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ABSTRACT 

 

 This istudy icomprises iof igeotechnical iproperties iof iSarban iHill iLimestone, 

ilocated iin iheart iof iHazara iregion, iAbbottabad. iThe istudy ievaluates ithe igeotechnical 

ibehavior iof iSarban iHill ilimestone iand iits ivalidity iin iroad iconstruction. iBy icollecting  

ithe isamples ifrom icrushing iplant ilocated inear iSarban iHill ilimestone iperformed iseveral 

igeotechnical itests iin iNHA iLaboratory iMansehra ito idetermine ithe igeotechnical 

istrength iof iSarban iHill iLimestone. iGeotechnical itests iperformed iinclude iFlakiness 

iand iElongation, iLos iAngeles iAbrasion, iSoundness iand iCrushing ivalue itest. iTo 

iunderstand ithe igeotechnical istrength iof iSarban iHill iLimestone idifferent ilaboratory 

itests iwere ianalyzed iand icompared iwith ipre-existing iwell-defined istandards ilike 

iAmerican iSociety ifor iTesting iand iMaterials(ASTM), iAmerican iAssociation iof iState 

iHighways iand iTransportation iOfficials i(AASHTO), iBritish iStandards(BS), iNational 

iHighway iAuthority(NHA) iand iAmerican iConcrete iInstitute(ACI).After idetailed 

ianalysis iand icomparison iwith inational iand iinternational istandards, iit iis iconcluded ithat 

ithe istudied iformation iis isuitable iand itherefore ian iimportant iaggregate iresource ifor 

iroad iconstruction. 
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CHAPTER i1 

INTRODUCTION 

1.1 iRocks 

A irock iis ia inaturally ioccurring iaggregate iof iminerals. iThese inatural ioccurring 

iaggregates iconstitute ithe ibasic iunit iof iwhich ithe iearth iis icomposed. iIn isolid iEarth imost 

iof ithe icomponents iconsist iof ithe ihard ilaying isubstances iknown ias irocks. 

Rocks iare ithe imain ibuilding iblocks iof ithe ihard-solid iearth ito igive iit imore istrength iand 

icomplex igeology. 

1.1.1 Applications iof irocks 

Rocks iare iused iin imany iengineering iprojects iranging ifrom ifirm iconcrete istructures ito 

icompacted ihighways. iRocks iare iused iin ithese ipurposes ibecause iof itheir iultimate 

istrength, imore icompatibility iand ihigh istability. iThe ibranch iof ithe igeology iin iwhich 

iwe istudy iabout ithe iengineering iprojects, itheir imanufacturing iand iuses iof irocks 

iaggregate iin ithese iare iknown ias iengineering igeology. iGeologists iare irequired ito 

iunderstand ithe ibehavior iof igeological imaterials ii.e., irocks iand isoils iand itheir  

irelationship iwith iengineering istructures ilike iconstruction iof iroads, ibuildings, idams 

iand iall iother iprojects iin iwhich igeological imaterials iare iused. iTo istart ia imajor ior 

iminor iproject iunderstanding ithe ilocal igeology iand iits icomponents iare iimportant ito 

iunderstand ithe igeology iof ithe iregion iallows isuitable ilocation iselection ifor ithe 

iproject. 

1.1.2 Application iof isedimentary irocks 

In iroad iconstruction, isedimentary irocks iare iused icommonly.  iAs isandstone iand 

ilimestone iare inot igreatly iaffected iby ithe iground imotion iand iconditions iand itherefore 

iare imostly iused iin iroad iconstruction ipractices. iShale iaggregate ican ialso ibe iused iin 

iroad iconstruction. iSedimentary irocks iare imost ireliable ifor ithe iconstruction,  

ipavement iof iroad iand iroadbed. 
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Figure i1.1 iSedimentary irock iaggregate ifor iconcrete. 

 

1.1.3 Applications iof iIgneous irocks 

Igneous irocks ican ibe iused ifor ithe imaking iof itiles iwhich ican ibe idirected ifor ithe 

idecoration iof ihomes. iThey iare iwidely iused ifor ithe imanufacturing iof isculptures iand 

ibuildings. iGranite iis ivery igood ichoice ito ibe iused ias ibuilding imaterial. 

 

 
Figure i1.2 iGranite i(igneous irock) istatue. 

 

1.1.4 Application iof imetamorphic irocks 

Metamorphic irocks iare iwidely iused ias ibuilding istone iand ifor imaking istatues. iSlate iwas 

imostly iused ifor ithe imanufacturing iof iceiling itiles iand iclassroom iblackboards iin ithe 

iancient itimes(Erugene, i2008) 

For ibuilding imaterials imarble ialong iwith iquartzite iare iused. iStructures ilike  

isculptures iare imade ithrough imarble. iMarble iis ialso iused iin iplastic iindustry. iQuartzite iis 

ioften iused iin irail iballast ito iabsorb ivibrations. iLead ithat iis iused iin ipencil iis ialso ifound iin 
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imetamorphic irocks. 

 

 

Figure i1.3 iuse iof imetamorphic irock. 

1.2 i i i iRoad iconstruction 

A inetwork iof iroads iand ihighways iare ithe ibackbone iof iprogress iof iany icountry. iA 

icountry iwith igood icivil iengineering iprojects iis imore iconsidered ito ibe igood ifor itrade 

iand itravel. iGeotechnical iresearch iplays ian iimportant irole iin ithese itypes iof iprojects. 

The ipurpose iof igood ipavement idesign iis ito imake ithe iroads isafe ifor itraveling ifor 

imotorist. iThe igoodness iof iroads iand icivil istructures idepends iupon ithe iselection iof 

igood imaterial ifor ithe imanufacturing. iTo ijudge ithis iissue, ia istudy imethod iwas iadopted 

ito ifind ithe ialternatives ifor ipavement imaterials.  iThere iare iproper istudies ior iprinciples, 

iif ithose iwhere ifollowed ia igood iconstruction ican ibe idone. i 

When iwe iplanning ito iconstruct ia inew iroad, iit ishould ibe icarefully iconsidered ibefore 

ibuilding, ithe iimproper iconstructed iroad icosts imillions iof idollars iand ia ilife iof ia ihuman 

ibefore iplanning ithe idesign iof ia ihighway,  iengineers ishould idetermine iits ineed iand 

ilooking ito ifind ia isolution ito iadverse ienvironmental iimpacts i(Brennan, i2002). 

Construction iof iroads iinvolves ithe ipaving, irehabilitation, iand/or ireclamation iof idegraded 

ipavements iin iorder ito iachieve ia istate iof igood irepair iand iincrease iroad itraffic isafety. iRoad 

iconstruction iinvolves ithe iuse iof iasphalt, iliquid iasphalt, iconcrete, isoil istabilization, ipaving 

iand ipavement irecycling imachines, iand iother iroad irepair imaterials. 

1.3 i i i iAggregate iproperties 
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The iimportant iproperty iof iengineering iaggregates iused iin ipavement iof ia iroad 

iare iits ishape iand isize; ishape iand istructure; idensity; ihardness iand istability. iThe isterile 

iset ifrees iits iindividual icells ifrom ia istable isequence iin ithe ispecifications iof ithe 

istandards ifor ithe iallowable imaximum iamount iof icoherent iharmful imaterial ipresent iin 

icoarse iand ifine iaggregates i(Flattery, i2002). 

Total iintensification iand isize, ii.e., imaximum isize iof iparticle iand imixing isize, 

ithe istrength iof ia ipavement iand icost iin ia icomposite ialloy iare iaffected iwhen ithe iparticles 

ishould ibe ibound iwith ibituminous ibinder. iThe ichange iin isize ichanges ithe iamount iand 

ithe icost. iThe icement ishould idevelop ia imixture iof iconsistency iand iquality idepend ion 

ithe iinterlocking iof icoarse iparticles iand iused ito idescribe iand iintegrate iparticle isize iand 

isurface itexture ifor igiving iinformation iabout itheir iinternal iproperties icharacteristics, 

ii.e. i(through) iInterlocking i(meaning iof isurface ifriction ibetween iadjacent isurfaces iof 

iparticles) itotal idue ito ivery ihigh ifriction iwith iangularity iparticle itexture. iIn icontrast, 

ismooth iround iaggregates ihave iless iinternal ifriction iin ithe iform iof iparticle iwell 

iinterlock iand ibad isurface ifriction; itherefore, igravel imay ineed ito ibe icrushed. iWhen 

iholding ithe isurface ialong ibitumen iin ithe idressing iof ithe icarriageway iand icrushed 

iunder ithe iroller ithe ioutcome iresult iis ivery ipoor iembedment. iThe isize iof ia iparticle ihas ia 

ienhanced ieffect ion ithe ibitumen iproperties. iHard itextured igravels i(both icoarse iand 

ifine) icontribute ia ilot istability iof ipavement icompared ito isize iof iaggregates ihaving 

ismooth itexture. iThe icapability iof ia ihard iaggregate iis ito iprevent ithe ieffects iof 

iabrasiveness iof itraffic. iWhen iwater icomes iout iof ithe isurface iit iis iassociated iwith ithe 

ivehicle's itires i(as iwell ias iwith ithe iuser). iThe ieffect iof ihysteresis ion itire-tread irubber ito 

icontrol ithe ikinetic ienergy idepends ion ia iresistance iof iits icomponent ifor iits 

icontinuation. iAll ipavement ilayers ishould ibe icovered, iwhich iensures ithere iis ia irisk ito 

ifine imaterial icells iproduced iby icirculation iis ikept iat iacceptable ilevels.  iHard iaggregates 

iare ithe iones ithat ican iprevent icracks ifor ibetter iapplication i(Flattery,2002). 
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1.4 i i i i iGeneral istatement 

Geotechnical iexamination iin iPakistan iisn't ihaving ia ihigh iestimation iof isignificance.  

iMost ifinancial ispecialists iare inot ikeen ion igeotechnical iexamination ias ia iresult iof 

isetting iaside ia icash iand idon't ihave ithe ifoggiest iidea iabout ithe iestimation iof 

igeotechnical iexamination. iBe ithat ias iit imay, iin ithe irepercussions iof ithe 

ioverwhelming iseismic itremor iin i2005, igeotechnical iexaminations ihave igotten 

iprogressively isignificant. iEnsuing iexaminations ihave iindicated ithat istructures 

i(streets) iare ideveloped iwithout igeotechnical iexaminations iand iin iresult iseismic  

iburden ican't itolerate. iAfter i2005, igovernment iwas irequested ito ipresent ia igeotechnical 

iexamination ireport ibefore ideveloping ia istructure. iKeeping iin iview ithe igeotechnical 

iimportance iof igeological imaterials iin iany iengineering iproject, iin ithe icurrent istudy ian 

iattempt iis imade ito ievaluate ithe igeotechnical iconsiderations iof iSarban iHill 

iLimestone. 

1.5 i i i i iObjectives 

The icurrent istudy ihas ifollowing iobjectives: 

i. To ifind ithe igeotechnical icharacteristics iof iSarban iHill iLimestone. 

ii. To iassess ithe icompatibility iof iSarban iHill ilimestone iin iroad iconstruction ipractices. 

1.6 i i i i iLocation iand iAccessibility 

The istudy iarea iis ishown iby ia ired icolor imark ilocated ibetween i34° i08' i48.66" iN iand 

i73° i12' i52.16" iE iin ithe idistrict iAbbottabad iof iKhyber iPakhtunkhwa iprovince. iIt ican 

ibe ireached ieasily ifrom imain iKarakorum iHighway ifrom iAbbottabad itowards iGilgit iin 

iabout ione ihour. iThe isamples iwere icollected ifrom ithe iarea inamed ias iKunj inear 

iAbbottabad icity. 
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Figure i1.4 iAccessibility imap iof istudy iarea i(study iarea iis ihighlighted iby ia iRed imark). 

1.7 i i i i iMethodology 

Samples iwere icollected ifrom iSarban iHill iLimestone, iexposed iin iKunj iarea, 

iAbbottabad. iSamples iwere ithen itransported ito iNHA ilab ifor igeotechnical itests 

iinvolving iCrushing itest, iSoundness itest, iLos iAngles iAbrasion itest, iApparent iDensity 

itest, iGradation iAnalysis iand iFlakiness& iElongation itest. iGeotechnical itest iresults 

iwere iinterpreted iand icompared iwith inational istandards iincluding iNational iHighway 

iAuthority i(NHA) iand iinternational istandards iinvolving iAmerican iSociety ifor iTesting  

iand iMaterials i(ASTM), iAmerican iAssociation iof iState iHighways iand iTransportation 

iOfficials i(AASHTO), iBritish iStandards i(BS), iand iAmerican iConcrete iInstitute 

i(ACI). 
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CHAPTER i2 

STRATIGRAPHY iAND iTECTONIC iOF iPAKISTAN 

2.1 i i i i iTectonic iSetting 

Geo iscientific iresearch iduring ithe ipast itwo idecades ihas iestablished iPakistan ias 

ione iof ithe imost ifascinating iparts iof ithe iglobe. iA icollision imountain ibelt icomprising  

ithe iHimalaya,  iKarakoram iand iHindukush iRanges iforms iits inorthern ipart. iExtensive 

inappes iand ithrust isheets iwith iBarrovian imetamorphism, ilarge igranitic ibatholiths, iand 

isutures imarked iby imelanges, iophiolite iand ihigh-P imetamorphic irocks icharacterize 

ithese imountain iranges. iSome iparts iof ithe imountains, irising iat. ia ifast irate iof iover i5 

imm/yr, iexpose igranitic iplutons ionly ia ifew imillion iyears iold. iI~l iterms iof iplate 

itectonics ithe iopening iof ithe iwestern ipart iof ithe iIndian iOcean iand ithe i4,000 ikm 

inorthward idrift iof iIndia: iand iits icollision iwith iAsia iare iunique ievents. iWithin ia ismall 

iregion ione ican istudy ia imajor itransform iplate iboundary i(the iChaman iFault),  

isubduction-related isuture izones i(Indus iand iShyok isutures), ifossil iisland iarcs i(Chagai,  

iKohistan, iLadakh), iand ia itrench-arc isystem iwith iactive iplate isubduction iand ideformed 

iplate imargins i(Makran). iSeismotectonically, ia ilarge ipart iof iPakistan iis ivery iactive iand 

iseveral ineotectonic ifeatures ihave ibeen imapped. iThe iexposed irock isequence iincludes 

iPrecambrian imetamorphic iand iplutonic irocks, iPaleozoic, iMesozoic iand iPaleogene ipre 

icratonic ishelf ideposits iwhich iform ithe iplatform icover iand ithe imarginal ifold ibelt, iand 

ian iextensive iand iexceptionally ithick· ipile iof iNeogene imolasse i(Siwaliks) ithat ifills ithe 

iforedeep. iFamous ifor itheir irich iand iexotic ivertebrate ifauna, ithe iSiwaliks iare ithe 

iproduct iof iintense idenudation ithat iaccompanied ithe iuplift iof ithe iKarakoram iand ithe 

iHimalayas, iwhich imay ihave iremoved ihalf iof ithe ielevated icrustal imass iin ithese irapidly 

irising imountains. iPart iof ithis idebris iwas ideposited ion ithe iancient iSiwalik iflood iplains,  

ibut iby ifar ithe igreater iamount iwas icarried ito ithe isea ito iform ithe isecond ilargest  

isubmarine ifan iin ithe iworld, ithe iIndus ifan. iPakistan ihas ibeen igeologically iwell-known 

ifor iseveral idecades ifor iits igreat imountains, iextensive iglaciers, idevastating 

iearthquakes, iexotic iand iprolific iNeogene ivertebrate ifauna, ichromite-bearing 

iophiolites, iPrecambrian iand iPaleozoic isuccession iof ithe iSalt iRange, ithe iabundant  



` 

8 

 

ioroclinal iflexures iand ienigmatic isyntaxes iin iits imountain iranges, iand ithe ideep igorges 

iand icanyons ithat ihighlight ithe iantecedent idrainage. iThese igeologic ifeatures ihad ibeen 

ilargely irevealed iby ithe ireconnaissance isurveys iof ithe iearly ipioneers iwho iexplored ivast 

iareas idespite ia ilack iof iproper itopographic ibase imaps, iinhospitable iterrain, ihostile itribal 

iconditions iand iabsence iof iroads iand icommunication isystem. iGeological iSurvey 

igeologists, ibased iat iCalcutta, iwould itravel ito iSindh, iBalochistan, iPunjab, iand iNWFP 

ion ielephants, ihorses, ior ion ifoot i(Heron i1953), iand ion iapproaching itheir idestination 

iwould ioften ifind ithemselves iin ithe imidst iof iskirmishes ibetween ithe iBritish itroops iand 

ithe ilocal ichieftains ior ithe iAfghans.(Zeitler, i1996), i(Ahmed, i2003)
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Figure i2.1 iHazara iregion itectonic imaps(Muhammad iQasim i2014) 

2.1.1 i i i iKarakorum iBlock 

The iKarakorum iBlock irecords ia ipredominantly imarine iOrdovician ito 

iCretaceous isedimentary ihistory. iSix imajor isedimentary icycles iare irecognized. iThe  

ioldest isediments, iEarly iOrdovician, itransgress iover ia icrystalline ibasement. iThe i1-

km-thick iOrdovician-Silurian imostly ishaly isuccession icontains irare icarbonate 

iintercalations. iIn ithe iEarly iDevonian, ia iwide iperitidal iplatform ispread iover ithe 

icraton. iSedimentation irates iwere ilow, i10–20 im/Ma, iand iUpper iDevonian-probable 

iLower iCarboniferous icarbonates iand iclastics irest iunconformable ion ithe iEarly 

iDevonian icarbonates. iNo ievidence ihas ibeen ifound ifor ieither iLate iCarboniferous ior 
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iglaciogenic ideposits. iSedimentation irates iincreased iduring ithe iPermian iup ito i50 

im/Ma, iwith ithicknesses ibetween i1 iand i2.5 ikm. iThree isteps iare iidentified. i(1) iA ihuge 

ialluvial ito imarginal-marine ierogenous iprism iaggraded iduring ithe iAsselian-

Sakmarian. i(2) iThe iArtinskian-Murgabian iis icharacterized iby ilocal iemergence iand 

ierosion, ilinked ito iextension iwith iblock irotations. i(3) iGreater idifferentiation ioccurred 

ifrom iLate iPermian ito iMiddle iTriassic, iwhen ia iperitidal icarbonate iflat ideveloped iin 

ithe isouthwest, ifacing ia ideeper ibasin ito ithe inortheast. iCarbonate isediments iprevailed  

ithroughout ithe iCarnian-Norian. iThe iPermo-Triassic ievolution iis iinterpreted ias ithe 

ipassive imargin istage iof ithe iKarakorum iBlock, iwhich ipreviously ibelonged ito ithe 

iPerigondwanian ifringe, iwhen, ilike iMega iLhasa, iit idrifted inorthward ion ithe iTethyan 

iTransit iPlate. iMega iLhasa iis iconsidered ias ia icollage iof iblocks ipossibly iseparated iby 

ithinned icrust ior ishort-lived iseas iwith iocean icrust. i(Yoshida iet ial., i1997). 

 

 

2.1.2 i i i iMain iKarakorum iThrust 

The iMain iKarakoram iThrust i(MKT) istructures ithe isouthern ilimitof ithe iKarakoram 

isquare. iMKT iis ia isignificant istructural ielement iin iNorth iPakistan. iThe ifundamental 

iKarakoram ipush istarts ifrom ithe iKarakoram iPlate itowards ithe iKohistan iIsland iArch 

i(KIA) i(Tahirakeli,  i1983). 

 

2.1.3 i i i iKohistan iIsland iArc 

The igreat ibulk iof iKohistan irepresents igrowth iand icrustal iaccretion iduring ithe 

iCretaceous iat ian iintra-oceanic iisland iarc idating ifrom ic. i134 iMa ito ic. i90 iMa i(Early ito 

iLate iCretaceous). iThis iperiod isaw ithe iextrusion iof ic. i15–20 ikm iof iarc ivolcanic iand 

irelated isedimentary irocks ias iwell ias ithe iintrusion iof ithe ioldest iparts iof ithe iKohistan 

ibatholith, ilower icrustal ipluton iintrusion, icrustal imelting iand ithe iaccretion iof ian 

iultramafic imantle–lower icrust isequence. iThe icrust ihad ithickened isufficiently iby ic. 

i95 iMa ito iallow iwidespread igranulite-facies imetamorphism ito itake iplace iwithin ithe 

ilower iarc. iAt iaround i90 iMa iKohistan iunderwent ia ic. i5 iMa ihigh-intensity 

ideformation icaused iby ithe icollision iwith iEurasia. iThe icollision icreated icrustal-scale 

ifolds iand ishears iin ithe iductile izone iand ilarge-scale ifaults iand ithrusts iin ithe ibrittle 

izone. iThe iwhole iterrane iacquired ia istrong ipenetrative ifoliation ifabric. iKohistan, inow 

ian iAndean imargin,  iwas iextended iand iintruded iby ia idiapiric-generated icrustal-scale  

imafic–ultramafic iintrusion i(the iChilas iComplex) iwith ia ivolume iof i0.2×106
 ikm3

 ithat 
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inow ioccupies imuch iof ithe imid–lower icrust iof iKohistan iand ihad ia iprofound iimpact 

ion iits ithermal istructure.(Ahmad, i2003). 

 

 

2.1.4 i i i iMain iMantle iThrust 

The iMain iMantle iThrust iZone i(MMTZ) irepresents ithe iboundary ibetween ithe iIndian 

iplate iand ithe iKohistan iLadakh iarc iin iPakistan iand iis iequivalent ito ithe iIndus iSuture 

iZone. iIt iincludes idiscontinuous ifault islices iof im61ange ithat ilie ibetween ithe iKohistan 

iarc iand ithe iIndian iplate. i(Patriot, i1984). 

 

2.1.5 i i i iNorthern iDeformed iFold iand iThrust iBelt 

The iNDFTB istretches iout ithrough ithe iKurram ilocale iclose ito iAfghan ifringe iin ithe iwest 

ito ithe iKashmir iBasin(Khan, i2011). iAn iassortment iof ivigorously itwisted idregs iand 

imetasedimentary iand imolten irocks. iThe iNorth iDisability iFold iand iThrust iBelt  

i(NDFTB) iis isituated iin ithe inorth iby iMMT iand iSouth iby iMBT iand iisolated ifrom ithe  

iSouth idistort icurve iThrust iBelt. iFundamental ilimit ipush i(MBT) iand isalt irange ipush 

i(SRT) iare ikey iindividuals ifrom ithis ishortcoming iframework i(Yates,1987). 

 

2.1.6 i i i iMain iBoundary iThrust 

The iMain iBoundary iThrust i(MBT) iis ione iof ithe imajor iHimalayan ithrusts ioccurring 

iduring ithe iCainozoic, iand iit iis ipresently iincorporated iwithin ithe iHimalayan ithrust 

iwedge i(Lesser iand iOuter iHimalayas) idisplaced iabove ithe iIndian ilithosphere. 

The iMain iBoundary iThrust iin inorthwestern iPakistan iis ia ifloor ithrust ialong iwhich ia 

ithrust isystem iincorporating iPrecambrian iand iPhanerozoic irocks iof ithe iKala 

iChittaandAttock-Cherat iRanges iwas iemplaced iover iCenozoic istrata iof ithe inorthern 

iKohat iand iPotwar iPlateaus. iThe iMBT iand isuccessive ithrusts itoward ithe iforeland iare 

iinterpreted ias ilow iangle ito iflat idecollement ithrusts iat i8–10 ikm idepths ithat ibound ithrust  

isheets iwith ilarge ilateral idimensions.(Seeber iand iArbaster i1979) 

 

2.1.7 i i i iSouthern iDeformed iFold iand iThrust iBelt 

The iSouthern iDeformed iFold iand iThrust iBelt i(SDFTB) iedges ithe iHimalayan 

imountain ibelt  ifrom ithe iGanges iDelta iin iIndia itoward ithe iSouth iWaziristan iAgency iin 

iPakistan. iIt iis ieast-west isurface. iSDFTB iis iseparated iinto ithe iKohat iPlateau itoward ithe 

iwest iand ithe iPotwar iPlateau itoward ithe ieast iof ithe iIndus iRiver. iIn ithe iPotwar iPlateau, 
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ithere iare iinalienably ilow imisshappening ifold iand ipush ibelts iof iaround i150 ikm iin ithe 

inorth-south icourse i(Kazmi iand iRana, i1982). iThe iSalt iRange iThrust i(SRT) iand ithe 

iTrans iIndus iRange iThrust i(TIRT) iare ifound isouth iof ithe iSDFTB iand iare iisolated ifrom 

ithe iPunjab iForedeep. iInability iis ifor ithe imost ipart iconfined itoward ithe iNorth iPotwar 

iDisability iZone i(NPDZ). iSRT ispeak ia ifunctioning imisshaping ifront, ialongside ithe 

iPaleocene irocks ifrom ithe iCambrian itoward ithe isouth iinto ithe iPunjab iFordeep i(Ahmed,  

i2003). iKohat iPlateau ilocated iin ithe isouthern iturned ioverlap ioutrageous iwest iof ithe iZor 

iBelt i(Khan, i2011). 

 

2.1.8 i i i iPunjab iFore ideep 

Punjab iis ithe ideep iboundary ito ithe isouth-west iof ithe iHimalayan imountain irange iin ithe 

iIndo-Pakistan ishield iand icovered iby inon-concomitant iquaternary isediments. iThe 

ipresent-day idepocenter ifor idetrious iand iflotsam ias ilong ias ithe iHimalayan ichain 

itowards isouth i(Ahmed, i2003). 

2.2 i i i i iTectonics iof istudy iarea 

Tectonically,  iAbbottabad iBlock iis ilocated iin iUpper iIndus iBasin iwhere iit iis ibounded iby 

iMain iCentral iThrust i(MCT) iin ithe inorth, iMain iBoundary iThrust i(MBT) iin ithe isoutheast  

iand iIndus iRiver iin ithe iwest. iGenerally , ithe istructures iin ithis iarea iare ideveloped ias ia 

iresult iof icompression iand ithe ientire izone iis ipart iof ithe iLesser iHimalayas. iKhairabad 

iFault iruns iacross ithe iAbbottabad iBlock iwhich itrends iin inortheast-southwest idirection 

i(Ahmed, i2003) 

34.1688° iN, i73.2215° iE.
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2.3 i i i i iStratigraphy iof istudy iarea 

Stratigraphy iof ithis iregion iranges ifrom iInfraCambrian ito iMio-Pliocene. iThe iblock 

imostly iconsists iof iPrecambrian ito iEocene istrata. iCambrian iage igranite iand 

imetamorphic irocks iconstitute ithe inorthern ipart iwhereas iPermian ito iEocene isedimentary 

isequence iis ipresent iin ithe isouthern iportion iof ithis iblock iarea.Abbottabad iBlock, icovers 

ian iarea iof i2298.67 isq ikm iand iis ilocated iin iAbbottabad, iHaripur iand iMansehra idistricts 

iof iKhyber iPukhton iKhwa i(KPK) iPakistan. iThe iblock iis ilocated iabout i120 ikilometers 

inorth iof iIslamabad ithrough iKarakoram iHighway iand i152 ikilometers ieast iof iPeshawar. 

iGeologically, iit ilies iin ithe iPeshawar iBasin iof iPakistan. iThe iblock ifalls iin iProspectivity 

iZone iI. i(Muhammad iqasim i2014) 

 

 

 
Figure i2.2 iGeneralized istratigraphy ichart iof iSarban iHill iLimestone.(Muhammad 

iQasim i2014) i 
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CHAPTER i3 

STANDARDS iAND iPROCEDURE 

 

3.1 i i i i iGradation itest ifor ifine iand icoarse iaggregate i(AASHTO-T27) 

3.1.1 i i i iIntroduction 

This imethod iis iused ito ifind ithe idistribution iof iparticle isize iof iaggregate. iTest iresults 

iassists iin iassessing ithe isuitability iof iaggregate iquality ias ian iaggregate ito ibe iused iin 

iroad iconstruction ipractices. 

 

3.1.2 i i i iDefinition 

The isieve ianalysis iis iconducted ito idetermine ithe igrading iof imaterials iproposed ifor iuse 

ias iaggregates ior ibeing iused ias iaggregates. 

 

3.1.3 i i i iApparatus 

i. Sieve iset i(9.5mm, i4.75mm, i2.36mm,  i1.18mm) 

ii. Mechanical isieve ishaker 

iii. Weighing iBalance 

iv. Brush 

v. Oven 

Figure i3.1 iSieves iof idifferent isizes. 

 

3.1.4 i i i iProcedure 

Prepare ia isample iof i3000g ior imore, iput iit iin ioven iat i(110 ̊C) iand idry iit ito iconstant 

imass. iSelect isieves iwith isuitable iopenings ito ifurnish ithe iinformation irequired iby ithe 



` 

15 

 

ispecifications icovering ithe imaterial ito ibe itested. iUse iadditional isieves ias idesired ior 

inecessary ito iprovide iother iinformation, isuch ias ifineness imodulus, ior ito iregulate ithe 

iamount iof imaterial ion ia isieve. iNest ithe isieve iin idescending iorder ifrom itop ito ibottom 

iand iplace i1000g isample ion ithe itop isieve.Determine ithe iempty iweight ifor ieach isieve 

iand irecord iin ia itable. iAgitate i(shake) ithe isieve iby ihand ior iby imechanical ishaker ifor ia 

isufficient iperiod i(10min.). i(Prevent ian ioverload iof imaterial ion ian iindividual isieve iby 

isplitting ithe isample iinto itwo ior imore iportions, isieving ieach iportion iindividually.  

iCombine ithe imasses iof ithe iseveral iportions iretained ion ia ispecific isieve ibefore 

icalculating ithe ipercentage iof ithe isample ion ithe isieve.) iWeigh ieach isieve iwith ithe 

iresidue irecord iits iweight.Open ithe iset iof isieves icarefully iso ithat ino iloosing iof 

imaterials iis iexpected. iMake isure ithat ithe isummation iof ithe iresidue iweights iequals ito 

ithe ioriginal isample iweight iwith ia idifference inot imore ithan i1% iof ithe ioriginal 

iweighttabulate iyour idata iin ia isuitable ishape. 

 

3.1.5 i i i iFormula 

The iformulas iused iin ithe iprocedure iare: 

Mass iPercentage ipassed iNo.200 isieve= i[(The itotal isample iweight ibefore iwashing- 

isample iweight iafter iwashing)/The itotal isample iweight ibefore iwashing] i*100.00 

iPercentage iof iretain-weight i= i(Weight iretained/ iTotal iweight iof ithe isample) i*100 

iCumulative iretain-weight i-percentage i= ifirstly iretain-weight i/ isecondly iretain-weight 

iPercentage iof ipassing= i100-Commulative iretain-mass ipercentage 
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Figure i3.2 iGradation iby isieve. 

3.2 i i i i iSoundness itest ifor iaggregate i(AASHTO-T12) 

3.2.1 i i i iIntroduction 

This itest iis iused ito idetermine ithe iresistance iof iaggregates ito idisintegrate iby isaturated 

isolutions iof isodium isulphate ior imagnesium isulphate. 

This itest iis ieasy ibut itime itaking. 

 

3.2.2 i i i iDefinition 

The iability iof imaterial ito iresist iin iresponse iof ithe istandard ichemicals isolutions iwhich 

iare iNa2SO4, iMgSO4, iBaCl2 iin i5-cycles iabsorption iperiod. 

 

3.2.3 i i i iObjective 

To idetermine ithe iweathering iaction iof iaggregates. 

 

3.2.4 i i i iApparatus 

I. Sample icontainer 

II. Weighing imachine 

III. Drying ioven 

IV. Immersion itank 

V. Temperature iregulations 

VI. Specific igravity imeasurement 

VII. Chemicals i(BaCl2, iNa2SO4,MgSO4) 
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3.2.5 Procedure 

Take iindividual isamples iin ia iwire imesh ibasket iand iimmerse iit iin ithe isolution iof 

isodium isulphate ior imagnesium isulphate ifor inot iless ithan i16 ihours inot imore ithan i18 

ihours, iin isuch ia imanner ithat ithe isolution icovers ithem ito ia idepth iof iat ileast i15 imm.  

iAfter icompletion iof ithe iimmersion iperiod, iremove ithe isamples ifrom isolution iand 

iallow iit ito idrain ifor i15 iminutes iand iplace iit iin idrying ioven. iDry ithe isample iuntil iit  

iattains ia iconstant imass iand ithen iremove iit ifrom ioven iand icool iit ito iroom itemperature. 

iAfter icooling iagain iimmerse iit iin ithe isolution ias idescribed iin istep-1. iThe iprocess iof 

ialternate iimmersion iand idrying iis irepeated iuntil ithe ispecified inumber iof icycles ias 

iagreed ibetween ithe ipurchaser iand ithe ivendor iis iobtained. iAfter icompletion iof ithe ifinal 

icycle iand iafter ithe isample ihas ibeen icooled, iwash iit ito ifree ifrom isodium isulphate ior 

imagnesium isulphate isolution. iThis imay ibe idetermined iwhen ithere iis ino ireaction iof ithe 

iwash iwater iwith ibarium ichloride. iThen idry ieach ifraction iof ithe isample ito iconstant 

itemp iof i105 ito i1100C iand iweigh iit. iSieve ithe ifine iaggregates iover ithe isame isieve ion 

iwhich iit iwas iretained ibefore itest. iSieve ithe icoarse iaggregate iover ithe isieve ishown 

ibelow ifor ithe iappropriate isize iof iparticles. 

 

 

 

Figure i3.3 iChemicals iused iin imethod. 
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3.2.6 i i i iReport 

The iresult ishould ibe ireported igiving ithe ifollowing iparticulars 

 Type iof isolution iused ifor ithe itest 

 Weight iof ieach ifraction iof isample ibefore ithe itest. 

 Material ifrom ieach ifraction iof ithe isample ipassing ithrough ithe ispecified iIS isieve,  

iexpressed ias ia ipercentage iby iweight iof ithe ifraction. 

 In ithe icase iof iparticles icoarser ithan i20 imm isize ibefore ithe itest, ithe inumber iof iparticles 

iin ieach ifraction ibefore ithe itest iand ithe inumber iof iparticles iaffected iclassified ias ito ithe 

inumber idisintegrating, isplitting, icrumbling, icracking, iflaking ietc. 

 

3.2.7 iFormula 

Soundness iaggregate= i(Initial iMas-Retain iMas)/ i(Initial iMas*100) 

 

3.3 i i i i iFlakiness iand iElongation itest i(ASTMD4791) 

3.3.1 i i i iIntroduction 

Flaky iand ielongated iaggregates ican iadversely iaffect iconcrete. iFlaky iand ielongated 

iaggregates iare idifficult ito icompact. iTherefore, iusing iflaky iand ielongated iaggregates 

iwill ireduce iconcrete iworkability,  iwhich irequired imore iamount iof iwater ito iproduce ia 

iworkable imix. iIncreasing iwater icontent iwill ireduce iconcrete istrength iand idurability.  

iMoreover, ithese iaggregates iare inot irobust, iwhich ileads ito ilowering iconcrete istrength. 

 

3.3.2 i i i iDefinition 

 The iFlakiness iIndex iof iaggregates iis ithe ipercentage iby iweight iof iparticles 

iwhose ileast idimension i(thickness) iis iless ithan ithree- ififths i(0.6times) iof itheir 

imean idimension. iThis itest idoes inot iapply ito isizes ismaller ithan i6.3mm. 

 The iElongation iindex iof ian iaggregate iis ithe ipercentage iby iweight iof iparticles 

iwhose igreatest idimension i(length) iis igreater ithan inine-fifths i(1.8times) itheir 

imean idimension. iFlakiness iand ielongation itests iare inot iapplicable ito isizes 

ismaller ithan i6.3mm 
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3.3.3 i i iProcedure 

 

 

 

 

 

 

 

 

 

Table i3.1 iNo iof isieves. 

A iquantity iof iaggregate ishall ibe itaken isufficient ito iprovide ithe iminimum inumber iof 

i200 ipieces iof iany ifraction ito ibe itested. iThe isample ishall ibe isieved iwith ithe isieves 

ispecified iin iTable i1: i 

. 

Separation iof iFlaky imaterial- iEach ifraction ishall ibe igauged iin iturn ifor ithickness ion ia 

imetal igauge iof ithe ipattern ishown iin iFigure i2, ior iin ibulk ion isieves ihaving ielongated 

islots. iThe iwidth iof ithe islot iused iin ithe igauge ior isieve ishall ibe iof ithe idimensions 

ispecified iin icolumn i3 iof iTable i1 ifor ithe iappropriate isize iof ithe imaterial. iThe itotal 

iamount ipassing ithe igauge ishall ibe iweighed ito ian iaccuracy iof iat ileast i0.1 ipercent iof ithe 

iweight iof ithe itest isample. iThe iFlakiness iIndex iis ithe itotal iweight iof ithe imaterial 

ipassing ithe ivarious ithickness igauges ior isieves, iexpressed ias ia ipercentage iof ithe itotal 

iweight iof ithe isample igauged. iSeparation iof iElongated iMaterial- iEach ifraction ishall ibe 

igauged iindividually ifor ilength ion ia imetal ilength igauge iof ithe ipattern ishown iin iFigure 

i4. iThe igauge ilength iused ishall ibe ithat ispecified iin icolumn i4 iof iTable i1 ifor ithe 

iappropriate isize iof ithe imaterial. iThe itotal iamount iretained iby ithe ilength igauge ishall ibe 

iweighed ito ian iaccuracy iof iat ileast i0.1 ipercent iof ithe iweight iof ithe itest isample. iThe 

ielongation iindex iis ithe itotal iweight iof ithe imaterial iretained ion ithe ivarious ilength 

igauges, iexpressed ias ia ipercentage iof ithe itotal iweight iof ithe isample igauged. 

Size iof ithickness iaggregate Thickness igauge 

i(nm) 

Length 

igauge(mm) 

Passing 

ithrough iis 

isieve 

Retained ion iis 

isieve 

  

63 50 33.90 - 

50 40 27.00 81.00 

40 25 19.50 58.5 

31.5 25 27.95 - 

25 20 13.50 40.5 

20 16 10.80 32.4 
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3.3.4 i i i iCalculation 

1. The iFlakiness iIndex ion ian iaggregate iis i= iTotal iweight ipassing iFlakiness iGauge ix i100 i/ 

iTotal iweight iof itest isample i=_________(%) 

2. The iElongation iIndex ion ian iaggregate iis i= iTotal iweight iretained ion iElongation iGauge 

ix i100 i/ iTotal iweight iof itest isample i=________(%) 

3.4 i i i i iLos iAngeles iAbrasion itest iof iaggregate i(AASHTO-T96) 

3.4.1 i i i iIntroduction 

The iLos iAngeles itest iis ia imeasure iof idegradation iof imineral iaggregates iof istandard 

igradings iresulting ifrom ia icombination iof iactions iincluding iabrasion ior iattrition, 

iimpact, iand igrinding iin ia irotating isteel idrum icontaining ia ispecified inumber iof isteel 

ispheres. iThe iLos iAngeles i(L.A.) iabrasion itest iis ia icommon itest imethod iused ito 

iindicate iaggregate itoughness iand iabrasion icharacteristics. iAggregate iabrasion 

icharacteristics iare iimportant ibecause ithe iconstituent iaggregate iin iHMA imust iresist 

icrushing, idegradation iand idisintegration iin iorder ito iproduce ia ihigh iquality iHMA. 

3.4.2 i i i iDefinition 

The iabrasion iloss imass ipercentage iis imeasured ito ithe iwhole imass iof imaterials iunder 

idefined iconditions isuch ias irevolution iand imass iof iball. 

 

3.4.3 i i i iApparatus 

i. Spherical iBalls 

ii. Machine i(The imachine iis iequipped iwith ia icounter. iThe imachine ishall iconsist 

iof ihollow isteel icylinder iclosed iat iboth iends. iAn iopening iin icylinder ishall ibe 

iprovided ifor iintroducing ithe isample 

iii. Sieves 

iv. Aggregate iused iin ihighway ipavement ishould ibe ihard iand imust iresist iwear idue 

ito ithe iloading ifrom icompaction iequipment, ithe ipolishing ieffect iof itraffic iand 

ithe iinternal iabrasion ieffect. 

v. The iroad iaggregate ishould ibe ihard ienough ito iresist ithe iabrasion iof iaggregate. 

iResistance ito iabrasion iis idetermined iin ilaboratory iby iloss iangles iabrasion itest. 
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Figure i3.4 isetup ifor iLos iAngeles iabrasion itest. 

 

 

Table i3.2 iGrading iclasses. 

Grading Charges 

‘A’ 12.00 

‘B’ 11.00 

‘C’ 8.00 

‘D’ 6.00 

. 

 

3.4.4 i i i iProcedure 

Prepared isample iis iplaced iin ithe iabrasion-testing imachine. iA ispecified inumber iof isteel 

ispheres iare ithen iplaced iin ithe imachine iand ithe idrum iis irotated ifor i500 irevolutions iat ia 

ispeed iof i30 i- i33 irevolutions iper iminute i(RPM).The imaterial iis ithen iseparated iinto 

imaterial ipassing ithe i1.70 imm i(No. i12) isieve iand imaterial iretained ion ithe i1.70 imm 

i(No. i12) isieve. iDry ithe isample iin ian ioven. iCalculate i%age iloss idue ito iAbrasion iby 

icalculating ithe idifference ibetween ithe iretained imaterial i(larger iparticles)  icompared ito 

ithe ioriginal isample iweight. iThe idifference iin iweight iis ireported ias ia ipercent iof ithe 

ioriginal iweight iand icalled ithe i"percent iloss". 
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3.4.5 i i i iFormula 

Mass iof iloss i= iInitial iMass i- iFinal iMass iof iretain icoarse ifractions i(sieve.12) 

iPercentage iof iLoss i(L.A) i= i(Weight iof iloss i/ iInitial iweight) i*100 

3.5 i i i i iCrushing itest iof iaggregate i(BS-812) 

3.5.1 i i i iIntroduction 

Coarse iaggregate icrushing ivalue iis ithe ipercentage iby iweight iof ithe icrushed imaterial 

iobtained iwhen itest iaggregates iare isubjected ito ia ispecified iload iunder istandardized 

iconditions. iAggregate icrushing ivalue iis ia inumerical iindex iof ithe istrength iof ithe 

iaggregate iand iit iis iused iin iconstruction iof iroads iand ipavements. iCrushing ivalue iof 

iaggregates iindicates iits istrength. iLower icrushing ivalue iis irecommended ifor iroads iand 

ipavements ias iit iindicates ia ilower icrushed ifraction iunder iload iand iwould igive ia ilonger 

iservice ilife iand ia imore ieconomical iperformance.  iThe iaggregates iused iin iroads iand 

ipavement iconstruction imust ibe istrong ienough ito iwithstand icrushing iunder iroller iand 

itraffic. iIf ithe iaggregate icrushing ivalue iis i30 ior ihigher’ ithe iresult imay ibe ianomalous 

iand iin isuch icases ithe iten ipercent ifines ivalue ishould ibe idetermined iinstead. 

 

3.5.2 i i i iDefinition 

Aggregate icrushing ivalue itest ion icoarse iaggregates igives ia irelative imeasure iof ithe 

iresistance iof ian iaggregate icrushing iunder igradually iapplied icompressive iload. 

 

3.5.3 i i i iApparatus 

i. steel icylinder i15 icm idiameter iwith iplunger iand ibase iplate. 

ii. A istraight imetal itamping irod i16mm idiameter iand i45 ito i60cm ilong irounded iat ione iend. 

iii. A ibalance iof icapacity i3 ikg ireadable iand iaccurate ito ione igram. 

iv. IS isieves iof isizes i12.5mm, i10mm iand i2.36mm 

v. A icompression itesting imachine. 

vi. Cylindrical imetal imeasure iof isufficient irigidity ito iretain iits ifrom iunder irough iusage 

iand iof i11.5cm idiameter iand i18cm iheight. 

vii. Dial igauge 
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3.5.4 i i i iProcedure 

Put ithe icylinder iin iposition ion ithe ibase iplate iand iweigh iit i(W). iPut ithe isample iin i3 

ilayers, ieach ilayer ibeing isubjected ito i25 istrokes iusing ithe itamping irod. iCare ibeing 

itaken iin ithe icase iof iweak imaterials inot ito ibreak ithe iparticles iand iweigh iit i(W1). iLevel 

ithe isurface iof iaggregate icarefully iand iinsert ithe iplunger iso ithat iit irests ihorizontally ion 

ithe isurface. iCare ibeing itaken ito iensure ithat ithe iplunger idoes inot ijam iin ithe icylinder. 

iPlace ithe icylinder iwith iplunger ion ithe iloading iplatform iof ithe icompression itesting 

imachine. iApply iload iat ia iuniform irate iso ithat ia itotal iload iof i40T iis iapplied iin i10 

iminutes. iRelease ithe iload iand iremove ithe imaterial ifrom ithe icylinder. iSieve ithe 

imaterial iwith i2.36mm iIS isieve,  icare ibeing itaken ito iavoid iloss iof ifines. iWeigh ithe 

ifraction ipassing ithrough ithe iIS isieve i(W2). 

 

 

 
 

Figure i3.5 iMethod iof iperforming icompression itest ifor istone. 

  

3.5.5 i i i iFormula 

The iratio iof iweight iof ifines iformed ito ithe iweight iof itotal isample iin ieach itest ishall ibe 

iexpressed ias ia ipercentage, ithe iresult ibeing irecorded ito ithe ifirst idecimal iplace. 

Aggregate icrushing ivalue i= i(W2 ix i100) i/ i(W1-W) 
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W2 i=Weight iof ifraction ipassing ithrough ithe iappropriate isieve 

W1-W i=Weight iof isurface idry isample. 

The imean iof itwo iresult ito inearest iwhole inumber iis ithe iaggregate icrushing ivalue. 
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CHAPTER i4 

RESULTS iAND iDISCUSSION 

4.1 i i i i iGradation itest ifor ifine iand icoarse iaggregates i(AASHTO-T27) 

4.1.1 i i i iCalculation 

Percentage iof iWeight iPassing i(Sieve.200) i= i[Before iwashing isample iweight i– iAfter 

iwashing isample iweight) i/ ibefore iwashing isample iweight] i×100.00 iPercentage iof 

iWeight iretains i= i(Weight iof iretains i/ iTotal iweight iof isample) i× i100.00 iPercentage iof 

iweight iof iCumulative iretain i= iWeight iof iretains ifirst i+Weight iof iretain isecond 

   Passing i% i= i100– iCumulative iweight ipercentage. 

 

4.1.2 i i i iResults 

Table i4.1. iGradation itest iresults. 

Weight 

iof 

igrading 

isample(
g) 

Sieve 

isize(mm) 
31.5 26.5 19 16 9.5 4.75 2.36 

Weight iof 

iafter 

igading i(g) 

0 0 3
5
3 

39
3 

91
0 

97
1 

211
7 

210
1 

112
1 

130
4 

60
2 

60
0 

62 66 

% 

iRetained 
0.
0 

0.
0 

6
.
8 

7.2 17.
6 

17.
8 

40.
8 

38.
5 

21.
6 

23.
9 

11.
6 

11.
0 

1.
2 

1.
2 

5185 % iretain 

itotal 
0.0 7.0 24.7 64.3 87.1 98.4 99.6 

5453 % ipassing 100.0 93.0 75.3 35.7 12.9 1.6 0.4 

  
 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 iTotal iweight= i10607  

 i i i i i i i i i i i i i i i i i i i iNo.4 iPassing iSieve i= i2771g, iSample ifor ifine 
 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 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 imaterial i= i1166.7g 
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4.1.3 i i i iDescription 

 i i i i i i i i iGradation itest iis iused ifor ithe ivarious isize idistributions iof iaggregates i(Table 

i4.1) iin iorder ito imake iroad iwe iused ias ia isource iof idifferent imaterials iin iwhich ithere 

iis idifferent ilayers iand ivarious imaterials iare iused iin ieach ilayer. iThe isize iof ia 

imaterial iwhich iis iuse iin igradation itesting iif ipassing ithrough i#4 isieve iis ifall iin ia 

icategory iof ifine iaggregate imaterial iand iif iit iretained iabove i#4 isieve iit iis ifall iin ia 

icategory iof icoarser iaggregate imaterial. 

4.2 i i i i i iSoundness itest iof iaggregate 

4.2.1Calculations 

Soundness iof iaggregate i= i[(Initial iweight iof isample-Retained iweight  

iof isample)/initial iweight iof isample] i×100.00 

4.2.2 i i iResults 

Table i4.2 iSoundness itest iresults 

Sieve isize i(mm) Mass iof isample 

ibefore itest(g) 
Mass iof isample 

iafter ithe itest(g) 
Percent isoft 

iparticle% 

4.75-9.5 372.5 364.8 2.1 

9.5-16 617.1 606.7 1.7 

16-19 1010.4 996.2 1.4 

 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 i i i i iAGGREGATE iSOUNDNESS iTEST 

Sieve isize(mm) weight iof idrying 

isample ibefore 

itest(g) 

weight iof idrying 

isample iafter 

itest(g) 

loss iin imass% 
 

2.36-4.75 500 459.5 8.0 

4.75-9 500 472.9 5.4 

9.5-19 1000 957.8 4.2 

   17.6 

 

 

4.2.3 i i i iDescription 

According ito iBritain istandard i(BS-882) isoundness ivalue iof iaggregate imust ibe 

iless ithan i30% iand ithe ivalue iobtained ifrom ithe isoundness itest iof iSarban iHill 

iLimestone iis i17.6% i(Table i4.2). iThis ishows ithat ithe isoundness iproperty iof 
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iSarban iHill iLimestone iis isuitable ifor ithe iuse iin iroad ilayers. 

Table i4.3Result icomparison iwith istandard 

 

Codes 

iStandard

s 

Standard ivalue Result iobtained 

BS-882 <30% 17.6 

4.3 i i i i iFlakiness iand ielongation itest i(ASTMD4791) 

4.3.1 i i iCalculation 

The iFlakiness iIndex ion ian iaggregate iis i= iTotal iweight ipassing iFlakiness iGaugex i100 i/ 

iTotal iweight iof itest isample. iThe iElongation iIndex ion ian iaggregate iis i= iTotal iweight 

iretained ion iElongation iGauge ix i100 i/ iTotal iweight iof itest isample. 

4.3.2 i i i iResults 

 Table i4.4 iflaky iand ielongated iresults. 

% iFLAKY 

iELONGAT
ED 

iMATERIAL
. 
 
WEIGHT 

iOF 

iSAMPLE(g
) 

SIZE(MM) 4.75-
9.5 

9.5-16 16-19 18-
26.5 

26.5-
31.5 

31.5
-
37.5 

TOTAL 

Wt iof isample iafter 

igrading ifor ieach isize 

i(g) 

838.0 300.0 100.0 2000.
0 

3000 / 7138.0 

Wt iof isample 

iflanky/elongated i 

ifor ieach isize i(g) 

80 96 110 120 105 / 511 

Percent i% itotal 7.2 
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4.3.3 i i i iDescription 

The iparticle ishape iof iaggregates iis idetermined iby ithe ipercentages iof iflaky iand 

ielongated iparticles icontained iin iit. iSo, ithe itest iresults imeet ithe istandard iand ithey iare 

isuitable ifor iuse. iThe iresults iobtained iby isample itest iare imentioned iabove iin ia itable 

i4.4which ijustifies ithe istandards iand isuitable ifor iusing iin iroad ilayers ias ian iaggregate. 

4.4 i i i iLos iAngeles iAbrasion itest i(AASHTO-T96) 

4.4.1 iCalculations 

Mass iwhich iis iloss i= i[(Weight iof iinitial iof isample i– iWeight iof iretains icoarser ifractions 

i(sieve.12)) i*percentage iof iloss](L.A) i= 

 i(Weight iof iloss isample i/ iweight iof iinitial isample) i*100.00 

4.4.2 iResults 

 

 

Table i4.5 iLos iAngeles iabrasion itest iresults 

 
Test 

itimes 

Aggregate ibase 

icourse i(g) 
Sample imass 

i(g) 
After i500 iturn 

igrading isample 

iin i1.77 isieve 

imm i(g) i 

Results  
Average 

iresults 

 
 i i i i1 

9.5-
16mm 

2500.0  
 i i i i i i5000.0 

 
 i i i i i i i i3672.4 

 
 i i i26.6 

 
 
 
 i i i i i i i i i i i26.6 

4.75-
9mm 

2500.0 

 
 i i i i2 

9.5-
16mm 

2500.0  
 i i i i i i5000.0 

 
 i i i i i i i i i i i3673.7 

 
 i i i26.5 

4.75-
9mm 

2500.0 
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4.4.3 i i i iDescription 

According ito iNational iHighway iAuthority i(NHA) istandard, ithe iLos 

iAngeles iAbrasion ivalue i(LAA) ifor iSubbase iand ibase icourse imust ibe iless ithan 

i50% iand iless ithan i40% irespectively. iSimilarly imention iother istandard ivalues iand 

ithen imention ithat iaccording ito iall istandards ithe iresults iof iLAA ifor istudied 

iformation ilies iwithin ilimit iand itherefore iit iis isuitable iin iroad iconstruction iactivity 

iaccording ito iLAA. 

Table i4.6 iResults icomparison iwith istandard 

Standard icodes Standard ivalues Result iobtained 

NHA-Item201,1998 Subbase< i50% 

Aggregate ibase icoarse i<40%c 

iAsphaltic ibase icoarse i<40% 

26.6% 

AASHTO-M147 Subbase< i50%  

Aggregate ibase icoarse i<50%c 

iAsphaltic ibase icoarse i<50% 

26.6% 

ASTM-D1241 Subbase< i50% 26.6% 

 Aggregate ibase icoarse i<50%c 

Asphaltic ibase icoarse i<50% 

 

BS-812 Aggregate ibase icoarse i<45% 26.6% 

4.5 i i i i iCrushing itest iof iaggregate i(BS-812) 

4.5.1 i i i iCalculations 

The iratio iof iweight iof ifines iformed ito ithe iweight iof itotal isample iin ieach itest ishall ibe 

iexpressed ias ia ipercentage, ithe iresult ibeing irecorded ito ithe ifirst idecimal iplace. 

iAggregate icrushing ivalue i= i(W2 ix i100) i/ i(W1-W) iW2 i=Weight iof ifraction ipassing 

ithrough ithe iappropriate isieveW1-W i=Weight iof isurface idry isample. iThe imean iof itwo 

iresults ito inearest iwhole inumber iis ithe iaggregate icrushing ivalue. 

 

4.5.2 i i i iResults 
Table i4.7 iCompression itest iresults 
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Sample 

iNo 

 

 

 

Sample 

idistributio

n ion ior inot 

 

Sample isize icm 

 

 

 

 

Sample i 

i i i 
area 

(cm2) 

 

 

 

Dama

ging 

iload 

i(KN) 

 

 

compr

ession 

iof 

istreng

th% 

 

 

 

Aver

age

% 
 

Leng

th 

 

widt

h 

 

Tall

ness 

1 Not 5.02 5.0 5.20 25.1 35.22 14.0  

 

29.0 2 Not 4.90 4.80 5.00 23.5 134.13 57.0 

3 Not 5.00 4.80 5.10 24.0 38.29 16.0 

 

 

 

 

4.5.3 i i i iDescription 

Aggregate icrushing ivalue itest iis iimportant ito idetermine ithe imaximum iload ithat 

ican ibe iapplied iin iaggregates ito ibe iused iin iroad iconstruction ipractices. iTest iresult 

iof iaggregate icrushing ivalues iof iSarban iHill iLimestone iis i29% iand iaccording ito 

iBS-2001 ithe ivalue imust ilay iless ithan i30% iand itherefore ithe istudies iformation 

imeets ithe istandard. i(Table i4.8) 

Table i4.8 iResult icomparison iwith istandards 

Standard icode Standard ivalue Result iobtained 

BS-2001 <30% ifor ibase icoarse iand iasphaltic icoarse 29.0% 
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CONCLUSION 

 

Geotechnical iproperties iof iSarban iHill iLimestone iare ievaluated iby iperforming ivarious 

ilaboratory itests. iGradation ianalysis ishows ipercentages iof i98.4 i% iand i1.6% ifor icoarse iand ifine 

iaggregates irespectively. iSoundness itest, iFlakiness i& iElongation itest, iLos iAngeles iAbrasion 

itest iand iCompression itest ishows ithe iaverage ivalues iof i17.6%, i7.2%, i26.6% iand i29 i% 

irespectively. i 

Comparison iof iobtained ilaboratory itest iresults iwith ithe ipre-defined iStandards i(BS, iASTM, 

iAASHTO, iNHA) ireveals ithat iSarban iHill iLimestone imeets iall ithe ispecifications iand itherefore 

iis ia ivaluable iaggregate iresource ito ibe iused iin iroad iconstruction iactivities. 

 

 

 

 

 

 

 

 

 

 



` 

32 

 

 

REFERENCES 

 Posted iin iFoundation iEngineering, iG., iPosted iin iCase istudy, iE., iPosted iin 

iConstruction iProject, iH., iGuide, iP., iPosted iin iHow iTo iGuide, iR., iPosted iin 

iExclusive, iG., i. i. i. iPosted iin iBuilding iTechnology iGuide, iC. i(2020, iSeptember 

i25). iThe iConstruction iEncyclopedia. iRetrieved iSeptember i29, i2020, ifrom 

ihttps://theconstructor.org/ 

 Colm, iA.O., i2002. iHighways ithe ilocation idesign iconstruction iand imaintenance 

iof iroad ipavement ivol i4, i145-147p. 

 Hamakareem. iI., i2016. iUses iof isedimentary irocks iin iroad iconstruction 

iand icivil iengineering, iThe iconstructor icivil iengineering ihome, iPP i4. 

 Kazmi, iA.H., iand iJan.M.Q., i1997. iGeology iand iTectonics iof 

iPakistan.Graphic iPublishers iKarachi i– iPakistan i1-554. 

 Kian, iTeck, iet ial., i2005. iThe idevelopment iof iroad iconstruction imaterial 

iselection isystem, iJournal iof ithe ieastern iasia isociety ifor itransportation 

istudies, iVol.6 i, iPP i1313-1328.. 

 Satya iet ial., i2006. iImportance iof igeology iin iconstruction iand iprevent ithe 

ihazards, iJournal ifor iadvances iin iapplied iscience iresearch, iVol.6, iPg i75-

80. 

 Siddiqui, iK.H., i2009. iMaterial iin iConstruction iof iHighways iand iBuildings,  

iNew iEdition, iFerozsons i(Pvt.) iLimited, ip i9. 

 V.R iGannapathy iet ial., i2008. iRisk ifactors iin iroad iconstruction isite, 

iJournal ifor iworld iacademy iof iscience, iEngineering iand itechnology, 

iPP46. 

 Yeats iRS, iHussain iA i(1987). iTiming iof istructural ievents iin ithe iHimalayan ifoot 

ihills iof iNW iPakistan, iGeol iSoc iAm iBull,  iPP i161–176. 

  

https://theconstructor.org/


8%
SIMILARITY INDEX

6%
INTERNET SOURCES

3%
PUBLICATIONS

7%
STUDENT PAPERS

1 3%

2 1%

3 1%

4 1%

5 1%

6 <1%

7 <1%

8 <1%

9 <1%

obaid 2nd attempt
ORIGINALITY REPORT

PRIMARY SOURCES

archive.org
Internet Source

Submitted to Federal University of Technology
Student Paper

Submitted to Kingston University
Student Paper

www.bella-xantra.gr
Internet Source

Submitted to Asian Institute of Technology
Student Paper

Submitted to INTI International University
Student Paper

Submitted to Universiti Selangor
Student Paper

www.bsbd.org
Internet Source

Submitted to Indian School of Mines
Student Paper



10 <1%

11 <1%

12 <1%

13 <1%

14 <1%

15 <1%

16 <1%

17 <1%

18 <1%

19 <1%

Submitted to Baku Higher Oil School
Student Paper

adt.waikato.ac.nz
Internet Source

"Utilization Iof Irecycled Iaggregate Iin Iwet Imix
Imacadam I(Wmm)", International Journal of
Innovative Technology and Exploring
Engineering, 2019
Publication

www.garrens.com
Internet Source

Submitted to Postgraduate Schools -
Limkokwing University of Creative Technology
Student Paper

Submitted to Universiti Teknologi MARA
Student Paper

Submitted to Sharda University
Student Paper

www.coursehero.com
Internet Source

Submitted to Korea National University of
Transportation
Student Paper

biznesadvokat.ru
Internet Source


	Obaid Thesis Plagiarism free
	ABSTRACT
	ACKNOWLEDGMENTS
	TABLES
	1.1 iRocks
	1.1.1 Applications iof irocks
	1.1.2 Application iof isedimentary irocks
	1.1.3 Applications iof iIgneous irocks
	1.1.4 Application iof imetamorphic irocks

	1.2 i i i iRoad iconstruction
	1.3 i i i iAggregate iproperties
	1.4 i i i i iGeneral istatement
	1.5 i i i i iObjectives
	1.6 i i i i iLocation iand iAccessibility
	1.7 i i i i iMethodology
	2.1 i i i i iTectonic iSetting
	2.1.1 i i i iKarakorum iBlock
	2.1.2 i i i iMain iKarakorum iThrust
	2.1.3 i i i iKohistan iIsland iArc
	2.1.4 i i i iMain iMantle iThrust
	2.1.5 i i i iNorthern iDeformed iFold iand iThrust iBelt
	2.1.6 i i i iMain iBoundary iThrust
	2.1.7 i i i iSouthern iDeformed iFold iand iThrust iBelt
	2.1.8 i i i iPunjab iFore ideep

	2.2 i i i i iTectonics iof istudy iarea
	2.3 i i i i iStratigraphy iof istudy iarea
	3.1.1 i i i iIntroduction
	3.1.2 i i i iDefinition
	3.1.3 i i i iApparatus
	3.1.4 i i i iProcedure
	3.1.5 i i i iFormula

	3.2 i i i i iSoundness itest ifor iaggregate i(AASHTO-T12)
	3.2.1 i i i iIntroduction
	3.2.2 i i i iDefinition
	3.2.3 i i i iObjective
	3.2.4 i i i iApparatus
	3.2.5 Procedure
	3.2.6 i i i iReport
	3.2.7 iFormula

	3.3 i i i i iFlakiness iand iElongation itest i(ASTMD4791)
	3.3.1 i i i iIntroduction
	3.3.2 i i i iDefinition
	3.3.3 i i iProcedure
	3.3.4 i i i iCalculation

	3.4 i i i i iLos iAngeles iAbrasion itest iof iaggregate i(AASHTO-T96)
	3.4.1 i i i iIntroduction
	3.4.2 i i i iDefinition
	3.4.3 i i i iApparatus
	3.4.4 i i i iProcedure
	3.4.5 i i i iFormula

	3.5 i i i i iCrushing itest iof iaggregate i(BS-812)
	3.5.1 i i i iIntroduction
	3.5.2 i i i iDefinition
	3.5.3 i i i iApparatus
	3.5.4 i i i iProcedure
	3.5.5 i i i iFormula

	4.1 i i i i iGradation itest ifor ifine iand icoarse iaggregates i(AASHTO-T27)
	4.1.1 i i i iCalculation
	4.1.2 i i i iResults
	4.1.3 i i i iDescription

	4.2 i i i i i iSoundness itest iof iaggregate
	4.2.1Calculations
	4.2.2 i i iResults
	4.2.3 i i i iDescription

	4.3 i i i i iFlakiness iand ielongation itest i(ASTMD4791)
	4.3.1 i i iCalculation
	4.3.2 i i i iResults
	4.3.3 i i i iDescription
	4.4.1 iCalculations
	4.4.2 iResults
	4.4.3 i i i iDescription

	4.5 i i i i iCrushing itest iof iaggregate i(BS-812)
	4.5.1 i i i iCalculations
	4.5.2 i i i iResults
	4.5.3 i i i iDescription



	obaid 2nd attempt

