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Utilization Iof Irecycled Iaggregate Iin Iwet Imix 
Imacadam I(Wmm) 

Parveen iBerwal, iPraveen iAggarwal, iRajesh iGoel 

ABSTRACT : his istudy iplanned ito ibuild iup ia isystem ifor 
iappropriate iuse iof irecycled iaggregate iin iwet imix imacadam 
i(WMM) icourse igot ifrom iconstruction iwaste iof ihighway 
iduring ithe iroad imaintenance iand iconstruction iThis iwill 
ihelp iin iaccomplishing ieconomy iin idevelopment iof iroads 
ijust ias isaving imoney ion icondition idebasement iin iterm iof 
idiminished imining iand iless ipollution. iDifferent ilab itests 
iwere iled ito idiscover ithe ilikelihood iof iutilizing irecycled 
iaggregate ifrom ivarious isources iin iIndia, ias ithe isubstitution 
iof ifresh iaggregate. iVarious itests iwas idone ito idecide ithe 
iproperties iof ithe ifresh iand irecycled iaggregate. iThe itest 
ioutcomes idemonstrated ithat ithe ispecific igravity iof ithe 
irecycled iaggregate iis i2.53 iand ielongation iindex irecord ias 
i12.5 i% iwhich iis iclose ito ifresh iaggregate. iThe imaximum 
idry idensity i(MDD) iand ioptimum imoisture icontent i(OMC) 
iof irecycled iaggregate iis i2.06 iand i9% iand ifor ifresh 
iaggregate iit iis i2.04 iand i8 i%. iThe ipermeability ifor ithe 
imaterial iutilized iin ipresent iresearch iis i3-6 iminute ifor i1 ito 
i10 icm idepth iand i3-7 iminute ifor i1 ito i10 icm idepth. iFrom 
ithe itest iit iconclude ithat ithe irecycled iaggregate iis ialso 
iusable iin ivarious iapplication iof ithe iroads, iwhere ithere iis 
ia irepetation iof iloads iis ilow ias icompared ito iroads iwith 
ihigh irepetation iof iloads ivalue. 

KEY iWORDS: iRecycled iaggregate, iWet imix imacadam, 
iRoad iconstruction, iEconomy, iFresh iaggregate 

I. INTRODUCTION 

The iRecycling iof iaggregate iis ia iprocedure iin iwhich iutilized 

iaggregate iis iused iagain iin ia iuseful iway ifor inew 

idevelopment. iUtilization iof ireused iaggregate iisn't 

iexceptionally iregular iin iIndia iand iother icountries. iThere iis 

ia ilarge irequirement iof ithe iaggregate ibecause iof ifast 

idevelopment iin ithe iconstruction iwork. iIn iorder ito ireduce 

ithe iusage iof ifresh iaggregate, ithe irecycled iaggregate ican ibe 

iused ias ia ireplacement imaterial. iRecycled iaggregate iutilized 

iin ithe ipresent istudy iis iacquired ifrom ithe imass iof idestroyed 

iroads. iThe igeneral iadvancement iof ia ination irelies ion ia igood 

iand iwell-connected iroad inetwork. iIn i1999, imodern, 

ibusiness iand icity istrong iwaste irepresented iaround i13 i%, i6 

i% iand i8% iindividually iof iaggregate i[1] iSo, i iuse i iof i ithese i 

irecycled i imaterials i ior i iits i ireplacement iwith itraditional 

imaterials imay ibe ibeneficial ifor ithe ienvironment. iThe 

iprocess iof iproducing iaggregates imaterials ihave ibeen 

icausing iextreme idisruption ito ithe ienvironment i[2] iand ito 

ithe ieconomic iowing ito ithe isevere idepletion ithe inatural 

iresources.  
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iThe iproperties iof iaggregate iare iof iconsiderable isignificance 

ito ithe ihighway iengineers. iThe iaggregates iare icategorized 

ibased ion itheir isize, ishape, itexture, iand igradation. IDifferent 

ipavement imixes i(such ias ibituminous imacadam, idense 

ibituminous imacadam, isemi-dense ibituminous imacadam, 

iand ibituminous iconcrete) irequire iseparate igradation ias ihas 

ibeen ispecifying iby ivarious iagencies ilike iB.S.I, iIRC, iand 

iA.S.T.M. 

Poor iacceptability iof irecycled imaterial 
Acceptability iof irecycled imaterial iis inot iso ihigh idue ito ia 

ipoor iimage iassociated iwith irecycling iactivity iin iIndia. 

iCustomer ispecifications ido inot ipermit ithe iuse iof imaterials 

irecycled ifrom iwaste. iCost iof idisposal iof iwaste ifrom ithe 

iconstruction iindustry ito ilandfill ihas ia idirect ibearing ion 

irecycling ioperations. iLow idumping icosts iprevalent iin iIndia 

ialso iact ias ia ibarrier ito irecycling iactivities. 

II. HISTORY i 

The iutilizations iof irecycled iaggregate iin ithe idevelopment 

iregions ihave imore iopportunity. iThere iare idifferent itest 

iused ito ilocate ithe icharacteristic iproperties iof irecycled 

iaggregate iand ithese iproperties icompared i iwith ifresh 

iaggregate iwith idiscover iits ireasonableness iin 

idevelopment. iLimbachiya iand iLeelawat i[1] idiscovered ithat 

ireused iaggregate ihad ilower irelative ithickness iand iwater 

iabsorption icapacity ias icompared ito ifresh iaggregate. iAs 

iindicated iby itheir itest iresults, ithere iwas ino iimpact iwith 
ithe isubstitution iof i30% icoarse irecycled iaggregate 
iutilized ion ithe iquality iof ifresh iaggregate. iMandal, 
iChakaborty, iand iGupta i[4] ifound ithat ithe icompressive 
istrength isomewhat iincreased iwhen ithe iamount 
ireplacement iof irecycled iincreased. iThey iconcluded ithat 
ithe iproperties iand icharacteristic iof irecycled iaggregate 
ihave isufficient ideficiency iwhen icompared ito ithe ifresh 
iaggregate. iAccording ito iTavakoli i i[5], ithe iproperties 
irelated ito istrength iof irecycled iaggregate iwas ieffected 
iby isome iimpurities isuch ias ithe iratio iof icoarse 
iaggregate ito ifine iaggregate. iBehiry i[6] ishowed ithat ithe 

ioptimum imoisture icontent iis iincreased ifrom i9.5% ito i14.7% 

ifor i0 i% ito i100 i% ireplacement iof irecycled iaggregate iand ifor 

inatural iaggregate, iit iis i11 i%. iIn iunsoaked iCBR, ithe imix 

ihaving i0 i% irecycled iaggregate ihas ithe ihighest iCBR 

ivalue i(85%) iwhere ithe iCBR ivalue igradually idecreases 

ito i62 i% ias ithe iRCA ireaches ito i100 i%. iRustom, iet ial. i[7] 

ishowed ithat ithe iconcrete i imade i iwith i irecycled i 

iaggregate icollected ifrom iconstruction iand idemolition 

iwaste ihas ia icompressive istrength i(28days) iof i27%, 

iwhich iis iless i ithan i ithe i istrength i iof i ithe iconcrete imade 

iwith ifresh iaggregates. The iabove istudy iof iliterature ishows 

ithat ithere iare ivarious iexperimental iworks ihas ibeen idone ion 

irecycled iaggregate iin iroads iand ibuilding iconstruction iwork 

ibut ithere iis ino istudy iwhich ideals iwith ithe iuse iof irecycled 

iaggregate iin ithe ibase icourse 

iof ihighway ii.e iwet imix 

imacadam i(WMM). I 
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III. MATERIAL iUSED iIN iSTUDY 

The idevelopment iof iWMM iconstruction idepend ion iwell 

igraded iparticles iof ivarious isizes. iRecycled iaggregate ihave 

ibeen igathered ifrom iState iHighway i- i7 iand ifresh iaggregate 

iis igathered ifrom iYamunanagar iquarry. iIn ipresent iwork ithe 

icomposition iof iWMM itaken ias i40 imm, i20mm, i10 imm 

iaggregate iand istone iresidue. iIn ipresent iwork i20 imm 

iaggregate iutilized ias ireused iaggregate iand ifresh iaggregates. 

IV. METHODOLOGY 

(a) Aggregate iImpact iTest i 
The iaggregate iimpact ivalue ishows ia igeneral iproportion iof 

ithe iresistance iof iaggregate ito ian isudden istress ior ian iimpact, 

iwhich iin icertain iaggregates idiffer ifrom iits iresistence ifrom ia 

imoderate icompressive iload. iThe iresult iof iimpact itest ion 

ifresh iand irecycled iaggregate iis iappeared iTable-1. iThe 

ioutcome ishows ithat iimpact ivalue iof ifresh iaggregate iis 

islightly imore ithan ithe irecycled iaggregate ivalue, iyet iat ithe 

isame itime ithe iimpact iestimation iof irecycled iaggregate iis 

igenuinely ihigh ito iuse iin iWMM idevelopment. iIS i2386 icode 

iis iutilized ito idecide ithe iimpact ivalue ifor ithe irecycled iand 

ifresh iaggregates. 
(b) iWater iAbsorption iTest- 
Water iabsorption igives ia ithought iregarding ithe iquality iof 

iaggregate. iTable-1 ishow iwater iabsorption ivalue ifor 

irecycled iand ifresh iaggregate. iResult iindicates ihigher iwater 

iabsorption ivalue ifor irecycled iaggregate iwhen icompared 

iwith ifresh iaggregate ifor iexample i1% ifor irecycled iaggregate 

iand i0.475 i% ifor ithe ifresh iaggregate. iAccording ito istandard 

iwater iabsorption icapacity ifor irecycled iaggregate iis iin 

iallowable ipermissible ilimit, iso ican ibe iutilized ifor iWMM 

idevelopment. 
 i(c) iBitumen iExtraction iTest- 
This itest iis iutilized ifor iquality iaffirmation, iprocess iquality 

icontrol iand iresearch iexercises. iThe ibitumen icontent iis 

itaken ias ia ipercent iby idry iweight iof iextracted iaggregate 

icorrected ifor iasphalt imix imoisture icontent iand iextractor 

ierror.. iThe iTable-1shows ithe ioutcome ifor ithe ibitumen 

iextraction ivalue. iThe itest ishows ibitumen icontent ivalue 

iturns iout ito ibe i1% ifor ithe irecycled iaggregate. 
 i(d) iParticle ishape iand isize itest- 
The iaggregate ishape iis idictated iby ithe irates iof iflaky iand 

ielongated iparticles icontained iin iit. iThe ioutcome ifrom ithe 

itest iis igiven ibelow iwhich iis iin ithe isatisfactory irange. 
Elongation iindex i= i15 i% ifor ifresh iaggregate 
Elongation iindex i= i12.5 i% ifor irecycled iaggregate 
(e) iSpecific iGravity iTest- 
The ispecific igravity iof iaggregate iis imuch iof ithe itime 

irequired ifor icalculation iof ia iseveral iquantaties, ifor iexample, 

ivoid iratio, idegree iof isaturation, iunit iweight iof iaggregate 

iand iunit iweight iof isoil iin idifferent istates. iResults ifor ithe 

ispecific igravity iof ivarious imaterials iutilized iin ipresent iwork 

iare iexhibited iin iTable-1. iThe iestimation iof ispecific igravity 

iof ithese imaterials ilies ibetween i2.52 ito i2.73, iwhich iis 

isatisfactory irange ifor iutilizing ithe iaggregates ifor iroads 

ipavement idevelopment. 
MIX iDESIGN iOF iWMM 
Mix idesign iof iWMM iwith ivarious itypes iof imaterials iis 

iprepared. iA isample iis iprepared iby iusing i20 imm ifresh 

iaggregates iand ianother isample iis iprepared iusing i20 imm 

irecycled iaggregates. iThe imix idesign iis idone iby ian 

ianalytical imethod iand ipresented iin igraphical iform iin ifigure 

i1 iand ifigure i2. iIn ifigure i1 i& i2 ipink iand iblue iline ishow ithe 

iupper iand ilower ilimit iof ithe i iadopted ivalue iand imiddle 

iyellow iline ishow ithe iadopted ivalue ifor iWMM iin irecycled 

iand ifresh iaggregate. 

 
Fig.1. iGrade imix iwith irecycled iaggregate 

 
Fig.2. iGrade imix iwith ifresh iaggregate 

Tests ion iWMM 
Standard iProctor icompaction itest iis iutilized ito idecide ithe 

imaximum idry idensity iand ioptimum imoisture icontent ifor 

ivarious imaterials ias iappeared iin iFig. i3 ifor iWMM iwith ifresh 

iaggregate iand iFig. i4 ifor iWMM iwith irecycled iaggregate. 

iThe imaximum idry idensity i(MDD) ifor ifresh iaggregate iis 

i2.06 iand ioptimum imoisture icontent i(OMC) iis i9%. iIn ithe 

icase iof irecycled iaggregate, iMDD iis i2.04 iand iOMC iis i8%. 

iFrom itests iit iis iextremely icertain ithat ithe iMDD iand iOMC 

iwith irecycled iaggregate iare iclose ito ithe iestimations iof ifresh 

iaggregate. iSo ithe irecycled iaggregate ican ibe iutilized ifor 

iroads ipavement idevelopment iwhere iredundancy iof iburden 

iis iless. 

 

Fig.3. iMDD iand iOMC ifor iWMM irecycled 
iaggregate 

California ibearing iratio i(CBR) 
The iCBR itest iis ivery iimportant ifor ithe idesign iof ipavement 

ithickness.  
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iThe itest iis iperformed iby iestimating ithe ipressure irequired ito 

ipenetrate iin isoil isample iwith ia iplunger iof istandard iarea.  

iSometimes ia icurve iwith iinitial iupward iconcavity iis 

iobtained, iindicating ithe inecessity iof icorrection ias ifor ithe 

iabove icurve. iIn ithis icase, ithe icorrected iorigin iis iestablished 

iby idrawing ia itangent ifrom ithe isteepest ipoint ion ithe icurve. 

iThe iheap ivalues irelating ito i2.5 iand i5.0 imm ipenetration 

ivalues ifrom ithe iamended istarting ipoint iare inoted. iFrom ithe 

ibends iit imight ibe inoticed ithat ithe iCBR ivalue ifor iWMM 

iwith irecycled iaggregate iis inot iexactly ithe iincentive ifor 

ifresh iaggregate. 

 

Fig.4. iCBR icurve ifor ifresh iaggregate 

 

Fig.5. iCBR icurve ifor irecycled iaggregate 

 iPermeability itest 
The ilearning iof ithe ipermeability iis ifundamental iin ithe 

iarrangement iof imany ibuilding iissues iincluding istream iof 

iwater ithrough isoils. iPermeability iof iWMM iis iextensive 

isignificance iparticularly iwhen irecycled iaggregate iis iutilized 

iin ithe idevelopment iof iWMM. iThe icoefficient iof 

ipermeability iis iaccounted iat i27°C. iTable-2 idemonstrates 

ithe ioutcome ifor ipermeability ifor ithe ifresh iand irecycled 

iaggregate iin iWMM. iIt ireason ithat ithe iblend ithat iis iset iup 

iwith irecycled iaggregate itake iadditional itime iwhen 

icompared iwith ifresh iaggregate 

V. CONCLUSION 

The ifollowing iconclusions iare idrawn ifrom ithe ipresent 

istudy: 
The iutilization iof irecycled iaggregate iin iroad idevelopment iin 

iWMM iwon't ijust iaccomplishing ieconomy iin ithe iroad 

iconstruction, iyet iin iaddition idecrease ithe imining iprocess. i 
WMM igranular imixes iprepared iare ifound ito imeet ithe 

iMORTH irequirement iof igradation. iThe iMDD iof iWMM 

iutilizing ithe iselected imaterial iis iobserved ito ibe i2.07 igm/cc 

ifor irecycled iand i2.09 igm/cc ifor ifresh iaggregate. i 
The ispecific igravity iof irecycled iaggregate, ifresh iaggregate 

iand istone idust iis ifound ito ibe ivarying ibetween i2.50 ito i2.72. 
From ithe iimpact itest iit iis ifound ithat ithe istrength iof ireused 

iaggregate iisn't imuch ilower ithan ithe inew iaggregate. iThe 

iimpact ivalue iis iseen ito ibe i14.81% ifor ifresh iaggregate iand 

i12.26% ifor ireused iaggregate. 
The iwater iabsorption ilimit iof irecycled imaterial iis iobserved 

ito ibe imore ithan ifresh iaggregate. iThe iwater iabsorption iof 

ivirgin iaggregate iis i0.48 i% iand ifor irecycled iaggregate iit iis 

i1.0%. i 
The iamount ior ipercentage iof ibitumen ifound iin irecycled 

iaggregate iis iobserved ias i i1%. i 
Recycling iaggregate ifrom ithe idemolition iprojects ican isave 

ithe icost iof itransporting ithe imaterial ito ithe ilandfill, iand ithe 

icost iof idisposal. 
The iPermeability iresult idemonstrates ithat iif ithere ishould 

iarise ian ioccurrence iof iWBM ithe ipermeability iof irecycled 

iaggregate iis imore ithan ithe ifresh iaggregate. i 
New iand ireused iaggregate iis istriven ifor inecessary iaggregate 

iproperties ifor iexample iaggregate iimpact ieffect iand iwater 

iretention, iwhich iare iof icentrality ifrom iroads iimprovement 

ipoint iof iview. iThese iproperties iare iinside isensible ipurpose 

iof irestriction ifor iboth ithe ireused iaggregate iand inew 

iaggregate. iThe iimpact ieffect iand iexplicit igravity iof ithe 

iaggregate iis iadditionally iin ipassable ifarthest ipoint. iAfter 

ithe itest iand iby itaking ia igander iat ithe iproperties iwe ifind ithat 

iit iis iimportant ito iuse ithe ireused iaggregate irather ithan ivirgin 

iaggregate. 

 
Table i1.Test iResults ion iFresh iand iRecycled iAggregates 

Sr. 
iNo. 

Test Results 
IS 
iSpecification 

Method iof iTest 

1 
Impact iTest i 
(i) iFresh iAggregate 
(ii) iRecycled iAggregate i 

14.81% 
12.26 i% 

10- i20 i% ifor 
istrong i 

IS:2386 iPart iIV 

 
2 

 
Bitumen iExtraction iTest 

 
1.0 i% 

Max i% 
 
IRC i: iSP i11-1988 

 i i i i3 

 
Water iAbsorption i 
(i) iFresh iAggregate 
(ii) iRecycled iAggregate i 
 

1.0 i% 
0.47 i% 

Max i2% IS:2386 iPart iIII 

4 

 
Specific iGravity 
(i) iRecycled iAggregate i20 imm 
(ii)Fresh iAggregate i20 imm i i i i i i i 
i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

 
 
2.53 
2.70 
 

2.5-3.0 IS:2386 iPart iIII 
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5  

  
 

 i i i i 

Particle isize iand ishape i 
(i) Elongation iIndex i i i 

i i i(fresh iaggregate) 
(ii) Elongation iIndex 

i(recycled iaggregate) 

15 i% 
 
12.5 i% 

 

IS:2386 iPart iI 
 
 
 

6 
 
 
 
 
 
 
 
 
 
 

7 i i i i i 
i 

 
Permeability iTest 

(i) For iFresh i i i i i 
iaggregate 
 
 

(ii) For iRecycled 
iaggregate 
 
 
 
 

 
California ibearing iratio itest i(Fresh 
iAggregate) i i 
 
California ibearing iratio itest 
i(Recycled iAggregate) i i 
 
 

 
 
6 i(For iIst i5cm i 
iand i3 iminute ifor 
inext i5 icm) 
 
 
7 i(For iIst i5cm i 
iand i3 iminute ifor 
inext i5 icm) 
 
 
 
 
 
 
 
 
 
 
 

 

ASTM iD3744 
 
 
 
 
 
 
 
IS:2720 iPart i16 
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