








Witczak’s Dynamic Modulus EquationWitczak’s Dynamic Modulus Equation
•• Binder viscosityBinder viscosity
•• Effective binder contentEffective binder content
•• Aggregate gradationAggregate gradation
•• Loading frequencyLoading frequency



Calculated HMA Dynamic ModulusCalculated HMA Dynamic Modulus
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Backcalculated Modulus vs.Backcalculated Modulus vs.
Witczak Dynamic ModulusWitczak Dynamic Modulus
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MnPAVE MohrMnPAVE Mohr--Coulomb ResultsCoulomb Results



•• Transfer Function CalibrationTransfer Function Calibration
–– Compared MnPAVE with RCompared MnPAVE with R--value design value design 

and Soil factor design methods:  and Soil factor design methods:  
Current MnPAVE is conservative. Current MnPAVE is conservative. 

–– Simple calibration for rutting using Simple calibration for rutting using 
MnROADMnROAD



•• User Manual: DraftUser Manual: Draft



Future WorkFuture Work
•• Continue calibration of transfer Continue calibration of transfer 

functions.functions.
–– Should use Witczak’s equation to Should use Witczak’s equation to 

calculate E* of bituminous mixture: calculate E* of bituminous mixture: 
binder effectsbinder effects



•• Improve the base and subgrade Mr tableImprove the base and subgrade Mr table
–– MnROAD Cl5, Cl3, taconite tailings, MnROAD MnROAD Cl5, Cl3, taconite tailings, MnROAD 

Subgrade soils.Subgrade soils.
–– Convert RConvert R--value to Mr using laboratory data.value to Mr using laboratory data.

•• Implement MohrImplement Mohr--Coulomb failure criteria: Coulomb failure criteria: 
prevent catastrophic failureprevent catastrophic failure
–– Obtain a minimum HMA thicknessObtain a minimum HMA thickness



TimeframeTimeframe
•• User training    User training    Oct. 2001Oct. 2001
•• Incorporate user feedback, calibrated Incorporate user feedback, calibrated 

MnPAVE                                                          MnPAVE                                                          
Feb 2002Feb 2002

•• MM--E design adopted as Mn/DOT's procedure       E design adopted as Mn/DOT's procedure       
Dec 2002Dec 2002

•• Evaluate AASHTO 2002,                  Dec 2003 Evaluate AASHTO 2002,                  Dec 2003 
incorporate features as needed                incorporate features as needed                
http://www.2002designguide.com/http://www.2002designguide.com/



Thank you.Thank you.

•• Questions?Questions?
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