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Background to the PresentationBackground to the Presentation

In 2004 NCHRP in the USA released its In 2004 NCHRP in the USA released its 
“Guide for Mechanistic“Guide for Mechanistic--Empirical Empirical 
Design”Design”Design”Design”

In turn this led to a SANRAL project: In turn this led to a SANRAL project: 
Revision of South African Pavement Revision of South African Pavement 
Design Method.Design Method.



Hierarchical Design InputsHierarchical Design Inputs

LevelLevel ofof engineeringengineering efforteffort exertedexerted inin thethe
pavementpavement designdesign processprocess shouldshould bebe consistentconsistent
withwith relativerelative importance,importance, sizesize andand costcost ofof thethe
projectproject

3 Levels of input3 Levels of input

•• Level 1 Level 1 –– high accuracy (heavy traffic / cost)high accuracy (heavy traffic / cost)

•• Level 2 Level 2 -- intermediate accuracy (intermediate)intermediate accuracy (intermediate)

•• Level 3 Level 3 -- lowest accuracy (low traffic / cost)lowest accuracy (low traffic / cost)

A mixture of level can occurA mixture of level can occur



Fundamentals of the Design MethodFundamentals of the Design Method

ResilientResilient ResponseResponse ((egeg DynamicDynamic modulus)modulus) isis aa
keykey determinantdeterminant ofof thethe pavement’spavement’s responseresponse toto
traffictraffic loadingloading inin termsterms ofof stressesstresses // strainsstrains ––
inputsinputs intointo DamageDamage ModelsModels..

KeyKey toto predictingpredicting pavementpavement lifelife andand
rehabilitationrehabilitation requirementsrequirements



Hierarchical Levels for HMA StiffnessHierarchical Levels for HMA Stiffness

�� LevelLevel 11 –– FullFull asphaltasphalt modulusmodulus andand binderbinder
testingtesting requiredrequired.. DevelopmentDevelopment ofof mastermaster curvescurves
fromfrom experimentalexperimental datadata

�� Level 2 Level 2 -- No asphalt modulus required. Binder No asphalt modulus required. Binder 
testing  provides the input data for a predictive testing  provides the input data for a predictive testing  provides the input data for a predictive testing  provides the input data for a predictive 
equation to provide estimated equation to provide estimated modulimoduli

�� Level 3 Level 3 –– No binder testing No binder testing –– typical values typical values 
for viscosity representing a binder type are for viscosity representing a binder type are 
employedemployed



Predictive EquationsPredictive Equations

EquationsEquations providingproviding resilientresilient responseresponse modelsmodels
includeinclude::

�� WitczakWitczak (NCHRP)(NCHRP)

�� HirschHirsch
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where: 

 

|E*| = asphalt mix complex modulus, in psi (145 psi = 1 MPa); 

η  = binder viscosity, in 106 poise (10 Poise = 1 pa.s); η  = binder viscosity, in 10  poise (10 Poise = 1 pa.s); 

f  = load frequency, in Hz; 

Va  = % air voids in the mix, by volume; 

Vbeff   = % effective bitumen content, by volume; 

P3/4  = % retained on ¾-in. [19.0-mm] sieve, by total aggregate weight (cumulative); 

P3/8  = % retained on 3/8-in. [9.5-mm] sieve, by total aggregate weight (cumulative); 

P4  = % retained on No. 4 [4.75-mm] sieve, by total aggregate weight (cumulative); 

P200  = % passing No. 200 [0.075-mm] sieve, by total aggregate weight. 



Representation  of ViscosityRepresentation  of Viscosity
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Determination of ViscosityDetermination of Viscosity

MultipleMultiple MethodsMethods allowedallowed butbut conversionconversion toto
PoisePoise requiredrequired

�� PenetrationPenetration

�� SofteningSoftening PointPoint�� SofteningSoftening PointPoint

�� KinematicKinematic ViscosityViscosity

�� AbsoluteAbsolute ViscosityViscosity

�� BrookfieldBrookfield ViscosityViscosity

�� DSRDSR



Conversion of Softening Point Conversion of Softening Point 

1313 000000 PsPs @@ SofteningSoftening PointPoint TemperatureTemperature1313 000000 PsPs @@ SofteningSoftening PointPoint TemperatureTemperature



Conversion of Penetration Conversion of Penetration 

Log ηLog η=10.5012 =10.5012 -- 2.2601 log (pen) + 0.00389 2.2601 log (pen) + 0.00389 
log (pen)2log (pen)2

where:where:

η = viscosity, in Poiseη = viscosity, in Poiseη = viscosity, in Poiseη = viscosity, in Poise

Pen = penetration for 100 g, 5 sec loading, Pen = penetration for 100 g, 5 sec loading, 
0.1mm0.1mm

Only pen at two different  temperatures can be Only pen at two different  temperatures can be 
used (15,25)used (15,25)



Conversion of DSR Conversion of DSR 

where;where;
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G* G* = complex shear modulus of the binder= complex shear modulus of the binder

δδ = phase angle= phase angle

ηη = viscosity (Pa.s)= viscosity (Pa.s)



Determination of ViscosityDetermination of Viscosity

�� WhichWhich methodmethod toto use?use?

�� Are they truly interchangeable as related by Are they truly interchangeable as related by 
the NCHRP documents?the NCHRP documents?

For verification purposes 3 binders are For verification purposes 3 binders are 
presented:presented:

•• 60/7060/70

•• 20/3020/30

•• SBSSBS



60/70 original60/70 original
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60/70 RTFOT60/70 RTFOT
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60/70 PAV60/70 PAV
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60/70 Combined A60/70 Combined A--VTS ParametersVTS Parameters

y = -3.5661x + 10.637

R² = 0.9992

y = -3.5123x + 10.505

R² = 0.9995

0.6

0.7

0.8

0.9

1

L
o

g
 L

o
g

 η
(c

P
s)

Original

RTFOT

PAV

Linear (Original)

Linear (RTFOT)

Linear (PAV)

Original

RTFOT

y = -3.5129x + 10.54

R² = 0.9998

0.3

0.4

0.5

2.7 2.72 2.74 2.76 2.78 2.8 2.82 2.84 2.86 2.88 2.9 2.92

L
o

g
 L

o
g

 

Log Temperature (˚R)

PAV



60/70 Separate A60/70 Separate A--VTS ParametersVTS Parameters

y = -3.6619x + 10.919

R² = 0.9999
y = -3.4496x + 10.327
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60/70 60/70 60/7060/70 Separate ASeparate A--VTS VTS 
ParametersParameters

A VTS R 2 

DSR 10.919 -3.662 0.9999

Brook 10.327 -3.450 0.9996

Binder Ageing

Regression parameters and 
coefficients

60/70

Method

E* (MPa) @ 20 C 

0.5 HZ

E* (MPa) @ 55 C  

O.5 Hz

E* (MPa) @ 20 C  

10 HZ

E* (MPa) @ 55 C   

10 Hz

DSR 2 853 236 5 637 576

Brook 2 287 225 4 695 547

25 % 
higher



20/30 original20/30 original
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20/30 RTFOT20/30 RTFOT
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20/30 PAV20/30 PAV
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20/30 Separate A20/30 Separate A--VTS ParametersVTS Parameters

y = -3.1096x + 9.4658

R² = 0.9977

y = -3.5091x + 10.588

R² = 0.9996
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20/30 Separate A20/30 Separate A--VTS ParametersVTS Parameters

A VTS R 2 

DSR 9.466 -3.110 0.9977

Brook 10.588 -3.509 0.9996

Binder Ageing

coefficients

20/30

E* (MPa) @ 20 C E* (MPa) @ 55 C  E* (MPa) @ 20 C  E* (MPa) @ 55 C   

46 % higher

Method

E* (MPa) @ 20 C 

0.5 HZ

E* (MPa) @ 55 C  

O.5 Hz

E* (MPa) @ 20 C  

10 HZ

E* (MPa) @ 55 C   

10 Hz

DSR 4 918 538 8 401 1 280

Brook 7 200 621 11 227 1 463



SBS originalSBS original
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SBS RTFOTSBS RTFOT
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SBS PAVSBS PAV
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SBS Separate ASBS Separate A--VTS ParametersVTS Parameters

y = -3.4222x + 10.324

R² = 1
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SBS Separate ASBS Separate A--VTS ParametersVTS Parameters

A VTS R 2 

DSR 9.267 -3.059 0.9949

Brook 10.324 -3.422 0.9996

Ageing

coefficients

SBS

Binder A VTS - 1 VTS - 2 R 2 

DSR 88.814 10.474 -60.791 0.9999

Brook 10.324 -3.422 n/a 0.9996SBS curve

Regression parameters and coefficients

Binder Ageing

Method

E* (MPa) @ 

20 C 0.5 HZ

E* (MPa) @ 

55 C  O.5 Hz

E* (MPa) @ 

20 C  10 HZ

E* (MPa) @ 

55 C   10 Hz

266 % higher

Method 20 C 0.5 HZ 55 C  O.5 Hz 20 C  10 HZ 55 C   10 Hz

DSR 2 431 294 4 937 719

Brook 6 460 571 10 763 1 369

DSR curve 2 622 280 5 257 683



Which Parameter Should Be Used?Which Parameter Should Be Used?

ItIt waswas hopedhoped toto useuse BrookefieldBrookefield viscosityviscosity forfor
obviousobvious reasonsreasons..

TheThe bestbest methodmethod isis determineddetermined byby twotwo mainmain
factors,factors, namelynamely::factors,factors, namelynamely::

�� WhichWhich testtest methodmethod determinesdetermines viscosityviscosity atat
temperaturestemperatures representingrepresenting inin--serviceservice pavementpavement
conditions?conditions?

�� WhichWhich testtest methodmethod givesgives “logical”“logical” results?results?



Viscosity Viscosity -- 60/70 60/70 vsvs SBSSBS
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Hirsch E* (Dynamic Modulus)Hirsch E* (Dynamic Modulus)
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where: 

 

|E*| = dynamic modulus (psi); 

|G*|binder = shear complex modulus of binder (psi); 

VMA  = percent voids in mineral aggregates 

VFA  = percent voids filled with binder 

Pc  = aggregate contact factor 



WitczakWitczak modulimoduli vsvs ActualActual
40/50 BTB Dynamic Modulus40/50 BTB Dynamic Modulus
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Hirsch Hirsch modulimoduli vsvs ActualActual
40/50 BTB Dynamic Modulus40/50 BTB Dynamic Modulus
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Importance of using the DSR?Importance of using the DSR?

��ForFor WitczakWitczak itit isis imperativeimperative toto useuse DSRDSR ifif wewe
areare toto includeinclude modifiedmodified bindersbinders inin ourour resilientresilient
responseresponse predictionspredictions

��HirschHirsch onlyonly allowsallows forfor DSRDSR��HirschHirsch onlyonly allowsallows forfor DSRDSR

�� TheThe internationalinternational trendtrend isis towardstowards DSRDSR..



Reasons for large deviations from Reasons for large deviations from 
predicted valuespredicted values

�� * Variation within * Variation within WitzakWitzak, Hirsch itself , Hirsch itself 
Requires recalibration at high binder Requires recalibration at high binder 
stiffnessstiffness

�� * Incorrect Binder ageing Protocol* Incorrect Binder ageing Protocol



WitczakWitczak ModelModel

�� 205 mixes205 mixes–– 34 modified34 modified

�� RR22 = 0.886= 0.886

�� For measured values of 14 000 MPa, For measured values of 14 000 MPa, 
predicted values range from 9 000 MPa to predicted values range from 9 000 MPa to 
20 000 MPa20 000 MPa



WitczakWitczak ModelModel



Issues Regarding the Ageing Issues Regarding the Ageing 
ProtocolProtocol

�� RTFOT currently RTFOT currently 
163˚C, 75 minutes163˚C, 75 minutes

�� Proposed changes Proposed changes 
could include:could include:could include:could include:
–– -- extended timeextended time

–– -- higher temperaturehigher temperature



Differences between RTFOT and Differences between RTFOT and 
Recovered binder propertiesRecovered binder properties

Binder 

R&B Viscosity R&B Viscosity R&B Viscosity

60/70 52 220 56 - 58 950 - 1050

RTFOT FieldLab Aged

Recovered Properties

60/70 52 220 56 - 58 950 - 1050

40/50 55 607 55 - 58 700 - 1300 60 - 62 1 000 - 2300



The way forwardThe way forward

�� Look at elongated Look at elongated 
RTFOT time to RTFOT time to 
simulate increased simulate increased 
initial binder initial binder 

�� Put together a new Put together a new 
calibrated model for calibrated model for 
South African South African 
mixes.mixes.initial binder initial binder 

stiffness in the fieldstiffness in the field
mixes.mixes.


