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Introduction
What is the MEPDG?
= Mechanistic-Empirical Pavement T e

Design Guide

= Analysis/Design Procedure based
on pavement responses that have
been correlated to observed

distresses.
= Associated AASHTO software .
program: ME Design. Pavem

ME Design

| HRH ARA Proprietary 4-4
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MEPDG Analysis/Design Process

Subgragle Climat_e Materia_lls Traffic
Analysis Analysis Properties Analysis
Inputs \ Y ¥ y

!
Modify —+ Trial Design

Design 4
T Pavement Response Model (stress, strain)
. ¥
MeCha';]'St'C Damage Accumulation
Analysis Over Time
\{
NoO Calibrated Damage-Distress/IRl Models
Outputs ' — ‘
Meet O
Performance

Criteria?

Temp Ck
Yes OK Long Ck



Example HMA
Design: Performance == ===
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'Design Inputs

Design Life: 20 years

Existing construction: August, 1985 Climate Data 43.516,-112.067
Design Type: AC over AC Pavement construction: September, 2005 Sources 43.834,-111.881
Traffic openina: October, 2005 42.92,-112.571
IDesign Structure ITraffic
é Layer type Material Type Thickness (in.): | Volumetric at Construction: Age (year) Heavy Trucks
e [Flexible AC Overlay 4.0 Effective binder 122 (cumulative
g - — lcontent (%) i 2005 (initial) 1,353
Flexible Existing AC 3.0 Air voids (%) 3
Crushed gravel 53 2015 (10 years) | 2,887,450
Ala 300 2025 (20 years) | 7,904,430
Bedrock Highly fractured Semi-infinite
and weathered
|Design Outputs
IDistress Prediction Summary
. Distress @ Specified Reliability (%) Criterion
Distress Type Reliabilit Satisfied?
Target Predicted = Target Achieved :
Terminal IR (in./mile) 17500 " 10070 " 8500 7 100.00 Pass
Permanent deformation - total pavement (in.) " 0.50 " 0.27 " 8500 " 100.00 Pass
Total Cracking (Reflective + Alligator) (percent) " 10 " 895 - - Pass
AC thermal cracking (f/mile) 150000 " 3788 " 8500 " 100.00 Pass
AC bottom-up fatigue cracking (percent) " 1500 " 1.17 " 8500 " 100.00 Pass
AC top-down fatigue cracking (fmile) " 500000 " 250083 " 8500 " 9888 Pass
Permanent deformation - AC only (in.) " 050 " o027 " 8500 " 100.00 Pass
IDistress Charts
Predicted IRI Predicted Total Rutting {PermanentDeformation}
200 0.6
150 4 175 _ s
1o ] Tos
E_ 1490 § = Thirez tivld W alue -g 0 | m—Threshold v alue
= i
Euc """ @ Specified Reliability 100,79 ?,,o.l """ @ Specified Reliability 0.27
Z {abili SRR - £ __ | IR B
50 @5U%Re|labl|lt""_“l o ey NTIL — g 02 @ 505 Reliability . L ]
g0 JInitial IRL ST e m === & i
s m——————— .
40 4
1) ! ! | ; ; . . . ! o ==
2 4 & B 10 42 14 16 1B 20 o 2 4 & B 10 12 14 16 1B 20
Pavement Aqge [years) Pavement Aqge (years)
Total Cracking (Reflective + Alligator) Thermal Cracking: Total Length vs. Time
12 1800
o 10 F1600 1500
£ A E1400 4
= —"" £
& 5 T e :IZC’C" —— Threzhold value
[T — resho alue _-...J"- = 4
Ul T gJDDD """ @ SpecifiedReliability
= --- @ 50gReliability o RS00.]
2 4] 1 — 6004 =7 @S50% Reliability
o r L
= 21 /1 Z 100 ]
It 2004 37,89
o ! ! ! ! ! ! ! ! ! O R 0 B
[} 2 A [} B 10 12 14 16 18 20 [+] 2 4 L] B 10 12 14 16 18 20

Pavermeant Age (years)

Paverent Age (years)
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Example HMA Design: Performance

Distress Charts

Predicted IRI
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= sammmEEt
t: |--.-+---|-IIll"-""'"““-"‘“.
R R e s B 1;3_5'-
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Ea

=

Rutting Depth

120
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8

Predicted Total Rutting{Permanent Deformation}
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0.7

LFS
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VIT: Calibrated, Examp|e MEPDG

but not using on a .
day to day basis. Implementatlon INF&CIVIOE Day

to Day Use

fh =

AZ, CO, UT, & Local
WY: Concurrent Calibration
Design Use. Ongoing

HRH ARA Proprietary
/ © 2011 Applied Research Associates, Inc.




Introduction

Interesting Applications

Over S900 million in Alternative Bid projects
competing HMA & PCC designs.

During 2009 Indiana designed projects using
AASHTO 93 & MEPDG & found several million in
savings. Alternative bid projects have resulted in

contractors / consultants who are proficient in
MEPDG.

| @HRH ARA Proprietary

4-9
© 2011 Applied Researc h Associates, Inc.



Introduction

Common Finding: AASHTO ME Design thickness lower for
heavy traffic as compared to the 1993 AASHTO Design Guide.
(Indiana Data Below)

: /
16 /
15 /

14 ﬁ ;Z-:é‘i A € PCCPavementDesigns
~ .

12 & A HMA Pavement
Designs

- o3
10 —% Line of Equality
9

8 10 12 14 16 18

Layer Thickness using MEPDG, in.

Layer Thickness using 1993 AASHTO Guide, in.

| HRH ARA Proprietary 4-10
/ © 2011 Applied Research Associates, Inc.



Introduction

Available Documents: o
1. MEPDG Manual of Practice ME Design

(Engineering Manual)

2. ME Design Software (HELP)

| HRH ARA Proprietary 4-11
/ © 2011 Applied Researc h Associates, Inc.



the realm of

expanding th
POSSIBILITY®

Introduction

Available Documents:

3. University of Idaho
Research Report on
Implementation

ldaho MEPDG User Manual

5. ldaho’s Implementation
Plan or Roadmap

RP 193

Implementation of the MEPDG for
Flexible Pavements in Idaho

By
Fouad Bayomy
Professor of Civil Engineering

Sherif EI-Badawy
Research Fellow

Ahmed Awed

Graduate Research Assistant

University of Idaho

National Institute for Advanced Transportation Technology,
University of Idaho

Prepared for
Idaho Transportation Department
Research Section,
Transportation Planning Division
http://itd.idaho.gov/planning/research/
October 2011

| HRH ARA Proprietary
/ © 2011 Applied Research Associates, Inc.
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1 AASHTOWare
[ ]

Py|)| Paveme

ME Design

2.ldaho’s Roadmap

3 Mechanistic—Empirical
[ ]

Pavement Design Guide

| °
A Manual of Practice

July 2008

Interim Edition

| HRH ARA Proprietary 4-13
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Idaho’s Roadmap

Objective:

ldentify the activities needed to verify and/or
calibrate the transfer functions to ITD’s policies
and materials, and streamline a design process
enabling ITD personnel to use ME Design with
confidence for routine pavement design

| HRH ARA Proprietary 414
_ © 2011 Applied Researc h Associates, Inc.



Idaho’s Roadmap

Scope:

= All service levels of roadways: interstates,
freeways, major arterials, & collectors.

= New designs: HMA and PCC pavement —

common design strategies currently used in
ldaho.

= Rehabilitation designs: common rehabilitation
strategies currently used in ldaho.

| HRH ARA Proprietary 4-15
_ © 2011 Applied Researc h Associates, Inc.
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Idaho’s Roadmap
End Products:

1. : A software and engineering manual
tailored to ITD: input procedures, sensitivity,

procedures, software, examples, comparative
designs.

2. : Application in the software
use and in determining traffic, materials & soils,
climate, and design factors.

| HRH ARA Proprietary 416
_ © 2011 Applied Researc h Associates, Inc.
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Idaho’s Roadmap
End Products:

3. : Recommend defaults and
procedures to obtain proper inputs for use in
designing asphalt, concrete and rehabilitated

pavements.

4. : Verify the global calibration
factors and if needed, determine local calibration
factors for Idaho.

| HRH ARA Proprietary 417
_ © 2011 Applied Researc h Associates, Inc.
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Idaho’s Roadmap

Stages of
Implementation:

v’ Prepare preliminary user’s
guide and assemble initial
inputs for immediate use of
the software.

2. Fill in the data gaps and build
input libraries.

RP ###

Road Map for Implementing
The AASHTO Pavement ME Design
Software for
Idaho Transportation Department

By
Jagannath Mallela
Harold L. Von Quintus
Michael I. Darter
Applied Research Associates, Inc.

Prepared for
Idaho Transportation Department
Research Program
Division of Highways, Resource Center
http://itd.idaho.gov/highways/research/

Ld0dTy HOYVASTY
INHW.LHVdAd NOILLV.LHOdSNVY.L OHVAI

3. Determine local calibration
coefficients. iy 2013

| HRH ARA Proprietary 418
_ © 2011 Applied Research Associates, Inc.
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Idaho’s Roadmap

Steps to Implementation:

1. Review experience & lessons
learned by other agencies.

2. Prepare preliminary User Manual &
become familiar with software.

3. Complete concurrent or :
comparative designs. e R
4. Establish default values for inputs {3 ¢ —
specific to ldaho.

| HRH ARA Proprietary 4-19
/ © 2011 Applied Research Associates, Inc.
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Idaho’s Roadmap

Steps to Implementation:

5. Complete local calibration — define coefficients of the
distress transfer functions.

6. Finalize User’s Guide.
/. Execute training program.
8. Update input libraries established by ITD.

| HRH ARA Proprietary 4-20
_ © 2011 Applied Researc h Associates, Inc.
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1 AASHTOWare
[ ]

Py|)| Paveme

ME Design

2.
3. User GUide | Mechanistic—Empirical

Pavement Design Guide

| °
A Manual of Practice
July 2008
5 °

Interim Edition

| HRH ARA Proprietary 4-21
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IDT User’s Guide

1. Overview of the MEPDG & Software &
Installation of Software.

2. General Information Inputs IDAHO AASHTOWare Pavement
] ] ME Design User’s Guide

3. Performance Criteria Inputs

4. Design Reliability Input

5 . Tra ffi C I n p UtS Idaho Transﬁo.rtatinn Department

6. Climate Inputs

7. Structures and Material Inputs @%mﬂ

Champaign, IL 61820

July 17,2013

| HRH ARA Proprietary 4-22
_ © 2011 Applied Research Associates, Inc.
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IDT User’s Guide

8. JPCP Design Features IDAHO AASHTOWare Pavement

- . ME Design User’s Guide
9. Rehabilitation Inputs :

10. Reconstruct Pavement &
Rehabilitation Designs Submited

Idaho Transportation Department

11. Sensitivity Analysis

12. DARWIN-ME Outputs Used for @HQH
Performance Assessment 0 Trade Cne D, St 20

13. References

14. Example Designs (HMA, JPCP,
Overlays, CPR)

July 17,2013

| HRH ARA Proprietary 4-23
_ © 2011 Applied Research Associates, Inc.
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Training

" Provide comprehensive training on use of the ME Design
procedure.

e Use of the software.
* Engineering principals and concepts.
e Limitations.

e Case studies for new, reconstruction, and
rehabilitation.

| HRH ARA Proprietary 4-26
_ © 2011 Applied Research Associates, Inc.
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Outline

AASHTOWare

Py|)| Paveme

ME Design

Mechanistic—Empirical

Pavement Design Guide

A Manual of Practice

July 2008

Interim Edition

5.
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Local Calibration — Rut Depth Example

Predicted Rut Depth, in

15,
1.4
13
12
11
1.0
0.9
0.8
0.71
0.6
0.51
0.4]
0.3] o°
02/
0.1
0.0/

Bias in Rut Depths —
predicted values
o consistently greater

than measured values.

7

R2 =4.6 percent
SEE =0.31-in
N =479

05 06 07 08 09 10 11 12 13
Measured Rut Depth, in

14 15

 @ARA

ARA Proprietary
© 2011 Applied Research Associates, Inc.
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Local Calibration — Rut Depth Example

1.2

N =479
R2=17 %
SEE=0.11-in

1.1
1.0

0.91

0.81

0.71

0.61

0.51

0.41

0.31

Predicted Rut Depth, in

Rut Depth Bias
Removed.

0.2
0.14

0.04
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Measured Rut Depth, in

| HRH ARA Proprietary 4-29
_ © 2011 Applied Research Associates, Inc.



Local Calibration — IRl Example

2101

R? =29.9 percent
180/ SEE =18.7 in/mi
N =624

£ 150,
e
x .
S 120; . ®
o
O
O
L 90f .
(al
o0 Bias & High Standard
Error in IRI.
301 : . . : . .
30 60 90 120 150 180 210

Measured IRI, in/mi

| HRH ARA Proprietary 4-30
/ © 2011 Applied Research Associates, Inc.



Local Calibration — IRl Example

1801
R2 = 82.2 percent
SEE = 8.66 in/mi

— 150 N =558
E
f=
Eﬂ 1201
©
Q
T 90
S
o
a

601 .

Bias Removed &
Standard Error Reduced.
304, , : . : ,
30 60 90 120 150 180

Measured IRI, in/mi

| HRH ARA Proprietary 4-31
/ © 2011 Applied Research Associates, Inc.



Is Local Calibration Needed?

= | ocal Calibration Process:

1. Selection of appropriate inputs and design criteria
for individual test sections.

2. Validation of distress & IRl models: Are the global
calibration factors appropriate for Idaho?
Probably Not!

3. Local Calibration Recommend Approach: Utilize
LTPP data and other asphalt sections and conduct

calibration analyses to remove bias (over or under
prediction).

| HRH ARA Proprietary 4-32
_ © 2011 Applied Researc h Associates, Inc.
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ME Design

Pavement Design Guide

3- ” Mechanistic—Empirical

A Manual of Practice

5. Comparative New &
Rehabilitation Design

| HRH ARA Proprietary 4-33
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Comparative Designs

New Designs

= ME Design generally results
in slightly thinner sections

for high truck volumes.

= ME Design for low truck
volumes will vary
depending on material
Inputs.

Layer Thickness using MEPDG, in.

18
17
16
15
14
13
12
11
10

9

8

&
P
P
el
A7

Layer Thickness using 1993 AASHTO Guide, in.

PCC Pavement Designs

HIMA Pavement
Designs

Line of Equality

| HRH ARA Proprietary
/ © 2011 Applied Research Associates, Inc.
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Comparative Designs

Reliability (%) Criterion

[ ] [ ] [ ]
Rehabilitation e
Distress @ Specified
Reliabilit

Distress Type

Satisfied?

Taraet Predicted Taraet  Achieved

m H : hI M bI M Terminal IRI (in./mile) " 15000 " 8620 " 9000 10000 Pass
Permanent deformation - total pavement (in. 0.50 0.33 90.00 99.92 Pass
I variapie in deformaton - total pavement - - g -

Total Cracking (Reflective + Alligator) (percent) " 15 " 5732 - - Fail

M t AC thermal cracking (fvmile) " 150000 " 2717 " 9000 " 100.00 Pass

C O m p a rl S O n O AC bottom-up fatigue cracking (percent) " 1500 " 1398 " 9000 " 9154 Pass
AC top-down fatigue cracking (fymile) " 400000 7 278228 " 9000 7 9722 Pass

a ge n Cy’ S Permanent deformation - AC only (in.) 0.50 0.26 90.00 7 100.00 Pass

Distress Charts

redicte redicted Total Rutting {Permanent Deformation
re a ii a ion Predicted IRI Predicted Total Rutting (P tDef ti
180 0.6
] 150 oS
160 T o5
— 1401 =
L ] = =
d d E 120 ] — Threshold Yalue B 0 e Threzhold value a.53
= @
e S I g n p rO Ce u re [] 100 4 seees @ Specified Reliability 26,20 g 0.3 —santa @ SpecifiedReliability __._.,..,......-.--—o--“""'""D"“_;2
S0 @ 509 Rl bl e TG E g2 - @oomeensbiiy =
Initial IRT: 52| ] = ———
6’0-______'____________,..._..—--.-—_u---—-- o ."__..- -.-.___‘___.--
i 014 e
#—--
0 . T T T T T T T T o
o 1 2 3 4 5 & 7 B @ 10 o 1 2 3 4 5 & 7 & [T
FPavernent Age (years) Pavernent Age [years)
. . . Thermal Cracking: Total Length vs. Time
Total Cracking (Reflective + Alligator) 1800 9 9
E 1300
— 01 57,33 o
7 N g s S 100
Ea Edg ,’-— :1205- —— Threzhold Walue
= i 1000 1
‘E. 40 4 Threshold Yalus ’," g‘lm ..... @ Specified Reliability
i I b
| . -
T‘-: w4--- @SD%RellaI;:lJty 3 sond T @S0% Reliability
E 20 4 - s, £ 400 4
-
10 ] —* 200 4 23,40
T 0 0 8 8 8 8 0 8
51 3 3 3 5 & 7 s 5 1o et 24 B e g8 s

P t A
Pavement Age (years) avement Age [years)

| HRH ARA Proprietary 4-35
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Structural
overlay
required for
agency
procedure
but no
structural
overlay
from ME
Design.

Distress Prediction Summary

Distress Type

Distress @ Specified
Reliabilit

Reliability (%)

Criterion
Satisfied?

 @ARA

© 2011 Applied Research Associates, Inc.

Taraet Predicted Taraet  Achieved
Terminal IRI (in./mile) 150.00 99.21 97.00 100.00 Pass
Permanent deformation - total pavement (in.) g 0.50 0.50 97.00 97.13 Pass
Total Cracking (Reflective + Alligator) (percent) 4 15 " 045 - - Pass
AC thermal cracking (f/mile) " 100000 " 3941 97.00 " 100.00 Pass
AC bottom-up fatigue cracking (percent) " 10.00 " 4.22 97.00 100.00 Pass
AC top-down fatigue cracking (f/mile) 3000.00 693.51 97.00 100.00 Pass
Permanent deformation - AC only (in.) " o050 " o050 9700 9713 Pass
|Distress Charts
Predicted IRI Predicted Total Rutting (Permanent Deformation)
180 0.6
ols 0.50
180 4 150 = 0.5 T
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IDistress Prediction Summary

S etrass Toe D'S”eszlgtiﬁfc'f'ed Reliability (%) Criterion
yp . . Satisfied?
Taraget Predicted Taraet  Achieved
Terminal IRI (in./mile) 150.00 97.84 80.00 99.92 Pass
Permanent deformation - total pavement (in.) g 0.50 " 0.44 " 8000 " 9309 Pass
N On' Total Cracking (Reflective + Alligator) (percent) g 25 " 16712 - - Fail
I AC thermal cracking (ft/mile) 1500.00 18.19 " 80.00 100.00 Pass
Stru Ctu ra AC bottom-up fatigue cracking (percent) " 2500 109.84 80.00 " 002 Fail
I f AC top-down fatigue cracking (ftmile) " 400000 " 352027 " 8000 " 8538 Pass
over ay rom Permanent deformation - AC only (in.) " o050 " 036 " 8000 " 9952 Pass
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Outline of Presentation

. . . . Time,
Topic Focus of Individual Topics
minutes

1 Introduction Title and purpose of presentation. 1

1.1 MEPDG Overview Provide a brief overview of the MEPDG for attendees
or participants that have not used it and identify or 4
focus on some of the important points.

1.2 MEPDG Summarize the implementation and status of use by
Implementation other agencies in the U.S. Also note how that use is 3
in the U.S. being used to benefit Idaho.

2 Idaho’s Roadmap  Introduce the roadmap and how it is being used. 1

2.1 Objective & Scope Overview the objectives of the implementation
process and scope of the MEPDG use, as well as the 2
end products that are expected.

2.2 Available Identify and briefly list the documents that are
Documentation available to understand the MEPDG and its use in
Idaho, as well as nationally. Refer to work done by the
University of Idaho and its report.

HRH ARA Proprietary 441
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Outline of Presentation

minutes

2.3 Stepsto Identify and briefly discuss the different steps to
Implementation implementing the MEPDG in Idaho and note which

steps have already been completed or in the process of >
being completed
3 User Guide & Summarize and identify the important points of the
.. : : 3
Training draft user guide, which has been completed.
4 Local Calibration Identify the importance of validation and local
calibration of the transfer functions — adequately 4
predicting observed distresses.
5 MEPDG Use: Overview the use of MEPDG in Idaho and show some
New Design & results of the predicted versus measured distress from 6
Rehabilitation LTPP sites located in Idaho.
6 Summary Ending comments. 2
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Modity L, Trial Design
Design ¥
4
Pavement Response Model Mechanistic
* -
Damage Accumulation AnaIySIS
Over time
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