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How Asphalt Behaves 

ÅBehavior is affected by : 
ÅTemperature 

ÅTime of Loading 

ÅAge of pavement or service life 
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Pavement Behavior ς High Temperature  

ÅPermanent Deformation  

ÅMixture is Plastic 
Åwheel path rutting 

Åshoving at intersections 

ÅDepends ƻƴΧ 
Åasphalt cement (some) 

Åmineral aggregate (some) 

Åvolumetric proportioning (some) 

 





elastic solid 

Low Temperature Behavior 

ÅLow Temperature 
Åcold climate 

Åwinter  

ÅRapid Loads 
Åfast moving trucks 

 



Pavement Behavior - Low Temperature  

ÅThermal Cracks 
Åinternal stresses induced by temperature change 

Åstresses exceed strength 

ÅMixture is Brittle 
Åtransverse cracks 

ÅDepends ƻƴΧ 
Åasphalt cement (lots) 

Åmineral aggregate (little) 

Åvolumetric proportioning (some) 

 



Low Temperature Cracking 



Binder Behavior - Aging 

ÅAsphalt Reacts with Oxygen 
ÅάƻȄƛŘŀǘƛǾŜέ ƻǊ άŀƎŜέ ƘŀǊŘŜƴƛƴƎ 

ÅDuring Construction - Short Term 
Åhot mixing 

Åplacement and compaction 

ÅIn Service - Long Term 
Åhot climate worse than cool climate 

ÅVolatilization - Short Term 
Åvolatile components evaporate during construction 

 



Pavement Behavior - Aging 

ÅDurability Cracks 
ÅMixture is brittle 

ÅRandom, wandering cracks 

ÅLongitudinal 

Å5ŜǇŜƴŘǎ ƻƴΧ 
Åasphalt cement (some) 

Åmineral aggregate (little) 

Åvolumetric proportioning (some) 



Fatigue Cracking 



Laboratory Handling and Storage 

ÅThe properties of asphalt binders can be 
altered during handling and storage 
ÅThese changes may be reversible or non-reversible 

depending upon cause 

Å¢ƘŜ ŎŀǳǎŜǎ ƛƴŎƭǳŘŜΧ 
ÅDamaged or partially open cans 

ÅHeating during handling   

ÅProper long-term storage has minimal effect 

ÅOther factors 



Causes of Change ς Oxidation 

ÅOxygen reacts with asphalt cement  
ÅMolecular size increases 

ÅPolarity increases 

ÅThe binder becomes stiffer 

ÅThis reaction is not reversible 

ÅRate of reaction is highly dependent upon 
temperature 
ÅRule of thumb ς reaction rate doubles for every 

10°C increase in temperature 



Causes of Change ς Volatilization 

ÅLoss of lighter weight or more volatile 
molecules caused by heating 
ÅCauses the binder to become stiffer 

ÅThis reaction is not reversible 

ÅMinimized by following same precautions as 
listed above for oxidation 

ÅVolatilization is probably of less concern than 
oxidation 



Causes of Change ς Steric  Hardening 

ÅSteric hardening is a reversible process that 
occurs at room temperature 
ÅPolar molecules become structured with time 

ÅThis structuring increase binder stiffness 

ÅSteric hardening starts immediately upon cooling 
and continues at a reduced rate for an extended 
period of time (months? years?) 

ÅThe amount of steric hardening that occurs is 
binder-specific 
ÅSome binders show relatively small amounts 

 



Controlling Steric Hardening 

ÅSteric hardening is destroyed by heating 
ÅReferred to as annealing in test methods 

ÅAlways control the amount of time between 
sample pouring and testing 
ÅLimit the amount of time asphalt binder is held in 

silicone molds before testing 

ÅHolding a DSR test specimen in a silicone mold for 
several hours or more may be sufficient to pass a 
binder that would otherwise fail 



Polymer Degradation 

ÅSome polymers may degrade when heated at 
high handling temperatures 
ÅTemperature is polymer-specific 

ÅUse manufacturer recommendations for handling 
and do not overheat 

ÅPolymer degradation cannot be reversed 
ÅDegradation causes a softening of the asphalt 

binder 



Polymer Separation 

ÅSeparation during storage 
ÅTendency is binder- and modifier-specific 

ÅSome systems are more stable than others 

ÅSeparation may occur during storage 

ÅtƻƭȅƳŜǊ ǘŜƴŘǎ ǘƻ Ŧƭƻŀǘ ǘƻ ǘƻǇ ƎƛǾƛƴƎ άǎŎǳƳέ 
ÅIf this scum persists with stirring test results may 

not be representative 

ÅwŜƳƻǾƛƴƎ άǎŎǳƳέ ǊŜƳƻǾŜǎ ǇƻƭȅƳŜǊ ŀƴŘ ǘŜǎǘ 
results are no longer representative  

 



Heating Asphalt Binders ς Precautions  

ÅAlways heat asphalt samples/cans in an oven 
ÅAvoid hot plates, heating mantles, etc. 

ÅAlways heat at the lowest temperature and for 
the shortest time possible 
ÅCƻƭƭƻǿ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎ 

ÅAvoid heating in thin layers 
Åe.g., near-empty cans, shallow tins 

ÅCover the heated container when possible 
ÅThe cover may not be effective in reducing 

oxidation but it will help prevent contamination 
from dust, etc. 

 



Testing of Asphalt Cements 

ÅCharacteristics of Asphalt Cements 
ÅConsistency 
Återm used to describe the viscosity or degree of fluidity 

of asphalt at any particular temperature 

Åvaries with temperature 
Ånecessary to define an equivalent temperature or an 

equivalent consistency when comparing temperature-
consistency characteristics of asphalt  cements 



Testing of Asphalt Cements 

ÅCharacteristics of Asphalt Cements 
ÅPurity 
ÅRefined petroleum asphalts are usually more than 

99.5% soluble in carbon disulfide 

ÅOrganic material and impurities are inert 

ÅSafety 
ÅFree from moisture (foaming) 

ÅIncrease in temperature leads to increase in fumes 
ÅIncreased potential for flash in presence of spark or flame 



Traditional Tests 

ÅViscosity 
ÅAbsolute 
ÅKinematic 

ÅPenetration 

ÅFlash Point 

ÅAging 
ÅThin Film Oven (TFO) 
ÅRolling Thin Film Oven (RTFO) 

ÅDuctility 

ÅSolubility 

ÅSpecific Gravity 

Consistency 

Consistency 

Consistency 

Consistency 

??? 

Purity 

Safety 



Viscosity 

ÅAbsolute Viscosity 
ÅASTM D2171 (AASHTO T202) 

ÅConducted at 60°C (140°F) 

ÅUses partial vacuum to induce flow through 
capillary tube 

ÅKinematic Viscosity 
ÅASTM D2170 (AASHTO T201) 

ÅConducted at 135°C (275°F) 

ÅUses gravity to induce flow through capillary tube 



Viscosity 

ÅApparent Viscosity 
ÅASTM D4957 

ÅConducted at 60°C (140°F) 

ÅUses partial vacuum to induce flow through 
capillary tube 

ÅCollect data through all bulbs 
ÅNot just bulb where the time equals or exceeds 60 

seconds 



Asphalt Cement 

ÅViscosity Graded Asphalt 
Å60°C (140°F) selected to simulate in-service 

temperature of asphalt pavements 

Å135°C (275°F) selected to simulate mixing and 
laydown temperature for HMA 



Viscosity 
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Absolute Viscosity 

Asphalt poured in 

big end of tube to 

filling line 

Vacuum applied 

to capillary tube 

to draw asphalt 

upwards 



Absolute Viscosity 

ÅViscometer Tubes 
Å/ŀƭƛōǊŀǘŜŘ άōǳƭōǎέ 
ÅCalibration constants 

Å¢ƛƳŜ ǘƻ Ŧƭƻǿ ǘƘǊƻǳƎƘ ŀ άōǳƭōέ 
(between timing marks) 
measured 
ÅMinimum 60 seconds 
ÅViscosity = Constant x Time 

ÅDifferent Tube Sizes 
Å50, 100, 200, 400R, 800R 
ÅSmaller tube = softer asphalt 

binder 



Kinematic Viscosity 

ωViscometer Tubes 
ςDifferent shape and 

designation, but same 
purpose 

ςTime to flow through a 
άōǳƭōέ όōŜǘǿŜŜƴ ǘƛƳƛƴƎ 
marks) measured 
ωMinimum 60 seconds 

ωViscosity = Constant x Time 

ςNo Vacuum 

ςNo Water Bath 
ςClear oil 



Apparent Viscosity 

ÅAbsolute Viscosity 
ÅAssumption that the material is Newtonian 
Åviscosity remains constant regardless of the shear rate 

ÅSome modified asphalt binders can exhibit 
significant non-Newtonian behavior 
Åmeasured viscosity is a function of the shear rate 

Ådifferent shear rate = different viscosity result 



Apparent Viscosity 

ÅApparent Viscosity (ASTM D4957) 
Åallows the user to better understand the behavior 

of non-Newtonian asphalt binders 

ÅProcedure 
ÅSimilar to absolute viscosity 

ÅPreheated asphalt sample poured into vacuum 
capillary viscometer tube until its level reaches the 
filling line. 

ÅFilled viscometer tube placed back in an oven  for 
a short time. 



Apparent Viscosity 
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Penetration 

ÅPenetration 
ÅASTM D5 (AASHTO T49) 
ÅOne of oldest asphalt tests 

ÅStandard needle allowed to penetrate into 
sample under specified loading conditions 
Å25ÁC ς 100 grams, 5 seconds 

Å0ÁC ς 200 grams, 60 seconds 

Å46ÁC ς 50 grams, 5 seconds 

ÅDepth of penetration is recorded in 0.1-mm units 
(dmm) 

ÅThree penetration readings per test 



Penetration 



Penetration 



Flash Point 

ÅCleveland Open Cup (COC) Flash Point 
ÅASTM D92 (AASHTO T48) 

ÅHeat sample at prescribed rate 
ÅRate changes as temperature approaches flash point 
ÅInitially 10°C/min to 20°C/min 

ÅWhen within ± 56°C of expected flash point reduce rate to 
4°C/min to 7°C/min 

ÅRate must be 4°C/min to 7°C/min for last  28°C before flash 
point 



Flash Point 

ÅCleveland Open Cup (COC) Flash Point 
ÅRecord temperature at which flash occurs 
ÅOccurs instantaneously 

ÅMust be closely observed 

Å¦ǎŜ ŎŀǳǘƛƻƴΧŀǎǇƘŀƭǘ ǇǊƻŘǳŎǘǎ ŎƻƴǘŀƛƴƛƴƎ ǿŀǘŜǊ ƻǊ 
moisture may foam when heated 



Flash Point: 
Occurrence of Flash 



Aging 

ÅAsphalt Binders Used for HMA 
ÅSubjected to heat and air during production 
ÅThin films coating aggregate 

ÅCauses oxidation, volatilization 
Å[ƻǎǎ ƻŦ άƭƛƎƘǘ ŜƴŘέ Ƴŀǎǎ ŘǳǊƛƴƎ ǇǊƻŎŜǎǎ 

ÅAging Tests 
ÅThin Film Oven (TFO) 

ÅRolling Thin Film Oven (RTFO) 



Aging 

ÅThin Film Oven (TFO) 
ÅASTM D1754 (AASHTO T179) 

ÅHistorically more widespread use 

ÅUsed to determine mass loss 
ÅVolatilization that can be expected to occur during HMA 

production 

Åbƻǿ ǘŜǊƳŜŘ άƳŀǎǎ ŎƘŀƴƎŜέ 
ÅOxidation during test  (mass gain) overcomes volatilization 

(mass loss) 

ÅUsed to produce aged residue for other physical 
property tests 



Thin Film Oven Aging 


