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Expanding the Realm of Possibility

Research Objectives

Â Develop guidelines for implementation 

of the NCHRP 1-37A M-E pavement 

design procedure by ODOT

Â Work tasks

¸ Literature review & sensitivity studies

¸ Develop preliminary plan for 

implementation

¸ Guidelines for selecting inputs & testing

¸ Perform Ohio-specific validation studies

¸ Document future local calibration effort

Products: 

Final report with guidance on inputs, failure criteria, 

validation results from LTPP sites and an 

implementation plan setting direction for future efforts.
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Current Status of the MEPDG
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Status of the MEPDG

Â April 2007 rollout of the MEPDG to States and others 

at Irvine, CA

Â DS-07-02 Ballot: Interim AASHTO Mechanistic-

Empirical Pavement Design Guide Manual of Practice 

(38 For, 0 Against)

Â MAT-07-02 Ballot: Interim AASHTO Mechanistic-

Empirical Pavement Design Guide Manual of Practice 

(44 For, 0 Against)

Â SCOH adopted the MEPDG as an Interim Pavement 

Design Guide in late 2007

Â AASHTO is planning to develop DARWin ME by 2010
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Research Tasks and Key Findings
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Work Tasks

1. Literature Review and Sensitivity Analysis

2. Review NCHRP 1-37A Report and Software

3. Recommend Plan to Implement NCHRP 1-

37A Procedures

4. Develop Guidance to Select Input 

Parameters

5. Perform Ohio-Specific Validation Studies

6. Recommend Future Calibration Efforts

7. Prepare and Submit Final Report

V

V

V



Expanding the Realm of Possibility

Task 1ðLiterature Review and 

Sensitivity Analysis

Â Task 1a: Literature Review
¸ Over 200 publications related to MEPDG identified; literature 

summarized and repurposed for ODOT use

¸ Review ODOTôs past research

Â Task 1b: Kick-Off and Information Exchange Meeting
¸ Identified/discussed primary use of MEPDG, structures of 

interest, design criteria, data availability, past research, etc. 

Â Task 1c: Document Review 
¸ Pertinent ODOT design, planning, management, materials, 

geotech & research documents reviewed

Â Task 1d: Sensitivity analysis
¸ Developed baseline designs and performed sensitivity 

analysis for new flexible and rigid pavements, HMA/HMA, and 
unbonded PCC overlays
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Task 1a: Literature Review and 

Sensitivity Analysis

Â Literature addressed the following areas

¸ Design philosophy

üScope of MEPDG

üCurrent and future opportunities

¸ Inputs

üMaterials characterization (testing and default libraries)

ü Traffic studies (ATR, WIM data analysis)

¸ Modeling and design

¸ Validation

üUse of accelerated pavement data

üUse of Pavement Management System data

¸ Reliability
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Task 1b: Information Exchange 

Meeting

Â Primary pavements of interest

¸ New flexible or hot mix asphalt (HMA) pavements 

(including conventional, deep strength, &                                                                                   

full depth)

¸ Jointed plain concrete pavements (JPCP)

¸ HMA overlays over rubblized portland cement 

concrete (PCC) slabs

¸ Unbonded PCC overlays (excluding CRCP)



Expanding the Realm of Possibility

Task 1b: Information Exchange 

Meeting

Â Primary performance models of interest

¸ HMA pavements and layers

üThermal cracking

üLoad related (fatigue) cracking

üTerminal IRI value

üRut depth in HMA layers

¸ JPCP

üTerminal smoothness

üTransverse cracking

üMean joint faulting
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Task 1dðSensitivity Analysis 

Illustrations

ÂHMA reconstruct

Â JPCP reconstruct

ÂHMA overlay of rubblized JRCP

ÂUnbonded JPCP overlay over JRCP
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HMA Baseline Pavement Design

Â Pvt. Const. Month:  October

Â Traffic Open Month: November

Â Initial IRI: 63 in/mile

Â Traffic: LTPP 39_9006

¸ Cum. trucks over 20 years = 70 

million

¸ 2-way AADTT = 12,893

¸ Percent trucks = 27.1

¸ Growth rate 8.4 percent (linear)

¸ Vehicle distribution: 80% Class 9

¸ MEPDG defaults for other inputs 

Â Climate: Newark, OH

Â Material properties

¸ HMA materials

ü 1.5 in; 12.5 mm Superpave surface

ü 1.75 in; 19 mm Superpave Intermediate

ü 9 in; Item 302 Base

¸ Base type:  6.0 in Dense graded 

ü Base Mr: 20,000 psi

¸ Subgrade type: A-6

ü Subgrade Mr : 10,000 psi
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HMA Baseline Pavement Design

1.5 -in Superpave HMA Mix

Surface Course

9.0-in Marshall Mix Bituminous

Aggregate Base Course

6.0-in Dense Graded Aggregate 

Base Course (Item 304)

Subgrade

(AASHTO A-6 Soil)

Superpave HMA Mix

12.25-in HMA

6.0-in DGAB

(Item 858, Type A, 12.5 mm) 

1.75-in Superpave HMA Mix

Intermediate Course

(Item 858, Type A, 19.0 mm) 

(Item 302) 

1.5 -in Superpave HMA Mix

Surface Course

9.0-in Marshall Mix Bituminous

Aggregate Base Course

6.0-in Dense Graded Aggregate 

Base Course (Item 304)

Subgrade

(AASHTO A-6 Soil)

Superpave HMA Mix

12.25-in HMA

6.0-in DGAB

(Item 858, Type A, 12.5 mm) 

1.75-in Superpave HMA Mix

Intermediate Course

(Item 858, Type A, 19.0 mm) 

(Item 302) 
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New HMA Sensitivity Analysisð

Factors Varied

Â Traffic Composition

¸ 13 LTPP WIM sites

Â Climate

¸ 9 weather stations

Â HMA type

¸ Superpave (Item 442)

¸ SMA (Item 443)

Â HMA thickness

¸ 8-, 10-, 12.25-*, 14-, 16-in (varying 

base thickness only) 

Â HMA air voids content

¸ 5.5*, 6.5, 7.5, 8.5, 9.5, 10.5 percent

Â HMA volumetric binder content

¸ Surface course = 11.1 percent, 

intermediate course = 9.6 percent 

and base course = 8.7 percent

¸ +4.0, +2.0, -2.0, and -4.0 percent of 

the baseline binder contents

Â Base type

¸ Dense graded, HMA

Â Subgrade stabilization

¸ A-6 (lime and cement stabilized)

¸ A-2-4 (cement stabilized)

Â Natural Subgrade type/modulus

¸ Fine and coarse
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Location and Climate of Base Design

Toledo Express Airport,

District 2

Lorain County Regional 

Airport, District 3

Cleveland-Hopkins 

Intl-Airport,

District 12

Ashtabula 

County Airport,

District 4
Lima-Allen County 

Airport, District 1

J. M. Cox Dayton 

Airport, District 7

Cincinnati/NRN KY    

Intl-Airport, District 8

Port Columbus Intl-Airport,

District 6

Newark-Heath Airport,

District 5*

Harry Clever Field 

Airport, District 11

M.J. Ferguson Airport

Huntington, WV

Wood County Airport

Parkersburg, WV

Wheeling-Ohio County 

Airport

Wheeling, WV

Toledo Express Airport,
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Airport, District 3

Cleveland-Hopkins 
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Cincinnati/NRN KY    

Intl-Airport, District 8

Port Columbus Intl-Airport,

District 6

Newark-Heath Airport,

District 5*

Harry Clever Field 

Airport, District 11

M.J. Ferguson Airport

Huntington, WV

Wood County Airport

Parkersburg, WV

Wheeling-Ohio County 

Airport

Wheeling, WV
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Effect of Climate on Alligator Cracking
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Expanding the Realm of Possibility

Effect of Climate on Rutting
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Effect of HMA Thickness on Alligator Cracking
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Effect of HMA Thickness on IRI
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Expanding the Realm of Possibility

Effect of HMA Air Voids & Binder Content 

on Alligator Cracking
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Effect of HMA Air Voids & Binder Content 

on Alligator Cracking 
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Effect of Truck Mix On Rutting
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Expanding the Realm of Possibility

Summary of Sensitivity Analysis

ÂMagnitude of impact
¸ Noneðnegligible variance in predicted output when compared to 

baseline over the entire range of input considered

¸ Lowð 1 to 5 percent variance in predicted output when compared 

to baseline over the entire range of input considered

¸ Moderateð5 to 20 percent variance in predicted output when 

compared to baseline over the entire range of input considered

¸ Highðgreater than 20 percent variance in predicted output when 

compared to baseline over the entire range of input considered

ÂDirectionality of impact ïDirect proportionality 

(ą) or inverse proportionality (Ć)
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New HMA ïImpact of Variables on Performance

Input Variable  

HMA Distress/Smoothness Model  

Longitudinal 

Fatigue 

Cracking  

Thermal 

(Transverse) 

Cracking  

Alligator 

Fatigue 

Cracking  

Rutting  IRI  

Traffic 

Composition  
None None Moderate High  Low  

Climate  

(Warm 

Temperatures) 

None HighĆ Moderate Ć Moderate ą Low  

HMA type 

(surface course 

stiffness) 

Low  Lową Low  Low  Low  

HMA thickness  

< 8 inɭHigh 

Ć 

> 8 inɭNone 

ModerateĆ High Ć High Ć High Ć 

HMA air voids 

content 
None1  Lową Moderate2 ą Moderate3 ą Low 3 ą 

HMA 

volumetric 

binder content  

None HighĆ High Ć High ą Low Ć 

Base type 

(Base Modulus) 
None HighĆ High Ć High Ć Moderate Ć 

Subgrade 

stabilization  

(Modulus)  

Low  None Moderate Ć Moderate Ć Moderate Ć 

Natural 

Subgrade 

type/modulus**  

None None Moderate Ć Moderate Ć Low Ć 
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JPCP Baseline Pavement Design

Â Pvt. const. month:  October

Â Traffic open month: November

Â Initial IRI: 63 in/mile

Â Traffic: LTPP 39_9006

¸ Cum. trucks over 30 years = 130 

million

¸ Same as HMA design

Â Transverse joint spacing

¸ 12.5-, 15.0-*, 17.5-, 20.0-, 22.5-ft

Â Dowel bars
¸ hPCC < 8.5-in = 1.0-in.

¸ 8.5 < hPCC <10.0-in: 1.25-in.

¸ hPCC > 10.0-in: 1.5-in.

Â Climate: Newark, OH

Â Edge support: Tied and non-tied

Â Slab width: 12-, 13-, and 14-ft

Â Material properties

¸ PCC materials

ü Class C (with limestone, gravel, slag)

ü Class S (with limestone, gravel, slag)

¸ PCC flex. Str. and elastic modulus

ü 601-, 650-*, 736-, and 850-psi

¸ PCC CTE

ü 5.2-, 5.4-*, and 6.7x10-6/oF

¸ Base type:  6.0 in Dense graded 

ü Base Mr: 20,000 psi

¸ Subgrade type: A-6

ü Subgrade Mr : 10,000 psi
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JPCP Baseline Design

10.0 in JPCP

Class C PCC Mix

1.25 in Dowels

15-ft Joint Spacing

Tied PCC Shoulder

6.0 in DGAB

Base Course

Item 304

Subgrade

AASHTO A-6 Soil

10.0 in JPCP

Class C PCC Mix

1.25 in Dowels

15-ft Joint Spacing

Tied PCC Shoulder

6.0 in DGAB

Base Course

Item 304

Subgrade

AASHTO A-6 Soil
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Effect of Base Type on Joint Faulting
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Expanding the Realm of Possibility

Effect of Base Type On Slab Cracking
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Expanding the Realm of Possibility

Effect of Climate/Location On Cracked Slabs
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Expanding the Realm of Possibility

Effect of Slab Thickness on Cracking
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Effect of Slab Thickness on IRI
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Effect of Joint Spacing on Cracking
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Effect of Coef Thermal Expansion On IRI
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Effect of Dowel Diameter On Faulting
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Effect of Traffic Mix on Cracking
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Expanding the Realm of Possibility

New JPCP ïImpact of Variables on Performance

Input Variable

JPCP Distress/Smoothness Model

Mid -Slab or Fatigue 
Cracking

Faulting IRI

Traffic composition High ą Low ą Low ą

Climate 
(Warm Temperatures)

High Ć Low Ć Moderate Ć

PCC thickness (and dowel 
dia. for faulting analysis)

High Ć High Ć High Ć

PCC Coefficient of 
Thermal Expansion (CTE)

High ą High ą High ą

PCC Flexural Strength 
(MR) and Modulus (E)

High Ć Low Ć Low Ć

PCC Mix Type and Coarse 
Aggregate Type

High Low Low

PCC Joint Spacing High ą High ą High ą

PCC Slab Width High Ć High Ć High Ć

Pavement Edge Support High Ć Low Ć Low Ć

Base type 
(Base Modulus)

Moderate Ć Moderate Ć Moderate Ć

Subgrade stabilization
(Modulus)

Moderate Ć None None Ć

Subgradetype/modulus Moderate ą Low Ć Moderate Ć



Expanding the Realm of Possibility

Task 5ðPerform Ohio-Specific 

Validation Studies

Â Task 5a:  Select Pavement Sections to Conduct 
Validation
¸ Ohio-specific LTPP sections were the first data source for model 

validation

¸ 31 new JPCP sections, 19 new HMA and 1 section with HMA overlay 
over existing JPCP identified

Â Task 5b: Compile a Database of Design Inputs and 
Performance
¸ A database of all LTPP sections covering all aspects of MEPDG with 

the exclusion of traffic created

¸ MEPDG cone files with default traffic data generated

Â Task 5c: Predict Performance of Selected Sections

Â Task 5d: Perform Comparisons of Predicted Versus 

Actual Distress
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Ohio LTPP Sections

Ohio GPS Test Sections

GPS-3 3013*

3801

GPS-4 4018*

4031**

GPS-5 5003

5010

GPS-7A 7021*

GPS-7B 3013

5010

GPS-7C 4018

GPS-7S 7021

GPS-9 5569

9006

9022

*Site changed designation

**Site O.O.S.

Ohio SPS Test Sections

SPS-1 6 active

8 O.O.S.

SPS-2 19 active

SPS-4 4 active

4 O.O.S.

SPS-8 2 active

2 O.O.S.

SPS-9N 3 active
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GPS-9 5569

9006

9022

*Site changed designation

**Site O.O.S.

Ohio SPS Test Sections

SPS-1 6 active

8 O.O.S.

SPS-2 19 active

SPS-4 4 active

4 O.O.S.

SPS-8 2 active

2 O.O.S.

SPS-9N 3 active



Expanding the Realm of Possibility

MEPDG Model Validation Approach

ÂTest the model over a range of pavement projects

¸ Assemble all relevant data from the LTPP database

¸ Develop processed data (traffic, backcalculated moduli, 

distress quantities, etc.)

¸ Develop MEPDG input data (or cone) files

ÂCompare model predictions to past performance

¸ Execute, extract, and compare predictions with 

observations

¸ Diagnostic statistics:

üCorrelation (coefficient of determination, R2)

üPrediction error (standard error estimate [SEE])

üBias (perform a paired t-test)



Expanding the Realm of Possibility

Models Validated

Â HMA

¸ Alligator ñbottom-upò cracking

¸ Transverse ñthermalò cracking

¸ Total rutting (HMA, base, subgrade)

¸ IRI

Â JPCP

¸ Transverse ñslabò cracking

¸ Transverse joint faulting

¸ IRI
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Predicted vs. Measured HMA Alligator 

CrackingðGlobal Calibration
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Predicted vs. Measured HMA Transverse 

CrackingðGlobal Calibration
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Predicted vs. Measured Total Rutting 

ðGlobal Calibration

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.1 0.2 0.3 0.4 0.5 0.6

Measured rutting, in

P
re

d
ic

te
d

 r
u

tt
in

g
, 

in

R
2
 = 0.31

SEE 0.09 in

N = 61



Expanding the Realm of Possibility

Predicted vs. Measured HMA IRIð

Global Calibration
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Predicted vs. Measured JPCP Transverse 

CrackingðGlobal Calibration
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Predicted vs. Measured JPCP Faultingð

Global Calibration
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Predicted vs. Measured JPCP IRIðGlobal 

Calibration
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ñRecalibrationò Exercise

Â To perform local calibration, the MEPDG software 

allows the user or agency to modify model coefficients

Â The most appropriate model coefficient to change 

should be based on:

¸ Examination of input parameters that are associated with 

discrepancies between predicted and measured results

¸ Sensitivity analysis of the model coefficients

¸ Results of model sensitivity analysis
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ñRecalibrationò Examples

ÂThe following models were ñrecalibratedò

¸HMA alligator or ñbottom-upò cracking

¸ HMA total rutting (HMA, base, subgrade)

¸JPCP transverse ñslabò cracking

¸ JPCP transverse joint faulting

Although a much larger dataset is required to preform credible 
recalibration, this was attempted herein to demonstrate the process. 


