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How Asphalt Behaves y'N

asphalt ‘ in stitutev

ABehavior is affected by :
ATemperature

ATime of Loading

AAge of pavement or service life




TimeTemperature Superposition 4
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Pavement BehaviarHigh Temperature y'N
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APermanent Deformation

AMixture is Plastic
Awheel path rutting
Ashoving at intersections

ADepend2 y X
Aasphalt cement (some)
Amineral aggregate (some)
Avolumetric proportioning (some)
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Low Temperature Behavior y'N
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ALow Temperature
Acold climate
Awinter elastic solid

ARapid Loads

Afast moving trucks



Pavement Behavieil.ow Temperature y'N

asphalt institute

AThermal Cracks

Ainternal stresses induced by temperature change
Astresses exceed strength

AMixture is Brittle
Atransverse cracks

ADepend2 y X
Aasphalt cement (lots)
Amineral aggregate (little)
Avolumetric proportioning (some)




Low Temperature Cracking F'N
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Binder BehaviorAging ' N
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AAsphalt Reacts with Oxygen
AA2ZEARI OAGSE 2NJ al 3S¢ K&
ADuring Construction Short Term

Ahot mixing
Aplacement and compaction

Aln Service Long Term
Ahot climate worse than cool climate

AVolatilization- Short Term
Avolatile components evaporate during construction



Pavement BehavierAging ' N
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ADurability Cracks
AMixture is brittle
ARandom, wandering cracks
ALongitudinal
A5 SLISY Ra 2V X
Aasphalt cement (some)

Amineral aggregate (little)
Avolumetric proportioning (some)




Fatigue Cracking F'N
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LaboratoryHandlingandStorage. . 4a
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AThe properties of asphalt binders can be
altered during handling and storage

AThese changes may be reversible ormeversible
depending upon cause

At KS Ol dzaSa AyOf dzRSX
ADamaged or partially open cans

AHeating during handling
AProper longterm storage has minimal effect

AOther factors



Causes of ChangeDxidation F'N
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AOxygen reacts with asphalt cement
AMolecular size increases
APolarity increases
AThe binder becomes stiffer
AThis reaction is not reversible

ARate of reaction is highly dependent upon

temperature
ARule of thum

X reaction rate doubles for every

10°C Iincrease In temperature



Causes ofhange: Volatilization 4
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ALoss of lighter weight or more volatile
molecules caused by heating
ACauses the binder to become stiffer
AThis reaction is not reversible

AMinimized by following same precautions as
listed above for oxidation

AVolatilization is probably of less concern than
oxidation



Causes oChange; Steric Hardening 4
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ASteric hardening is a reversible process that
OCcurs at room temperature
APolar molecules become structured with time
AThis structuring increase binder stiffness

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

AThe amount of steric hardening that occurs is
binder-specific
ASome binders show relatively small amounts



Controlling Steric Hardening ' N
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ASteric hardening is destroyed by heating
AReferred to as annealing in test methods

AAlways control the amount of time between
sample pouring and testing

ALimit the amount of time asphalt binder is held in
silicone molds before testing

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



Polymer Degradation '\
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ASome polymers may degrade when heated at
high handling temperatures
ATemperature is polymespecific

AUse manufacturer recommendations for handling
and do not overheat

APolymer degradation cannot be reversed

ADegradation causes a softening of the asphalt
binder



Polymer Separation '\
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ASeparation during storage
ATendency is bindeand modifieespecific
ASome systems are more stable than others
ASeparation may occur during storage
A2t @YSNI 0SYRa 02 Tt 2l
Alf this scum persists with stirring test results may
not be representative
AWSY2Q0Ay 3 Gaodzyé NBY2UIS:
results are no longer representative



Heating Asphalt BindecsPrecautions, 4a
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AAlways heat asphalt samples/cans in an oven
AAvoid hot plates, heating mantlestc.

AAlways heat at the lowest temperature and for
the shortest time possible

AC2tf 26 YI ydzFIl OG0 dzNBNXa 7
AAvoid heating in thin layers
Ae.g., nearempty cans, shallow tins

ACover the heated container when possible

AThe cover may not be effective in reducing
oxidation but it will help prevent contamination
from dust, etc



Testing of Asphalt Cements y'N
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ACharacteristics of Asphalt Cements

AConsistency

Aterm used to describe the viscosity or degree of fluidity
of asphalt at any particular temperature

Avaries with temperature

A necessary to define an equivalent temperature or an
equivalent consistency when comparing temperature
consistency characteristics of asphalt cements



Testing of Asphalt Cements y'N
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ACharacteristics of Asphalt Cements

APurity

ARefined petroleum asphalts are usually more than
99.5% soluble in carbon disulfide

AOrganic material and impurities are inert

ASafety

AFree from moisture (foaming)

Alncrease in temperature leads to increase in fumes
A Increased potential for flash in presence of spark or flame



Traditional Tests A
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AViscosity
AAbsolute
AKinematic

APenetration
AFlash Point
AAging
AThin Film Oven (TFO)
ARolling Thin Film Oven (RTFO)

ADuctility
ASolubility
ASpecific Gravity



Viscosity y'N
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AAbsolute Viscosity
AASTM D2171 (AASHTO T202)
AConducted at 6TC (140F)

AUses partial vacuum to induce flow through
capillary tube

AKinematic Viscosity
AASTM D2170 (AASHTO T201)
AConducted at 13% (275F)
AUses gravity to induce flow through capillary tube



Viscosity y'N
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AApparent Viscosity
AASTM D4957
AConducted at 6TC (140F)

AUses partial vacuum to induce flow through
capillary tube
ACollect data through all bulbs

ANot just bulb where the time equals or exceeds 60
seconds



Asphalt Cement '

asphalt ‘ institute

AViscosity Graded Asphalt

A60°C (140F) selected to simulate igervice
temperature of asphalt pavements

A135°C (275F) selected to simulate mixing and
laydown temperature for HMA



Viscosity
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Viscosity y'N
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Vacuum
Viscometer Tube

! Zeitfuchs
00 Cross-Arm
Viscometer Tube



Absolute Viscosity '\
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Vacuum applied Asphalt poured in
to capillary tube > big end of tube to
to draw asphalt filling line

upwards




Absolute Viscosity '\
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AViscometer Tubes
Al Ff AN SR &
A Calibration constants
ACAYS (2 Ft25¢

(between timing marks)
measured

AMinimum 60 seconds
AViscosity = Constant x Time

ADifferent Tube Sizes
A50, 100, 200, 400R, SO00R

ASmaller tube = softer aspha
binder




Kinematic Viscosity F'N
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w Viscometer Tubes

¢ Different shape and
designation, but same
purpose
¢ Time to flow through a
GodzZ 60¢ 60SUS
marks) measured
wMinimum 60 seconds
wViscosity = Constant X Time

¢ No Vacuum

¢ No Water Bath
¢ Clear oll




Apparent Viscosity '\
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AAbsolute Viscosity

AAssumption that the material is Newtonian
Aviscosity remains constant regardless of the shear rate
ASome modified asphalt binders can exhibit
significant noANewtonian behavior
Ameasured viscosity is a function of the shear rate
Adifferent shear rate = different viscosity result



Apparent Viscosity y'N
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AApparent Viscosity (ASTM D4957)

Aallows the user to better understand the behavior
of nonrNewtonian asphalt binders

AProcedure
ASimilar to absolute viscosity

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

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



Apparent Viscosity y'N
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Penetration '\
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APenetration

AASTM D5 (AASHTO T49)
A One of oldest asphalt tests

AStandard needle allowed to penetrate into
sample under specified loading conditions
A25/C¢ 100 grams, 5 seconds
AOACc 200 grams, 60 seconds
A46/Cc 50 grams, 5 seconds

ADepth of penetration is recorded in Grtm units
(dmm)

AThree penetration readings per test
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Penetration




Penetration A
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Asphalt Cement Asphalt * Cement
25°C(77T'F) 25°C (77T°F)

Start After 5 seconds



Flash Point ' N
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ACleveland Open Cup (COC) Flash Point
AASTM D92 (AASHTO T48)

AHeat sample at prescribed rate

ARate changes as temperature approaches flash point

A Initially 10C/min to 20C/min

A When within+ 56°C of expected flash point reduce rate to
4°C/min to 7C/min

A Rate must be 2C/min to 7C/min for last 28C before flash
point



Flash Point A
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ACleveland Open Cup (COC) Flash Point

ARecord temperature at which flash occurs

AOccurs instantaneously
AMust be closely observed

Al &S Ol dziA2Yy Xl aALKEFf O LINI
moisture may foam when heated



Flash Point: ’A

Occurrence of Flash asphalt|institute




y'N

asphalt ‘ institute

AAsphalt Binders Used for HMA

ASubijected to heat and air during production
AThin films coating aggregate
ACauses oxidation, volatilization

Al 2aa 2F af AIKGO SYyRé¢ Yl aa RdzN
AAging Tests
AThin Film Oven (TFO)
ARolling Thin Film Oven (RTFO)
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AThin Film Oven (TFO)
AASTM D1754 (AASHTO T179)
AHistorically more widespread use

AUsed to determine mass loss

AVolatilization that can be expected to occur during HMA
production

Ab2¢ USNXYSR aYlaa OKFy3SE
A Oxidation during test (mass gain) overcomes volatilization
(mass loss)

AUsed to produce aged residue for other physical
property tests



Thin Film Oven Aging F'N
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