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Learning Objectives

#TRBwebinar

1. Identify critical resources needed 
for MEPDG implementation

2. Identify the non-technical 
important features for MEPDG 
implementation

3. Anticipate challenges to MEPDG 
implementation



MEPDG Background
Clark S. Morrison, PE
December 8, 2021
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MEPDG in Indiana, 11 Years After Adoption
Tommy E. Nantung PhD PE

Division of Research and Development
Indiana Department of Transportation



Initiatives
Pavement 2000, Newport, 

Rhode Island.

Resource
sReadiness of the resources 

and facilities

Preparation
Organize and create inputs 

for design

Validation
Validation of the 

performance models.

Implementation
Implementation to projects, 

Nov 2009.

Roadmap to Presentation
From initiatives to analysis to preparation to implementation



MEPDG Design 
Concept
M-E Design Guides, a new 
paradigm

Design principle Key 
distresses

Hierarchical 
inputs

Rational design

Pavement 
knowledge

Input 
parameters

Totally new design 
concept, may not be 
easily understood.

Based on key distresses 
and pavement 
performance

A large numbers of 
design input parameters

Hierarchical design 
inputs, inputs are inter-
related

Based on rational design 
inputs of the pavement 
layers

A thorough knowledge 
of pavement and 
pavement performance 
is crucial

Design Objective



Design Steps
Design steps are very crucial to achieve the design objective, the process begins with a rational 

pavement layer assumptions and design input parameters.

Pavement layer 
assumptions

Input 
parameters

Trial design 
against 

performance

Final design

A B C D

Steps



Design Process
The concept is to test the pavement layers against a set of 
pavement performance parameters.

Analyze

Objective

Trial design is based on a rational 
layer arrangement and materials 
properties

Pavement layers that are 
economical, meet or exceed 

predicted performance, and can 
be constructed



Resources and 
Commitment
Resources and commitment are 
very important for the 
Department to buy-in.

Know the State DOT 
Organization

Focus
Teamwork

State of knowledge

Commitment from 
upper management

Level the playing 
field

A

Need coordination with many 
divisions and offices

There are people who have a 
significant number of followers in 
every business

Teamwork is important to achieve 
better input parameters and 
design

The state of knowledge in the 
Department is very crucial to the 
execution of the design process

Level the playing field between the 
scoping, programming, design 

engineers and the design 
consultant

Focus on the State design practices 
to initially adopt the new design 

process

B

C

DE

F

Begin 
initiative



Resource Evaluation
The capability of a Department to implement the new MEPDG design process depends on the 

readiness of the three important resources.

Equipmen
t

Knowledg
e

Data

Data Equipment Knowledge

Level 1


Some might exist
 

Level 2


Some might exist
 

Level 3   



Resource Evaluation
Traffic data inputs are the most sensitive to the design process. Therefore, very special concentration 
has to be developed to resolve issues with traffic. Traffic for transportation planning purposes is not 

similar to traffic for pavement design.

• Regional or Statewide default input values provide 
poor accuracy for medium- and high-volume roads

• Weigh-In-Motion (WIM) and Automatic Vehicle 
Classification (AVC) systems differ from vendor to 
vendor

• WIM and AVC raw data are usually encrypted
• WIM and AVC data are usually very large
• WIM and AVC sites are distributed Statewide, 

geographical and functional regions and segments 
are needed



Resource Evaluation
Discrepancies between traffic planning data and actual WIM data must be resolved first. Planning 
data: 126,005 AADT versus WIM actual data: 101,199 AADT 



Resource Evaluation
Coordination with other Divisions and Office are very crucial to understand the availability of the data 

on hand and data that each particular Division/Office must provide. Some are not in a very specific 
level.

Flex
Data

AC    - Mix
Equipment Knowledge

Level 1       x


2 offices


Level 2       


2 offices


Level 3 Default N/A 

Rigid Data Equipment Knowledge

Level 1 Design 
built



2 offices


Level 2 Conversion


2 offices


Level 3 Default  

Soil Data Equipment Knowledge

Level 1 Specific soil 
boring



2 offices


Level 2 Soil mapping


2 offices


Level 3 Default  



Preparation
Balance of inputs must be reviewed carefully so one group will not 
dominate the sensitivity of the pavement performance.

Maintenance

Implementation

Testing

01

02

03

04

01. Climate
Climate will trigger certain 
distresses

03. Materials
Some material properties 
are so sensitive to the 
distresses

02. Traffic
Hourly traffic distribution 
can be sensitive to a certain 
pavement type

04. Performance and 
Reliability
Performance expectation cannot be too 
high to avoid unnecessary overdesign



Validation and Verification
Validation of the pavement performance prediction and verification of the outcomes of the design 

trials, along with the sensitivity of the design inputs, are the most important steps toward 
implementation.

Parameter Roughness Faulting Percent Slabs 
Cracked

Level 3

Modulus of Rupture S NS VS

Compressive Strength S NS VS

Level 2

Compressive Strength S NS VS

20-year/28-day Ratio S NS VS

Level 1

Modulus of Rupture S NS VS

Modulus of Elasticity S NS VS

20-year/28-day Ratio S NS VS



Validation and Verification
Jointed Plain Concrete Pavement (JPCP)

Parameter Roughness Faulting Percent Slabs 
Cracked

Permanent Curl/Warp 
Effective Temperature 
Difference

VS VS VS

Joint Spacing VS VS VS

Dowel Bar Diameter MS MS NS

Pavement Thickness S MS VS

Poisson’s Ratio MS MS S

Coefficient of Thermal 
Expansion VS VS VS

Thermal Conductivity S MS VS



Validation and Verification
Hot-Mixed Asphalt (HMA) Pavement

Parameter IRI Alligator 
Cracking 

Permanent 
Deformation 

AC Thermal 
Fracture 

AC Thickness S VS S VS

PG-Grade NS S S S

|E*| NS S S NS

Poisson’s Ratio NS NS NS NS

Air voids (L1) NS S NS NS

Effective Binder Content (L1) NS NS NS NS

Surface Short Wave S NS S S

Average Tensile Strength NS NS NS S

|D*| NS NS NS VS

Coefficient of Thermal 
Contraction NS NS NS NS

Thermal Conductivity NS NS NS NS

Heat Capacity NS NS S VS



Validation and Verification
Finding the sensitive input parameters is the first task to resolve conservatism in the design

Source 
#

Micro    
strain/C°     

Max

Micro 
strains/°F Aggregate Source District

2645 8.354 4.653 Ordivician Period Rogers Grp Mitchell, Vincennes
2238 10.926 6.086 Raccoon Creek Grp - Pennsylvanian Stone St. Poe, Ft. Wayne,
2645 8.409 4.684 Ordivician Period Rogers Grp Mitchell, Vincennes
2157 8.511 4.740 ???? MM Cloverdale Crawfordsville
2542 9.121 5.080 Silurian Sellersburg Stone Seymour
2535 9.148 5.095 Silurian Meshberger Columbus, Seymour
2423 9.850 5.487 Devonian Engr Aggregates Logansport, LaPorte

2531 10.138 5.647 Bainbridge Grp - Silurian Meshberger Flat Rock Seymour

2523 10.239 5.703 Gravel Rogers Group - Martinsville Seymour

2334 10.326 5.752 Hardinsburg Fm, Stephensport Grp - Miss Barrett Paving Richmond, Greenfield

2445 10.659 5.937 Devonian Rogers Group Kentland, Crawfordsville - Meteor Impact site

2362 10.691 5.955 Sanders Grp - Mississippi IMI Muncie Greenfield

2448 10.708 5.965 Devonian- Reefal Fm Heidleberg/Hanson Rensselear

2232 10.815 6.024 Raccoon Creek Grp - Pennsylvanian Lehigh-Hanson Ardmore Ft. Wayne,

2211 10.857 6.047 McLeansboro Grp - Pennsylvanian IMI Huntington, Ft. Wayne,

2113 10.869 6.054 Gravel S&G Excavating Crawfordsville - Terra Haute
2310 10.909 6.076 Gravel MM Greenfield

2238 10.926 6.086 Raccoon Creek Grp - Pennsylvanian Stone St. Poe, Ft. Wayne,

2421 10.613 5.912 Devonian - Reefal Fm Delphi Crawfordsville
2421 9.807 5.462 Devonian - Reefal Fm Delphi Crawfordsville
2621 9.510 5.322 Ste Genevieve Fm - Ordivician
2314 8.721 4.858 Mississippian

2.0

3.0

4.0

5.0

6.0

7.0

2000 2100 2200 2300 2400 2500 2600 2700 2800

Carbonate Quarries Gravel
Devonian Reefal Devonian
slag 2008 Paving Projects
Silurian Mississippian
Pennsylvanian Ordivician

Micro strains/°F
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Validation and Verification
Finding the sensitive input parameters is the first task to resolve conservatism in the design.



Validation and 
VerificationTraffic data are the most important and the most difficult to 

resolve. Monthly Adjustment Factor, Vehicle Class Distribution, 
Hourly Distribution, and Axle Load Distribution.

AADTT = 1 to 3,000 AADTT = 3,001 to 
6,000

AADTT = 6,001 to 
20,000

AADTT > 20,000

TWRG-A TWRG-B TWRG-C TWRG-D



Design 
Stage

Materials 
inputs Traffic Performanc

e 
parameters

Notes from Validation
Coordination and knowledge are the keys.

Pavement design is for 
future construction.  

Suppliers and 
contractors are 

unknown

Materials properties 
depend on the strength 

of the standard 
specifications

Traffic inputs are the 
most difficult. QC/QA 

and standard 
procedures needed.

Choose the performance 
parameters wisely to 
avoid conservatism



Timeline of Deployment
The infrastructures for deployment had to be ready before deployment. Deployment needs 

coordination from intra-offices and the industry associations and their members.

Final 
preparation for 

input files 
(October 2008)

Preparation Specs & 
Manuals

Training New Design Design Built

Changes in 
INDOT 

Pavement Specs 
& Manuals

Training October 
12, 13, and 14, 
2008 for INDOT 

and Industry

Start January 1, 
2009

Training for 
Design Built 

Projects, March 
16 and 17, 2009



Technical 
SupportSupport to the users are very 
important to achieve smooth 
deployment.

Traffic

ReliabilityDesign

Materials

01 02

0304

Input Name
Material Type Asphalt Asphalt Asphalt Asphalt Asphalt
Material Asphalt concrete Asphalt concrete Asphalt concrete Asphalt concrete SMA
Nominal Maximum 
Aggregate Size (mm)

25 19 12.5 9.5 SMA 9.5

Reference 
temperature (F)

70 70 70 70 70

Effective binder 
content (%)

8.69 9.53 10.66 11.61 13.4

Air voids (%) as built 8 8 8 8 7
Total unit weight 
(pcf)

144.41 143.83 143.08 142.57 173.5

Thermal 
conductivity asphalt 
(BTU/hr-ft-F)

0.63 0.63 0.63 0.63 0.63

Heat capacity 
(BTU/lb-F)

0.31 0.31 0.31 0.31 0.31

Poisson's Ratio 0.35 0.35 0.35 0.35 0.35

Proposed Indiana Value



Technical 
SupportSupport to the users are very 
important to achieve smooth 
deployment.

Traffic

ReliabilityDesign

Materials

01 02

0304

Group or Screen Number Input name Typical 
Value

Proposed Indiana 
value Status of input Comments

Traffic Traffic Group A: 0 ~ 
3,000

Traffic Group B: 3,000 ~ 
Traffic Group C: 6,000 ~ 

Traffic Group D: 
>20,000

Based on design project
Based on design project

2 Number of Lanes in 
Design Direction 1 ~ 6 Based on design project Critical & Important

2 Lanes: 52
4 Lanes: 55
6 Lanes: 55
8 Lanes: 57

10 Lanes: 55
12 Lanes: 54
2 Lanes: 100
4 Lanes: 90
6 Lanes: 60
8 Lanes: 45

10 Lanes: 40
12 Lanes: 40

5 Operation Speed 20 ~ 65 Posted Speed Limit Critical & Important

Traffic Group A=55 
MPH; Traffic Group 
B=50 MPH; Traffic 
Group C=60 MPH; and 
Traffic Group D=65 
MPH

Percent of Trucks in 
Design Direction 52 ~ 75

4 Percent of Trucks in 
Design Lane 28 ~ 100 Critical, Important & 

Sensitive

Critical & Important

Critical & Important

Critical & Important

1
Initial Two-Way AADTT 600 ~ 500000

Percent of Heavy Truck 7.0 ~ 45.0

3



Technical 
SupportSupport to the users are very 
important to achieve smooth 
deployment.

Traffic

ReliabilityDesign

Materials

01 02

0304



Technical 
SupportSupport to the users are very 
important to achieve smooth 
deployment.

Traffic

ReliabilityDesign

Materials

01 02

0304



Implementation Strategy
Implementation can be achieved if the initial projects can go smoothly. Buy-in from the Department 
and the FHWA is very crucial for final adoption. Verification and local calibration will follow using the 

current practices.

Pilot projects

Pilot projects for 
both JPCP and 

HMA

Iimplementati
on

Full 
implementation, 

1st year dual 
design

Calibration

Follow up 
verification and 

calibration



SR-14 in Allen County
HMA – MEPDG 13.5 inches

HMA – AASHTO 1993 15 inches

I-465 in Indianapolis
JPCP – MEPDG 14 inches

JPCP – AASHTO 1998 16 inches

Pilot Projects
The first JPCP and HMA in the 
nation using the MEPDG 
version 0.9



Interstate I-465, Indianapolis

• Designed with AASHTO 1998 Supplemental for 18 foot joint spacing and the thickness was 16 inches
• Designed with MEPDG version 1.0 for 16 foot joint spacing and 14 inches, tied shoulder, not widened slab



I-465 Performance after 10 years



I-465 Performance after 10 years
• Zero crack at all lanes, none in 

the heavy truck lane (3 &4)
• Some cracks in bridge 

approaches on embankments
• Joint faulting less than 1 

millimeter
• Current Lane 4 IRI is 42”/mile

• Left wheel path 41”/mile
• Right wheel path 43”/mile

• Current Lane 3 IRI is 45”/mile
• Left wheel path 43”/mile
• Right wheel path 48”/mile

• Truck lanes are Lane 3 and 4



SR-14 Performance after 10 years
• Numerous construction issues 

during construction of the HMA 
layers

• There is top-down cracks due 
to the sandwiched drainage 
layer

• Thermal cracks are excessive 
due to the binder issue

• Scheduled for mill and fill of 
1.5” in FY 2021



DeliberationPreparation

Measurements, testing 
strategy, data, and resources

Spec and manuals changes, 
local calibrations, and other 

policies

Adjustment and calibrations 
are needed to respond to the 

changes

Changes in MEPDG models, 
materials, cross sections, 
layers, and construction.

Circle of 
ImplementationDesign and construction are not static. Changes are made all 

the time, everyday.



Re-adjustment and Local 
CalibrationRequirements for re-adjustment of other input parameters are 

easy to achieve. Requirements for local calibration is difficult to 
achieve due to the number of sections that are old enough for 

analysis.



Sources of Data
The issue is related to the availability of the data. PMS versus 
project level data, yearly data locations, QC/QA of the data.



Predicted vs Measured 
PerformanceEarly local calibration results indicated a few pavement predicted 

performance parameters are over-predicted while a few others are 
under-predicted. Concentrate on the dominant parameters.



Conclusions
Overall conclusions from initiatives to implementation 

Availability of 
resources and 

knowledge

Awareness Knowledge Coordinatio
n

Paradigm 
Shift

Keep 
Improving

Comprehensive 
pavement 

knowledge is 
required

Coordination 
with other 

Divisions and 
Offices are key

Totally a new 
concept but 
doable and 
achievable

Materials and 
methods change 

everyday and so is 
the design



Successful MEPDG implementation: Virginia’s 
experience

Affan Habib, P.E., 
Virginia Department of Transportation



Objective

• Share our lessons learned
• Share some retrospective thoughts
• Help others in their implementation effort
• Help ourselves (we are all in our learning curve)



Successful MEPDG implementation in VA: 
What is the measure of success?
• Short term
DOT designers can handle the design
Consultants can handle the design
Designs meet field experience/expectation
No major surprises to anyone with the design

• Long term
• MEPDG sustains over time
• MEPDG realizes all the potentials of the system



“Why is it taking so long?”

• Is it too tough?
• Is it implementable?
• Is the juice worth the squeeze?
• Are we competent enough?

Not surprising compared to full development of 
AASHTO 1993 method



VDOT’s MEPDG implementation at a glance

Develop Inputs

Materials
(AC, PCC, Subgrade, 
aggregate base, 
CTA)
Traffic

Review Models

Local Calibration
Understanding 
output

Training

Staff
Software

Policy

Stakeholders buy in
Connect with VDOT 
business practices

Technical Communication

M
id 2000

Im
plem

entation, 2018
Stakeholders (VDOT users, industry, FHWA)



Develop inputs

• The software comes with “default” input data (out of LTPP sections)
• This can be used to run any design (level 3 input)
• Option to use local data (a.k.a. level 1 or 2)
• Mix and match inputs permissible

• Should we use level 3 or level 2 or 1?
• How much improvement to expect from using level 2 or level 1?

• Which inputs are important?
• NCHRP study on sensitivity (NCHRP 01-47) provides guidance

• It ranks sensitivity for various input parameters



Develop inputs, contd.

• Use level 3 for less insensitive parameters
• Dilema: sensitivity vs. reality

• Some sensitive parameters are not used in mix design and acceptance
• Example: Dynamic modulus for AC, Coefficient of thermal expansion for PCC
• Uncertainty of actual values of these properties during construction

• How significant is to characterize all the sensitive properties?

How did we address these questions?



PCC sensitive parameter: CTE
Issues faced

• Only few projects in Virginia
• Variable test results
• Difficulty to establish cluster values 

based on geography or materials
• Uncertainty of what materials to be 

used in construction

VDOT decided to use the MOP 
recommended value

Better to focus on the geometric 
features

11”
10”

12.5”

11” JPCP, 15’ joint spacing, 6000 truck , Richmond VA



AC sensitive parameter:  Dynamic modulus

VDOT AC mixes 

Superpave

SM

9.0 9.5 12.5

IM (19.0) BM 
(25.0)

SMA

SM

9.5 12.5

IM (19.0)

• Layer coefficient: 0.44 
• We characterized 29 mixes

• Use individual mixes in 
design?

• Difference between VDOT & 
default mixes?



Performance of various VDOT AC mixes
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Performance comparison between VDOT and 
default (level 3) inputs 

• Local calibration using level 3 data may minimize some of these gaps
• This is just a “snap” shot, not a comprehensive comparison
• Other states may have different results

Default AC mixesDefault agg. & A-7-6Default trafficAll level 3 inputs All level 3 inputsAll VDOT inputs

12.5” AC 13.5” AC12.5” AC



Should states go for Input parameters 
characterization for MEPDG implementation?
• if I could go back….(a potentially better approach?)

• Local calibration using level 3 data
• Implement MEPDG
• Test local materials
• Verify/refine local calibration

• Characterization of local materials can be critical, if
• Distinctly known different properties among various materials, locations

AND
• Distinctly different field performance
• Good degree of confidence the contractor will use similar materials

Quicker implementation



Model review: Local calibration

• Done in house (VTRC/Materials)
• Used PMS data
• AC: Fat. cracking & total rutting
• CRCP: Punhnout 
• JPCP:  Using global calibration

• Used version 2.2 

Rutting calibration

Similar calibration not feasible in 1993 method
Calibration not perfect but a step forward
May need future refinement 

Punchout calibration



Model review: Understanding output (passing 
the “smell” test)
• Ran sensitivity analysis for various parameters covering wide range of 

• Traffic
• Subgrade
• Environment
• Materials

• The objective was to ‘catch’ anything ‘unusual’ so we can -
• Address it (if there is a solution)
• Come up with work around
• Make concerned aware of it (at a minimum)

• Enhanced our level of confidence



Technical challenges

• Issues with characterizing/modeling all materials 
• We currently do not distinguish SMA, polymer mixes from superpave mixes
• Cannot model recycled materials (CCPR/CIR)
• These issues are common with 1993 method

• MEPDG provides options for better solution

• Version 2.2.6 does not have semi rigid design option
• Design semi rigid pavements as flexible pavement
• Modeling stabilized materials as 80ksi agg. base disabling EICM



Technical challenges, contd.

• Apparent insensitivity to aggregate base
• Would wait to see NCHRP 1-53 study
• Mandated the use of 6” aggregate base or stabilized materials for pavement 

designed with MEPDG

• MEPDG is not a “silver bullet”
• Need to manage expectation
• It is the right step towards improvement



Training

• Had series of trainings
• Used both ARA and in-house trainers
• Internal users, external consultants

• Trainings help to minimize some fear of “complications”
• We made it simple

• Used the library function
• Designers mostly need to pick thickness of the materials

• Calibration coefficient part of our installation

• Do not expect to identical results of 1993 method



How did we manage all these?

• We missed few target dates
• Project planning approach (scope, schedule, budget)



Policy: Getting stakeholders’ buy in

• Kept industry in the loop
• Provided a year out notice to industry before “flipping” switch
• Established Technical Working Group (TWG) and stakeholders group

• VDOT, industry, FHWA

• TWG addressed the technical issues/concerns
• Provided plan, solicited feedback
• Addressed everyone’s comments, concerns
• Transparent & open

• Discussed all limitations, assumptions, potential workarounds

• Provided monthly update to the stakeholders group
• Obtained executive and industry buy in



Policy: Governance documents etc.

• Updated governance documents
• Finalized user manual

• https://www.virginiadot.org/VDOT/Business/asset_upload_file108_3638.pdf

• Uploaded all xml files on the web for the consultants
• https://www.virginiadot.org/business/materials-download-docs.asp

• Provided “training” to local consultants
• https://www.vtca.org/resources/other-resources/vtca-mepdg-seminar-video/

https://www.virginiadot.org/business/materials-download-docs.asp
https://www.vtca.org/resources/other-resources/vtca-mepdg-seminar-video/


Lessons learned

• Don’t be perfectionist
• Ask if you are going forward
• Performing local calibration on level 3 data may be a significant time 

saver
• Run sensitivity and simulations to avoid any surprise
• Transparent communication with stakeholders is critical
• Have a long term plan to incorporate updates and revise protocols



Questions

Contact:  affan.habib@vdot.Virginia.gov



#TRBwebinar

Clark Morrison
cmorrison@ncdot.gov
North Carolina DOT

Affan Habib
affan.habib@vdot.virginia.gov
Virginia DOT   

Tommy Nantung
tnantung@indot.in.gov
Indiana DOT

mailto:cmorrison@ncdot.gov
mailto:affan.habib@vdot.virginia.gov
mailto:tnantung@indot.in.gov


TRB’s New Podcast!
• Have you heard that we have a new 

podcast, TRB’s Transportation Explorers?
• Listen on our website or subscribe 

wherever you listen to podcasts!

#TRBExplorers

https://www.nap.edu/trb/podcasts/


Get Involved with TRB

#TRBwebinar
Receive emails about upcoming TRB webinars
https://bit.ly/TRBemails

Find upcoming conferences
http://www.trb.org/Calendar

https://bit.ly/TRBemails
http://www.trb.org/Calendar


Get Involved with TRB

Be a Friend of a Committee bit.ly/TRBcommittees
– Networking opportunities

– May provide a path to Standing Committee membership

Join a Standing Committee bit.ly/TRBstandingcommittee

Work with CRP https://bit.ly/TRB-crp

Update your information www.mytrb.org

#TRBwebinar

Getting involved is free!

http://bit.ly/TRBcommittees
http://bit.ly/TRBstandingcommittee
https://bit.ly/TRB-crp
http://www.mytrb.org/
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