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Asphalt Mixture BehaviorAsphalt Mixture Behavior

Permanent Permanent 
DeformationDeformation
Fatigue CrackingFatigue Cracking
Low Temperature Low Temperature 
CrackingCracking
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Rutting in Subgrade or BaseRutting in Subgrade or Base
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profileprofile

asphalt layerasphalt layer
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Rutting in Asphalt LayerRutting in Asphalt Layer

originaloriginal
profileprofile

weak asphalt layerweak asphalt layer

shear planeshear plane



Mixture Resistance to RuttingMixture Resistance to Rutting

Asphalt BinderAsphalt Binder
stiff and elastic at stiff and elastic at 
high temperatureshigh temperatures

AggregateAggregate
high interparticle high interparticle 
frictionfriction
gradation acts like gradation acts like 
one large elastic one large elastic 
stonestone



Fatigue CrackingFatigue Cracking
Distress in WheelpathDistress in Wheelpath
Progressive DamageProgressive Damage

longitudinal crackinglongitudinal cracking
alligator crackingalligator cracking
potholespotholes

Affected byAffected by
asphalt binderasphalt binder
aggregatesaggregates
pavement structurepavement structure



HMA Fatigue BehaviorHMA Fatigue Behavior
Longer Fatigue LifeLonger Fatigue Life

flexible materialsflexible materials
low stress/strain levellow stress/strain level

Shorter Fatigue LifeShorter Fatigue Life
stiff materialsstiff materials
high stress/strain levelhigh stress/strain level

ExceptionException
thick pavementsthick pavements
nonnon--deflecting support deflecting support 
layers

Heavy TrucksHeavy Trucks

layers



Cures for Cures for 
Fatigue CrackingFatigue Cracking

Design for actual number of heavy loads Design for actual number of heavy loads 
Keep subgrade dry (i.e., low deflections)Keep subgrade dry (i.e., low deflections)
Use thicker pavementsUse thicker pavements
Use nonUse non--moisture susceptible materialsmoisture susceptible materials
Use paving materials that are resilient Use paving materials that are resilient 



Fatigue CrackingFatigue Cracking

HMAHMA

tensile stressestensile stresses
at bottom ofat bottom of
pavementpavement

HMA must beHMA must be
strong & resilientstrong & resilient



Experience with Perpetual Pavements
Mike Nunn – TRL/ UK
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TopTop--DownDown
FatigueFatigue
CrackingCracking

TopTop--down fatiguedown fatigue
cracking on Newcracking on New
Jersey IJersey I--287287



TopTop--Down CrackingDown Cracking

Core Core 
from from 
New New 
Jersey Jersey 
II--287287



PrePre--Superpave Asphalt Superpave Asphalt 
Mixture DesignMixture Design



PrePre--SuperpaveSuperpave
Mix Design ShortcomingsMix Design Shortcomings

Marshall Mix DesignMarshall Mix Design
impact compaction unrealisticimpact compaction unrealistic
Marshall stability not related to Marshall stability not related to 
performanceperformance

Hveem Mix DesignHveem Mix Design
equipment more expensive and not equipment more expensive and not 
portableportable
some volumetric properties not some volumetric properties not 
emphasizedemphasized
asphalt content selection very subjectiveasphalt content selection very subjective



Goals of SHRPGoals of SHRP

Performance Spec for “Binders”Performance Spec for “Binders”
physical property testsphysical property tests

Mix Design SystemMix Design System
Mixes that resist rutting and crackingMixes that resist rutting and cracking

component requirementscomponent requirements
volumetric proportioningvolumetric proportioning

Performance Based Mix Analysis SystemPerformance Based Mix Analysis System



Goals of Compaction MethodGoals of Compaction Method

Simulate field densificationSimulate field densification
Accommodate large Accommodate large 
aggregatesaggregates

Measure compactabilityMeasure compactability
Conducive to field QCConducive to field QC



SUPERPAVE Gyratory Compactor SUPERPAVE Gyratory Compactor 
(SGC)(SGC)

150 mm diameter mold150 mm diameter mold

ram pressureram pressure
600 kPa600 kPa

30 gyrations30 gyrations
per minute

1.25 degrees1.25 degrees
per minute



4 Steps of Superpave Mix 
Design

4 Steps of Superpave Mix 
Design

1. Materials Selection1. Materials Selection 2. Design Aggregate Structure2. Design Aggregate Structure

TSRTSR

3. Design Binder Content3. Design Binder Content 4. Moisture Sensitivity4. Moisture Sensitivity



Original Concept of SHRPOriginal Concept of SHRP

Three tiered approachThree tiered approach
Level 1Level 1 –– Volumetric mix designVolumetric mix design
Level 2&3Level 2&3 – Mix Preformance tests and    

models



Performance Based TestsPerformance Based Tests

.030948

.042959
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Indirect Tensile Indirect Tensile 
Tester (IDT)

Superpave Shear Superpave Shear 
Tester (SST) Tester (IDT)Tester (SST)



Superpave Performance TestingSuperpave Performance Testing
What Are We Doing?What Are We Doing?

Rut DepthRut Depth

ESALsESALs
PerformancePerformance

TestTest

PerformancePerformance
PredictionPrediction



Shearing Behavior of Shearing Behavior of 
AggregateAggregate

shear planeshear plane

Before LoadBefore Load After LoadAfter Load



Aggregate PropertiesAggregate Properties
Consensus Properties Consensus Properties -- requiredrequired

coarse aggregate angularity (CAA)coarse aggregate angularity (CAA)
fine aggregate angularity (FAA)fine aggregate angularity (FAA)
flat, elongated particlesflat, elongated particles
clay contentclay content

Source Properties Source Properties -- agency option agency option 
toughnesstoughness
soundnesssoundness
deleterious materialsdeleterious materials



Contrasting Stone SkeletonsContrasting Stone Skeletons

Cubical AggregateCubical Aggregate Rounded AggregateRounded Aggregate



Coarse Aggregate AngularityCoarse Aggregate Angularity

TrafficTraffic Depth from Surface    Depth from Surface    
ESALsESALs < 100 mm< 100 mm > 100 mm> 100 mm

.. .. ..
10 10 -- 30 x 10 30 x 10 66 95/9095/90 80/7580/75

.. .    .    ..

.. .. ..
95% one fractured face95% one fractured face

MinimumMinimum

90% two+ fractured faces90% two+ fractured faces



FFine ine AAggregate ggregate AAngularityngularity

Measured on Measured on -- 2.36 mm Material2.36 mm Material
Based on Air Voids in Loose Based on Air Voids in Loose 
SampleSample
AASHTO T 304AASHTO T 304
Requirements Depend onRequirements Depend on

depth of layer within pavementdepth of layer within pavement
traffic level traffic level 



Fine Aggregate AngularityFine Aggregate Angularity

MM

measuredmeasured
massmass

funnelfunnel

fine aggregate samplefine aggregate sample

cylinder of known volume (V)cylinder of known volume (V)

uncompacted voids =uncompacted voids =

V V -- M / GM / Gsbsb

VV
x 100%x 100%



Fine Aggregate AngularityFine Aggregate Angularity

TrafficTraffic Depth from Surface   Depth from Surface   
ESALsESALs < 100 mm< 100 mm > 100 mm> 100 mm

.. .. ..
10 10 -- 30 x 10 30 x 10 66 4545 4040

.. .. ..

.. .. ..% air voids in loose sample% air voids in loose sample

MinimumMinimum

> Rounder particles pack tighter together > Rounder particles pack tighter together ---- less airless air



Flat, Elongated ParticlesFlat, Elongated Particles

Measured on + 4.75 mm MaterialMeasured on + 4.75 mm Material
Based on Dimensional Ratio of Based on Dimensional Ratio of 
ParticlesParticles

ratio of max to min dimension < 5ratio of max to min dimension < 5

ASTM D 4791ASTM D 4791
Requirements Depend onRequirements Depend on

traffic level traffic level 



Flat, Elongated ParticlesFlat, Elongated Particles

1:5 pivot point1:5 pivot point

swinging armswinging armfixed post (A)fixed post (A)

fixed post (B)fixed post (B)



Flat, Elongated ParticlesFlat, Elongated Particles

TrafficTraffic
ESALsESALs PercentPercent

.. ..
10 10 -- 30 x 10 30 x 10 66 1010

.. ..

.. ..

percentagepercentage
of flat and elongated particlesof flat and elongated particles

MaximumMaximum

55

11



Superpave Aggregate Superpave Aggregate 
GradationGradation

Use 0.45 Power Gradation Use 0.45 Power Gradation 
ChartChart
Blend Size DefinitionsBlend Size Definitions

maximum sizemaximum size
nominal maximum sizenominal maximum size

Gradation LimitsGradation Limits
control pointscontrol points
restricted zonerestricted zone



control pointcontrol point

restricted zonerestricted zone

max density linemax density line

maxmax
sizesize

nomnom
maxmax
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00
.075.075 .3.3 2.362.36 4.754.75 9.59.5 12.5         19.012.5         19.0

Sieve Size (mm) Raised to 0.45 PowerSieve Size (mm) Raised to 0.45 Power



Superpave Aggregate GradationSuperpave Aggregate Gradation
Percent PassingPercent Passing

100

Design Aggregate StructureDesign Aggregate Structure

100

00
.075.075 .3.3 2.362.36 12.5  12.5  19.019.0

Sieve Size (mm) Raised to 0.45 PowerSieve Size (mm) Raised to 0.45 Power



Superpave Mix Size Superpave Mix Size 
DesignationsDesignations

SuperpaveSuperpave Nom Max SizeNom Max Size Max SizeMax Size
DesignationDesignation (mm)(mm) (mm)(mm)

37.5 mm37.5 mm 37.537.5 5050
25    mm25    mm 2525 37.537.5
19    mm19    mm 1919 2525
12.5 mm12.5 mm 12.512.5 1919
9.5   mm9.5   mm 9.59.5 12.512.5



19.0 mm

4.75 mm

25.0 mm

9.5 mm

37.5 mm

12.5 mm





Practical ESALs  Practical ESALs  (20 year life)(20 year life)

1 truck / day    =     7,300 EAL1 truck / day    =     7,300 EAL
10 truck / day    =   73,000 EAL10 truck / day    =   73,000 EAL

100 truck / day    = 730,000 EAL100 truck / day    = 730,000 EAL

EALEAL =    =    Trucks/DayTrucks/Day
300,000                     40300,000                     40

3,000,000                   4003,000,000                   400
10,000,000                1,30010,000,000                1,300
30,000,000                3,90030,000,000                3,900

Note:  1 ESAL/truckNote:  1 ESAL/truck



SUPERPAVE Gyratory SUPERPAVE Gyratory 
Compaction EffortCompaction Effort

ESAL's N ini N des N max App
< 0.3 6 50 75 Light

0.3 to < 3 7 75 115 Medium
3 to < 10 8 100* 115 High
10 to <30 8 100 115 High

> 30 9 125 205 Heavy

Base mix (< 100 mm) option to drop one level,
unless the mix will be exposed to traffic during
construction.  Too high ESAL level = Too 
little asphalt binder.



Three Points on SGC CurveThree Points on SGC Curve
% G% Gmmmm

NNiniini

NNdesdes
NNmaxmax

1010 100100 10001000

Log GyrationsLog Gyrations



Superpave Mixture Superpave Mixture 
RequirementsRequirements

Specimen HeightSpecimen Height
Mixture VolumetricsMixture Volumetrics

Air VoidsAir Voids
Voids in the Mineral Aggregate Voids in the Mineral Aggregate 
(VMA)(VMA)
Voids Filled with Asphalt (VFA)Voids Filled with Asphalt (VFA)
Mixture Density CharacteristicsMixture Density Characteristics

Dust ProportionDust Proportion
Moisture SensitivityMoisture Sensitivity



Mixture DensityMixture Density

NNiniini

Log GyrationsLog Gyrations

8484

8686

8888

9090

9292

9494

9696

9898

100100
% G% Gmmmm

Limit for NLimit for Nmaxmax

Limit for NLimit for Niniini

NNmaxmax



Evaluate Aggregate StructureEvaluate Aggregate Structure
% G% Gmmmm

weak aggregateweak aggregate
structurestructure

strong aggregatestrong aggregate
structurestructure

1010 100100 10001000

Log GyrationsLog Gyrations



Design Asphalt Binder ContentDesign Asphalt Binder Content

90

92

94

96

98

100

50 75 100 125

5.1% AC
4.8% AC
4.5% AC
4.2% AC

% Gmm

Number of Gyrations  (Ndes)



Moisture SensitivityMoisture Sensitivity
AASHTO T 283AASHTO T 283

Measured on Proposed Aggregate Measured on Proposed Aggregate 
Blend and Asphalt ContentBlend and Asphalt Content

Tensile Strength RatioTensile Strength Ratio

80 %80 %
minimumminimum

3 Conditioned Specimens3 Conditioned Specimens

3 Dry Specimens3 Dry Specimens



CONCLUSIONSCONCLUSIONS
Training needed for everyone if Training needed for everyone if 
SUPERPAVE is to be used SUPERPAVE is to be used 
successfully successfully 
PG Grade System provides the PG Grade System provides the 
right asphalt for varying climate right asphalt for varying climate 
and traffic conditionsand traffic conditions
SUPERPAVE places more tools in SUPERPAVE places more tools in 
the Pavement Designers’ Tool Boxthe Pavement Designers’ Tool Box
Designers can solve pavement Designers can solve pavement 
problems they were unable to in problems they were unable to in 
the past using SUPERPAVEthe past using SUPERPAVE

SUPERPAVE
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