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Outline

• Overview of 2002 Flexible Pavement 
Design Process

• Importance of Material Characterization
• Hierarchical Approach for Design Inputs
• Flexible Pavement Materials 

Characterization
– Asphalt Concrete
– Subgrade and Unbound Base/Subbases

• Summarize
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Materials in Design Process
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Pavement Response Model

• Multilayer Elastic Solution
– JULEA

• Material Properties
– Modulus
– Poisson’s Ratio
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Hierarchical Design Inputs
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New Asphalt Concrete 

• Modulus Mastercurve
– Structural Response
– Rutting and Fatigue

• Low Temperature Creep Compliance 
and Strength
– Thermal Cracking Analysis

• Poisson’s Ratio Predicted From Modulus
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New Asphalt Concrete

Input 
Level Property Characterization Method

Modulus Dynamic Modulus |E*| Test  ASTM D3496
Creep/Strength Indirect Tensile Creep/Strength AASHTO TP9
Modulus Predicted From Volumetrics and Binder Properties
Creep/Strength Extrapolated From limited Creep/Strength Tests
Modulus Predicted From Volumetrics and Binder Grade
Creep/Strength Predicted From Binder Grade

1

2

3
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Dynamic Modulus Test
Level 1
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Witczak Predictive Equation
Levels 2 and 3
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Witczak Predictive Equation
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Creep and Strength
Level 1
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Creep and Strength
Levels 2 and 3
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Function of Material Characteristics

D(t) = Compliance
t = time
T = Temperature
Tr = Reference Temperature
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Existing Asphalt Concrete 

• Damaged Modulus
– Structural Response
– Rutting and Fatigue

• Poisson’s Ratio Predicted 
From Modulus
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Damaged Modulus 
Mastercurve

Damaged Modulus Mastercurves
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Existing Asphalt Concrete

Input 
Level Modulus Characterization Method

Damaged Backcalculated from NDT
Undamaged Predicted From Volumetrics & Binder Properties From Cores
Damaged From Extent of Fatigue Cracking
Undamaged Predicted From Volumetrics & Binder Properties From Cores
Modulus From Condition Rating
Undamaged Predicted From Volumetrics and Binder Grade

1

2

3
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Existing Asphalt Concrete
Level 1

Damaged Modulus Mastercurves

100

1000

10000

100000

1000000

10000000

1E-08 0.000001 0.0001 0.01 1 100 10000 1000000 1E+08

Reduced Time

M
od

ul
us

 (p
si

)

0.00
0.20
0.50
1.00
1.50
2.00
3.00
5.00
10.00
20.00

Fatigue 
DamageUNDAMAGED MODULUS

NDT REDUCED TIME

NDT MODULUS
DAMAGE



Advanced Asphalt Technologies, LLC

“Engineering Services for the Asphalt Industry”

Existing Asphalt Concrete
Level 2 and 3

Damaged Modulus Mastercurves
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Unbound Materials
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• Resilient Modulus 
– Structural Response
– Rutting 

• Poisson’s Ratio 
Estimated From 
Modulus
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Stress Dependence of MR
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Bulk (Confining) Stress
• Stiffening term (k2 > 0)
• Dominates for coarse 

granular soils (base, 
subbase)

Shear (Deviatoric) Stress
• Softening Term (k3 < 0)
• Dominates for fine-grained 

soils (subgrade)
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Moisture Effects on MR
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S = degree of saturation
S = saturation at OMC
k = regression coefficientm
a,b = constants (function of soil type)

S = degree of saturation
S = saturation at OMC
km= regression coefficient
a,b = constants (function of soil type)
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Moisture Effects on MR

Coarse Grained

Fine Grained
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Unbound Materials

Input 
Level

Design 
Type Characterization Method

New Laboratory Resilient Modulus (MR) test
Rehab NDT backcalculated MR

New MR = f (other properties)
Rehab MR = f (other properties)
New MR = f (soil classification)
Rehab MR = f (soil classification)

1

2

3
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Unbound MR: Level 1 New
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Unbound MR:  Level 1 Rehab

• Backcalculate From 
FWD

• EDESIGN=CF(EFWD)
– CF= user defined

Typical values: CF = 0.40 for subgrade, 0.67 for base/subbase
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• Correlations to Other Tests
– DCP         CBR=(292/PR)1.12

– CBR         MR=2555(CBR)0.64 psi

– R-value    MR = 1155+555(R) psi

• Correlations Using Gradation and PI
• Conversion of Layer Coefficient

– MR=30000(ai/0.14)3 psi

Unbound MR: Level 2
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Other Materials

• Portland Cement Concrete
• Cementitiously Stabilized Materials

– CTB
– Soil Cement

• PCC Slabs
– Intact
– Rubbilized

Resonant Pavement Breaker
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Summary

• Modulus is Key Material Input 
Parameter

• Hierarchical Input Levels
– Level 1: Measured
– Level 2: Correlations
– Level 3: Defaults

• Agency Choice
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Summary

• New and Rehabilitation
• Load Influences Addressed

– Rate for AC
– Stress State for Unbound

• Environmental Influences Addressed
– Temperature in AC
– Moisture in Unbound

Resonant Pavement Breaker
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Questions?
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