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• Overview of Design Process
• Key Details

– Material Properties
– Pavements
– Pavement Response Models
– Distress Models
– Calibration

• Summarize
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• Mechanistic-Empirical Models
– Predict Development of Distresses

• Best Approach Available
• Link Between Structural Design and 

Asphalt Concrete Mixture Design
– Simple Performance Test (NCHRP 9-19)
– Completion of Superpave Mix Analysis 

System (Future NCHRP Project)
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• Changes over time (season) 
are addressed
– Material strength and stiffness

• Aging
• Moisture and temperature

– Traffic (seasonally and over 
time)
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Fracture:

Distortion:

k = Load increment
i = Time/season increment

d = Thickness increment
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• Modulus of Elasticity

HMA

Asphalt Mixtures
Dynamic Modulus
ASTM D3496

Unbound Materials
Resilient Modulus
AASHTO T307

subgrade

aggregate base
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ANNUAL MODULUS VARIABILITYANNUAL MODULUS VARIABILITY
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• Conventional Flexible
• Deep Strength
• Full Depth Asphalt
• Cement Treated Base
• Sandwich Pavement

Asphalt Concrete

Unbound Base 

Unbound Sub-Base

Compacted Subgrade

Natural Subgrade

Asphalt Concrete

Unbound Base

Asphalt Base

Compacted Subgrade

Natural Subgrade
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Asphalt Surface

Asphalt Binder

Asphalt Base

Cement Treated Base 

• Asphalt Concrete
• Cement Treated
• Unbound 

Unbound Base 

Asphalt Surface

Asphalt Binder

Asphalt Base

Unbound Base 
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• Very Flexible
• Limitations

– Maximum of 14 Layers
– Maximum of 3 New Asphalt Layers and 

One Existing Asphalt Layer
– Maximum of 4 Overlay Layers
– Users Ability to Characterize Layers
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• Multilayer Elastic Solution
– JULEA
– Majority of Solutions

• Axisymmetric Finite Element Analysis
– Modified Version DSC
– Non-Linear Unbound Material 

εt

ε

δ

C
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• Critical Load Induced Strains or Stresses

εt

εC

εt
σt
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εp = plastic strain

εr = resilient strain

T = layer temperature (deg F)

N = no of load repetition

ββββr1, ββββr2, ββββr3  = calibration factors
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δδδδa = permanent deformation for the layer
N = number of repetitions
εεεεv = average vertical strain (in/in)
h = thickness of the layer (in)
εεεεo, ββββ, ρρρρ= material properties
εεεεr = resilient strain (in/in)
ββββs1 = Calibration factor
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•Bottom – Up Crack Propagation:

•Top – Down Crack Propagation

Classical Fatigue Mechanism.

Temp. Gradient;
Cooler @ Surface

E* Gradient
High @ Surface

High Shear Stress Contact Pressure

Aging @ Surface High E @ Surface
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• Uses SHRP Thermal Fracture Model
– Roque, Hiltunen, and Buttlar
– Improvements Since SHRP
– Recalibrated Using Approximately 30 

Sections in NCHRP Project 9-19
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• Thermal Fatigue 
– Propagation of Cracks Through the 

Asphalt Layer

• Thermal Stresses
– Temperature
– Mixture Properties
– Friction

• Mixture Fracture Properties
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O ∆∆∆∆ D ∆∆∆∆ SF

IRIO =   Initial IRI

∆∆∆∆IRID =   Change in IRI due to distress

∆∆∆∆IRISF =   Change in IRI due to site factors

Generalized Smoothness ModelGeneralized Smoothness Model
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IRIIRI--Distress Model SummaryDistress Model Summary

XPot Holes

XXXXAge

XXPatching

XLongitudinal Ckg.
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XXXXXTransverse Ckg.
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XXXXAlligator Ckg

XXSite Factor
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HMA OVERLAY
CTBATBUnbound 

BaseVariable
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• Rutting and Fatigue Cracking Models
– 94 LTPP Sections for New Design
– 79 LTPP Sections for Rehabilitation

• Thermal Fracture Model
– Previously Calibrated Using 30 Sections

• Smoothness
– From LTPP Database
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• Major Improvement for Flexible 
Pavement Design

• Best Approach for Structural Design
• Provides Link Between

– Structural Design
– Asphalt Mixture Design
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• Wide Range of Pavement Structures
– New
– Rehabilitated

• Direct Consideration of Major Factors
– Traffic
– Climate
– Materials
– Support 
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• Uses Best Available Mechanistic-
Empirical Models
– Rutting
– Fatigue Cracking
– Thermal Cracking

• Models Calibrated Using LTPP Data
• Include Method for Local Calibration
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• Models to Predict Change in 
Smoothness
– Predicted Distresses
– Site Factors

• Multiple Acceptance Criteria
– Distresses
– Smoothness
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