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Pavement Design at Mn/DOT
• Current procedure

– Subgrade soil R-value, traffic, rule-of-thumb 
materials properties

– Relates to ride
• MnPAVE procedure

– Modulus of all layers, base strength, repeated load 
damage in HMA and subgrade

– Relates to structural distresses –
cracking, rutting



Background

WESLEA
• Layered Elastic Analysis (5 Layers)
• Developed at U.S. Army Engineer 

Waterways Experiment Station (Van 
Cauwelaert et al, 1986)
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MnPAVE Pavement Design

• Climate model
• More material types and default 

properties
• Lab and field test results
• Updated performance models





ClimateClimate



MnROAD Cell 21
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Criteria for Determining the 
Beginning of MnPAVE Seasons

Season Criteria

Fall 3-day Average Temperature < 17 °C

Winter Freezing Index > 90 °C-days

Spring Thaw Thawing Index > 15 °C-days

Spring Recovery 2 Weeks After Start of Spring Thaw

Summer 3-day Average Temperature > 17 °C



Temperature Model

“Whiplash” Equation
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5 Seasons vs. 52 Weeks
• Number of times the asphalt modulus 

(stiffness) is calculated.
• Affects the calculation time.
• Wide range of pavements were simulated.
• Design thickness differed by no more than 0.1 

in.
• Default MnPAVE procedure has 5 seasons.



StructureStructure







Material Properties
• New Asphalt
• Existing Asphalt

(overlay design)
• Aggregate Base/Subbase
• Soils



Witczak Equation
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Where:

E = 10-5 x Dynamic Modulus (psi)

η = 10-8 x Dynamic Viscosity (cP)

Pb = binder content (% by wt. of mix)

Va = Air voids (% by volume)

Pba = Absorption (% by wt. of  aggregate)

Gb = specific gravity of binder

Gsb = Bulk specific gravity of aggregate

f = Load frequency (Hz)

Vbeff = Effective binder content (% by vol.)

p3/4 = Cumulative % retained on 3/4” sieve

p3/8 = Cumulative % retained on 3/8” sieve

p4 = Cumulative % retained on No. 4 sieve

p200 = Percent passing No. 200 sieve



Thompson (ILLI-PAVE) Equation
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EAC = Modulus of the HMA layer (ksi)
TAC = Temperature of the HMA layer (°F)
D0 = Deflection at center of load (mils)
D1 = Deflection at 12 in. (305 mm) from center of load
D2 = Deflection at 24 in. (610 mm) from center of load
D3 = Deflection at 36 in. (914 mm) from center of load



Cell 20 Modulus Comparison 1994-2003
Witczak and Thompson Equations
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Modulus Reduction Factor
– Modulus Ratio (R )

• R= E*(near crack)/E* (between cracks)



MnROAD Class 5 Moduli
1994-1996
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Statewide HMA DeflectionsStatewide HMA Deflections
1994 1994 -- 20052005



Subgrade Modulus Subgrade Modulus 
Superimposed on Soil MapSuperimposed on Soil Map



Subgrade Modulus Predictions
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TrafficTraffic



Simplified Load Spectrum Input

• Analysis of WIM data
• Mn/DOT and FHWA vehicle types
• Axle distributions by truck type
• Assumptions about truck distributions
• Route types



MnROAD 2001 WIM Data
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Vehicle Type 8
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Burnsville I-35E (Feb. 1 - Mar. 1 1992)
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Questions

www.mrr.dot.state.mn.us
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