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PAVEMENTSPAVEMENTS  
 highwayhighway  pavementpavement  isis  aa  structurestructure  consistingconsisting  ofof  superimposedsuperimposed  

layerslayers  ofof  processedprocessed  materialsmaterials  aboveabove  thethe  naturalnatural  soilsoil  subsub--grade,grade,  
whosewhose  primaryprimary  functionfunction  isis  toto  distributedistribute  thethe  appliedapplied  vehiclevehicle  loadsloads  
toto  thethe  subsub--gradegrade..  TheThe  pavementpavement  structurestructure  shouldshould  bebe  ableable  toto  
provideprovide  aa  surfacesurface  ofof  acceptableacceptable  ridingriding  quality,quality,  adequateadequate  skidskid  
resistance,resistance,  favourablefavourable  lightlight  reflectingreflecting  characteristics,characteristics,  andand  lowlow  
noisenoise  pollutionpollution..  TheThe  ultimateultimate  aimaim  isis  toto  ensureensure  thatthat  thethe  transmittedtransmitted  

 stressesstresses  duedue  toto  wheelwheel  loadload  areare  sufficientlysufficiently  reduced,reduced,  soso  thatthat  theythey  
willwill  notnot  exceedexceed  bearingbearing  capacitycapacity  ofof  thethe  subgradesubgrade..  

 TwoTwo  typestypes  ofof  pavementspavements  areare  generallygenerally  recognizedrecognized  asas  servingserving  thisthis  
purpose,purpose,  namelynamely  flexibleflexible  pavementspavements  andand  rigidrigid  pavementspavements..  



PAVEMENTSPAVEMENTSPAVEMENTSPAVEMENTS    



REQUIREMENTS OF A PAVEMENTREQUIREMENTS OF A PAVEMENTREQUIREMENTS OF A PAVEMENTREQUIREMENTS OF A PAVEMENT    
    

 AnAn  idealideal  pavementpavement  shouldshould  meetmeet  thethe  followingfollowing  requirementsrequirements::  
   SufficientlySufficiently  thicknessthickness  toto  distributedistribute  thethe  wheelwheel  loadload  stressesstresses  toto  aa  safesafe  

valuevalue  onon  thethe  subsub--gradegrade  soil,soil,  
   StructurallyStructurally  strongstrong  toto  withstandwithstand  allall  typestypes  ofof  stressesstresses  imposedimposed  uponupon  it,it,  
   AdequateAdequate  coefficientcoefficient  ofof  frictionfriction  toto  preventprevent  skiddingskidding  ofof  vehicles,vehicles,  
   SmoothSmooth  surfacesurface  toto  provideprovide  comfortcomfort  toto  roadroad  usersusers  eveneven  atat  highhigh  speed,speed,  
   ProduceProduce  leastleast  noisenoise  fromfrom  movingmoving  vehicles,vehicles,  
   DustDust  proofproof  surfacesurface  soso  thatthat  tracttract  safetysafety  isis  notnot  impairedimpaired  byby  reducingreducing  

visibility,visibility,  
   ImperviousImpervious  surface,surface,  soso  thatthat  subsub--gradegrade  soilsoil  isis  wellwell  protected,protected,  andand  
   LongLong  designdesign  lifelife  withwith  lowlow  maintenancemaintenance  costcost..  



TYPES OF PAVEMENTSTYPES OF PAVEMENTS  

 TheThe  pavementspavements  cancan  bebe  classifiedclassified  basedbased  onon  thethe  
structuralstructural  performanceperformance  intointo  two,two,  flexibleflexible  
pavementspavements  andand  rigidrigid  pavementspavements..  InIn  flexibleflexible  
pavements,pavements,  wheelwheel  loadsloads  areare  transferredtransferred  byby  
graingrain--toto--graingrain  contactcontact  ofof  thethe  aggregateaggregate  throughthrough  

 thethe  granulargranular  structurestructure  



TYPES OF PAVEMENTSTYPES OF PAVEMENTS  



FLEXIBLE PAVEMENTFLEXIBLE PAVEMENT    RIGID PAVEMENTRIGID PAVEMENT    



FLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTS    

 FlexibleFlexible  pavementspavements  willwill  transmittransmit  wheelwheel  loadload  stressesstresses  toto  
thethe  lowerlower  layerslayers  byby  graingrain--toto--graingrain  transfertransfer  throughthrough  thethe  
pointspoints  ofof  contactcontact  inin  thethe  granulargranular  structurestructure..  TheThe  wheelwheel  
loadload  actingacting  onon  thethe  pavementpavement  willwill  bebe  distributeddistributed  toto  aa  
widerwider  area,area,  andand  thethe  stressstress  decreasesdecreases  withwith  thethe  depthdepth..  
TakingTaking  advantageadvantage  ofof  thisthis  stressstress  distributiondistribution  
characteristiccharacteristic,,  flexibleflexible  pavementspavements  normallynormally  hashas  manymany  
layerslayers..  Hence,Hence,  thethe  designdesign  ofof  flexibleflexible  pavementpavement  usesuses  thethe  
conceptconcept  ofof  layeredlayered  systemsystem..  



FLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTSFLEXIBLE PAVEMENTS  



TYPES OF PAVEMENTSTYPES OF PAVEMENTSTYPES OF PAVEMENTSTYPES OF PAVEMENTS    





TYPICAL LAYERS OF A FLEXIBLE PAVEMENTTYPICAL LAYERS OF A FLEXIBLE PAVEMENT  
  

 TypicalTypical  layerslayers  ofof  aa  conventionalconventional  flexibleflexible  pavementpavement  
includesincludes  sealseal  coat,coat,  surfacesurface  course,course,  tacktack  coat,coat,  binderbinder  
coursecourse,,  primeprime  coat,coat,  basebase  course,course,  subsub--basebase  course,course,  
compactedcompacted  subsub--grade,grade,  andand  naturalnatural  subsub--gradegrade  SealSeal  CoatCoat::  
SealSeal  coatcoat  isis  aa  thinthin  surfacesurface  treatmenttreatment  usedused  toto  waterwater--proofproof  
thethe  surfacesurface  andand  toto  provideprovide  skidskid  resistanceresistance..  

 TackTack  CoatCoat::  TackTack  coatcoat  isis  aa  veryvery  lightlight  applicationapplication  ofof  
asphalt,asphalt,  usuallyusually  asphaltasphalt  emulsionemulsion  diluteddiluted  withwith  waterwater..  ItIt  
providesprovides  properproper  bondingbonding  betweenbetween  twotwo  layerlayer  ofof  binderbinder  
coursecourse  andand  mustmust  bebe  thin,thin,  uniformlyuniformly  covercover  thethe  entireentire  
surfacesurface,,  andand  setset  veryvery  fastfast..  



TYPICAL LAYERS OF A FLEXIBLE PAVEMENTTYPICAL LAYERS OF A FLEXIBLE PAVEMENT  
  

 PrimePrime  CoatCoat::  PrimePrime  coatcoat  isis  anan  applicationapplication  ofof  lowlow  viscousviscous  
cutbackcutback  bitumenbitumen  toto  anan  absorbentabsorbent  surfacesurface  likelike  granulargranular  
basesbases  onon  whichwhich  binderbinder  layerlayer  isis  placedplaced..  ItIt  providesprovides  
bondingbonding  betweenbetween  twotwo  layerslayers..  UnlikeUnlike  tacktack  coat,coat,  primeprime  
coatcoat  penetratespenetrates  intointo  thethe  layerlayer  below,below,  plugsplugs  thethe  voids,voids,  
andand  formsforms  aa  waterwater  tighttight  surfacesurface..  

 SurfaceSurface  coursecourse  
 SurfaceSurface  coursecourse  isis  thethe  layerlayer    directlydirectly  inin  contactcontact  withwith  

traffictraffic  loadsloads  andand  generallygenerally  containscontains  superiorsuperior  qualityquality  
materialsmaterials..  TheyThey  areare  usuallyusually  constructedconstructed  withwith  densedense  
gradedgraded  asphaltasphalt  concrete(AC)concrete(AC)..  
  



TYPICAL LAYERS OF A FLEXIBLE PAVEMENTTYPICAL LAYERS OF A FLEXIBLE PAVEMENT  
  

 ItIt  providesprovides  characteristicscharacteristics  suchsuch  asas  friction,friction,  smoothness,smoothness,  drainage,drainage,  etcetc..  
AlsoAlso  itit  willwill  preventprevent  thethe  entranceentrance  ofof  excessiveexcessive  quantitiesquantities  ofof  surfacesurface  
waterwater  intointo  thethe  underlyingunderlying  base,base,  subsub--basebase  andand  subsub--gradegrade,,    ItIt  mustmust  bebe  
toughtough  toto  resistresist  thethe  distortiondistortion  underunder  traffictraffic  andand  provideprovide  aa  smoothsmooth  andand  
skidskid--  resistantresistant  ridingriding  surface,surface,    ItIt  mustmust  bebe  waterwater  proofproof  toto  protectprotect  thethe  
entireentire  basebase  andand  subsub--gradegrade  fromfrom  thethe  weakeningweakening  effecteffect  ofof  waterwater..    

 BinderBinder  coursecourse  
 ThisThis  layerlayer  providesprovides  thethe  bulkbulk  ofof  thethe  asphaltasphalt  concreteconcrete  structurestructure..  It'sIt's  chiefchief  

purposepurpose  isis  toto  distributedistribute  loadload  toto  thethe  basebase  coursecourse  TheThe  binderbinder  coursecourse  
generallygenerally  consistsconsists  ofof  aggregatesaggregates  havinghaving  lessless  asphaltasphalt  andand  doesn'tdoesn't  requirerequire  
qualityquality  asas  highhigh  asas  thethe  surfacesurface  course,course,  soso  replacingreplacing  aa  partpart  ofof  thethe  surfacesurface  
coursecourse  byby  thethe  binderbinder  coursecourse  resultsresults  inin  moremore  economicaleconomical  designdesign..  



TYPICAL LAYERS OF A FLEXIBLE PAVEMENTTYPICAL LAYERS OF A FLEXIBLE PAVEMENT  
  

 BaseBase  coursecourse  
 TheThe  basebase  coursecourse  isis  thethe  layerlayer  ofof  materialmaterial  immediatelyimmediately  beneathbeneath  thethe  surfacesurface  ofof  

binderbinder  coursecourse  andand  itit  providesprovides  additionaladditional  loadload  distributiondistribution  andand  contributescontributes  toto  
thethe  subsub--surfacesurface  drainagedrainage  ItIt  maymay  bebe  composedcomposed  ofof  crushedcrushed  stonestone,,  crushedcrushed  slag,slag,  
andand  otherother  untreateduntreated  oror  stabilizedstabilized  materialsmaterials..  

 SubSub--BaseBase  coursecourse  
 TheThe  subsub--basebase  coursecourse  isis  thethe  layerlayer  ofof  materialmaterial  beneathbeneath  thethe  basebase  coursecourse  andand  thethe  

primaryprimary  functionsfunctions  areare  toto  provideprovide  structuralstructural  support,support,  improveimprove  drainage,drainage,  andand  
reducereduce  thethe  intrusionintrusion  ofof  finesfines  fromfrom  thethe  subsub--gradegrade  inin  thethe  pavementpavement  structurestructure  IfIf  
thethe  basebase  coursecourse  isis  openopen  graded,graded,  thenthen  thethe  subsub--basebase  coursecourse  withwith  moremore  finesfines  cancan  
serveserve  asas  aa  fillerfiller  betweenbetween  subsub--gradegrade  andand  thethe  basebase  coursecourse  AA  subsub--basebase  coursecourse  isis  
notnot  alwaysalways  neededneeded  oror  usedused..  ForFor  example,example,  aa  pavementpavement  constructedconstructed  overover  aa  highhigh  
quality,quality,  stiffstiff  subsub--gradegrade  maymay  notnot  needneed  thethe  additionaladditional  featuresfeatures  offeredoffered  byby  aa  subsub--
basebase  coursecourse..  InIn  suchsuch  situations,situations,  subsub--basebase  coursecourse  maymay  notnot  bebe  providedprovided..  



TYPICAL LAYERS OF A FLEXIBLE PAVEMENTTYPICAL LAYERS OF A FLEXIBLE PAVEMENT  
  

SubSub--gradegrade  
 TheThe  toptop  soilsoil  oror  subsub--gradegrade  isis  aa  layerlayer  ofof  naturalnatural  

soilsoil  preparedprepared  toto  receivereceive  thethe  stressesstresses  fromfrom  thethe  
layerslayers  aboveabove..  ItIt  isis  essentialessential  thatthat  atat  nono  timetime  soilsoil  
subsub--gradegrade  isis  overstressedoverstressed..  ItIt  shouldshould  bebe    
compactedcompacted  toto  thethe  desirabledesirable  density,density,  nearnear  thethe  
optimumoptimum  moisturemoisture  contentcontent..  



                FLEXIBLEFLEXIBLEFLEXIBLEFLEXIBLE                                                            RIGIDRIGIDRIGIDRIGID    



RIGID PAVEMENTSRIGID PAVEMENTS  

 RigidRigid  pavementspavements  havehave  sufficientsufficient  flexuralflexural  strengthstrength  
toto  transmittransmit  thethe  wheelwheel  loadload  stressesstresses  toto  aa  widerwider  
areaarea  belowbelow..  

 ComparedCompared  toto  flexibleflexible  pavement,pavement,  rigidrigid  pavementspavements  
areare  placedplaced  eithereither  directlydirectly  onon  thethe  preparedprepared  subsub--
gradegrade  oror  onon  aa  singlesingle  layerlayer  ofof  granulargranular  oror  
stabilizedstabilized  materialmaterial..  SinceSince  therethere  isis  onlyonly  oneone  layerlayer  
ofof  materialmaterial  betweenbetween  thethe  concreteconcrete  andand  thethe  subsub--
grade,grade,  thisthis  layerlayer  cancan  bebe  calledcalled  asas  basebase  oror  subsub--
basebase  coursecourse..  



RIGID PAVEMENTSRIGID PAVEMENTS  





PAVEMENT PAVEMENT MATERIALSMATERIALS  

 SoilsSoils  
 PavementsPavements  areare  aa  conglomerationconglomeration  ofof  materialsmaterials..  

TheseThese  materials,materials,  theirtheir  associatedassociated  properties,properties,  andand  
theirtheir  interactionsinteractions  determinedetermine  thethe  propertiesproperties  ofof  thethe  
resultantresultant  pavementpavement..  Thus,Thus,  aa  goodgood  understandingunderstanding  
ofof  thesethese  materials,materials,  howhow  theythey  areare  characterized,characterized,  
andand  howhow  theythey  performperform  isis  fundamentalfundamental  toto  
understandingunderstanding  pavementpavement..  TheThe  materialsmaterials  whichwhich  
areare  usedused  inin  thethe  constructionconstruction  ofof  highwayhighway  areare  ofof  
intenseintense  interestinterest  toto  thethe  highwayhighway  engineerengineer..  



SUB GRADE SOILSUB GRADE SOIL  
  

 SoilSoil  isis  anan  accumulationaccumulation  oror  depositdeposit  ofof  earthearth  material,material,  
derivedderived  naturallynaturally  fromfrom  thethe  disintegrationdisintegration  ofof  rocksrocks  oror  
decaydecay  ofof  vegetation,vegetation,  thatthat  cancan  bebe  excavatedexcavated  readilyreadily  withwith  
powerpower  equipmentequipment  inin  thethe  fieldfield  oror  disintegrateddisintegrated  byby  gentlegentle  
mechanicalmechanical  meansmeans  inin  thethe  laboratorylaboratory..  TheThe  supportingsupporting  
soilsoil  beneathbeneath  pavementpavement  andand  itsits  specialspecial  underunder  coursescourses  isis  
calledcalled  subsub  gradegrade..  UndisturbedUndisturbed  soilsoil  beneathbeneath  thethe  
pavementpavement  isis  calledcalled  naturalnatural  subsub  gradegrade..  CompactedCompacted  subsub  
gradegrade  isis  thethe  soilsoil  compactedcompacted  byby  controlledcontrolled  movementmovement  ofof  
heavyheavy  compactorscompactors..  



SUB GRADE SOILSUB GRADE SOIL  



SOIL TYPESSOIL TYPES  
  

 TheThe  widewide  rangerange  ofof  soilsoil  typestypes  availableavailable  asas  
highwayhighway  constructionconstruction  materialsmaterials  havehave  mademade  itit  
obligatoryobligatory  onon  thethe  partpart  ofof  thethe  highwayhighway  engineerengineer  
toto  identifyidentify  andand  classifyclassify  differentdifferent  soilssoils..    

 Broadly,Broadly,  thethe  soilsoil  typestypes  cancan  bebe  categorizedcategorized  asas  
LateriteLaterite  soil,soil,  MoorumMoorum  //  redred  soil,soil,  DesertDesert  sands,sands,  
AlluvialAlluvial  soil,soil,  ClayClay  includingincluding  BlackBlack  cottoncotton  soilsoil..  



SOIL TYPESSOIL TYPES  



SOIL TYPESSOIL TYPES  



SOIL TYPESSOIL TYPES  

 GravelGravel::  TheseThese  areare  coarsecoarse  materialsmaterials  withwith  particleparticle  sizesize  underunder  22..3636  mmmm  
withwith  littlelittle  oror  nono  finesfines  contributingcontributing  toto  cohesioncohesion  ofof  materialsmaterials..  

   MoorumMoorum::  TheseThese  areare  productsproducts  ofof  decompositiondecomposition  andand  weatheringweathering  ofof  thethe  
pavementpavement  rockrock..  VisuallyVisually  thesethese  areare  similarsimilar  toto  gravelgravel  exceptexcept  presencepresence  ofof  
higherhigher  contentcontent  ofof  finesfines..  

   SiltsSilts::  TheseThese  areare  finerfiner  thanthan  sand,sand,  brighterbrighter  inin  colorcolor  asas  comparedcompared  toto  clay,clay,  
andand  exhibitexhibit  littlelittle  cohesioncohesion..  WhenWhen  aa  lumplump  ofof  siltysilty  soilsoil  mixedmixed  withwith  water,water,  
alternatelyalternately  squeezedsqueezed  andand  tappedtapped  aa  shinyshiny  surfacesurface  makesmakes  itsits  appearanceappearance,,  
thusthus  dilatancydilatancy  isis  aa  specificspecific  propertyproperty  ofof  suchsuch  soilsoil..  

   ClaysClays::  TheseThese  areare  finerfiner  thanthan  siltssilts..  ClayeyClayey  soilssoils  exhibitexhibit  stickiness,stickiness,  highhigh  
strengthstrength  whenwhen  dry,dry,  andand  showshow  nono  dilatancydilatancy..  BlackBlack  cottoncotton  soilsoil  andand  otherother  
expansiveexpansive  claysclays  exhibitexhibit  swellingswelling  andand  shrinkageshrinkage  propertiesproperties..  PastePaste  ofof  clayclay  
withwith  waterwater  whenwhen  rubbedrubbed  inin  betweenbetween  fingersfingers  leavesleaves  stain,stain,  whichwhich  isis  notnot  
observedobserved  forfor  siltssilts..  



TESTS ON SOILTESTS ON SOIL  
  

 SubSub  gradegrade  soilsoil  isis  anan  integralintegral  partpart  ofof  thethe  roadroad  pavementpavement  structurestructure  asas  itit  providesprovides  
thethe  supportsupport  toto  thethe  pavementpavement  fromfrom  beneathbeneath..  TheThe  subsub  gradegrade  soilsoil  andand  itsits  
propertiesproperties  areare  importantimportant  inin  thethe  designdesign  ofof  pavementpavement  structurestructure..  TheThe  mainmain  
functionfunction  ofof  thethe  subsub  gradegrade  isis  toto  givegive  adequateadequate  supportsupport  toto  thethe  pavementpavement  andand  forfor  
thisthis  thethe  subsub  gradegrade  shouldshould  possesspossess  sufficientsufficient  stabilitystability  underunder  adverseadverse  climaticclimatic  
andand  loadingloading  conditionsconditions..  Therefore,Therefore,  itit  isis  veryvery  essentialessential  toto  evaluateevaluate  thethe  

 subsub  gradegrade  byby  conductingconducting  teststests..  
 TheThe  teststests  usedused  toto  evaluateevaluate  thethe  strengthstrength  propertiesproperties  ofof  soilssoils  maymay  bebe  broadlybroadly  

divideddivided  intointo  threethree  groupsgroups::  
   ShearShear  teststests  
   BearingBearing  teststests  
   PenetrationPenetration  teststests  



CALIFORNIA BEARING RATIO TESTCALIFORNIA BEARING RATIO TEST  
  

 CaliforniaCalifornia  BearingBearing  RatioRatio  (CBR)(CBR)  testtest  waswas  developeddeveloped  byby  thethe  CaliforniaCalifornia  DivisionDivision  ofof  
HighwayHighway  asas  aa  methodmethod  ofof  classifyingclassifying  andand  evaluatingevaluating  soilsoil--subsub  gradegrade  andand  basebase  coursecourse  
materialsmaterials  forfor  flexibleflexible  pavementspavements..  CBRCBR  test,test,  anan  empiricalempirical  testtest,,  hashas  beenbeen  usedused  toto  
determinedetermine  thethe  materialmaterial  propertiesproperties  forfor  pavementpavement  designdesign..  EmpiricalEmpirical  teststests  measuremeasure  thethe  
strengthstrength  ofof  thethe  materialmaterial  andand  areare  notnot  aa  truetrue  representationrepresentation  ofof  thethe  resilientresilient  modulusmodulus..  ItIt  isis  
aa  penetrationpenetration  testtest  whereinwherein  aa  standardstandard  piston,piston,  havinghaving  anan  areaarea  ofof  33  inin22  (or(or  5050  mmmm  
diameter),diameter),  isis  usedused  toto  penetratepenetrate  thethe  soilsoil  atat  aa  standardstandard  raterate  ofof  11..2525  mm/minutemm/minute..  TheThe  
pressurepressure  upup  toto  aa  penetrationpenetration  ofof  1212..55  mmmm  andand  it'sit's  ratioratio  toto  thethe  bearingbearing  valuevalue  ofof  aa  
standardstandard  crushedcrushed  rockrock  isis  termedtermed  asas  thethe  CBRCBR..  InIn  mostmost  cases,cases,  CBRCBR  decreasesdecreases  asas  thethe  
penetrationpenetration  increasesincreases..  TheThe  ratioratio  atat  22..55  mmmm  penetrationpenetration  isis  usedused  asas  thethe  CBRCBR..  InIn  somesome  case,case,  
thethe  ratioratio  atat  55  mmmm  maymay  bebe  greatergreater  thanthan  thatthat  atat  22..55  mmmm..  IfIf  thisthis  occurs,occurs,  thethe  ratioratio  atat  55  mmmm  
shouldshould  bebe  usedused..  TheThe  CBRCBR  isis  aa  measuremeasure  ofof  resistanceresistance  ofof  aa  materialmaterial  toto  penetrationpenetration  ofof  
standardstandard  plungerplunger  underunder  controlledcontrolled  densitydensity  andand  moisturemoisture  conditionsconditions..  TheThe  testtest  procedureprocedure  
shouldshould  bebe  strictlystrictly  adheredadhered  ifif  highhigh  degreedegree  ofof  reproducibilityreproducibility  isis  desireddesired..  TheThe  CBRCBR  testtest  maymay  
bebe  conductedconducted  inin  rere--mouldedmoulded  oror  undisturbedundisturbed  specimenspecimen  inin  thethe  laboratorylaboratory..  TheThe  testtest  isis  
simplesimple  andand  hashas  beenbeen  extensivelyextensively  investigatedinvestigated  forfor  fieldfield  correlationscorrelations  ofof  flexibleflexible  pavementpavement  
thicknessthickness  requirementrequirement..  



CALIFORNIA BEARING RATIO TESTCALIFORNIA BEARING RATIO TEST  



PLATE BEARING TESTPLATE BEARING TEST  
  

 PlatePlate  bearingbearing  testtest  isis  usedused  toto  evaluateevaluate  thethe  supportsupport  capabilitycapability  ofof  subsub--grades,grades,  
basesbases  andand  inin  somesome  cases,cases,  completecomplete  pavementpavement..  DataData  fromfrom  thethe  teststests  areare  
applicableapplicable  forfor  thethe  designdesign  ofof  bothboth  flexibleflexible  andand  rigidrigid  pavementspavements..  InIn  plateplate  bearingbearing  
test,test,  aa  compressivecompressive  stressstress  isis  appliedapplied  toto  thethe  soilsoil  oror  pavementpavement  layerlayer  throughthrough  rigidrigid  
platesplates  relativelyrelatively  largelarge  sizesize  andand  thethe  deflectionsdeflections  areare  measuredmeasured  forfor  variousvarious  stressstress  
valuesvalues..  TheThe  deflectiondeflection  levellevel  isis  generallygenerally  limitedlimited  toto  aa  lowlow  valuevalue,,  inin  thethe  orderorder  ofof  
11..2525  toto  55  mmmm  andand  soso  thethe  deformationdeformation  causedcaused  maymay  bebe  partlypartly  elasticelastic  andand  partlypartly  
plasticplastic  duedue  toto  compactioncompaction  ofof  thethe  stressedstressed  massmass  withwith  negligiblenegligible  plasticplastic  
deformationdeformation..  TheThe  plateplate--bearingbearing  testtest  hashas  beenbeen  deviseddevised  toto  evaluateevaluate  thethe  
supportingsupporting  powerpower  ofof  subsub  gradesgrades  oror  anyany  otherother  pavementpavement  layerlayer  byby  usingusing  platesplates  ofof  
largerlarger  diameterdiameter..  

 TheThe  plateplate--bearingbearing  testtest  waswas  originallyoriginally  meantmeant  toto  findfind  thethe  modulusmodulus  ofof  subsub  gradegrade  
reactionreaction  inin  thethe  Westergaard'sWestergaard's  analysisanalysis  forfor  wheelwheel  loadload  stressesstresses  inin  cementcement  
concreteconcrete  pavementspavements..  



PLATE BEARING TESTPLATE BEARING TEST  



PAVEMENT PAVEMENT MATERIALSMATERIALS  

 AggregatesAggregates  
 AggregateAggregate  isis  aa  collectivecollective  termterm  forfor  thethe  mineralmineral  materialsmaterials  suchsuch  asas  

sand,sand,  gravel,gravel,  andand  crushedcrushed  stonestone  thatthat  areare  usedused  withwith  aa  bindingbinding  
mediummedium  (such(such  asas  water,water,  bitumen,bitumen,  PortlandPortland  cement,cement,  lime,lime,  etcetc..))  toto  
formform  compoundcompound  materialsmaterials  ((suchsuch  asas  bituminousbituminous  concreteconcrete  andand  
PortlandPortland  cementcement  concrete)concrete)..  ByBy  volume,volume,  aggregateaggregate  generallygenerally  
accountsaccounts  forfor  9292  toto  9696  percentpercent  ofof  BituminousBituminous  concreteconcrete  andand  aboutabout  
7070  toto  8080  percentpercent  ofof  PortlandPortland  cementcement  concreteconcrete..  AggregateAggregate  isis  alsoalso  
usedused  forfor  basebase  andand  subsub--basebase  coursescourses  forfor  bothboth  flexibleflexible  andand  rigidrigid  
pavementspavements..  AggregatesAggregates  cancan  eithereither  bebe  naturalnatural  oror  manufacturedmanufactured..  



AGGREGATESAGGREGATES  
  



DESIRABLE PROPERTIESDESIRABLE PROPERTIESDESIRABLE PROPERTIESDESIRABLE PROPERTIES    
 StrengthStrength  
 TheThe  aggregatesaggregates  usedused  inin  toptop  layerslayers  areare  subjectedsubjected  toto  (i)(i)  StressStress  actionaction  duedue  toto  traffictraffic  wheelwheel  

load,load,  (ii)(ii)  WearWear  andand  teartear,,  ((iii)iii)  crushingcrushing..  ForFor  aa  highhigh  qualityquality  pavement,pavement,  thethe  aggregatesaggregates  
shouldshould  possesposses  highhigh  resistanceresistance  toto  crushing,crushing,  andand  toto  withstandwithstand  thethe  stressesstresses  duedue  toto  traffictraffic  
wheelwheel  loadload..  

 HardnessHardness  
 TheThe  aggregatesaggregates  usedused  inin  thethe  surfacesurface  coursecourse  areare  subjectedsubjected  toto  constantconstant  rubbingrubbing  oror  

abrasionabrasion  duedue  toto  movingmoving  traffictraffic..  TheThe  aggregatesaggregates  shouldshould  bebe  hardhard  enoughenough  toto  resistresist  thethe  
abrasiveabrasive  actionaction  causedcaused  byby  thethe  movementsmovements  ofof  traffictraffic..  TheThe  abrasiveabrasive  actionaction  isis  severesevere  whenwhen  
steelsteel  tyredtyred  vehiclesvehicles  movesmoves  overover  thethe  aggregatesaggregates  exposedexposed  atat  thethe  toptop  surfacesurface..  

 ToughnessToughness  
 ResistanceResistance  ofof  thethe  aggregatesaggregates  toto  impactimpact  isis  termedtermed  asas  toughnesstoughness..  AggregatesAggregates  usedused  inin  thethe  

pavementpavement  shouldshould  bebe  ableable  toto  resistresist  thethe  effecteffect  causedcaused  byby  thethe  jumpingjumping  ofof  thethe  steelsteel  tyredtyred  
wheelswheels  fromfrom  oneone  particleparticle  toto  anotheranother  atat  differentdifferent  levelslevels  causescauses  severesevere  impactimpact  onon  thethe  
aggregatesaggregates  



DESIRABLE PROPERTIESDESIRABLE PROPERTIESDESIRABLE PROPERTIESDESIRABLE PROPERTIES  

 ShapeShape  ofof  aggregatesaggregates  
 AggregatesAggregates  whichwhich  happenhappen  toto  fallfall  inin  aa  particularparticular  sizesize  rangerange  maymay  havehave  rounded,rounded,  cubical,cubical,  

angular,angular,  flakyflaky  oror  elongatedelongated  particlesparticles..  ItIt  isis  evidentevident  thatthat  thethe  flakyflaky  andand  elongatedelongated  particlesparticles  
willwill  havehave  lessless  strengthstrength  andand  durabilitydurability  whenwhen  comparedcompared  withwith  cubical,cubical,  angularangular  oror  
roundedrounded  particlesparticles  ofof  thethe  samesame  aggregateaggregate..  HenceHence  tootoo  flakyflaky  andand  tootoo  muchmuch  elongatedelongated  
aggregatesaggregates  shouldshould  bebe  avoidedavoided  asas  farfar  asas  possiblepossible..  

 AdhesionAdhesion  withwith  bitumenbitumen  
 TheThe  aggregatesaggregates  usedused  inin  bituminousbituminous  pavementspavements  shouldshould  havehave  lessless  affinityaffinity  withwith  waterwater  

whenwhen  comparedcompared  withwith  bituminousbituminous  materialsmaterials,,  otherwiseotherwise  thethe  bituminousbituminous  coatingcoating  onon  thethe  
aggregateaggregate  willwill  bebe  strippedstripped  oo  inin  presencepresence  ofof  waterwater..  

 DurabilityDurability  
 TheThe  propertyproperty  ofof  aggregatesaggregates  toto  withstandwithstand  adverseadverse  actionaction  ofof  weatherweather  isis  calledcalled  soundnesssoundness..  

TheThe  aggregatesaggregates  areare  subjectedsubjected  toto  thethe  physicalphysical  andand  chemicalchemical  actionaction  ofof  rainrain  andand  bottombottom  
water,water,  impuritiesimpurities  therethere--inin  andand  thatthat  ofof  atmosphereatmosphere,,  hencehence  itit  isis  desirabledesirable  thatthat  thethe  roadroad  
aggregatesaggregates  usedused  inin  thethe  constructionconstruction  shouldshould  bebe  soundsound  enoughenough  toto  withstandwithstand  thethe  

 weatheringweathering  actionaction  



AGGREGATE TESTSAGGREGATE TESTS  
  

 InIn  orderorder  toto  decidedecide  thethe  suitabilitysuitability  ofof  thethe  aggregateaggregate  forfor  useuse  inin  
pavementpavement  construction,construction,  followingfollowing  teststests  areare  carriedcarried  

 outout::  
   CrushingCrushing  testtest  
   AbrasionAbrasion  testtest  
   ImpactImpact  testtest  
   SoundnessSoundness  testtest  
   ShapeShape  testtest  
   SpecificSpecific  gravitygravity  andand  waterwater  absorptionabsorption  testtest  
   BitumenBitumen  adhesionadhesion  testtest  



AGGREGATE TESTSAGGREGATE TESTS  
  

 CrushingCrushing  testtest  
 OneOne  ofof  thethe  modelmodel  inin  whichwhich  pavementpavement  materialmaterial  

cancan  failfail  isis  byby  crushingcrushing  underunder  compressivecompressive  stressstress..  
AA  testtest  isis  standardizedstandardized  byby  ISIS::23862386  partpart--IVIV  andand  
usedused  toto  determinedetermine  thethe  crushingcrushing  strengthstrength  ofof  
aggregatesaggregates..  TheThe  aggregateaggregate  crushingcrushing  valuevalue  
providesprovides  aa  relativerelative  measuremeasure  ofof  resistanceresistance  toto  
crushingcrushing  underunder  graduallygradually  appliedapplied  crushingcrushing  loadload..  
TheThe  



CRUSHING TESTCRUSHING TEST  



ABRASION TESTABRASION TEST  
  

 AbrasionAbrasion  testtest  isis  carriedcarried  outout  toto  testtest  thethe  hardnesshardness  propertyproperty  
ofof  aggregatesaggregates  andand  toto  decidedecide  whetherwhether  theythey  areare  suitablesuitable  
forfor  differentdifferent  pavementpavement  constructionconstruction  worksworks..  LosLos  AngelesAngeles  
abrasionabrasion  testtest  isis  aa  preferredpreferred  oneone  forfor  carryingcarrying  outout  thethe  
hardnesshardness  propertyproperty  andand  hashas  beenbeen  standardizedstandardized  inin  IndiaIndia  
(IS(IS::23862386  partpart--IV)IV)..  TheThe  principleprinciple  ofof  LosLos  AngelesAngeles  abrasionabrasion  
testtest  isis  toto  findfind  thethe  percentagepercentage  wearwear  duedue  toto  relativerelative  
rubbingrubbing  actionaction  betweenbetween  thethe  aggregateaggregate  andand  steelsteel  ballsballs  
usedused  asas  abrasiveabrasive  chargecharge..  



ABRASION TESTABRASION TESTABRASION TESTABRASION TEST    



AGGREGATE TESTSAGGREGATE TESTS  
  

 ImpactImpact  testtest  
 TheThe  aggregateaggregate  impactimpact  testtest  isis  carriedcarried  outout  toto  

evaluateevaluate  thethe  resistanceresistance  toto  impactimpact  ofof  aggregatesaggregates..    
 AggregatesAggregates  toto  bebe  usedused  forfor  wearingwearing  course,course,  thethe  

impactimpact  valuevalue  shouldn'tshouldn't  exceedexceed  3030  percentpercent..  ForFor  
bituminousbituminous  macadammacadam  thethe  maximummaximum  permissiblepermissible  
valuevalue  isis  3535  percentpercent..  ForFor  WaterWater  boundbound  macadammacadam  
basebase  coursescourses  thethe  maximummaximum  permissiblepermissible  valuevalue  
defineddefined  byby  IRCIRC  isis  4040  percentpercent  



  
IMPACT IMPACT TESTTEST  

  



AGGREGATE TESTSAGGREGATE TESTS  
  

 SoundnessSoundness  testtest  
 SoundnessSoundness  testtest  isis  intendedintended  toto  studystudy  thethe  resistanceresistance  

ofof  aggregatesaggregates  toto  weatheringweathering  action,action,  byby  
conductingconducting  acceleratedaccelerated  weatheringweathering  testtest  cyclescycles..  
TheThe  PorousPorous  aggregatesaggregates  subjectedsubjected  toto  freezingfreezing  andand  
thawingthawing  areare  likelylikely  toto  disintegratedisintegrate  prematurelyprematurely..  
ToTo  ascertainascertain  thethe  durabilitydurability  ofof  suchsuch  aggregates,aggregates,  
theythey  areare  subjectedsubjected  toto  anan  acceleratedaccelerated  soundnesssoundness  

 testtest  asas  speciedspecied  inin  ISIS::23862386  partpart--VV..  



AGGREGATE TESTSAGGREGATE TESTS  
  

 ShapeShape  teststests  
 TheThe  particleparticle  shapeshape  ofof  thethe  aggregateaggregate  massmass  isis  determineddetermined  

byby  thethe  percentagepercentage  ofof  flakyflaky  andand  elongatedelongated  particlesparticles  inin  itit..  
 AggregatesAggregates  whichwhich  areare  flakyflaky  oror  elongatedelongated  areare  

detrimentaldetrimental  toto  higherhigher  workabilityworkability  andand  stabilitystability  ofof  mixesmixes..  
 TheThe  flakinessflakiness  indexindex  isis  defineddefined  asas  thethe  percentagepercentage  byby  

weightweight  ofof  aggregateaggregate  particlesparticles  whosewhose  leastleast  dimensiondimension  isis  
lessless  thanthan  00..66  timestimes  theirtheir  meanmean  sizesize..  TestTest  procedureprocedure  hadhad  
beenbeen  standardizedstandardized  inin  IndiaIndia  (IS(IS::23862386  partpart--I)I)  



SHAPE TESTSSHAPE TESTS  
  



AGGREGATE TESTSAGGREGATE TESTS  
  

 TheThe  flakinessflakiness  indexindex  isis  defineddefined  asas  thethe  percentagepercentage  
byby  weightweight  ofof  aggregateaggregate  particlesparticles  whosewhose  leastleast  
dimensiondimension  isis  lessless  thanthan  00..66  timestimes  theirtheir  meanmean  sizesize..  
TestTest  procedureprocedure  hadhad  beenbeen  standardizedstandardized  inin  IndiaIndia  
(IS(IS::23862386  partpart--II))  TheThe  elongationelongation  indexindex  ofof  anan  
aggregateaggregate  isis  defineddefined  asas  thethe  percentagepercentage  byby  weightweight  
ofof  particlesparticles  whosewhose  greatestgreatest  dimensiondimension  (length)(length)  isis  
11..88  timestimes  theirtheir  meanmean  dimensiondimension..  ThisThis  testtest  isis  
applicableapplicable  toto  aggregatesaggregates  largerlarger  thanthan  66..33  mmmm..  

 ThisThis  testtest  isis  alsoalso  specifiedspecified  inin  (IS(IS::23862386  PartPart--I)I)..  



AGGREGATE TESTSAGGREGATE TESTS  
  

 SpecificSpecific  GravityGravity  andand  waterwater  absorptionabsorption  
 TheThe  specificspecific  gravitygravity  andand  waterwater  absorptionabsorption  ofof    

aggregatesaggregates  areare  importantimportant  propertiesproperties  thatthat  areare  
requiredrequired  forfor  thethe  designdesign  ofof  concreteconcrete  andand  
bituminousbituminous  mixesmixes..  



AGGREGATE TESTSAGGREGATE TESTS  
  



PAVEMENT PAVEMENT MATERIALSMATERIALS  
 BitumenBitumen    
 BituminousBituminous  materialsmaterials  oror  asphaltsasphalts  areare  extensivelyextensively  usedused  forfor  

roadwayroadway  construction,construction,  primarilyprimarily  becausebecause  ofof  theirtheir  excellentexcellent  
bindingbinding  characteristicscharacteristics  andand  waterwater  proofingproofing  propertiesproperties  andand  
relativelyrelatively  lowlow  costcost..  BituminousBituminous  materialsmaterials  consistsconsists  ofof  bitumenbitumen  
whichwhich  isis  aa  blackblack  oror  darkdark  colouredcoloured  solidsolid  oror  viscousviscous  cementationscementations  
substancessubstances  consistsconsists  chieflychiefly  highhigh  molecularmolecular  weightweight  hydrocarbonshydrocarbons  
derivedderived  fromfrom  distillationdistillation  ofof  petroleumpetroleum  oror  naturalnatural  asphalt,asphalt,  hashas  
adhesiveadhesive  propertiesproperties,,  andand  isis  solublesoluble  inin  carboncarbon  disulphidedisulphide..  TarsTars  areare  
residuesresidues  fromfrom  thethe  destructivedestructive  distillationdistillation  ofof  organicorganic  substancessubstances  
suchsuch  asas  coal,coal,  wood,wood,  oror  petroleumpetroleum  andand  areare  temperaturetemperature  sensitivesensitive  
thanthan  bitumenbitumen..  BitumenBitumen  willwill  bebe  dissolveddissolved  inin  petroleumpetroleum  oilsoils  wherewhere  
unlikeunlike  tartar..  



PAVEMENT MATERIALSPAVEMENT MATERIALS  

 Production of Bitumen 
 bitumen is the residue or by-product when the crude 

petroleum is refined. A wide variety of refinery 
processes, such as the straight distillation process, 
solvent extraction process etc. may be used to produce 
bitumen of different consistency and other desirable 
properties. Depending on the sources and 
characteristics of the crude oils and on the properties of 
bitumen required, more than one processing method 
may be employed. 

 Production of Bitumen 
 bitumen is the residue or by-product when the crude 

petroleum is refined. A wide variety of refinery 
processes, such as the straight distillation process, 
solvent extraction process etc. may be used to produce 
bitumen of different consistency and other desirable 
properties. Depending on the sources and 
characteristics of the crude oils and on the properties of 
bitumen required, more than one processing method 
may be employed. 



DIFFERENT FORMS OF BITUMENDIFFERENT FORMS OF BITUMEN  
  

 CutbackCutback  bitumenbitumen  
 NormalNormal  practicepractice  isis  toto  heatheat  bitumenbitumen  toto  reducereduce  itsits  viscosityviscosity..  InIn  somesome  

situationssituations  preferencepreference  isis  givengiven  toto  useuse  liquidliquid  bindersbinders  suchsuch  asas  cutbackcutback  
bitumenbitumen..  InIn  cutbackcutback  bitumenbitumen  suitablesuitable  solventsolvent  isis  usedused  toto  lowerlower  thethe  
viscosityviscosity  ofof  thethe  bitumenbitumen..  FromFrom  thethe  environmentalenvironmental  pointpoint  ofof  viewview  alsoalso  
cutbackcutback  bitumenbitumen  isis  preferredpreferred..  TheThe  solventsolvent  fromfrom  thethe  bituminousbituminous  
materialmaterial  willwill  evaporateevaporate  andand  thethe  bitumenbitumen  willwill  bindbind  thethe  aggregateaggregate..  
CutbackCutback  bitumenbitumen  isis  usedused  forfor  coldcold  weatherweather  bituminousbituminous  roadroad  
constructionconstruction  andand  maintenancemaintenance..  TheThe  distillatesdistillates  usedused  forfor  preparationpreparation  ofof  
cutbackcutback  bitumenbitumen  areare  naphtha,naphtha,  kerosene,kerosene,  dieseldiesel  oil,oil,  andand  furnacefurnace  oiloil..  
ThereThere  areare  differentdifferent  typestypes  ofof  cutbackcutback  bitumenbitumen  likelike  rapidrapid  curingcuring  (RC),(RC),  
mediummedium  curingcuring  (MC),(MC),  andand  slowslow  curingcuring  (SC)(SC)..  RCRC  isis  recommendedrecommended  forfor  
surfacesurface  dressingdressing  andand  patchworkpatchwork..  



CUTBACK BITUMENCUTBACK BITUMEN  
  



PAVEMENT MATERIALSPAVEMENT MATERIALS  

 BitumenBitumen  EmulsionEmulsion  
 BitumenBitumen  emulsionemulsion  isis  aa  liquidliquid  productproduct  inin  whichwhich  bitumenbitumen  isis  

suspendedsuspended  inin  aa  finelyfinely  divideddivided  conditioncondition  inin  anan  aqueousaqueous  mediummedium  
andand  stabilisedstabilised  byby  suitablesuitable  materialmaterial..  NormallyNormally  cationiccationic  typetype  
emulsionsemulsions  areare  usedused  inin  IndiaIndia..  TheThe  bitumenbitumen  contentcontent  inin  thethe  emulsionemulsion  
isis  aroundaround  6060%%  andand  thethe  remainingremaining  isis  waterwater..  WhenWhen  thethe  emulsionemulsion  isis  
appliedapplied  onon  thethe  roadroad  itit  breaksbreaks  downdown  resultingresulting  inin  releaserelease  ofof  waterwater  
andand  thethe  mixmix  startsstarts  toto  setset..  TheThe  timetime  ofof  settingsetting  dependsdepends  uponupon  thethe  
gradegrade  ofof  bitumenbitumen..  TheThe  viscosityviscosity  ofof  bituminousbituminous  emulsionsemulsions  cancan  bebe  
measuredmeasured  asas  perper  ISIS::  88878887--19951995..  ThreeThree  typestypes  ofof  bituminousbituminous  
emulsionsemulsions  areare  available,available,  whichwhich  areare  RapidRapid  settingsetting  (RS),(RS),  MediumMedium  
settingsetting  (MS),(MS),  andand  SlowSlow  settingsetting  (SC)(SC)..  



BITUMEN EMULSIONBITUMEN EMULSION  



PAVEMENT MATERIALSPAVEMENT MATERIALS  

 BituminousBituminous  primersprimers  
 InIn  bituminousbituminous  primerprimer  thethe  distillatedistillate  isis  absorbedabsorbed  

byby  thethe  roadroad  surfacesurface  onon  whichwhich  itit  isis  spreadspread..  TheThe  
absorptionabsorption  thereforetherefore  dependsdepends  onon  thethe  porosityporosity  ofof  
thethe  surfacesurface..  BitumenBitumen  primersprimers  areare  usefuluseful  onon  thethe  
stabilisedstabilised  surfacessurfaces  andand  waterwater  boundbound  macadammacadam  
basebase  coursescourses..  BituminousBituminous  primersprimers  areare  generallygenerally  
preparedprepared  onon  roadroad  sitessites  byby  mixingmixing  penetrationpenetration  
bitumenbitumen  withwith  petroleumpetroleum  distillatedistillate..  



BITUMINOUS PRIMERSBITUMINOUS PRIMERS  
  



PAVEMENT MATERIALSPAVEMENT MATERIALS  

 ModifiedModified  BitumenBitumen  
 CertainCertain  additivesadditives  oror  blendblend  ofof  additivesadditives  calledcalled  asas  

bitumenbitumen  modifiersmodifiers  cancan  improveimprove  propertiesproperties  ofof  
BitumenBitumen  andand  bituminousbituminous  mixesmixes..  BitumenBitumen  treatedtreated  
withwith  thesethese  modifiersmodifiers  isis  knownknown  asas  modifiedmodified  
bitumenbitumen..  PolymerPolymer  modifiedmodified  bitumenbitumen  (PMB)/(PMB)/  
crumbcrumb  rubberrubber  modifiedmodified  bitumenbitumen  (CRMB)(CRMB)  shouldshould  
bebe  usedused  onlyonly  inin  wearingwearing  coursecourse  dependingdepending  uponupon  
thethe  requirementsrequirements  ofof  extremeextreme  climaticclimatic  variationsvariations..  



MODIFIED BITUMENMODIFIED BITUMEN  
  



REQUIREMENTS OF BITUMENREQUIREMENTS OF BITUMEN  
  
 TheThe  desirabledesirable  propertiesproperties  ofof  bitumenbitumen  dependdepend  onon  thethe  mixmix  typetype  andand  

constructionconstruction..  InIn  general,general,  BitumenBitumen  shouldshould  possesposses  followingfollowing  
desirabledesirable  propertiesproperties..  

   TheThe  bitumenbitumen  shouldshould  notnot  bebe  highlyhighly  temperaturetemperature  susceptiblesusceptible::  
duringduring  thethe  hottesthottest  weatherweather  thethe  mixmix  shouldshould  

 notnot  becomebecome  tootoo  softsoft  oror  unstable,unstable,  andand  duringduring  coldcold  weatherweather  thethe  mixmix  
shouldshould  notnot  becomebecome  tootoo  brittlebrittle  causingcausing  crackscracks..  

   TheThe  viscosityviscosity  ofof  thethe  bitumenbitumen  atat  thethe  timetime  ofof  mixingmixing  andand  
compactioncompaction  shouldshould  bebe  adequateadequate..  ThisThis  cancan  bebe  achievedachieved  byby  useuse  ofof  
cutbackscutbacks  oror  emulsionsemulsions  ofof  suitablesuitable  gradesgrades  oror  byby  heatingheating  thethe  
bitumenbitumen  andand  aggregatesaggregates  priorprior  toto  mixingmixing..  

   ThereThere  shouldshould  bebe  adequateadequate  affinityaffinity  andand  adhesionadhesion  betweenbetween  thethe  
bitumenbitumen  andand  aggregatesaggregates  usedused  inin  thethe  mixmix..  



TESTS ON BITUMENTESTS ON BITUMEN  
  

 ThereThere  areare  aa  numbernumber  ofof  teststests  toto  assessassess  thethe  propertiesproperties  ofof  bituminousbituminous  materialsmaterials..  TheThe  
followingfollowing  teststests  areare  usuallyusually  

 conductedconducted  toto  evaluateevaluate  differentdifferent  propertiesproperties  ofof  bituminousbituminous  materialsmaterials..  
 11..  PenetrationPenetration  testtest  
 22..  DuctilityDuctility  testtest  
 33..  SofteningSoftening  pointpoint  testtest  
 44..  SpecificSpecific  gravitygravity  testtest  
 55..  ViscosityViscosity  testtest  
 66..  FlashFlash  andand  FireFire  pointpoint  testtest  
 77..  FloatFloat  testtest  
 88..  WaterWater  contentcontent  testtest  
 99..  LossLoss  onon  heatingheating  testtest  



PENETRATION TESTPENETRATION TEST  
  

 ItIt  measuresmeasures  thethe  hardnesshardness  oror  softnesssoftness  ofof  bitumenbitumen  byby  measuringmeasuring  thethe  depthdepth  inin  
tenthstenths  ofof  aa  millimetremillimetre  toto  whichwhich  aa  standardstandard  loadedloaded  needleneedle  willwill  penetratepenetrate  
verticallyvertically  inin  55  secondsseconds..  BISBIS  hadhad  standardisedstandardised  thethe  equipmentequipment  andand  testtest  
procedureprocedure..  TheThe  penetrometerpenetrometer  consistsconsists  ofof  aa  needleneedle  assemblyassembly  withwith  aa  totaltotal  weightweight  
ofof  100100gg  andand  aa  devicedevice  forfor  releasingreleasing  andand  lockinglocking  inin  anyany  positionposition..  TheThe  bitumenbitumen  isis  
softenedsoftened  toto  aa  pouringpouring  consistency,consistency,  stirredstirred  thoroughlythoroughly  andand  pouredpoured  intointo  
containerscontainers  atat  aa  depthdepth  atat  leastleast  1515  mmmm  inin  excessexcess  ofof  thethe  expectedexpected  penetrationpenetration..  TheThe  
testtest  shouldshould  bebe  conductedconducted  atat  aa  specifiedspecified  temperaturetemperature  ofof  2525oo  CC..  ItIt  maymay  bebe  notednoted  
thatthat  penetrationpenetration  valuevalue  isis  largelylargely  influencedinfluenced  byby  anyany  inaccuracyinaccuracy  withwith  regardsregards  toto  
pouringpouring  temperature,temperature,  sizesize  ofof  thethe  needle,needle,  weightweight  placedplaced  onon  thethe  needleneedle  andand  thethe  
testtest  temperaturetemperature..  

 AA  gradegrade  ofof  4040//5050  bitumenbitumen  meansmeans  thethe  penetrationpenetration  valuevalue  isis  inin  thethe  rangerange  4040  toto  
5050  atat  standardstandard  testtest  conditionsconditions..    

 InIn  hothot  climates,climates,  aa  lowerlower  penetrationpenetration  gradegrade  isis  preferredpreferred..  



PENETRATION TESTPENETRATION TEST  



DUCTILITY TESTDUCTILITY TEST  
  
 DuctilityDuctility  isis  thethe  propertyproperty  ofof  bitumenbitumen  thatthat  permitspermits  

itit  toto  undergoundergo  greatgreat  deformationdeformation  oror  elongationelongation..  
DuctilityDuctility  isis  defineddefined  asas  thethe  distancedistance  inin  cm,cm,  toto  
whichwhich  aa  standardstandard  samplesample  oror  briquettebriquette  ofof  thethe  
materialmaterial  willwill  bebe  elongatedelongated  withoutwithout  breakingbreaking..    

 TheThe  ductilityductility  valuevalue  getsgets  affectedaffected  byby  factorsfactors  suchsuch  
asas  pouringpouring  temperature,temperature,  testtest  temperature,temperature,  raterate  ofof  
pullingpulling  etcetc..  AA  minimumminimum  ductilityductility  valuevalue  ofof  7575  cmcm  
hashas  beenbeen  specifiedspecified  byby  thethe  BISBIS..    



DUCTILITY TESTDUCTILITY TEST  



SOFTENING POINT TESTSOFTENING POINT TEST  
  

 SofteningSoftening  pointpoint  denotesdenotes  thethe  temperaturetemperature  atat  whichwhich  thethe  
bitumenbitumen  attainsattains  aa  particularparticular  degreedegree  ofof  softeningsoftening  underunder  
thethe  specificationsspecifications  ofof  testtest..  TheThe  testtest  isis  conductedconducted  byby  usingusing  
RingRing  andand  BallBall  apparatusapparatus..  AA  brassbrass  ringring  containingcontaining  testtest  
samplesample  ofof  bitumenbitumen  isis  suspendedsuspended  inin  liquidliquid  likelike  waterwater  oror  
glycerineglycerine  atat  aa  givengiven  temperaturetemperature..  AA  steelsteel  ballball  isis  placedplaced  
uponupon  thethe  bitumenbitumen  samplesample  andand  thethe  liquidliquid  mediummedium  isis  
heatedheated  atat  aa  raterate  ofof  55oo  CC  perper  minuteminute..  TemperatureTemperature  isis  
notednoted  whenwhen  thethe  softenedsoftened  bitumenbitumen  touchestouches  thethe  metalmetal  
plateplate  whichwhich  isis  atat  aa  specifiedspecified  distancedistance  belowbelow  



SOFTENING POINT TESTSOFTENING POINT TEST  



SPECIFIC SPECIFIC GRAVITY TESTGRAVITY TEST  
  

 InIn  pavingpaving  jobs,jobs,  toto  classifyclassify  aa  binder,binder,  densitydensity  propertyproperty  isis  ofof  greatgreat  
useuse..  InIn  mostmost  casescases  bitumenbitumen  isis  weighed,weighed,  butbut  

 whenwhen  usedused  withwith  aggregates,aggregates,  thethe  bitumenbitumen  isis  convertedconverted  toto  volumevolume  
usingusing  densitydensity  valuesvalues..  TheThe  densitydensity  ofof  bitumenbitumen  isis  greatlygreatly  inuencedinuenced  
byby  itsits  chemicalchemical  compositioncomposition..  IncreaseIncrease  inin  aromaticaromatic  typetype  mineralmineral  
impuritiesimpurities  causecause  anan  increaseincrease  inin  specificspecific  gravitygravity..  

 TheThe  specificspecific  gravitygravity  ofof  bitumenbitumen  isis  defineddefined  asas  thethe  ratioratio  ofof  massmass  ofof  
givengiven  volumevolume  ofof  bitumenbitumen  ofof  knownknown  contentcontent  toto  thethe  massmass  ofof  equalequal  
volumevolume  ofof  waterwater  atat  2727oo  CC..  TheThe  specificspecific  gravitygravity  cancan  bebe  measuredmeasured  
usingusing  eithereither  pycnometerpycnometer  oror  preparingpreparing  aa  cubecube  specimenspecimen  ofof  
bitumenbitumen  inin  semisemi  solidsolid  oror  solidsolid  statestate..  TheThe  specificspecific  gravitygravity  ofof  
bitumenbitumen  variesvaries  fromfrom  00..9797  toto  11..0202..  



VISCOSITY TESTVISCOSITY TEST  
  

 ViscosityViscosity  denotesdenotes  thethe  fluidfluid  propertyproperty  ofof  bituminousbituminous  materialmaterial  andand  itit  isis  aa  measuremeasure  
ofof  resistanceresistance  toto  flowflow..  AtAt  thethe  applicationapplication  temperature,temperature,  thisthis  characteristiccharacteristic  greatlygreatly  
influencesinfluences  thethe  strengthstrength  ofof  resultingresulting  pavingpaving  mixesmixes..  LowLow  oror  highhigh  viscosityviscosity  duringduring  
compactioncompaction  oror  mixingmixing  hashas  beenbeen  observedobserved  toto  resultresult  inin  lowerlower  stabilitystability  valuesvalues..  AtAt  
highhigh  viscosityviscosity,,  itit  resistresist  thethe  compcomp  activeactive  efforteffort  andand  therebythereby  resultingresulting  mixmix  isis  
heterogeneous,heterogeneous,  hencehence  lowlow  stabilitystability  valuesvalues..  

 AndAnd  atat  lowlow  viscosityviscosity  insteadinstead  ofof  providingproviding  aa  uniformuniform  filmfilm  overover  aggregates,aggregates,  itit  
willwill  lubricatelubricate  thethe  aggregateaggregate  particlesparticles..  

 OrificeOrifice  typetype  viscometersviscometers  areare  usedused  toto  indirectlyindirectly  findfind  thethe  viscosityviscosity  ofof  liquidliquid  
bindersbinders  likelike  cutbackscutbacks  andand  emulsionsemulsions..  

 TheThe  viscosityviscosity  expressedexpressed  inin  secondsseconds  isis  thethe  timetime  takentaken  byby  thethe  5050  mlml  bitumenbitumen  
materialmaterial  toto  passpass  throughthrough  thethe  orificeorifice  ofof  aa  cup,cup,  underunder  standardstandard  testtest  conditionsconditions  
andand  specifiedspecified  temperaturetemperature..  ViscosityViscosity  ofof  aa  cutbackcutback  cancan  bebe  measuredmeasured  withwith  eithereither  
44..00  mmmm  orificeorifice  atat  2525oo  CC  oror  1010  mmmm  orificeorifice  atat  2525  oror  4040oo  CC..  



VISCOSITY TESTVISCOSITY TEST  



FLASH AND FIRE POINT TESTFLASH AND FIRE POINT TEST  
  

 AtAt  highhigh  temperaturestemperatures  dependingdepending  uponupon  thethe  gradesgrades  ofof  
bitumenbitumen  materialsmaterials  leaveleave  outout  volatilesvolatiles..  AndAnd  thesethese  
volatilesvolatiles  catchescatches  firefire  whichwhich  isis  veryvery  hazardoushazardous  andand  
thereforetherefore  itit  isis  essentialessential  toto  qualifyqualify  thisthis  temperaturetemperature  forfor  
eacheach  bitumenbitumen  gradegrade..  BISBIS  defineddefined  thethe  flashflash  pointpoint  asas  thethe  
temperaturetemperature  atat  whichwhich  thethe  vapourvapour  ofof  bitumenbitumen  
momentarilymomentarily  catchescatches  firefire..  inin  thethe  formform  ofof  ashash  underunder  
specifiedspecified  testtest  conditionsconditions..  TheThe  firefire  pointpoint  isis  defineddefined  asas  thethe  
lowestlowest  temperaturetemperature  underunder  specifiedspecified  testtest  conditionsconditions  atat  
whichwhich  thethe  bituminousbituminous  materialmaterial  getsgets  ignitedignited  andand  burnsburns..  



FLASH AND FIRE POINT TESTFLASH AND FIRE POINT TESTFLASH AND FIRE POINT TESTFLASH AND FIRE POINT TEST    



FLOAT TESTFLOAT TEST  
  

 NormallyNormally  thethe  consistencyconsistency  ofof  bituminousbituminous  materialmaterial  cancan  bebe  
measuredmeasured  eithereither  byby  penetrationpenetration  testtest  oror  viscosityviscosity  testtest..  

 ButBut  forfor  certaincertain  rangerange  ofof  consistencies,consistencies,  thesethese  teststests  areare  notnot  
applicableapplicable  andand  FloatFloat  testtest  isis  usedused..  TheThe  apparatusapparatus  consistsconsists  ofof  anan  
aluminiumaluminium  floatfloat  andand  aa  brassbrass  collarcollar  filledfilled  withwith  bitumenbitumen  toto  bebe  
testedtested..  TheThe  specimenspecimen  inin  thethe  mouldmould  isis  cooledcooled  toto  aa  temperaturetemperature  ofof  
55ooCC  andand  screwedscrewed  inin  toto  floatfloat..  TheThe  totaltotal  testtest  assemblyassembly  isis  floatedfloated  inin  
thethe  waterwater  bathbath  atat  5050ooCC  andand  thethe  timetime  requiredrequired  forfor  waterwater  toto  passpass  itsits  
wayway  throughthrough  thethe  specimenspecimen  plugplug  isis  notednoted  inin  secondsseconds  andand  isis  
expressedexpressed  asas  thethe  floatfloat  valuevalue..  



FLOAT TESTFLOAT TEST  



WATER CONTENT TESTWATER CONTENT TEST  
  

 ItIt  isis  desirabledesirable  thatthat  thethe  bitumenbitumen  containscontains  minimumminimum  
waterwater  contentcontent  toto  preventprevent  foamingfoaming  ofof  thethe  bitumenbitumen  whenwhen  
itit  isis  heatedheated  aboveabove  thethe  boilingboiling  pointpoint  ofof  waterwater..  TheThe  waterwater  
inin  aa  bitumenbitumen  isis  determineddetermined  byby  mixingmixing  knownknown  weightweight  ofof  
specimenspecimen  inin  aa  purepure  petroleumpetroleum  distillatedistillate  freefree  fromfrom  water,water,  
heatingheating  andand  distillingdistilling  ofof  thethe  waterwater..  TheThe  weightweight  ofof  thethe  
waterwater  condensedcondensed  andand  collectedcollected  isis  expressedexpressed  asas  
percentagepercentage  byby  weightweight  ofof  thethe  originaloriginal  samplesample..  TheThe  
allowableallowable  maximummaximum  waterwater  contentcontent  shouldshould  notnot  bebe  moremore  
thanthan  00..22%%  byby  weightweight..  



LOSS ON HEATING TESTLOSS ON HEATING TEST  
  

 WhenWhen  thethe  bitumenbitumen  isis  heatedheated  itit  losesloses  thethe  volatilityvolatility  andand  
getsgets  hardenedhardened..  AboutAbout  5050gmgm  ofof  thethe  samplesample  isis  weighedweighed  
andand  heatedheated  toto  aa  temperaturetemperature  ofof  16316300CC  forfor  55hourshours  inin  aa  
specifiedspecified  ovenoven  designeddesigned  forfor  thisthis  testtest..  TheThe  samplesample  
specimenspecimen  isis  weighedweighed  againagain  afterafter  thethe  heatingheating  periodperiod  andand  
lossloss  inin  weightweight  isis  expressedexpressed  asas  percentagepercentage  byby  weightweight  ofof  
thethe  originaloriginal  samplesample..  BitumenBitumen  usedused  inin  pavementpavement  mixesmixes  
shouldshould  notnot  indicateindicate  moremore  thanthan  11%%  lossloss  inin  weight,weight,  butbut  
forfor  bitumenbitumen  havinghaving  penetrationpenetration  valuesvalues  150150--200200  upup  toto  
22%%  lossloss  inin  weightweight  isis  allowedallowed..  



TESTS OF BITUMENTESTS OF BITUMEN  


