

ithoroughly iand icovered iwith ia iwet icloth. iThis 

isample iis ikept iaside ifor i15 ito i30 iminutes ifor 

iundergoing ithe imaturing iprocess. 

▪ Next, ithe iapparatus iis iprepared iby icleaning ithe 

imold ithoroughly. iThe imold ihas ito ibe idried iand 

igreased ilightly. iThe imass iof ithe imold iwith ibase 

iplate iand iwithout icollar iis iweighed. iLet iit ime 

i(Wm). 

▪ The imold iplaced iover isolid ibase iplate iis ithen 

ifilled iwith iprepared imatured isoil ito ione-third iof 

ithe iheight. iThis ilayer iwill itake i25 iblows iwith 

ithe irammer. iThe irammer ihas ia ifree ifall iheight 

iof i310 imm.[Note: iIf ia ibigger imold iis iused, ithe 

ino: iof iblows ifor ieach ilayer iwill ibe i56 ino’s. 

iHere ithe icapacity iof ithe imold iwill ibe i2250 iml 
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▪ The icompaction imust ibe idone iin isuch ia iway 

ithat ithe iblows iare ievenly idistributed iover ithe 

isurface iof ieach ilayer. 

▪ Next, ithe isecond ilayer iis iadded. iBefore iadding 

ithe isecond ilayer ithe itop iof ithe ifirst ilayer ihas 

ito ibe iscratched. iNow ithe isoil iis ifilled ito itwo-

thirds iof ithe iheight iof ithe imold. iThis itoo iis 

icompacted iwith i25 iblows. 

▪ Later ithe ithird ilayer iis iadded. iIt iis icompacted 

isimilarly. iThe ifinal ilayer imust iproject ioutside 

ithe imold iand iinto ithe icollar. iThis iamount imust 

inot ibe igreater ithan i6mm. 

▪ The ibond ibetween ithe isoil iin ithe imold iand ithe 

icollar iis ibroken iby irotating ithe icollar. iNext ithe 

icollar iis iremoved iand ithe itop ilayer iof isoil iis 

itrimmed iand ilevelled ito ithe itop ilayer iof imold. 

▪ Next, ithe imass iof ithe imold iwith icompacted isoil 

iand ibase iplate iis idetermined i(Wms). iHence ithe 

imass iof ithe icompacted isoil i(Ws) iis idetermined 

ias: iWs i= iWm i-Wms 

▪ The imass iof icompacted isoil iand ithe ivolume iof 

ithe imold igives ibulk idensity iof ithe isoil. iFrom 

ithe ibulk idensity ithe idry idensity ican ibe 

idetermined ifor ithe iwater icontent iused i(w). 
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▪ The isame iprocedure ifrom i(1-8) iis irepeated iby 

iincreasing ithe iwater icontent iin ithe isoil iby i2 ito 

i3%. iEach itest iwill iprovide ia idifferent iset iof 

ivalues iof iwater icontent iand idry idensity iof isoil. 

iFrom ithe ivalues iobtained icompaction icurve iis 

igraphed ibetween ithe idry idensity iand iwater 

icontent. 

Calculations ifor iCompaction iCurve 

➢ Weight iof iCompacted iSoil i(Ws) iin igrams. 

Ws i= iWm i-Wms iEq.1 

➢ Bulk iDensity i  iin igm/ml 

Eq.2 

➢ Dry iDensity i  i, iw i= iwater icontent 

  

  

Compaction iCurve iof iSoil i– iMaximum iDry iDensity 

iand iOptimum iWater iContent 

 

The icompaction icurve iis ithe icurve idrawn ibetween 

ithe iwater icontent i(X-axis) iand ithe irespective idry 

idensity i(Y-axis). iThe iobservation iwill ibe iinitially ian 

iincrease iof idry idensity iwith ian iincrease iin ithe 

iwater icontent. iOnce iit ireaches ia iparticular ipoint ia 

idecrease iof idry idensity iis iobserved. 
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The imaximum ipeak ipoint iof ithe isoil icompaction 

icurve iobtained iis icalled ithe iMaximum idry idensity 

ivalue. iThe iwater icontent icorresponds ito ithis ipoint 

iis icalled ithe iOptimum iwater icontent i(O.W.C) ior 

ioptimum imoisture icontent i(O.M.C) 

 

 

 

Test Methodology : Soil95% + Sand5%
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Soil85% + Sand15%
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The igraph ishown iin ifigure-3 iis ithe icompaction 

icurve. iInitially ifor ia iwater icontent ilesser ithan 

iO.M.C ithe isoil iis irather istiffer iin inature ithat iwill 

ihave ilots iof ivoid ispaces iand iporosity. iThis iis ithe 

ireason ifor ilower idry idensity iattainment. 

When ithe isoil iparticles iare ilubricated iwith ithe 

iincrease iin ithe iwater icontent, ithe isoil iparticles iwill 

ibe idensely ipacked iresulting iin iincreased idensity. 

iNow ibeyond ia ilimit i(OMC) ithe iaddition iof iwater 

iwill inot ibring ia ichange iin idry idensity ior iwill 

idecrease ithe idry idensity. 

The igraph irepresents ia izero-air ivoid ior i100 i% 

isaturation iline. iThis iis ibased ion ithe itheoretical 

imaximum idry idensity iwhere iit ioccurs iwhen ithere iis 

i100 i% isaturation. iAs ithe icondition iof izero ivoids iin 

isoil iis inot ireal iand ia ihypothetical iassumption, ithe 

isoil ican inever ibecome i100% isaturated. 

The itheoretical imaximum idry idensity ican ibe 

idetermined iby ithe iequation 

Eq.4 

G i= ispecific igravity iof isolids; i  i= imass idensity iof 

iwater; iw= iwater icontent; iThe itheoretical izero ivoid 

iline ican ibe idrawn iby iplotting ithe itheoretical 
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imaximum idry idensity iin ithe icompaction icurve iif 

ithe ivalue iof i‘w’ iand iG iis iknown. 

Modified ior iAASHTO iProctor iTest 

In iorder ito iperform iconstruction ifor iheavy iloads ilike 

iairways iand ihighway iconstruction, ithere icomes ithe 

ineed ifor iheavier icompaction. iThe icompaction ienergy 

iprovided iby ithe istandard iproctor itest iis inot 

isufficient, ihence ia iModified iProctor itest ior 

iAASHTO iProctor itest iwas ideveloped. 

The imodified iproctor itest iwas ialtered iand ipractised 

iby iAASHTO iand iASTM. iThe imould iused iin 

imodified iproctor itest ihas ia iinternal idiameter iof 

i100mm iand iheight iof i127.3mm. iThis ialso ihas ia 

idetachable ibase iplate ias iin ithe icase iof istandard 

iproctor itest. 

In iorder ito iprovide ihigher icompaction ienergy, ithe 

irammer iis imechanically ioperated ithat ihas ia iface 

idiameter iof i50mm iand ithe ifree-falling iweight iof ithe 

irammer iis i4.89kg. iThe iheight iof ithe idrop iis 

i450mm. iThe isample iin ithe imold iis igiven i25 iblows 

ifor i5 ilayers. 

The icompaction ienergy iprovided iby ithe imodified 

iproctor itest iis i4.56 itimes igreater ithan ithe istandard 

iproctor itest. 
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Results iand iDiscussion 

 

The ifluid ifurthest ireaches iof iboth isoil iand isoil-sand 

iblends i(passing ithe iNo. i40 istrainer) iwas idiscovered 

iutilizing ithe iCasagrande itechnique. iAs ifar ias 

ipossible iqualities idiminished iwith ithe iexpansion iof 

isand. iA isimilar ipattern ihas ibeen iappeared iby ias ifar 

ias ipossible iqualities, ihowever ithe irate iwas iless 

iexceptional ithan ithat iof iLL. iThe idecline iin 

iversatility ilist iesteems iis ifor ithe imost ipart ibecause 

iof ithe ireduction iof iLL ivalues. iThe ivariety iin 

iAtterberg ilimits iwith ithe iexpansion iof isand iin 

idifferent iextents iis iappeared iin iFigure i2. 

iComparable idiscoveries ihave ibeen iaccounted ifor iin 

iother itest ichips iaway iat isoil iadjustment iwith isand 

i(Roy, i2003; iRavi iShankar iet ial., i2012) 
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Direct ishrinkage iof ia idirt iexample iis ithe idecrease iof 

ione iof iits imeasurements, iwhen ithe icontained i 

dampness ibeing idiminished ifrom ia igiven iworth 

iarrives iat ithe imost iextreme isoil idampness iand 

ifurther idecrease i 

doesn't icause iany idirt ivolume ichange. iThe idirect 

ishrinkage iwas idetermined iutilizing imolds ito ideliver i 

half icircle iexamples i140 imm ilong ix i12.5 imm ispan. 

iSoil itests iblended iin iwith iwater iup ito ithe ifluid i i 

limit iesteem ihad ibeen iset iin ithe imolds, ias iper iBS 

i1377:Part i2:1990 idetermination. i 
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The idirect ishrinkage iof isoil iexamples iwith ivarious 

isand isubstance iwas icommunicated 

iasLS(%)=(ΔL/L)x100 iand iis ishown iin iFigure i3. 

 

 

So ias ito ilocate ithe idry ithickness idampness icontent 

iconnection iwith ithe istandard iDelegate icompaction 

itest, isand iand isoil itests ipassing ithe iNo. i4 i(4.75 

imm) istrainer iwere iutilized. iThe iestimations iof imost 

iextreme idry i 

thickness ifor ithe idiverse isoil-sand iblends iare 

iintroduced iin iFigure i4. iA iceaseless iincrement iof 
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iMDD i ihas ibeen inoted iprincipally ion iaccount iof ithe 

ihigher iexplicit iload iof ithe iadmixture imaterial. 

 

 

 

The ivalues iof ioptimum imoisture icontent ifollowed ia 

ireverse itrend iranging ifrom i21% ifor ithe inatural 

soil iup ito i13.5% ifor ithe iratio i1:1 isoil ito isand, ias iit 

iis ishown iin iFigure i5. 
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The iunconfined ipressure iquality ihas iexpanded ifor 

ieach isand iexpansion iincrease iup ito i60% isand i(from 

i1211 ito i2798) iand iafterward istraightly idiminished 

ifor ievery isingle iother irate i(Figure i6). iThe 

idiminishing iin iquality iqualities icould ibe iascribed ito 

iless iunion ibetween ithe iparticles iin ithe iblend. i 

It ivery iwell imay ibe iproposed ithat ithis iextent iis ian 

iideal ifor isoil iadjustment iwith isand. iWhen iall iis 

isaid iin idone, ithe icompaction iqualities ihave ibeen 

iupgraded i(expanded igreatest idry ithickness iand 

idiminished iideal idampness icontent) iwith ithe 
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iexpansion iof isand ias ithe idampness ithickness ibends 

ihave ibeen imoved ileft iand iupper. iThis ireality 

iprompts ithe iend ithat ithe iinterest ifor iwater iso ias ito 

iaccomplish ithe iideal ifield ithickness iesteems iis 

ilower. iThen iagain, ithe iquality iincrease icame ito ithe 

i131% iwith ithe iexpansion iof isand i60% iby isoil 

iweight 
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Conclusions 

Since idangerous isoils iare ian ioverall iissue, ithere iis 

ian iexpanding iinterest ifor iprocedures ito iimprove 

itheir iconduct. iNations ilike iGreece iwith itheir 

ieconomies iin iemergency i(low iper icapita isalary) ior 

ihaving ilow iconcrete iand ilime icreation, ican iutilize 

ithe iadjustment iwith isand imethod iin irequest ito 

iimprove isoils ito ibe iutilized ias iasphalt isubgrades. iIn 

ilight iof ithe iexploratory ioutcomes ion iclayey isoil 

isettled iwith isand, iit icould ibe iinferred ithat: i 

 

• iAs ifar ias ipossible ichanged iin ia idiminishing imode 

iwith ithe isand iadmixtures iin irising irates. iAs ifar ias 

ipossible iqualities iat ifirst ishowed ian iabatement iwith 

ithe iexpansion iof isand. i 

Further iincluding iexpanded isand isubstance, ithe 

iwatched idecrease iin iLL iwas ilittle. iThe iplastic ilimit 

iindicated islight ichange i(decrease) iwith ithe iexpansion 

iof isand isubstance. iThe ilower iPi iqualities icould ibe 

iprincipally icredited ito ithe ilessening iof iLL ivalues. i 
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• iDirect ishrinkage iwas idiminished iby i42% iwith 

iadjustment. iThis ifinding ican ibe ideciphered ias ia 

isign ithat ithe idirt ican ibe iutilized ias ia isubgrade 

imaterial ifor idevelopment iof iadaptable iasphalts iin 

irustic istreets iwith ilow itraffic ivolume. i 

 

• iAlluding ito iquality iattributes, ithe iestimations iof 

iUCS iwill iin igeneral iincrement iuntil ia ipinnacle 

iquality iesteem ihad ibeen ireached iwith i60% isand iby 

iweight iof isoil. 
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