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APPENDIX A. MEETING PARTICIPANTS

TAC and Pooled Fund Member Participants

TAC Pvt ME Design

Name Agency Member TF Member Email Address
Tom Yu FHWA Yes FHWA Liaison tom.yu@dot.gov
Chris Wagner Yes No christopher.wagner@dot.gov
Vicki Schofield AASHTO Yes Yes vschofield@aashto.org
Tinika Fowlkes No No tfowlkes(@aashto.org
Robert Shugart Jr. Alabama DOT Yes Yes shugartr@dot.state.al.us
Scott George Yes No georges@dot.state.al.us
John Jennings Yes No jenningsj@dot.state.al.us
NourAli Zareh Arizona DOT No No azarch(@azdot.gov
Ashek Rana Yes No arana@azdot.gov
Mehdi Parvini California DOT Yes No Mehdi_Parvini@dot.ca.gov
Dulce Rufino Feldman Yes No dulce.rufino@dot.ca.gov
Melody Perkins Colorado DOT Yes No melody.perkins@state.co.us
Mary Jane Hayden Florida DOT Yes No MaryJane.Hayden@dot.state.fl.us
Ian Rish Georgia DOT Yes No irish@dot.ga.gov
Ciprian Donisa No No CDonisa@dot.ga.gov
Robie Cunningham No No RCunningham@dot.ga.gov
Charles Wienrank Illinois DOT Yes No charles.wienrank@illinois.gov
John Senger No No John.Senger@illinois.gov
Ben Behnami Iowa DOT Yes No Ben.Behnami@dot.iowa.gov
Chris B. Brakke Yes No Chris.Brakke@iowadot.us
Nat Valesquez Jr. Kansas DOT Yes No nat.velasquez@ks.gov
Ryan Barrett Yes No Ryan.Barrett@ks.gov
Sunil Saha Kentucky TC Yes No sunil.saha@ky.gov
Brad Frazier No No Brad.Frazier@ky.gov
Jonathan Reynolds No No Jonathan.Reynolds@ky.gov
M. Alauddin Ahammed | Manitoba Transportation Yes No alauddin.ahammed@gov.mb.ca
Yasir Shah No No Yasir.Shah@gov.mb.ca
Tara Liske No TAC Liaison Tara.Liske@gov.mb.ca
Praveen Desaraju Maryland SHA Yes No PDesaraju@mdot.state.md.us
Geoffrey Hall Yes No GHalll @sha.state.md.us
Justin Schenkel Michigan DOT Yes No schenkelj@michigan.gov
Jami Trudelle No No TrudelleJ1@michigan.gov
W. Griffin Sullivan Mississippi DOT No No wsullivan@mdot.ms.gov
Bill Barstis No No whbarstis@mdot.ms.gov
John Donahue Missouri DOT Yes Yes john.donahue@modot.mo.gov
Jason Blomberg Yes No Jason.Blomberg@modot.mo.gov
Jeff Kroner No No jeffery.kroner@modot.mo.gov
Christine Chia Kelgard Nevada DOT No No CChia@dot.nv.gov
Clark Morrison North Carolina DOT Yes Yes cmorrison@ncdot.gov
Shihai Zhang Yes No szhang2@ncdot.gov
TJ Murphy North Dakota DOT No No timurphy@nd.gov
Aaron Perez Yes No asperez@nd.gov
Josh Freeman Pennsylvania DOT Yes No josfreeman(@pa.gov
Lydia Peddicord Yes No Ipeddicord@pa.gov
Dahae Kim South Carolina DOT No No kimd@scdot.or:
Hari Nair Virginia DOT Yes No harikrishnan.nair@vdot.virginia.gov
Girum Merine No No girum.merine@vdot.virginia.gov
Tirupan Mandal Wisconsin DOT Yes No Tirupan.Mandal@dot.wi.gov
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Non-TAC / Non-Pooled Fund Member Participation

Pvt ME Design

Name Agency TF Member Email Address
Kelly Smith APTech No klsmith@appliedpavement.com
Chadwick Becker ARA No cbecker@ara.com
Harold Von Quintus No hvonquintus@ara.com
Wouter Brink No whbrink(@ara.com
Richard B. Duval FHWA No Richard.Duval@dot.gov
LaToya Johnson No Latoya.Johnson@dot.gov
Scott Nelson No Scott.Nelson@dot.gov
Jennifer Albert FHWA Resource Center No jennifer.albert@dot.gov
Kumar Dave Indiana DOT No KDAVE@indot.IN.gov
Xingwei Chen Louisiana DOTD No xingwei.chen@la.gov
James Ball No James.ball@la.gov
Jeffrey Lambert No jeff.lambert@la.gov
Mark Ordogne No mark.ordogne@la.gov
Casey Nash Maine DOT No casey.b.nash@maine.gov
Nusrat Morshed New Jersey DOT No Nusrat.Morshed@dot.nj.gov
Sudeh Sadeqlu No sudeh.sadeqlu@dot.nj.gov
William Feehan Ohio DOT No william.feehan@dot.ohio.gov
Felix Doucet Quebec Yes Felix.Doucet@transports.gouv.gc.ca
David Holmgren Utah DOT Yes dholmgren@utah.gov
Ryan Steinbrenner Wyoming DOT No ryan.steinbrenner@wyo.gov

Academia/Consultant/Industry Representative Participation

Pvt ME
Name Agency Design TF Email Address
Member

Eric Ferrebee ACPA No eferrebee@acpa.org
L. Allen Cooley, Jr. Burns Cooley Dennis, Inc. No acooley(@bcdgeo.com
Tyler Speakmon CEMEX No michaelt.speakmon@cemex.com
Robert Kluttz Kraton Polymers US LLC No bob.kluttz@kraton.com
Timin Punnackal NCE No tpunnackal@ncenet.com
Bruce Dietrich Pavement Analytics, LLC No bdietrich@pavementanalytics.com
Wiley Cunagin No wcunagin@gmail.com
Mohammadreza Mirzahosseini Purdue University No mhoseini@purdue.edu
Hao Wang Rutgers University No hwang.cee@rutgers.edu,

hw261@soe.rutgers.edu
Vladimir Mitchev S&ME No vmitchev(@smeinc.com
Prajwol Tamrakar Tensar Corp No PTamrakar@tensarcorp.com
Garrett Fountain GFountain@tensarcorp.com
Sonny Kim University of Georgia No kims@uga.edu
Stephen A. Durham No sdurham@uga.edu
Hampton Mark Worthey No hampton.worthey25@uga.edu
Clark Graves University of Kentucky No clark.graves@uky.edu
Sarah Gassman Pierce University of South Carolina No gassman(@cec.sc.edu
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APPENDIX B. MEETING AGENDA

Wednesday, November 6

Time

Topic

8:00-8:45 AM

WELCOME AND INTRODUCTIONS
Welcome | Chris Wagner (FHWA).

Introduction and Remarks | John Donahue (Missouri DOT, AASHTO Committee on Materials and
Pavements, and Chair, AASHTOWare Pavement ME Design Taskforce).

Canadian Users Group Update | Tara Liske (Manitoba Infrastructure)
Review of agenda and meeting goals | Kelly Smith (APTech)

8:45-10:15 AM

AGENCY IMPLEMENTATION STATUS
Implementation map updates | Kelly Smith (APTech)

Agency briefings on implementation plans, timelines, and progress | All

10:15-10:30 AM

BREAK

10:30-11:30 AM

AASHTOWARE PAVEMENT ME DESIGN SOFTWARE UPDATE

AASHTO Briefing (announcements/news, customer relations) | Vicki Schofield and Tinika Fowlkes
(AASHTO)

Software enhancements/updates (incl. new features/capabilities) | Chad Becker (ARA)
Engineering Stack Exchange | Chad Becker (ARA)

11:30 AM-NOON

ME RESEARCH SUMMARIES
NCHRP Research Update (incl. preview of NCHRP 1-61) | Kelly Smith (APTech)
FHWA Research Update (incl. preview of Design Catalog) | Tom Yu (FHWA)

NOON-1:15 PM LUNCH (ON YOUR OWN)
1:15-2:45 PM ME RESEARCH INTO PRACTICE
MEPDG Manual of Practice (MOP) Edits | Harold Von Quintus (ARA)
NCHRP 1-52 Top-Down Cracking Model | Harold Von Quintus (ARA)
“Calibrator” Automated Calibration Tool Demo | Wouter Brink (ARA)
2:45-3:00 PM BREAK
3:00-4:00 PM AGENCY IMPLEMENTATION EXPERIENCES
Old Implementer Updates: Effects of Utah DOT’s Recalibration Effort on HMA Pavement Design and
Changes to the Agency’s Pavement Manual of Instruction | David Holmgren (Utah DOT)
Implementer Backtracking: New Jersey Implementation Experiences | Nusrat Morshed (New Jersey DOT)
4:00-5:00 PM INNOVATIONS/IMPROVEMENTS IN TRAFFIC AND CLIMATE FORECASTING

Updated Traffic Data Cluster Methodology for Locations where WIM Station is not Present | Justin
Schenkel (Michigan DOT)

Impact of Warming Temperature on Pavement ME Outputs Considering Climate Change Effect | Dr. Hao
Wang (Rutgers University)
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Thursday, November 7

Time Topic
8:00-9:00 AM PAVEMENT ME Q&A FORUM
AASHTOWare Survey and Pavement ME Design Task Force Discussions | Bob Shugart (Alabama
DOT) and other Task Force members
9:00-10:00 AM DESIGN ISSUES AND APPLICATIONS

Practitioner’s Guide for Mechanistic-Empirical Design of Pavements with R?2AM:s | Harold Von Quintus
(ARA)

Characterization of Base, Intermediate, SMA, and Polymer-Modified Dense-Graded Asphalt Mixtures
for Pavement ME | Hari Nair (Virginia DOT)

10:00-10:15 AM

BREAK

10:15-11:10 AM

DESIGN ISSUES AND APPLICATIONS (Continued)

Sensitivity of Pavement ME Fatigue Cracking Predictions on Effective Binder Contents |
Mohammadreza Mirzahosseini (Purdue University)

Advanced Use of Pavement ME v2.3 for Major Project Full-Depth Pavement Design with High-
Performance Materials using Material Property Global Recalibration | Bob Klutz (Kraton Polymers)

11:10 AM-NOON

LOCAL CALIBRATION EXPERIENCES

Field and Laboratory Work to Locally Calibrate the New Pavement Design Guide for Mississippi DOT |
Dr. Allen Cooley (Burns Cooley Dennis)

Maine DOT’s Experience with First Local Calibration using Beta Version of Calibrator | Casey Nash
(Maine DOT)

NOON-1:15 PM LUNCH (ON YOUR OWN)

1:15-3:15 PM SOFTWARE TRAINING
Live demonstration-based training on new software features and example applications (e.g., AC
overlay with interlayer, inverted pavement) | Harold Von Quintus (ARA)
Innovative and Effective Training Modules and Methods for Pavement Designers for Rapid
Deployment and Continuous Operation of MEPDG | Stephan Durham, Dr. Sung-Hee Kim, and
Hampton Worthey (University of Georgia)

3:15-3:30 PM BREAK

3:30-4:00 PM ALTERNATIVE ME ANALYSIS TOOLS
FlexPave | Richard Duval (FHWA)

4:004:30 PM MEETING WRAP UP

Discuss key takeaways of Users Group meeting | All
Future of the National ME Users Group | Chris Wagner (FHWA)
Concluding remarks | Kelly Smith (APTech)
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APPENDIX C. MEETING PRESENTATIONS
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Presentation 1—Tara Liske, Manitoba Infrastructure

TRANSPORTATION ASSOCIATION OF CANADA (TAC)
ASSOCIATION DES TRANSPORTS DU CANADA (L'ATC)

ﬂ_...=f=='
ME Pavement Design
Subcommittee Update

Tara Liske, TAC Liaison
New Orleans, LA

November 6t, 2019

We are changing!

* Felix Doucet (Ministere des Transports du
Quebec), past TAC Liasion, is now the
Canadian Task Force Member

* Tara Liske (Manitoba Infrastructure), new TAC
Liaison

Subcommittee History

* User Group since 2008 (10 years)

* Subcommittee of the Pavement Standing
Committee in Fall 2018

» 2 in-person meetings, 2 conference calls

« 25 active members

— Agencies, Consultants, Industry, Associations,
Academics

Terms of Reference (Mandate)

* Promote collaboration with other ME
Pavement Design Users

* |dentify and promote research needs
regarding pavement design technologies and
software

* Conduct AASHTO PavementME software
evaluations through coordinated trials

+ Liaise with AASHTO PavementME Task Force

Upcoming TAC Conference

* September 2020 in Vancouver, British
Columbia

* Hosting a panel discussion on case studies and

practical application of ME designs for
pavement rehabilitation

Recent Work

* Conducting trials

— JPCP (dowels, no dowels, size of dowels, thickness
of pavement)

* Continually updating the Canadian User
Guide: Default Parameters for AASHTOWare
Pavement ME Design

— September 2019 latest edition
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Future Work

* Presentation of the Calibration Tool at the
2020 Spring meeting

¢ Top-down cracking model trials
* Continue to update the Canadian User Guide

Thank you, eh?
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Presentation 2—Kelly Smith, Applied Pavement Technology (APTech)

AASHTO Pavement ME National Users SHAPI:C:Gees-Meeting Survey
Group Meetings

MEPDG and AASHTOWare™ Pavement ME Design Implementation

State Agency:

Annual Meeting #4
1. Has your agency implemented Pavement ME Design for the design of asphalt
pavements and overlays?

€ No

New Orleans, Louisiana

€ Yes

November 6-7, 2019 Does your agency intend to implement it and if so, by what year?

© No

€ Yes. Expected year of implementation:

Pavement ME
Design
Implementation
(Post-2016 Mtg)

Asphalt Pavements
and/or Overlays

Pavement ME
Design
Implementation
(Post-2017 Mtg)

Asphalt Pavements
and/or Overlays

e

PLANNING TO IMPLEMENT; 35

Pavement ME
Design
Implementation
(Post-2018 Mtg)

Asphalt Pavements
and/or Overlays

Pavement ME
Design
Implementation
(Post-2016 Mtg)

Concrete Pavements
and/or Overlays

MPLEMENTED: 1.
PLANNING TO IMPLEMENT: 32

66



AASHTO Pavement ME Users Group Meetings

Fourth Annual Meeting — New Orleans
November 6-7, 2019

Pavement ME
Design
Implementation
(Post-2017 Mtg)

Concrete Pavements
and/or Overlays

MPLEMENTED: 14
'PLANNING TO IMPLEMENT: 31

Pavement ME
Design
Implementation
(Post-2018 Mtg)

Concrete Pavements
and/or Overlays

I |

B N

IMPLEMENTED: 15
PLANNING TO IMPLEMENT: 30
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Presentation 3—Vicki Schofield, AASHTO

AASHTOWare

Pavemept |

| ME Design

Pv

User Group Meeting

! 2019

Where Can | get Information about
Pavement ME Design?

*» AASHTOWare's web site at
www.aashtoware.org/pavement/

* ARA’s Support Site at
www.me-design.com

-

AASHTOWare’s Site provides
information on

v licensing

v ordering

v technical matters
v’ user support

v/ training

www.aashtoware.org/pavement/

|

ARA’s Pavement ME Design web site at
www.me-design.com provides

v’ software download information
v release notes
v~ access to technical help
v access to the tools
v’ climatic data
v Webinars
» Training

I * Enhancements

Tools included in the software:

Pavernent ME Design includes several tools to assist the pavement engineer

1. DRIP performs hydraulic design computations for the subsurface drainage analysis of
pavements;

2. XML Validator checks for most of the errors present in the xml files. It can also check
for recommended ranges for data values;

3. MapME creates ME Design project files (DGPX) seeded with geospatially-referenced
information relevant to the analysis and design of your pavement;

4. File and analysis APIs Tools include JULEA and ICM;

5. Calibration Assistance helps with local calibration efforts so the user can determine
whether there is any bias in the predictions; establish the cause of any bias if found
through the calibration process; and optimize the calibration coefficient of the transfer
function(s) for each distress to i bias and minil the error of the
estimate;

6. rePave Scoping Tool provides guidance for deciding where and under
what conditions to use existing pavement as part of roadway renewal
projects. This tool is available at no cost to non-licensees, too.

7. Backcalculation Tool is a standalone software program that can be
used to generate backcalculation inputs from Falling Weight
Deflectometer (FWD) files to the AASHTO Pavement ME Design
software for rehabilitation design. The tool is capable of analyzing raw
deflection data files from three FWD testing devices: Dynatest®, JILS
and KUAB. The tool provides three major functions: pre-processing
deflection data (including project segmentation), backcalculation, and
post-processing of results to generate inputs for Pavement ME
rehabilitation design. This tool uses the EVERCALC® algorithm for the
iterative backcalculation process. This tool can also be licensed
separately.

-
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Enhancements Planned

« Top-down cracking model from NCHRP 1-52 -
planning release in February 2020

|

Training Webinars on FY19
Enhancements

The two webinars to explain and demonstrate
the Calibration Tool and database were held
October 10 and 22.

Copies of the presentation are available at
https://me-design.com/MEDesign/Webinars.html

|

AASHTOWare Pavement ME Design
Licensee Map - FY20

AASHTOWare Pavement ME Design
Licensee Map
£

Private Sector and Universities "7

International

2019 - (16) Canada, Japan, Hong Kong SAR, UAE, Guatemala, C.A., Spain, Brazil,
China, Egypt, Peru, South Korea, St Lucia, Lebanon, Mexico, South Korea, Trinidad

-

e 2 DY
ki Moy O] QT
ol 4 \wabgﬁ'g
. S ot &
LS ey =
. [ / /;'”(\/\\.'.’ MU EAG
??;"'" - " A
- & B (R, o 'y
Maiicopa Cotnty. AZ SSATOEwAN [,
5 Provinces B A |{,\{/W.A—~
BiewRAPS Licensing % Fuy
Py Paveme) Py | Paveme;
Additional License Types Licensing in FY 2020
2019 (as of 10/17)
Single user $6,400
No Cost Educational 56 Site License — up to 9 concurrent users ~ $25,400

Site License — up to 14 concurrent users  $38,200
Site License — up to 20 concurrent users  $50,800
Backcalculation Tool $ 1,250

Service Units (about 65 hours) $13,500

= ARA manages international licenses

-
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Web Technology

» Move from a single user desktop application to a web technology based
software application.

» Period of Performance - FY19 - FY22
<+ FY19:
« Formal inventory requirements and backlog report
+ Budget/Schedule re-evaluation
+ Analysis library domain enrichment
< FY20
Data and behavior refactoring
+ Adapt and develop a modular reporting subsystem
<« FY21
« Design and develop a uniform data persistence module
« Core platform integration
+ Adapt and transition the existing WinForms and MVP user interfaces
(split between FY 21 &22)

< FY22
+ Adapt and transition the existing WinForms and MVP user
interfaces - (split between FY 21&22)
Perform system alpha testing
Perform system beta testing
Deploy web technology application

AASHTOWare Pavement ME Design
Product Task Force

John Deonahue - Missouri DOT - Chair

Clark Morrison — North Carolina DOT - Vice Chair
Patrick Bierl, Ohio DOT

Felix Doucet, Ministére des Transports du Québec
David Holmgren, Utah DOT

Bob Shugart — Alabama DOT

Vacancy

Liaisons:

Tom Yu, FHWA

Tara Liske, Manitoba Infrastructure - TAC
Jeff Dean, Kansas DOT - SCOA

Travis Tackett, Florida DOT - TAA

For Additional Information:

Vicki Schofield
AASHTO Project Manager
vschofield@aashto.org
(202) 624-3640
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Presentation 4—Chad Becker, Applied Research Associates Inc. (ARA)

HLT UpoATe

LHRANCEMENTS

{1

- PMED v2.5.5 Released ENHANCEMENTS 3@
« WTA Progress :
« Calibration Assistance Tool WERTECHNOI0GY  CALTRATION

(CAT) Released APPLICATION  ASSTSTANCE T00L
UoATES V0

V2.5 ENHANCEMENTS

V255 INHANCEMENTS

GOOGLE MAPS UL TWTEGRATLONY DIRECT LDOGI.E MAPS UI INTEGKATION/ DIR[("-

TNTEGRATLON PLAN

INTEGRATION PLAN
Now part of PMED Ul
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Now part of PMED Ul

BUG FIES

Documents.html

BENEFLTS 10 THE CAT
1 ANALYSIS MODULE REFACTORING RRiTit ol

All analysis modules have been de-
coupled from the Ul and the file system.

WHAT DOES 1T D0

Makes the calibration process simpler and
faster to execute
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) WHO CAN USE T

PMED Users

How b0 Lusemt

https./Zme-design.com/MEDesign/
Webinars.html under 'Enhancement
\Webinars

D0 YOU WANT 10 KNOW

MORE!

GREAT! WE ARE DOING A LLVE
DEMONSTRATION LATER IN THE
CONFERENCE, 50 STAY TUNED!

Additional resources can be found once you
have logged into the CAT website including a
calibration guide and user's manual.

https:// pmed-cat.com/CAT

SOFTWARE UrDATE
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10P DOWN CRACKING INTEGRATLON

NCHRP Modlule

VALIDATION DATA

F20 UPDATES

10P DOWN CRACKING INTEGRATLON

2 _—

- _ Integrated
NCHRP Module dule U ] e e Upt Modlls

VALTDATION DATA VALTDATION DATA RELEASE

WEB TECHNOLOGY APPLICATION V1.0 - FY20 WoRk WEB TECHNDLDGY APPLLCATLON V1.0 - FY20 WORK

- Report Refactoring - Report Refactoring
- Behavioral Refactoring - Behavioral Refactoring

YOU KEEP USING THAT WORD

1 D0 NOT THINK IT MEANS WHAT YOU THINK IT MEANS
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CODE REFACTORING - WIKTPEDIA

ing computer code —
behavior

onal attributes of t

nd reduced compl

SOFTWARE UPDATE

tep 2020 PMED V2.4

Top-Down Crackin
MATNTENANCE P g

AND SUPPORT

WEB TECHNOLOGY APPLICATION (PMED V2.0.X*)
Report Module Refactoring ]UI- 2020
Behavioral Module Refactoring

WEB TECHNOLOGY APPLICATION
L2, (PMED v2.x.Y)

Data Persistence
Module Refactoring
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000 WEB TECHNOLOGY APPLICATION (V1.0) AN 202) WEB TECHNOLOGY APPLICATION (V1.0)

Adapt new WTA User Interface Alpha Testin g

teg 202/

Release
PMED
WTA VL0

]AN N7) WEB TECHNOLOGY APPLICATLON (V1.0)

Beta Testing

MALTENANCE
AND SUPPORT
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20-50(21) 0151

LHANCEMENTS OF CLTMATLC INPUTS MATELTAL PROPELTIES OF CoLD [N
A PLACE RECYCLED AND FULL DEPTH
AND RELATED MODELS FOR PAVEMENT ME h o e e

USTHG LTPP CLIMATE TOOL {MERRA-D)

01-4} 01-50
INCORPORATING PAVEMENT QUANTIFYING INFLUENCE OF

PRESERVATION INTO THE MEPDG GEOSYNTHETLCS ON PAVEMENT
PERFORMANCE

013
01-51 PROPOSED ENHANCEMENTS T0 PAVEMENT
SLAB/UNDERLYING LAYER INTERACTION ME: IMPROVED CONSTDERATION OF THE

TN COMCRETE PAVEMENT DESIGN TNFLUENCE OF SUBGRADE AND UNSQUND
LAYERS N PAVEMENT PERFORMANCE

Researct

77



Fourth Annual Meeting — New Orleans
AASHTO Pavement ME Users Group Meetings November 6-7, 2019

Al
MATNTENANCE AND SUPPORT REQUESTS

01-5¢

GUIDELINES FOR LLMLTING DAMAGE 10
FLEXTBLE AND COMPOSITE PAVEMENT 10
THEPRESENCE OF WATER

COMMUNLTY

Chadwick Becker / ARA
11/05/2019

SOFTWARE UPDATE

Chachwick Becker / ARA
11/05/2019

SOFTWARE UrDATE
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Presentation 5—Kelly Smith, APTech

Projects To Date

Manual of Practice = 1-40 MEPDG

& Calibration Guide Implementation
Support
N o DownCRd e
= " Performance owntracking alog
NCHRP PrO]eCtS Guide Models (see 1-52) 20-07(317)
Update MEPDG

. 1-47 Sensitivity
AASHTO ME User Group Meeting 156 238 30.07(251) Rl s
November 6, 2019 Trafload  SWCC  copgsideration 20-07(288) Rigid
Inputs  of preservation Model Calib. with
New Orleans, LA in the MEPDG Corrected CTE 2011
2 2 1-41 Reflection
"..‘!NCE *’.‘!NCE Cracking 2015

Projects To Date Projects To Date

1-51Slab :
. . : i 20-07(422) Review
gR S:A c::llb:.!atlmn o Hndarlying 1-52Top- |ocal (Calib)ration d-39Efisctz of
2:1:13 odels I.ayler -future Down Guide Shrink/Swelland
J !prlontvl Cracking 1-53 Subgrade/ 1-61BCOA FrostHeave
4-36 Cement Stabilized 5 f future
2018-19 Unbound Layers Stee

Layers 2018 2k
future (priority)

9-51 CIP/Reclamation

20-05 MEPDGf Material Properties 20-50(21): Climatic
’ Implerrulantatlon addendum Inputs and Related
1,;4:,1 :La;:rvatlon Synthesis 1-50 Geos.ynfheti:s Models Using
future 20-07(327)Recalibrated | ""1"® (PriCritY) MERRA
Concrete Models future
~ 2014 .
%NCE %INCE
On-Going Projects On-Going Projects
+ 1-61: Evaluation of Bonded Concrete + 1-59: Including the Effects of
Overlays on Asphalt Pavements Shrink/Swell and Frost Heave in ME
- NCE (PI: Linda Pierce) Pavement Design
- Completion July 2020 - Arizona State University
- Study includes evaluation of PaveME (PI: Claudia Zapata)
prediction models using field and lab - Completion May 2021

test results from 19 BCOA projects

%NCE %INCE
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On-GOing Pro_iects (continued)

» 20-50(21): Enhancements of
Climatic Inputs and Related Models
for Pavement ME Using LTPP Climate
Tool (MERRA-2)

- ARA (PI: Wouter Brink)
- Completion February 2021

%INCE

New Projects

* No upcoming projects
planned FY 2020

%INCE

Project Summary

Traffic/Climate

- SWCC

» Cementitious-Stabilized

+ Geosynthetics

+ CIR/Reclamation

+ Subgrade/Unbound Layers
« Shrink/Swell/Frost Heave

* TrafLoad
* MERRA/MERRA-2

tware
al of Practice &
update

= Calibration Guide
= Sensitivity Evaluation

Concrete

' ICms s o At » Modeling Slab/Underlying = Top-Down Cracking Mode!
* Incorporating prasevalion Layer « Reflection Cracking Model
* BCOA * Rutting Model

“INCE
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Presentation 6—Harold Von Quintus, ARA

ing the realm

expand imof S S . o
POSSIBILITY* POSSIBILITY*

2nd Edition, 2015

15t Edition, 2008

MEPDG Manual of Practice;

Third Edition MEPDG

Manual of Practice
AASHTOWare Pavement ME Design 3rd Edition
MEPDG User Group Meeting
New Orleans, LA

November 6, 2019

Many enhancements added after
Harold L. Von Quintus, P.E., ARA %% HRH publication of the 2" Edition.

MEPDG Manual of Practice, 3™ Edition MEPDG Manual of Practice, 3™ Edition

Enhancements of the software; FY 2015 to current

1. Errors and comments submitted just prior to s
version.

publication of the MEPDG MOP 2" Edition, 2015.
2. Technical audit executed in FY 2016.

1. Asphalt layer dependent plastic strain model coefficients.

2. Four default normalized axle load spectra added.
3. Enhancements of the software; FY 2015 to current 3. Rigid pavement calibration coefficients updated for CTE.
version. 4. Integration of reflection cracking model from NCHRP 1-51.
5. SIPCP bonded overlay of flexible pavements.
MEPDG Manual of Practice, 3 Edition MEPDG Manual of Practice, 3" Edition
Enhancements of the software; FY 2015 to current
: Enhancements of the software; FY 2015 to current
version. 3
6. Updated model/calibration coefficients for flexible and semi- VELSIons
rigid pavements. = Addendum prepared for all enhancements in
7. Added new climate datasets/weather data: support of the MOP.
= North American Regional Reanalysis (NARR) for rigid pavements. =  Addendum posted on the Pavement ME Design
" MERRAfor flexible pavements. website for users to review and use.
8. Resetting selected distress/performance measures for
preventive maintenance treatments.
9. Inputlevel 1, indirect tensile strength as a function of
temperature.
AR - |[=ArA .
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MEPDG Manual of Practice, 3™ Edition

1. 3 Edition balloted and affirmed.
2. Under publication by AASHTO.

* Figures being redone to fit enhancements completed in
the previous 5 years.

3. Will be available in next release of software;
January/February 2020.

Does not include top-down
cracking enhancement.

FOSSIBILTY

QUESTIONS?

Comments & suggestions;
Send an email to
pavementmedesign@ara.com.

k2l
3

+ARA

ARA Proprietary
2015 Applicd Rescare
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Presentation 7—Harold Von Quintus, ARA

ing the realm

expand imof
POSSIBILITY*

POSSIBILITY

Outline
NCHRP 1-52 TOP“DOWI’I craCklng | 1. Overview of NCHRP 1-52 TDC Prediction Model
Model Integratlon 2. Inputs Required for TDC
3. Issue and Example Results
AASHTOWare Pavement ME Design 4, Outcome from TDC Predictions
MEPDG User Group Meeting
New Orleans, LA
November 6, 2019
Harold L. Von Quintus, P.E., ARA %% HRH
+ARA R Lk i

NCHRP 1-52 Top-Down Cracking (TDC) Model

FOSSIBILTY

NCHRP 1-52 TDC Model Integration

= Title: A Mechanistic-Empirical Model for Top-Down = As a reminder, current model in PMED:
Cracking of Asphalt Pavement Layers « Fatigue strength, bending beam based, like the
= Agency: Texas A&M Transportation Institute; The bottom-up alligator fatigue cracking model.
T A&M Uni ity Syst
exas niversity system = NCHRP 1-52 model integrated in PMED:
= Authors:

* Fracture mechanics based, similar to the

*+ Robert L. Lytton, P.I. * Yu Chen transverse cracking model.
« Xue Luo « Sheng Hu
« Meng Ling « Fan GU

NCHRP 1-52 TDC Model Integration

NCHRP 1-52 TDC Model Integration

= Staff: Engineers:  Dinesh Ayalla, Wouter Brink « Fracture mechanics based model to calculate incremental
Software:  Brendan Neunaber, Yanbin Zhang. crack length due to repetitive traffic loads using Paris’ law.
SME: Robert Lytton, P.E. « Inputs similar to PMED: traffic, climate, structure and

= Status: 1. Work completed for the integration; finalizing the material properties.
alpha testing.
. pB T t'g to be inftiated thi 7 = Calculate stress intensity factors due to single and dual tire

sl 8 L ESNIE oD SIS ECL T I STDDRED: loads and growth of crack length for each month in

3. Software to be released in version 2.6, Feb. 2020. pavement design life.
4. Predicted distress to be finalized this month based
on results of calibration. F.'.r.ack geometry v l Crack length, o

= Training: Webinar to be scheduled around the release of ISImBorrant.
version 2.6; January-February 2020.

Terminology: Crack length vs. Crack depth
4 ARA . 4 ARA g ‘
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Outline

. Overview of NCHRP 1-52 TDC Prediction Model

. Inputs Required for TDC

Issue and Example Results

B el e

Outcome from TDC Predictions

NCHRP 1-52 TDC Model Integration - Inputs

Explorer Ax NC_Input Level 3 Base Mix:Proj...
] JF | General ivomation .
NC_inout Level 3 Base M 3
4 v-":"“:c st Design type: Mew Pavemert “11. Traffic
@ Sngie Ade Dstrbuton Pavemant type: Flexible Pavement ' _
T Aode Distribution
: A bt Desion e (years) » .|2. Climate
.gj:ad Asle Distrbution Basecensiuchion: At | 2020 ~|| 3 Structure
® AC Loy Propaien Pavement construction Seplen | | 2020 4. L
4 Pavement Sinsciure Traffic opening S - 220 - | 4. LAYET
Le 1 Flexible : Default t 2
g Lver 2 Pl mnm otk [] Seecisl trafic loading for flexible pavemens| Propemes

Layer 3 Non-stabiized Base - Crushed stone

§ Add Layer §§ Remove Layer

Layer £ Subgrade : A6
& Maintenance Strategy
41 L3 Project Spectic Calbration Factors
Senstivty
Optimization
= PDF Output Report

TDC Model Inputs - Traffic
* AADTT, (initial).

* Cumulative axle load distribution (CALD) parameters;
Fitted curve parameters — alpha, beta and gamma for single and
dual tires — calculated/derived from NALD inputs.
Traffic Information Traffic Information
@ Annual Average Daily Truck Traffic (AADTT) Annual Average Daily Truck Traffic (AADTT)

Load Spectrum (Annual Number of Ades) @ Load Spectrum (Annual Number of Ades)

Alpha_Single Tire Load

AADTT 1000 180374.24
Beta_Single Tire Load 29303
Gamma_Single Tire Load: 05630
Alpha_Dual Tire Load: 180374.24
Beta_Dual Tire Load 41240
Gamma_Dual Tire Load 17986

TDC Model Inputs - Traffic

Cumulative axle load distribution curve function
A-rL

P(L)=qae

L is length of rectangular contact area, calculated as a function of tire
inflation pressure, tire load and tire width

PMED traffic inputs used to calculate CALD parameters:
+ Normalized axle load spectrum

Truck class distribution

For axles with both
single and dual tires.

Average no. of axles per truck

Tire pressure

TDC Model Inputs — Traffic

GALD Curve Fitting - Single Tires

1 seetsresssensesasssansecas
e
"

Sample fitted curves for
axle loads with single
and dual tires.

*Fredcied

Single tires, Normalized

5
Tire Length

No changes to traffic

CALD Curve Fitting - Dual Tires

OME Calculsted

inputs; program i
assumes axles that
have single tires and
dual tires (via truck

ABESBESEEEIE45858
-ﬁewﬁ
&

oPrediied

Dual tires, Normallzed

ME Calculated

TDC Model Inputs — Climate

Hourly climatic data (HCD)
Climatic zone (DF, DNF, WF, WNF)

No changes
required to climate
inputs. Program

* Number of days above 32°C and below 0°C calculates
parameters
needed from EICM
Climatic zone outcome.

Existing procedure in PMED for CRCP design.
* Uses EICM data to determine climatic zone for project location.
Number of days above 32°C and below 0°C

* Calculated as average number of days with temperature above

classification). T R T
) Tis Langtn 32°C and below 0°C from hourly climatic data
@ARA © 2015 nople +ARA o ssnested s B
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TDC Model Inputs — Structure TDC Model Inputs — Structure
Pavement layer structure consists of only three layers: Thi .- AC Layer 1
Isis
1. Asphalt wearing surface layer . ; W=l e
AC Layer 3, thickness = H3 blind to Wearing Surface
2. Base course layer the user.
JPCP (Existil i =H4 o JPCP (Existing), thickness = H4

ase Layer

3. Subgrade

All pavements with an asphalt surface in PMED are converted to SiEpUiatiene, Uickngss SHS

an equivalent three-layered structure:

* Equivalent layer thickness

* Properties for wearing surface (for multiple asphalt layers) Subgrade Layer
i E—

* Base layer modulus and thickness

No changes required to structure. Program combines

* Subgrade modulus layers and calculates modulus values needed.
+ARA 02015 u +ARA o 2015 nppics . u
TDC Model Inputs — Asphalt Layer Inputs TDC Model Inputs - Layer Properties
Asphalt layer inputs required for TDC model: m’lw Al [ Newinputsunder
- Percent asphalt content by weight of mix, Py el . Mixture Volumetric:
. . Wik Vel 1. Asphalt contentby
« Gradation parameter y from gradation Power law curve. total weight of mix
Percent asphalf content by weight of mix (%) *
* Representative modulus of asphalt concrete, E; calculated at each e Gradation
monthly interval. oozt parameter.
Asphalt tander
Changes to PMED user inputs: Pendoousiilin
Select HMA Estar predictive model Use Viscosity based model inationally calibrated)
* P, is added as a new mixture volumetric input for surface layer. mﬁ:;m{é;;fx‘;ﬁw
« yis calculated from aggregate gradation inputs (or can be entered & :eh:::uw-mu-muﬂﬂ 0
by user if calculated separately). T gy ISR i —
v ldentifiers
« Asphaltdynamic modulus Level 1 analysis now requires gradation. rosialON —
Buthor
+ Egis calculated internally by PMED (no user input required). Date cresied 10302010
15 +ARA . 16
TDC Model Inputs — Layer Properties TDC Model Inputs — Layer Properties
New inputs under Mixture Volumetric: Asphalt content by total weight of mix.
1. Asphalt content by total weight of mix. v Mixture Volaneics
2. Gradation parameter. Air voids (%) Z] =
v Mixture Volumetrics = Percent asphalt content by weight of mix (%) 45
A % 7 Paramerer—0i0?
, rontent (%) ~1 116 ng;::n': ratic i 0.35
Percent asphalt content by weight of mix (%) 45 Unit weight (pcf) 150
Aggregate gradation Aggregate Parameter: 0.402 v Mechanical Properies
TosSons raug ﬁ‘m
Unit weight (pcf) L . . . e
NSl P Included in the documentation to ensure input compatibility:

+ VMA=V, +V,
+ Combined aggregate specific gravity.
* Asphalt specific gravity.

7<) ARA Propr =
4 ARA © 2013 nople o u “ARA
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Gradation Parameter

+ Gradation parameter is calculated from the
gradation of dense-graded asphalt mixtures.

» Gradation/sieve sizes were entered in the
dynamic modulus screen.

Creep complisnce (1/psi) 2] Input level -3

Dynamic modulus Input level 3

Select HiA Estar prediciive model

Feietence termperature (deg £ Dynamic modulus input level 3 v

Indirect tensile strength at 14 deg F (psi)
Thermal

Heat capacity (BTUlb-deg F)

Thermal conductivity (BTUibs-f-deg F)
Thermal contraction

Identibers

Approver

ME Design will calculste dynamic modulus st anslysis time for mateials with Level 3 Dynamic Modulus

Sieve size inputs are now entered under
the Mixture Volumetric Property screen.

Gradation Parameter

Aggregate Parameter: 0.402 3
Gradation Percent Passing
3/84nch sieve 7
No 4 sieve 60
No.200 sieve 6
[[] Enter user-calculated value for gradation parameter
Aggregate parameter for top-down cracking model 0.402147711603284

D oot No additional inputs are needed, the gradation
i parameter is calculated from the current sieve sizes.
+ARA © 2015 Appic Rescnth Aot @ || ©ARA © 2015 Appic Rescnth Aot 2

Outline

1. Overview of NCHRP 1-52 TDC Prediction Model
2. Inputs Required for TDC

3. Issue and Example Results

4. Outcome from TDC Predictions

TDC Model Integration

= All longitudinal cracks assumed
to start at the surface; TDC(?).
= All alligator cracks (BUC)
assumed to start at the bottom
of the asphalt layer(?).

Th‘is project has
iR

s
- o
/ This

project has
BUC

AR

© 2015 Applied Res

Is this TDC or BUC?

* Longitudinal cracks f\ /
increase and then / gl
ecrease. i T
* Length of wheel path I / ,{; = Y —

area or just length of
wheel path with
longitudinal cracks?

4.0m7

Remember; TDC or
longitudinal cracks are
converted to an area basis
for the IRI regression
equation.

Construction defects versus load
related TDC without construction
defects.
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TDC Model Integration

@ Viscoslastic Plastic

Separated TDC from o Sottam U Cracking
bottom-up cracking and . E e
TDC caused by 2 & weortor oo

construction defects -
segregation.

©  Top-Down Cracking
Probable

— — Poly. (viscoelastic

Total Fatigue Cracking, percent of total
area

TDC Model Integration

Crack initiation time was determined from LTPP sites for
longitudinal cracks — assumed to initiate at the surface.

Time to Crack Initiation

y = 1.0086x + 7.5366

s o
. . Plastk; Boltom-Up 0 R? = 08258
0 (=]
cracking
Group all LTPP sites into T Sl T - T e
170G Damage ndex, Sotiomp Cracki 5
TDC and Bottom-Up WETOS Damage e du oo lin Ol £ 3000 ] °
% 2500 °
Cracks. ot Crng e o Loy 3 ﬁ
2000
Dlcas 0 [x] 110 W | W | sw ~50 5 2000 0% © o ® 5]
Negative = 1500 o ]
Ateawith higher probability of TDC, debonding near the 4 o°
serface. or some other near surface defect 00 ) [e2)) 5]
0-025 | 500
0z0s B . L ®
050078 50x 7 5 300( 350y AN
Area with higher probability of bottom -up cracking. All cracks have yet. 0 00 100 15 2000 2500 3000 3500 4000
R e o e St o e ——
AN ARA Proprietar 5 7 ARA Proprietar
< ARA 15 Appid Reseasth Amocit 5 <+ ARA 15 Appid Reseasth Amocit =

TDC Model Integration
Example results for predicting TDC using NCHRP 1-52 models.

Using revised
120 software, predicted =
o . to measured crack 0
o L length looks )
excellent. 2

30-0805 35-0101

04-0123

Outcome: Overall
' model is believed to
. be good and o
captures crack " .
initiation & growth.

PR
Outline

1. Overview of NCHRP 1-52 TDC Prediction Model
2. Inputs Required for TDC
3. Issue and Example Results

4. Outcome from TDC Predictions

TDC Model Integration TDC Model Integration
P | TdcScreenshotProject Crack Depth, in. Length of Cracks, ft./mi.
Distress Charts Utah Project Utah Project; Thickness - 5.5 inches.
1 A€ Only Rut Depth (Permanent Deformation) P S p—————
! T i i Base Layer/_ ‘
o I R : __/ Wearing Surface 2
58 ' 3
ACBottom-Up Cracking (Alligator) AC Top-Down Cracking Wisconsin Project Wisconsin Project; Thickne hes
2 ' : ‘
é L (1% Intermediate Layer
B 1 :
i ad | 2 5! Wearing Surface :
— ThresholdValue == @ SpacifiedReliability -~ @ 50% Raliability . ”50% Reliability 90% Reliability
AR 2 +ARA © 2015 Aplied astarh psodats ”
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QUESTIONS?

TDC Model Integration
Longitudinal cracks increase and then wom
decrease; initial NCHRP 1-52 calibration
only used the values that continued to
increase. For sites where longitudinal $ o
cracks decreased, those data points were o

i = f initially eliminated. 10101
] & = i
t ”"\-—.__J
15-0110 4-0113 ..
Comments & suggestions; = < ‘
Send an email to :? il P
pavementmedesign@ara.com. iy || s m B

TDC Model Integration

Combine area cracks
with longitudinal cracks;
cracking continues to
increase over time.

Length of wheel paths with TDC.

LTPP s incled i the TOC catbration dats set
andinchadod n the calbestion database.

+ARA o 2015 Apied

38
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Presentation 8—Wouter Brink, ARA

Introduction to the Calibration
Assistance Tool

AASHTO Pavement ME National Users Group
Meeting
New Orleans

6 November 2019

Calibration Assistance Tool - Outline

I.  Review of Webinars 1 and 2

Il. Requirements, Assumptions, and Limitations
lll. CAT Calibration Process

Software Walkthrough

Webinars 1 and 2 - Review

Webinar 1 - October 10,
2019

Webinar 1 - October 22",
2019
+ Introduction to the CAT

« Requirements,
Assumptions, Limitations

« Calibration Process
« Walkthrough

- Upload data,

- Start calibration

» Manage your calibration
projects
« Walkthrough
« Review initial verification
« Detailed verification review
- Optimization
- Validation and Data Export
« Run initial verification

| —

Webinar Access

» Webinars were recorded and posted to ME-
design website
= Webinar 1 - 90 minute presentation
= Webinar 2 - 60 minute presentation

https://me-design.com/MEDesign/Webinars.himl

PMED v2.5.5 and CAT v1.0 - Part 2

16/22/2019 PMED v2.5.5 and CAT v1.0 - Part 2 Training Webinar:
PMED v2.5.5 and CAT VLD - Part 2 Tralning Webinar
Py 1 CAT 41,0 -Part 2 Training

PMED v2.5.5 and CAT v1.0 - Part 1

16/10/2019 PMED v2.5.5 and CAT v - Part 1 Training Webinar
PMED v2.5.5 and CAT v1.0 - Fart 1 Traming Webinar
PMED v2.5.5 and CAT vL0 - Part 1 Traning Webinar {sfides)

Calibration Assistance Tool (CAT)
Review

» Calibration of ME-based models and
transfer functions can be challenging.

» Many decisions need to be made and
guidance is needed.

» Calibrating the models can be time
consuming.

» Agencies have requested assistance with
calibration.

-

-

CAT Overview - What was
developed

» Full featured web application

» Calibration database with both LTPP and
user defined pavement sections

» Step-by-step Calibration Guide

» CAT software user manual
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CAT Overview - What does do?

Step by step guidance for
local calibration )

Automates mathematical
( operations and data
b extraction

o

Follows the AASHTO Local

CAT Overview - What does it NOT
do?

Does NOT Identify and select

sections

«Significant user
interactions and decisions
required.

- Data quality and accuracy
must be checked by user

Calibration Process

Local Calibration of the

Mechanisfic -Empirical
Pavement Design Guide

6-Part Calibration Process

Automated and manual
decision making steps
within each part of the
calibration process.

Automated

Calibration Process - What you
need for the CAT

Pv m

need to
use the

CAT

Calibration Process - Parts 1 and 2

Parts of Process | I Manual Steps in Pmcess“ Automated Steps I

Part 1

[ step 1: Establish sampling ]

Step 3: Populate matrix

Getting Ready
for Calibration

Part 2
Review

Distress Data

from calibrati
database

=

Step 4: Extract &
review distress data

Step 5: Caleulate
distress data statistics &

identify outliers

Step 6: Decision on
adequate number of test
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Calibration Process - Parts 3 and 4

I Parts of Process II Manual Steps in Pt'ucess“ Automated Steps I

£ | Step 8: Perform initial

Part 3

ject Step 7: Review project verification by
2 e files and select a set of executing batch file
F‘L:[g“ gf“"me calibration coefficients s & extract
i s (global or local) [ predicted distress

\_/[ =5

Step 10: Review | Step 9: Calculate and

hypolhe_sis _testles\llls to compare predicted &
Part 4 determine if calibration ST
Data Analysis and is needed. i
Interpretation of 1f not needed: Stop e
Distress If needed: Select: 2

et calibration coefficients to s
be modified and range of 2

values

Calibration Process - Parts 5 and 6

I Parts of Process " Manual Steps in Process" Automated Steps I
| E

(" Step 12: Review results ) Step 11: Execute
and select calibration optimization s to
coefficient set with lowest optimize coefficients to

Coefiicients fo ‘bias and standard error or eliminate bias and
Eliminate Bias select additional minimize standard error

adjustments —
G
Part 6 Step 13: Review Ste s

Validation and validation results. develop
Acceping the standard deviation of and standard devintion
Final Results residual ervor relationship |—[RRAEICEPSIIR LALES
and aceept final compatible with
coefficients for report pavement ME design

\ generation J

Part §
Optimization of
Calibration

CAT Overview - Assumptions and
Requirements

\ Assumptions
Selected pavement sections are representative of ocal
design practices.

User has verified accuracy of inputs, pavement
structure, and measured performance.

prediction models and impact of calibration

User has an understanding of the performance
coefficients.

DGPX files are free of any errors and successfully
executes to completion in the current PMED version.

User is familiar with specific materials inputs used in
their uploaded sections.

CAT Overview - Assumptions and
Requirements

Requirements |

Pavement ME Design License and Customer ID
PMED .dgpx file
Measured Distress Data

| —_

CAT Overview - Limitations

Server and Usage Limitations Coefficient Limitations

Everything runs
sequentially

Everyone shares the
same server

Verificationand |

— Optimization queues
have been set up

Large number of
coefficients and
increments will
SIGNIFICANTLY
increase runtime

— First come first serve

Maximum limit - 60
hours of runs

Calibrator Overview - Limitations

Estimated Run Time

Coefficients el Cach T
Increments | Combinations 1 100
project | projects
5 5 3125 26 108
(br1, br2, br3, bsl, bsgl) days
5 2 2 055 bl s days
(brl, br2, br3, bs1, bsgl)
3 5 125 1.15hr 4.7 days
(br1, br2, br3)
1 100 100 0.0lhrd| BI2 Hays

(br1)

R7 =5min+0.5minx (n - 1)
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CAT Overview - Documentation
[ ser Guide theory) [ User Manual |
—{ Calibration process ’ sof?:rzzir;\:'c;z:)ind Cal i bration ASSiStance
| oot ] s Tool - Walkthrough
- Screenshots of
- |application navigation]
— Step by step guide -
No guidance on l
calibration
User decisions that
| are necessary
‘Works hand-in-hand
with software
Walkthrough Items
» Login Screen » Initial Verification
» Home Screen Review - from Part
» Navigation Pane 1 _ "
» Upload Required » Detailed Demonstration
Data Verification Review
- Filters and Data
» Start New . i i & / /
i i Review https://pmed-cat.com/cat/
- Parts 1 through 3 » Optimization
» Manage Existing » Validation and Data
Export

I Calibration Projects
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Presentation 9—David Holmgren, Utah DOT

AASHTO
Pavment ME
Users Meeting

November2019
New Orleans, Louisiana

Effects of Utah DOT'’s
Recalibration Effort on
HMA Pavement Design

and
Changes to the Agency’s
Pavement Manual of
Instruction

S o

To recalibrate or
not to recalibrate

That is the question

Why recalibrate?

+ Flexible pavements globally calibrated in
FY2002, so an additional 15+ years of data in
LTPP.

» Verify impact of added data used in
recalibration.

» Bottom-up fatigue cracks are much greater.

ARA

Data collection for flexible pavments

= 2009 Data Collection: Major effort to collect both LTPP
sections and UDOT highway sections (both new design and
Overlays) to validate and calibrate bottom-up fatigue
cracking, transverse cracking, rutting, and IRl-smoothness
models.
» 26 New flexible sections (LTPP and UDOT).
* 04 Overlay UDOT sections
= 2013 Data Collection: Validation and calibration Rutting
models was prime objective.
+ 14 Additional sections (both new design and overlay sections).
* 03 Additional overlay UDOT sections.

ARA
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Data collection for flexible pavements

= 2019 Data Collection: Validation and calibration all models
again including new design and overlay’s for same models
above.
* 13 New asphalt new pavement sections (11 UDOT and 2 LTPP)
* 03 Overlay Asphalt UDOT sections.

* ARA

Data collection for flexible pavements

ARA
Data collection for flexible pavements
Results — Rut depth
= Preventative Maintenance
* UDOT regularly applies preventatives seal coats and overlays on Section R-201a
flexible pavements. s 5
* This approach has a very beneficial effect on pavement performance. ‘: \(_7 ..........................
* Some of these include SMA, OGSC, BWC, micro-surfacing, chip seals, :E Si .......................
and thin overlays. These affect the measurement of fatigue E
wheelpath cracking, rutting, transverse cracking, and IRI. So this is all & ——————————————————
included in the performance of these sections. .:g ‘L’i e
T 00
g 0 10 15 0
£ Age, years
« ARA: 0 e Utah Early Calibration == = Global Calibration, ¥2.5.5
e Jtah Calibration, V2.5.5

Results — Bottom-up
cracking

Section R-201a

igue Cracking,

1] 5 10 15 20

Age, years

Predicted Bo

++ Utah Early Calibration == == Global Calibration, V2.5.5

= Utah Calibration, V2.5.5

Results — Transverse
cracking

Section R-201a

Age, years

------- Utah Early Calibration == Utah Calibration, v2.5.5

== == Global Calibration, V2.5.5
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Results - IRI

Section R-201a

Predicted IRI, inches per mile

Age, years

~~~~~~~ Utah Early Calibration == == Global Calibration, V2.5.5

e Utah Calibration, V2.5.5

Interstate.........95% Reliability

1-15 MP 37 to 40, 11” to 13.5%

1-15_Millard Juab County line to EOC....cccuummmmssssmsnsnnnns 8” to 107
1-15 Utah County Line 12300 South.ussssssssmnienn 9” to 13.5”
1-215 4700 South R: d Rd 8” to 10.5”
. .

Non-Interstate......90% Reliability

SR 10 MP 46 6” to 57
SR 36 Tooele Main Str 8” to 9.5”
SR45B 67 to 4” >but
27- Passed (4” minimum thickness from MOI)
SR 209 Red d Rd to I-15, 7" to 7.57
US-6 MP 237 7” to 8”
US 40 MP 35.1 to 40.3 7” to 7.5”

. L

Interstate Pavements

Interstate Pavements.
Increased Asphalt Thickness vs AADTT

How does this affect our
pavements statewide?

Management_Level ~

Sum of Surface_Area

Surface Area vs Change in Asphalt Thickness
6000
5000
4000
3000

o Illl I
1000
- T s O e e e O e
1.5 -1 -05 0 05 1 15 2 25 3 35 4 45

0

Surface Area (Lane Miles)

Change in Asphalt Thickness (Inch)

Change in Thickness ~

Ask not what your road can do for you.

Ask what you can do for your road.
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Presentation 10—Nusrat Morshed, New Jersey DOT

IMPLEMENTER BACKTRACKING:
NEW JERSEY IMPLEMENTATION EXPERIENCES

4™ AASHTO PAVEMENT ME NATIONAL USERS GROUP
MEETING NOVEMBER6 & 7, 2019

LOUISIANA

Nusrat S. Morshed, P.E.
Principal Engineer

Pavement Design Unit, NJDOT
(609) 963 1700
Nusrat.Morshed@dot.nj.gov

OVERVIEW

NJDOT UPDATE

Reconstruction Analysis — Flexible
Pavement

Challenges of Composite Pavement
Analysis

NJDOT UPDATE

NJDOT UPDATE

Reconstruction Project:
Performances of ALL New Pavement Box
are analyzed using Pavement ME.
Resurfacing Project:
Performances of Resurfacing Projects are
normally analyzed using Pavement ME
for comparison purpose.

NJDOT UPDATE: INPUT

General Information:
Pavement Management Database and As Built information.
Traffic:
NIDOT Traffic Monitoring System website,
Weight In Motion database and
E_atabase‘using traffic clusters developed by Rutgers University under

IPROTLFTO8

Material Input:

Material catalog developed by Rutgers University under Pa
Support Program for most of the asphalt mixes used in NJ.

Pavement Evaluation Report by Consultant

RECONSTRUCTION ANALYSIS
— FLEXIBLE PAVEMENT
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PROJECT 1

Route 22/Route 82/Garden State Parkway
Interchange Project

Route 22: MP 55.26-56.16

Existing Pavement
Route 22 EB: Primarily reinforced PCC
Route 22 WB: AC over reinforced PCC

Reconstruction was considered one of the
alternatives in the bare PCC section where no raise in
profile was allowed due to the presence of overpass

Consultant: Advanced Infrastructure Design Inc.

PAVEMENT DESIGN DATA

2016 ADT (1 Way) = 53,010 vpd

2022 ADT (1 Way) = 55,210 vpd

2032 ADT (1 Way) = 59,080 vpd

2042 ADT (1 Way) = 63,230 vpd

Growth Factor = 0.68%

Heavy (Class 6-13) Truck % in 24 hours = 2.7%
Total (Class 4-13) Truck % in 24 hours = 3.1%
% of Light (Class 4-5) Truck = ~13%

% of Heavy (Class 6-13) Truck = ~87%

—_—

e
e

R R
—

This Chart does ot

L

Aoy 1o Ui desiun Lese

Astaspar Tk by Vahicte clasy

o
TR

BTN BETTEE
——— [y
e =
e | = — —
— e —
e ——
—— [
S = . == = j— e S we—
v Adp Pt MGl Paier AN Pactr  AMR Pt M) Paciue  AMD Pactm  AGK P AGL Paxter A ®astor

R— sProject Specific
Selecting the tfaf T
closest to Pavemié = " . .
4 jarity of heavy ¥
trucks in NI fall £ g
under Class 9 >
= = z =
it i =
=5 :
DoV IEAloS A n T D Intaranangs L2 u Route 22_Route 82_Garden State Parkway Interchange
Fie Hame: - Desgaibty ME 2_Boute 821 -
Distress Charts
"1 ) |, TotalRutDepth (PermanentDeformation)

10
S

© % %

it Age (ysaes) Pavement Age (years)

cking {Alligatar) _ Thermal Cracking: Total Lengthvs. Time

700

22

Baream-Up Crackina (%)

A

% w

n 5 5
Pavement Age (ysars) Pavement Age (years)

= Threshold Value o= @ SpecifiedReliability @ 30%Rallablly
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Route 22_Route 82_Garden State Parkway Interchange
Feiss.C 2 bt
Design Inputs
Desgnlre 50 yean Base comstuchon:
Oesign Type:  Fleble Pavemert.  Pavement eonstucton.
Traffic opering:
Design Structure
Layer type Material Type Thickness in) | [elumetrc at Construction: [Heavy Trucks|
Fextiz [enaT SwA T2 a0 | et bincer E"‘: feumidative)
e oy z Eortent () : |5 e
AT FA TTEEE vaids (% Fo I
[ i PR TN LI

2016013
(IO HMA TS et
20150215)

Fextie 0
MIOCT DCAEC oty
onstanzza (520 oo, 120
[Suorace 20 Semint:
Design Outputs

Distress Prdiction Summary

Teminal (51 (nAmie) 000
Pemanent deformation- otal pavement (in) w0
A DORIOM-Up 3ligue £racking (% 13nE red) 0w
AG memal cracing (nmile) wm

p-down ftigue crackng (Rle]
Permanent deformatan. AC orvy(n)

000
w0

PROJECT 2

Project: Route 80, Riverview Drive to Polify
Road

Limit of the project: WB MP 56.0-MP65.4
Type of Project: Reconstruction

Status: PE Phase

Construction Year: 2024

Consultant: Michael Baker International,Inc.

PROJECT 2

Existing Pavement
9” Concrete Pavement

The concrete pavement of 1-80 WB within
the project limit is more than 50 years
old.

The existing concrete is poor condition.

NJDOT BUREAU OF TRANSPORTATION DATA AND
SAFETY REGION MAP

Lagend

New Jersey Depariment of Transporiation
Bureau of Transportaton Data & Safety

VEHICLE CLASS DISTRIBUTION:

Mew Jersey Dopartmant of Transportation
Blssau of Transpornation Data & Safety
affic & Technoloay Section

DAILY AVERAGE VEHICLE CLA:
FHWA 13 CLASSIFICATION SCHEME PLUS UNCLASSIFIED

LOCATION 140 MP 38.1, Rockaway Twp., Morris(00080C) - EBWE.
£l B i 4 2

MONTH
[JAnzons |
|Fea 201
|arzois
[apR s |
[ av 3013

Frey
[avezon |
} e
sEF 2013
} L
Lo
| Wevsais

I

AVERAGE

| wpaiy

51073

AASHTO 1993 Pavement-ME
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o I80 New - 5 Inch BRBC - 7 Inch 12_5ME - 50 Yx D
® @
_Design Inputs =
Desian Life: 50 vears Base CONSWUCHON: May. 2015 Climate Dz
Design Type: Flaxible June, 2018 Sources (L
Traffic opening September, 2018
Layertype | _Material Type | Thickness (in.: |Volumetric at Age tyear) | Heawy Trucks
Frexibie T2.5mm SWA 20 [Effeciive binder ot 1] oy (cumulative)
: [Fiexbie 125ME 70 il () | |2610 dnll i
oids (%) ko 2041 (25 years) | 78715200
Flaxtle i 0 2066 (50 years) | 170971000
NonStabilized |BSDC 4.0
Crushed stone 80
Design Outputs
Distress Prediction Summary

Target Predicted Target Achieved

‘Terminal IR in jmile) 17200 27989 9000 16.15 Fail
Permanent deformation - total pavement (in.} 100 097 2000 975 Pass
AC botiom-up fatigue cracking (percent) 2500 173 %000 10000 Pass
AC themal cracking (mile) 100000 217 %000 10000 pass
AG top-down faligue Gracking (fUmile) 200000 25668 %000 10000 Pass
Permanent deformation - AC anly (in.) 050 045 %0.00 9630 Pass

Challenges of Composite Pavement
Analysis

COMPOSITE PAVEMENT:

TOTAL NJDOT LANE MILES: 8400 APPROXIMATELY
NJDOT C ite P: = 50% to 60%.

HMA/ASPHALT

PROIJECT 3

Project : Route 130 Farnsworth Ave Intersection
Improvement Project

Construction Year: 2022
Analysis: In House

PROJECT 3

Existing Pavement :
3” Asphalt Concrete
9.8” Portland Cement Concrete (PCC)
2" Crushed Gravel

CHALLENGES: PAVEMENT ME ANALYSIS FOR COMPOSITE

MastlType | Thctes fn | imetct Corstior: | g [T
Dot | | PbelE ematie]
P Dt <
]

Design Ourputs

Distrass Precicion Summary
Distss Tpe

Temwll i

et dematcn - cr
AC bcbamp e caomy (4 e
0t s g Deal+ e e

16 Dok
A tpdombige coceg k)

PPy ey

P e i et s
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Chall

Base construction
Pavement constructon
Traffic opening

Design Life: 20 years
Design Type:  FLEXIBLE

Climate Data 30941, 74841
Sources (LabLon)

May, 2019
June, 2019
September, 2013

Construction Year:

Analysis: In House

Type of Project : Resurfacing Project

2019

| Design Structure Traffic
A kel theml ¢ et cacing (i) ! - AG ot el « ellate i (e Layer ype Material Typs | Thicknoss (in] | olumetric at Construction Age yean e Tucka
1 i ik Flexitle Default asphalt concrele 20 [ounilath)
e = Flexitle Defautt asphait concrete 30 2019 (nitial) 35%
I Flexitle Defautt asphalt concrete 50 2029 (10 years) | 6.407.400
iy 0 2039 (20 years) | 13485200
! Subgrade 55 Sem-infinte
Design Outputs
Distress Prediction Summary
Distress Type Reliability il || i
u L] ] ] M Target  Predicted Target Achieved s
B w B i Psentige ) Terminal IRI inimile) 17200 17458 9000 888 Fai
Puveeithepeans ] Pemanent deformation - total pavement (in} 100 109 90.00 7439 al
AC bettom-up fatigue cracking (% fane area) 500 196 %000 10000 Pass
AC thermal cracking (fimile) 1000.00 247 90.00 100,00 Pass.
3" AC Over JPCP 8" AC Over JPCP AC top-down fatigue cracking (fumie) 200000 26818 %000 10000 Pass
Permanent deformation - AC only {in} 0.50 0.53 90.00 B4E5 Fal
PROIECT 4 PROIECT 4
Existing Pavement :
i 4" Asphalt Concrete
' =
Project: Route 1 MP 58-60 9” Portland Cement Concrete (PCC)

6” Subbase

Proposed Pavement Treatment:
Mill 2.5” and Overlay with
2.5” Stone Matrix Asphalt (SMA)

CHALLENGES: PAVEMENT ME ANALYSIS FOR COMPOSITE

Temninal IRI (i)
Permangnt deformation - total pavemert (in)

area)

AC bottom-up fatgue cracking (% ane area)
AC thermal cracking (fimile)

AC top-down fatigue cracking (f/mile)
Permanent deformation - AC only (n)

AC total fatgue eracking” boltom up  reflectve (% lane

AC total transverse cracking: themal + reflective (fimile)

Design Structure Traffic
Layer type. Materizl Type | Thickness fin) | olumetric at Construction pgelyean | ey Tucks
TZ6N-SVA (Naboral (cumulative)
Flentle 25 #
e 2019 finial) 3500
Flexble fexstng) (501 TR A 15 2024 (5years) | 3074840
Coment Base|Sol cemert 20 2029 {10 years) | 6247 360
NonsStabilzed At €0
Subgrade A2 Seminfnite
Design Outputs
Distress Prediction Summary

Target  Predicted  Target Achieved

170.00 T4 %000 a7
07 044 9000 100,00
%00 f308 9000 000

250000 20553 4000 10000
2500 000 5000 100.00

100000 100 5000 100.00

200000 2008 4000 100.00
025 013 4000 100.00

Pass
Pass

Pass
Pass
Pass
Pass
Pass

Challenges: Pavement ME Analysis for Composite Pavement

Distress Charts

Total Rut Depth (Permanent Deformation)

Rut Dapeh (1)

Pavement Age (vears) Pavement Age (yesrs)

>

AC total bottom up + reflective cracking (% lane area) C totalthermal + reflective cracking (ft/mile)

2500

s24
]
s
L o
—
-
s
el
Pavement Ade (yesrs) Prvament Age (vears)
T — @SpaciiedRaliability -~ @30% Raliabiliey
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PROJECT 5:

Project: Route 70
Type of Project:
Pavement Rubblization and Resurfacing

Limit of the project:
MP 31.17 to MP 38.45

Total Lane Miles of the project: 15

Letting Date: April 17,2018
Consultant: Advanced Infrastructure Design Inc.

Project Status: Under Construction

PROJECT 5

Existing Pavement (Majority portion):
3 to 4” Asphalt Concrete
8” Portland Cement Concrete (PCC)
12” Subbase

o

4D -
p F Tr

2" Stone Matrix Asphalt (SMA)

Minimum 3” & Var. Bottom Rich Base Course (BRBC)
8” Rubblized PCC

12" Subbase

Design Life: 50 years Base construction: May, 1853 Climate Dala 39,941, -T4.841
Design Type:  AC_FRAC_JPCP Pavement construction:  Ma 8 ‘Sources (LayLon)
Tealfc:opening: june, 2018

DG!iqll Structure Traffic

Layertype | Material Type Thickness (in) | Volumetric at Construction: | yoar] | HO8VY Trucks
Fenve oy [FOT.SHATZS 20 ebinder |y 0 Agelrear) | foumuiative)

(2015/04107) (%) | 2018 (inftal) 1,120
Fiexidle (OL) [BREC-NJDOT 30 {air voids (%) o 2043 25 years) | 5,645,600 |
Stabiized [Fractured JPCP [ {28 o years) YT
NonStabiized  |A-24 120 ——
Subgrade (24 Sembnfinite
Design Outputs

Distress Prediction Summary

Distress @ Specified iabili oo
Distress Type ‘Reliabili Reliability (%) ;ng:d';
Target  Predicted  Target Achieved [

Terminal IRI (in/mile) 170.00 27912 80.00 16.01 Fail
Permanent deformation - AG only (in) 050 037 80.00 078 Pass
AG battom-up fatigue cracking (% lane area) 2000 170 %000 10000 Pass
AC total ransverse cracking: thermal + reflective (fimile) 1000.00 1164.79 80.00 7849 Fail
AG themal cracking (Rimile) 70000 100 5000 10000 Pass
AC top-down fatigue cracking (f/mile) 200000 7654 50.00 9095 Pass

Distress Charts

_ AC@nly RutDepth (Permanent Deformation)

05

Pavement Age (years)

= )
Pavement Age (years)

AC Bottom-Up Cracking (Alligator) ACtotal thermal + reflective cracking (ft/ mile)

=
E

M ® »
Pavement Age (years)

= Threshold Value +eee

COMPARISON OF MODULUS VALUES:

Pavement Layer

Rubblized
Concrete

Modulus Modulus (FWD-
(Pavement ME)- After
Ksi construction)- Ksi

Subbase

COMPARISON OF SERVICE LIFE:

AASHTO 1993 Pavement ME

=220 =50
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CONCLUSION BASED ON EXPERIENCE:

Performances/benefits of specialized mixes such
as Stone Matrix Asphalt (SMA) or Bottom Rich
Base Course (BRBC) cannot be captured by
AASHTO 1993 design.

Material properties of specialized mixes can be
modeled using Pavement ME, thus allowing
pavement engineers to predict performances of
pavement boxes with these mixes

QUESTIONS?

Nusrat.Morshed@dot.nj.gov
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Presentation 11—Justin Schenkel, Michigan DOT

~ Updated Traffic Data Cluster Methodology for
Locations where WIM Station is not Present

AASHTO Pavement ME National Users Group Meeting 2019
November 6 & 7, 2019

Presented By

Justin Schenkel, PE.

* Michigan DOT, Construction Field Services
(CFS)
+ P: 517-636-6006

1 » E: schenkelj@michigan.gov

MDOT Background on ME Traffic Data

Summary of Original ME Traffic Research Project

Ev_]_'_ Summary of Updated ME Traffic Research Project

=K Research Results & Deliverables

ﬂqé‘ Other MDOT Resources
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MDOT

Background on
ME Traffic Data

S TR RS AN lamiiaine IR
» Concrete CTE (RC-15( January 2008

a Evaluation of 1-37A Project (RC-1516) — October 2008

=il N 43

= Subgra 2nt Modulus (RC

= HN ariza art 1 (RC-1593) — Ma

o Rehab Design Sensitivity, Part 2 (RC-1594) — August 2013

= Materials
a Evaluation of ME

August 20
013 i
o Calibration

o ME Calibration, Part 3 (RC-1595) — November 2014

o ME Recalibration (SPR-1668) — September 2017

« Traffic & Data Preparation for AASHTO MEPDG Analysis and Design

(PrepME)
* National pooled fund study - TPF-5(242)
+ Software to convert PTR to ME inputs
= Replaces TrafLoad

* Runs QC on the data
* Tools for correcting data
* Options for 3 traffic input levels

or other cluster methods

« Includes other modules:
* Climate
» Material:
+ FWD, HMA E*, PCC CTE, Soil Map

Prep-ME

Traffic and Data Preparation for AASHTO Pavement ME Design

%;5

L

1
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PrepME Preparation

+ Meet with PTR MDOT staff to review data
* Notes for corrections to be made in PrepME

et n —
LS » » Deneal botes
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PrepME QC

» Data changes £ N
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e L
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* ME Pavement Design Internal
MDQT Folder

- Traffic, Layers, & HMA inputs for | 8= e
import Pl )
+ HMA inputs = D(t), IDT, E*, & G* i e

[

i
i
um
u

« Too many variation in HMA to
create layers

uw
Mo

i
e

= MI Research Climate HCD files

+ Starter & Example design files

Stams st o

 ME design worksheets
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Summary of

Original ME Traffic
Research Project

* In ME, traffic characterization is significant & detailed inputs required

* The ME traffic inputs include:
» Annual average daily truck traffic (AADTT),
« Truck volume distribution by vehicle class (VCD),
» Monthly truck volume distribution factors by vehicle class (MAF),
* Hourly truck volume distribution factors (HDF),
= Number of axle groups per vehicle (AGPV), and

+ Axle load distributions/spectra (ALS) by vehicle class and axle group (single,
tandem, tridem, quad).

11

* Characterization of Truck Traffic in Michigan for the New
Mechanistic Empirical Pavement Design Guide
= Report No.; RC-1537
* Final Report Date: December 2009

« Author(s):

+» Neeraj Buch, Syed W. Haider, Joel Brown and Karim Chatti
* Michigan State University

12
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Original ME Traffic Research Project

* ME Traffic characteristics evaluated

= 44 WIM and classification stations
« Data from 2005 to 2007

» Level 1 Data - PTR traffic volumes & axle load data in Ml
* Level 2 - Cluster analyses to group sites with similar characteristics
* Level 3 - Data from all sites were averaged for statewide inputs

* Study recommended:
*+ ME traffic inputs be re-evaluated every 5 years

» Significant ME traffic inputs identified — HDF, VCD, & Tandem ALS

13

Original ME Traffic Research Project

Level 2 Clustering

+ Cluster Analyses
Identifies homogeneous subsets of data (also known as clusters) within a
dataset using only the information found in the data.
The objects within a subset are similar to one another and are different from
those in other subsets.
Entire collection of clusters is commonly referred to as a clustering.
* The most commonly used technique is agglomerative hierarchical clustering.
+ Advantages of statistical cluster analyses:

* Groups are formed cbjectively (based on a mathematical function)

* Finds patterns that are not intuitively obvious
+ Disadvantage:

* Lack of guidelines on establishing the optimal number of clusters,

+ Various techniques developed to identify the optimal number of clusters, but none are perfect. 1 4

Clustering Process

/\

o ® .
Determine Optimal
Clustenng Method Distance Measure Number of Clusters
. @ .

15
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Original ME Traffic Research Project

Cluster Method

* Hierarchical (statistical) clustering method:

+ Mathematical algorithm to group similar sites.

= Process:
1. All sites are individual clusters.
2. Adistance” is measured.
3. Algerithm groups based on “distance” measure and successive clusters are made.

» Ward’s —
. T‘he tgext cluster to be formed minimizes the sum of squares for all cases within the whole

cluster,

* Most efficient, good size/spherical clusters, and widely used.

= Squared Euclidean distance:

= Allows more sensitivity to outliers, which is ideal for distinguishing variables in a
site that are distinct from each ather

16

Original ME Traffic Research Project

Cluster Assignment

* Discriminant analyses

+ Develops a set of linear regression equations (one less than the number of
dependent variable categories)

* Uses a group of known parameters (predictor variables) as inputs into the
equation and uses the output of that equation to select the appropriate
cluster group for the dependent variable.

* Dependent variable:

« An ME traffic input (i.e VCD, MDF, Tandem ALS)
* Predictor variable:
= Known site property (ie. Functional class, AADTT, geographic location, etc.)

17

Original ME Traffic Research Project

Problems

* More than 5 years had passed

* Changes to PTR sites — added & downgraded

« Used global coefficients (MDOT calibration now available)

= TrafLoad used to assemble PTR data (PrepME now available)

+ Cluster method:
* Lacked step-by-step procedures (for updating)
+ Discriminant function to determine site cluster (complex)
» Needed a dataset not available for all roads (freight commodity routes)
« Difficult for MDOT to update and make changes to in the future

18
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Summary of

Updated ME
Traffic Research
Project

* Updated Analysis of Michigan Traffic Inputs for Pavement-ME Design
* Report No.; SPR-1678
= Final Report Date: August 2018

« Author(s):

= Syed W. Haider, Gopikrishna Musunuru, Neeraj Buch, Olga Selezneva, Praveen
Desaraju, and Joshua Li

= Michigan State University

* Project Manager:
= Justin Schenkel
* Principle Investigator:
= Dr. Syed Haider ? O

* Task 1: Literature review

* Task 2: Review of the existing practices

* Task 3: Methodology for clustering

+ Task 4: Generation of new clusters for Level 2 data
* Task 5: Significant traffic inputs

* Task 6: Evaluation of PrepME software

* Task 7: Data collection recommendations

* Task 8: Final report and technology transfer

2
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Updated ME Traffic
Research Project

* 59 PTR sites:
« 18 Classification (blue)
* 41 WIM (pink)
* Data from 2011 to 2015

Updated ME Traffic Research Project

« Level 1 - PTR traffic volumes & axle load data in Ml

*Level 2 -
= 2A: Improve existing methodology (cluster analyses)
+ 2B: Simplified methodology (averages based on road attributes)

*Level 3 -
* 3A: Averages based on freeway & non-freeway
+ 3B: Statewide averages

23

Task 3: Methodology for Clustering

* Approach 1: Improve existing methodology (Level 2A)
* Enhance the existing clustering method per updated PTR data.

= Approach 2: Alternative simplified methodology (Level 2B)

+ Use available MDOT traffic data (attributes) to identify ranges of values for
different ME traffic inputs.

« ME traffic inputs based on average of sites in each individual group are
established.

24
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Approach 1: Improve MDOT's Existing

Cluster Methodology

» Agglomerative Hierarchical
Clustering
= Euclidean distance and Ward's
method

proximity(A, B) = 'mxdist(c‘,C,} 1 !
"+, A B C il E F

aauepi]

25

Approach 1: Improve MDOT’s Existing

Optimal Number of Clusters

+ Optimal number of clusters
+ Methods:
* Calinski-Harabasz Criterion (variance ratio)
» Gap criteria
» The optimal number of clusters have large between-cluster variance and small

within. 4o Calinskiftarsbasz method - Gap eriterion

g
] 05
i g

N Foe
£ £03
Z SR
La 02
5]

n 01

2 8 4 5 6 o 2 4 6
Number of clusters Number of clusters 2 6

Figure 3-8 Optimum number of clusters for HDF

Approach 1: Improve MDOT’s Existing

Cluster Results

* Using optimal cluster number criteria & engineering judgment,
number of clusters: o T

= HDF - 5 clusters H
* MAF (VC5) = 4 clusters
* MAF (VC9) - 5 clusters
« VCD - 5 clusters
* Single ALS (SALS) — 4 clusters
» Tandem ALS (TALS) - 5 clusters
» Tridem ALS (TRALS) — 6 clusters
* Quad ALS (QALS) — 3 clusters

2f
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Approach 1: Improve MDOT’s Existing
Cluster Results

h "M
: | eauees " =
K ! _ E
“'. -.. 8 _.-
28

IR EL L BRI NEREEREI X
Vel Clast Velicle Class Vel Ol

)lsli..lﬁ:hﬂl!ﬂllll ‘l!“lnh‘.k:u:'““”l
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

29

Approach 1: Improve MDOT’s Existing
Assignment
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Approach 1: Improve MDOT’s Existing
Assignment

<3815 == 5015
=
“1.75 >= 175

s '
=
Figure 4-13 Single decision tree for HDF using entire data

31

Approach 2: Simplified Approach

* Challenges:
+ Traditional approach is more subjective (less mathematical).
+ Identifying a combo of attributes for grouping.
« Groups should be distinct.
+ Accuracy in ME could be worse.

* An automated process was developed to help identify such
combinations of attributes.

« Attributes used to classify groups don't need to be the same for all
the traffic inputs and can depend on the type of traffic input.

32

Approach 2: Simplified Approach

» Available attributes initially chosen for grouping PTR locations:
» Functional classification (Freeway vs. Non-Freeway)
+ Development type (Urban vs. Rural)
« AADTT level (<1000, 1000-3000, >3000)
« Corridors of highest significance (National, Regional and Statewide),
» Number of lanes (2, 3 and 4), and
* Road type (divided, freeway etc.)
= Vehicle class 9 (VC 9) distribution levels (< 45, 45-70, >70)

* All above data available for all sites

33
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Approach 2: Simplified Approach

*» Possible combination of attributes using two at a time

Attribase 1

21 combinations

34

Approach 2: Simplified Approach

* Possible combination
of attributes using
three at a time

35 combinations

35

Approach 2: Simplified Approach

*» Possible combination of attributes using two at a time

Attribase 1

36
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Approach 2: Simplified Approach -

VCD

* VCD traffic inputs for the combination of functional class and
development type
Sublevel | Sublevel | VC4 | VOS5 | WCe | VO7 [ VOB | VOO | VCI0 | vOn | MC12 | vGi3
F R 16 1148 | 35 | 04 | 41 [ 624 ]| 67 13 0.6 4.7
F ] 1.5 | 184 | 54 08 | 54 [557 ] Ba 13 0.6 5.0
NF R 23 1250 | 47 | 09 61 [ 408 | 74 08 0.4 1.5
NF U 08 | 188 | 47 | 07 51 [498 ]| 1.2 1.8 03 6.8
* Pairwise Euclidean distances between the sublevel combinations
Sublevel
combination FR F_U NF_R NF_U
FR 0.0 B.0 24.9 4.2
FU 8.0 0.0 7.6 8.0
NF R 249 7.6 0.0 126
NF_U 14.2 8.0 126 0.0

Approach 2: Simplified Approach -

VCD

Farm o E Tk st Detovoes RN
At 1 Mirbae 2 Wik any
Max | Min | Ave | S | Rage | Towl | availble | sacPTR. | Miwig
losation

Commercial AADT Type | 468 | 19 | 213 | 108 | 48 . . o 0
cons Develogment Type | 283 | 20 | ke | 71 | 24 - . 1 0
Huad Type. Ty a3 | 4 [ 17a | es | 220 " & ) [
Tunctioeal Class Development Typs | 259 | 43 | 172 | 74 | 308 3 3 [ 0
Functia (Lo VD Lewed 304 | &7 | 35 | wa | oy o s [ '
Saenber of Lases Development Type | 416 | 43 | 190 | 161 | 373 [ 3 1 i
[ Punctionsi Clows | Commercial AADT | 403 | 34 | 300 | 108 | waa . 3 [ i
Fanctionsl Class COHs BT k0 | 134 | 61 | 207 [ F) [ ]
cons VD Level sas | 15 | me | w2 | s s 7 1 2
Commertial AADT VED Level 303 | 19 | 343 | 143 | am4 [ T [ 2
© L AADT cois a0 | 33 | ;e | nie | e e 7 1 2
Rod Type oM W3 | 21 | a0 | 13 | a7 [] 7 3 2
Fanctineal Class Numberof Lancs | 20 | 69 | 155 | T8 | 312 [ 3 1 1
oo Type VED Level Sai | Ts | 353 | 140 | 458 O 0 [0 3
Seumber of Lases VED Level IR T 3 0 T 3
Read Type Commercial AADT | 427 | 54 | 210 | tos | 313 [ . [ 3
omiber of Lases Commercial AADT | 423 | 10| k8 | 110 | 410 s [ 1 3
[T Hoad Type a4 | w7 | it | 13 | ias 0 3 [0 3
Hoad Type NumborofLanes | 388 | 69 | 164 | 13 | 30 [ 3 1 [

Nemmber of Lases cons 30 | 53 | Ws | o | oa s 3 1 4 3 8

cin T ovel I mpun.

P s Sublevel Combarations
Tratic input ~ Attribute 1 Attribute 2 With
Max  Min Average Std  Range Total Auaiauam:y! :m Missing
HDF WCD Level | Develop. Type| 7.5 er 38 2 &8 6 L] ] 0
MAF CADTT Level :DMbP Type| OE8 o 038 028 o073 L1 (1 0 o
SALS COHs . Cevelop Type| 273 12 m 92 262 ] [} 1 o
TALS No. of Lanes | Develop. Type| 151 19 7a 49 132 6 5 2 1
TRALS COHS :DMbP Type| 35 a5 151 0.5 35 B (] 1 o
QaLS CoHs :Dmlop Type| 217 25 ns &3 33 ] & 1 o

33
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Task 5: Significant Traffic Inputs

* Level 2 (cluster) inputs evaluated in two ways:

* Option 1:
« Allinputs at Level1, then change one input at a time to Level 2/Level 3

* Option 2:
= Allinputs at Level 3, then change one input at a time to Level 2

40

Task 5: Significant Traffic Inputs

OPTION 1

* Sensitivity Analyses — Option 1
« Started designs with level Tinputs,
* For flexible pavement:
+ HMA thickness (top layer) designed for each PTR location to achieve 20-year design per:
+ Bottom-up fatigue cracking (20%)
= Rut depth (0.5%)
« Forrigid pavement:
= JPCP thickness was designed to achieve a 20-year design per:
= IRI (172 inches/mile)
= Faulting (0.1257)
+ Transverse cracking (15%)

 Next, one traffic input at a time changed to Level 2A, 2B, 3A, and 3B to
determine input effect on design life.
= The difference in design lives (Level 1- Level X) was quantified. 41

Task 5: Significant Traffic Inputs

OPTION 1
* Sensitivity Analyses — Option 1
* 2 analyses types:

« Statistical tests (ANOVA/t-test for comparison of means)
« Statistical difference between the clusters.
+ Significant (dissimilar) if the p-value is below 0.05.

« Maximum life difference (MLD) in years
* Raw number of difference in number of years for each PTR in cluster.
« Significantif at least one site changed by 2 or more years.

42
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Task 5: Significant Traffic Inputs

OPTION 1

* Impact designation on predicted pavement performance

Significant MLD > 5

Moderate Significant 2<MLD <5
Negligible MLD < 2

43

Task 5: Significant Traffic Inputs

OPTION 2

* Sensitivity Analyses — Option 2
» Started designs with level 3A inputs, and used base fwy & non-fwy design
* For flexible pavement sections:

Freeways Non-Freeways

2 15

3 3

35

6 &

18 18

Semi-infinite Semi-imfinit
* For rigid pavement sections; Laver e et

PCC 11 8
Non-stabilized GAB & 5
Sand subbase 10 10
Sandy clay subgrade Semi-iafinite Semi-infinit

44

Task 5 : Significant Traffic Inputs —

OPTION 1 - (VCD, Level 2A) Example

» ANOVA results for Level 2A VCD clusters for flexible pavements,
Bottom-up Fatigue Cracking

55 Adj M5 ale
VED Cluster 4 9484 b m ﬁl
Ermor " e o
Toual b a0 042
T Clusier W e £ Lo
1 1 oas (00N, § 300}
2 L3 (5 (LT, 249%)
] 4 L 10,085, 19551
‘. . oy {0384, 1000
’ [t {0383, 1,390

Ll 1 087
I = dogroes of froedom. $5 = wm of wjusres, M5 = mes square
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Task 5 : Significant Traffic Inputs —

OPTION 1 - (VCD, Level 2A) Example

* MLD Results for Level 2A VCD clusters for flexible pavements,
Bottom-up Fatigue Cracking

1] 1 T T

| 2 sguian _E” e E‘ woor | § - E s

;' Msdinm i 4 — Mrdem !‘ Meimn ;' l :

L Y] Lo~ . I e . - "‘ W il - it [ : e
Jonlw wul | 1IN . B . = L. .1, 1l
FFEFET S FESFTLSSE A P SEETTIESE A

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Task 5: Significant Traffic Inputs —

OPTION 1

» Sensitivity to statistical significance — Level 2A

Task 5: Significant Traffic Inputs —
OPTION 1

* Sensitivity to MLD — Level 2A

48
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Task 5: Significant Traffic Inputs —

OPTION 1

» Sensitivity to statistical significance — Level 2B

Task 5: Significant Traffic Inputs —
OPTION 1

* Sensitivity to MLD — Level 2B

Task 5: Significant Traffic Inputs —
OPTION 1

* Sensitivity to statistical significance — Level 3A

57
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Task 5: Significant Traffic Inputs —

OPTION 1

* Sensitivity to MLD — Level 3A

Task 5: Significant Traffic Inputs —
Level 2A vs 2B

» If Option 1 criteria shows Level 2A or 2B inputs are significant:
+ Next step, identify if there are differences between Levels 2A and 2B.
« If no differences, then Level 2B (or 2A) can be used
+ 2B will simplify the input selection process.

* Level 2A vs 2B significance determination:
+ Paired t-test for difference of (|Life cye1 - Life yeizal) @and (Lifeyeyerr - Life oe2sl)
+ Number of times overdesigned or under designed using Level 2A and 2B

53

Task 5: Significant Traffic Inputs —

Level 2A vs 2B

* Sensitivity to statistical significance — Level 2A vs 2B

| Flexible pavements Rigid pavements
; Battom-up
|| Fatigue Transverse
Trafficinput | Rut depth (ir) | Cracking (%) | IRI (in/mile) | Fauiting gr) | Cracking (%)
ﬁ.- = Y N N M N
HOE = = v N v
MAF_ N N N N N
TSALS. N N M N N
TALS ] N ¥ Y N
TRALS N N N N N
[ oals N N M N N

54
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Task 5: Significant Traffic Inputs —

Level 2A vs 2B - (VCD)

Rutting Fatigue Cracking

Level 2B Level 2B

o 5 10 15 20 ] 5 10 15 20
 Normal design  ® Overdesigned Underdesigned = Nomnal design = Overdesigned  ® Underdesigned
If Lifeg,en = Life e,z > 0, Over designed
If Life g = Lifeieez < 0. Under designed
If Life e, — Life e = 0, Normal designed 5 5

Task 5: Significant Traffic Inputs —
Level 2A vs 2B - (VCD)

\ ofunder u mms 16 7 16 18
Number of over-designed (OD) siles 15 18 1 16
mber of normal designed sites 10 6 n T

-13 -13 -13 11
0.7 1.2 0.6 08
0.08 0.08 =017 -0.08
5.00 483 -5.00 -492
347 308 308 252
0.08 047 008 008

56

Task 5: Significant Traffic Inputs —

Level 3A vs 3B

» Sensitivity to statistical significance — Level 3A vs 3B

| Fledblepavemnents | Rigdpavements
Bottom-up

[ Fatigue Transverse
Trafficinput | Rut depth (in) | Cracking (%) | IRI (in/mile) | Faulting n) | Cracking (%)

VED. N N N M N

HDE - N M N

MAF N N N N

“SALS. N N M N

TALS N N N N

TRALS N N N N N
T N N Y ¥ N

57
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* No significance detected when using Option 2

Research Results &

Deliverables

* Recommended Traffic Input Levels
: -

vCD 2B

HDF = 2B

MAF 3A

AGPV 3B

SALS 3A

TALS 2B

TRALS 3A

QALS 3A 6 O
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Task 6: Evaluation of PrepME

* Level 2B, two-way combination grouping included in PrepME

Dangr Irdormation.
L i i e [FrEm et
P Comreirunes. (Dl L ¢ B e | aLu

e Michigan DOT Clasefstien Methedd x|
i Sn— irtm it
e & ot (2300 T mwtee 3| | [Ewm
Dot MeRed L]
DT et £ oS i =] o -
T ot Lo [T 7] et =]
et
Comn. -]
T Charrg. 7
1 Breated TTC oy |
e i I et || o | e |
QLo T —TT
it g

LR A

Task 6: Evaluation of
PrepME

= Macros for calculation outside =
of PrepME =
« Includes 2A & 2B cluster 8=

automation.

Macro General Steps for
Level 2A & 2B inputs

* 2A Input Generation
1. Input Files
a) WIM Data Files
b) 'Optimal Clusters’
Run ‘level2ainputgenerator’ macro
Output
a) ‘Level 2A Inputs’ — Number of clusters & their ME inputs
Project input file & add to ‘Random Forests Inputs’
Run ‘randomforests’ macro
Output
a) Determine what cluster a new site belongs to
b) Error rate

W

i

63
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Macro General Steps for

Level 2A & 2B inputs

+ 2B Input Generation
1. Input files
a)  WiMdata files
b) ‘Optimal Attributes’
c) 'PTR Aftributes’
2. Run ‘'level2battributeidentifier' macro

3. OQOutput
a) ‘summary file (for decision making)
4. Input file

a) ‘'Optimal Attributes’ for each input
b) ‘PTR Aftributes’
5. Run 'level2binputgenerator’ macro*
6. Output
a) ‘Level 2B Inputs’ — Averages of each cluster selection per ME inputs

* Note that PrepME could be used here, but it's attributes are hardcoded per
current WIM attributes, so the macro is preferred. 64

B ER Updated Traffic

File Home Share View ~ @)
= . + ME Pymt Design » Traffic » Updated Traffic v & | Search Updated Traffic -]
~
Mame Date modified Type Size
o Quick access
|| ALS_Freeway 8/19/20195:14PM XML Document 3,902 KB
@ OneDrive - State of Michigan DTMB |_] ALS_NonFreeway 8/19/20195:30PM XML Document 3,904 KB
[ This PC @ Level 2B ME Input Data (suff15 data) 972372019 10:28 AM  Microsoft Excel W... 4613KB
o @ Level 2B ME Inputs 923/2019 10:28 AM  Microsoft Excel W... 1,041 KB
- (D) SDXC | ] Traffic_Freeway 8/19/20195:18PM XML Document 43KB
= Traffic_NonFreew: 819/2019 530 PM XML Document 43KB
& (E) My Passport ] ™ ?
i Metwork

MDOT

Implementation

65

Level 2B =
Spreadsheet : =
97 %

BB RRER Y,

s

‘hhnu‘mllllt I

66
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: [ Bl o [ v s s | f o B 6 /

Other MDOT
Resources

» MDOT User Guide for Mechanistic-Empirical Pavement Design (Interim)
¢« Started in 2013

« 14 Chapters:
1 Intra
2. Software Operation 3‘,‘:‘ E:,'Lf 2:.-
3. Design Process Mechanistic-Empirical
4 General Inputs Pavement Design
5. formance Criteria & Reliability faterim Edition
6. efficients March 2015
: 4~
8.
9, Asphalt Paverment (New) = Inputs &M‘W““WM
10. Concrete Pavement (Ne or Inputs
1. Base/Subbase Layer Inputs
12. puts
13. Existing Layer Inputs for Rehab Design (not yet complete)
14, Assessing the Results/Madifying the Design
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* MDOT ME Website:

@MDOT

B

“An escalator can never break: it can only become
stairs. You should never see an ‘Escalator
Temporarily Out Of Order’ sign, just ‘Escalator
Temporarily Stairs. Sorry for the convenience.””

Mitch Hedberg
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Presentation 12—Bob Shugart, Alabama DOT

AASHTOWare Pavement
ME Design
Customer Survey
2019

;

AGENCY DEMOGRAPHICS

tate Provincis A version
older than 2.0

0% 10% 20% 30% 40% 50% 60% T0% 6O 90% 100%

by f*p SurveyMonkey

How satisfied are you with the ease of installation of the software?

Extremely Extremely satisfied
dissatisfied

Moderately g

dissatisfied

Moderately
satisfied

Neither satisfied /
nor dissatisfied

ered by f*y SurveyMonkey
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AGENCY DEMOGRAPHICS

ANSWER CHOICES RESPONSES

Internet Explorer 44.12% 15
Microsoft Edge 5.88% 2
Mozilia Firefox 5.88% 2
Google Chrome 41.18% 14
TOTAL 34

Would you use Pavement ME | -

on a tablet oriPad if it were

No

0%  10% 20% 30% 40% 50% 60% T0% B0% 90% 100%

Powerad by f*§ SurveyMonkey

Completed Local Calibration Planning for Future Local Calibration

No

In progress A

0% 0% 20% 30% 40% SO% 60% 0%  BO%  9O% 100% 0% 10% 20% 30% 40% 50% 60% T0% B0%  90% 100%

Powered by f*% SurveyMonkey

How often do you use the software?

o .
- _

Monthly

Rarely

Have not used
it yet

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

&*} SurveyMonkey
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Never

Only to download

At least quarterly —_ the new releases

How frequently do you visit the AASHTOWare Pavement ME website?

\ ANSWER CHOICES RESPONSES
::m::muauy Extremely satisfied 8.57%
Moderately satisfied 54.29%
Neither satisfied nor dissatisfied 20.00%
Moderately dissatisfied 5.71%
Extremely dissatisfied 2.86%
NA 8.57%

TOTAL

Powered by ("h SurveyMonkey"

Have you used any of the tools on the Pavement ME website
(XML Validator, DRIP, MapME, APIs)? (select all that apply)

Extremely satisfied

Moderately
dissatisfied
XML Validator .
2 -
Moderately
MapME
2o OO Neither satisfied =
== nor dissatisfied

Have not used
any

0% 0% 20% 30% 40% 50% 60% T0% 80%

How satisfied are you with tools
you have used?

290% 100%

Powered by f* SurveyMonkey

Do you use the BackCalculator Tool (BcT)?

BAKFAA

o% 0% 0% 0% 40%  50% 60% 0% BO%  50% 100%
- I MOOCOMS
. If you do not use it, which
= | Backcalculation softwaredo
S B e W % =

you prefer to use?

Powered by f*p SurveyMonkey
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Hew Flexible

New JPCP I

HNew CRPC 41.18%

— =
ARomEAS _ il
p—

aC over AC
with interiayer NI

P
Semi-Rigid |==| ‘i

o [

Cover 4PCP

Powered by ("h SurveyMonkey"

For which types of design do you use the software?
Choose all that apply.

AC over JPCR 35.29%

ganded [
PCC/IPCP 20.59%

Bondad
PCE/CREP . b iad
IPCP over CRCP

JPCP over JPCP
(unbonded)

II
@
B
#
4
?

CRCP over CRCP
(unbonded)

CRCP over JFCP
{unbonded)

JPCP aver AC 23.53%

ol
:

CRCP over AC I 2.94%

SJIPCP over AC %

JPcP
Restoration

17.65%

?
H

20%  30%  40% EOW  60% 0% 80%  90% 100%|

Hava ot baard
ol

O% W J0W 0 40N 50K 60W  TOM  BO%  1OW 100%

Integrated Manual of Practice (MOP)

oM WR % 30K 40%  SON BN TOW  BON  5O% WOW

Addendums to the (MOP)

Powered by f* SurveyMonkey

Have you used the Manual of Practice (MOP) that is integrated into the
software?

0% 0% 20% 30% 40% 50% G60% 0% BO%  90% 100%

Embedded Help Documents

% ww M Jom 40% Mm  GOR TOW  BOW  00% 0O%

Customer Satisfaction

Extremely satisfied

Moderately
dissatisfied

Neither satisfied —__ |
nor dissatisfied

Moderately
satisfied

Ease of use of the software

Powered by ¢*) SurveyMonkey

Pavement ME Software

Extremely
dissatisfied

Extremely satisfied

Moderately
dissatisfied

Moderately

Naither satisfied — |
L satisfied

nor dissatisfied

Operational speed of the software
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SOFTWARE ENHANCEMENTS

Recent enhancements to the software include the incorporation of
Bonded Concrete Overlays (i.e. Short JPCP on AC), climate data updates,
the integration of the Manual of Practice, report customization, enhanced
project comparison ability, a maintenance strategy tool, tensile strength
Level 1 inputs, and software recalibration. How satisfied are you with the
enhancements that have been made to the software?

ANSWER CHOICES RESPONSES

Extremely satisfied 21.21% 7
Moderately satisfied 36.36% 12
Neither satisfied nor dissatisfied 36.36% 12
Moderately dissatisfied 3.03% 1
Extremely dissatisfied 0.00% /]
TOTAL 33

Powerad by f*§ SurveyMonkey

How satisfied are you with the release schedule of enhancements to the
software?

Moderately Extremely satisfied Moderately Extremely satisfied
dasatifled dissatisfied

Neither satisfied —

4 Neither satisfied —
nor dissatisfied

nor dissatisfied

Moderately
satisfied Moderately
satisfied
How satisfied are you How satisfied are you
with the release schedule with the pace of
of enhancements to the enhancementsto the
software? software?
Powered by f*) SurveyMonkey

A list of 23 requested enhancements was included in the survey.
Here are the nine most desired:

Allowing for muttiple maintenance events 10
Batch editing for multiple projects 10
Add CIR,_FDR and pulverized asphalt material properties into sandwich 9
construction

Multi-projed: conpare tool 8|
Incorporation of New Composite pavements as a new pavement design option 7
Incorporate Pavement preservation (structural preservation, NCHRP 1-48) 7
Additional parameters for sensitivity analysis 7
Incorporation of ene-time super heavy load analysis feature 7
Incorporation of faulting and IRI to SIPCP design parameters 6|

Fae SurveyMonkey'
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Are you familiar with AASHTOWare Service Units and what they can be
used for?

5 -

_ No -
® _ Lo e
service units

Yes

% 109 20% I0% 40% 50 0% T0% BO% 90% 100% o% 0% 20% 0% % 50% 0% 0% 0% 20% 100%
Are you familiarwith AASHTOWare Service Units Would you be willing to use your
and what they can be used for? Service Units to fund software

features or model integration?

Powered by ("’h SurveyMonkey"

Have you used the new Bug Reporting Tool available as a link on the website?

Extremely satisfied

Meither satisfied ——
_ e
No

0% 0% 20% 30% 40% 50% 60% 70% B0%  90% 100% Moderately

satisfied

Use of the Bug Reporting Tool

Customer
Satisfaction

Powered by ¢* SurveyMonkey

Have you used the help desk support services from the contractor?

0% 0% 20% 30% 40% 50% 60% 70% BO%  90% 100%

by &*™ SurveyMonkey
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100%

B0%

60%

40%

, I I I I II

o% : : J
The Contractor  The The The The
quality of support effectivene  knowledge overall timeliness
the support communicati  ss of ofthe quality of of
provided..  on and. contract contract... contract... returnin...

W e

wered by f*p SurveyMonkey

If yes, how satisfied are you with the following items:

How helpful is this?

Extremely
helpful
Moderately
helpful

Neither
helpful nor..

Moderately
unhelpful

Extremely
unhelpful

0% 10% 20% 30% 40% 50% 60% T70% BO%  90% 100%

Powered by f*) SurveyMonkey

The task force emails progress reports to users via its newsletters.
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Presentation 13—Harold Von Quintus, ARA

ing the realm

/ expand imof
[ POSSIBILITY*

Practitioner’s Guide for Pavement ME
Design with R2AMs

AASHTOWare Pavement ME Design
MEPDG User Group Meeting
New Orleans, LA
November 7, 2019

Dr. Ramon Bonaquist, Ph.D., P.E., AAT
Harold L. Von Quintus, P.E., ARA

ADVANCED ASPHALT @HRH

TECHNOLOGIES

Outline

1. Challenge Using Resource Responsible
Asphalt Mixtures in PMED

2. Project Overview to Meet Challenge
3. Example of Test Results
4. Summary

The Challenge

Global calibration of PMED transfer functions completed
primarily using standard, neat/virgin asphalt mixtures.

'ARA Proprietary z
5 npplied Research Assoates,

The Challenge

Global calibration of PMED transfer functions completed
primarily using standard, neat/virgin asphalt mixtures.

1. Challenge Using Resource Responsible
Asphalt Mixtures in PMED

[T a— . =
* Does PMED process | T @2 Lab k-values 201
4 Mixture Vlumetrics i _
adequately capture | wwse @7 derived from At ticsia 002054
% Effctive b tent (%] 102 irei AC Fasigue BF 1. Sin cnhac on 12in 014 * Powfhac.-3 «0
the impact of i (caluiated) neat/virgin it ARtiba &S oooreng !
. . Uit weight (pcf 160 i AL Fasgue BF2 £ 138
different, reclaimed |, wechmicsFosie asphalt mixes. et om
. gt binder Level 1- SuperPave: s AN 2|
materials? Caesp conghonce (el gt level:1 = Assumption: AC Faligue K2 o f:;
Dyramic rodulus Input level:1 . |
Selct A st preicive mocel #memmm applicable for all & 04
Resence enpeae (g F) @n < =
b srgha e ) (2] 578 asphalt mixes. SR T
+ Themal =245
Heatcagacity (BTUNdeg F) [1F:] . C £ 3m
Tbe!'rel::»::mnwly BTUbe-fdeg F) 067 Is this a gOOd ACRusea (D) 21 022
e i i GRENS T Fumng Soncerd Donssen 024 " PouiAUT 0.8076) < 0001
TR PO = TR TR .
Outline Project Overview

= Title:

Deployment of Performance Based
Technologies for Mechanistic-Empirical
(ME) Pavement Design and Resource

2. Project Overview to Meet Challenge Responsible Materials Design
3. Example of Test Results = Sponsor: Federal Highway Administration
= Contract Number: DTFH61-13-C-00029
4. Summary
« ARA o s 4 ARA o s
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Objectives

1. Expedite adoption of performance-based technologies
for ME Pavement Design:

* New and innovative resource responsible asphalt mixtures
(R?AMs), and practices to improve performance, cost
effectiveness, safety, and user satisfaction.

2. R2AMs; asphalt mixtures containing:
* High recycled asphalt pavement (RAP)
*  Recycled asphalt shingles (RAS)
*  Ground-tire rubber (GTR)
* Combinations of reclaimed products

Deliverables/Outcomes

Practitioner’s Guides for:

1. Performance testing of RZAMs, such as GTR, RAP,
and RAS mixtures.

2. Use of performance testing results in PMED software
and related analysis

* Includes appendices showing examples of data
interpretation.

In publication, including section 508
conformance.

Asphalt Mixtures included in Test Program

Type Environmental Mixture
Zone

High Recycle Wet Freeze WI STH 73 Surface
High Recycle Wet Freeze WI STH 73 Base
High Recycle Wet No Freeze NC Surface
High Recycle Wet No Freeze NC Intermediate
High Recycle Wet No Freeze NC Base
Asphalt Rubber Wet Freeze PA Surface
Polymer Modified Wet Freeze PA Surface
Asphalt Rubber Wet No Freeze FL Dense Graded
Asphalt Rubber Wet Freeze MA Gap Graded

I

as o &S o

Asphalt Mixture Properties for PMED

Dynamic Modulus, E*, AASHTO T 342 or T 378

Plastic Strain Coefficients, modified AASHTO T 378
(NCHRP 9-30A)

IDT Creep Compliance, AASHTO T 322

IDT Strength, AASHTO T 322

Fatigue Strength (Life) Coefficients, AASHTO T 321
Endurance Limit, AASHTO T 321

< ARA

Outline

1. Challenge for Resource Responsible Asphalt
Mixtures in PMED

Dynamic Modulus Summary

Takeaway: E* for RAP consistently lower int?
and E* for GTR has different temperature -~~~
sensitivity. %

: ; A By A A
2. Project Overview to Meet Challenge :e . -
o ,,.;""' A
3. Example of Test Results . o iy
, it
4. Summary | d‘?
500 1000 1500 i C 3000 )0
Dynamic Medulus, Input Lex
® GTR Modified Mixture: A High RAP Mixtures ==@==Line of Equality
+ARA +ARA . =
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Plastic Strain Coefficients Summary

Creep Compliance Summary

: 450606 -
5 & e Gk i  aoeos Takeaway: D(t) are (':or_13|st§ntly s
3 01 Mixes, Other Projects Z .0 | lower than for neat, virgin mixes g
£ S soe0s | (less compliant); mix dependent. j
o E # Mixes Exhibiting - 7
gg M Stripping Behavior S 250606
] % S 200606
:} 8 0.001 X High RAP Mixes Q:T 1.506-06
’9“ ‘ C 1.00€-01
5 0.0001 ) i
- X + GTR Modified Mixes 5.006-07
0.00001 D.00£400
WiBase WiSurface NCBase NCBinder NC Surface FLGTR MAARGG PAGTR
0 0.1 0.2 03 04 Surface Surface
Laboratory-Derived Slope Coefficient, N-Term Exponent Mixture Identification
Takeaway: RAP and GTR N-term exponent are different; BiVieasured, Input Level 1 @Calculated, Input Level 3
Intercept for both are consistently lower than for neat mixes.

+ARA o 2015 am

IDT Strength Summary

“ ‘ |
400 §
N
0 N
’ \ \ I

Takeaway: IDT strengths are consistently higher
wo | than for neat, virgin mixes; mix dependent.

AT SIS o
SIS
AAAASSAT)

IDT Strength, psi

face NCBase NCBinder NCSurface FLSurface

Mixture identific

Fatigue Strength Coefficient Summary

Log Intercept Coefficient, ki

0 Takeaway: GTR
y=-3.7071x + 7.8446 exhibit similar ®  High RAP Mixes
o 2 : .
0 [T i s fatigue properties to
T, PMA mixes; but | a srawmodiied
& o better fatigue Mixes
10 R propertiesthanfor |, .. ...
y=-3,2206x + 4.3886 F RAP mixes.
R?*=0.9774 &
" ? wsareses Linear (High RAP
A')K Mixes)
3 inear (GTR
o

Modified Mixes)
y = -3.466x + 6.4087 A
R*=0.9926

2 3 q 5 6 7 8 9

Strain Exponent, k2

Fatigue Strength Coefficient Summary

Outline

0 o AlRaams 1. Challenge Using Resource Responsible
= S iiEiracied Asphalt Mixtures in PMED
§ y =-3.3255x + 5.2564 from Literature
¥ in e & Wodiid Moo 2. Project Overview to Meet Challenge
- ;. Asphalt
g 5 '1?'.' «+= Linear (All R2ZAMs) 3 E | fT t R |t
E y = -3.4852x + 4.3086 & i xampile of | est Results
g2 R*=0.8638 =
. 4. Summary
2 3 6 7 8
Strain Exponent, k2
Takeaway: RAP and GTR exhibit better fatigue properties
than for neat mixes.
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Summary of Observations

Added Data

Manipulation
| from Laboratory | Applicable to
| Test Data RZAMs

Input Level 3

Asphalt Properties

Mix
Property

AASTHO Test
Standard

Distresses

Impacted

e Rutdepthin None

asphalt layers T 342; Preferred .
o Boromiup Required

fatigue 1378 Yes;

cracking E* needs to be No
e Top-down TP 132 calculated for

fatigue (small scale test

cracking specimens, Part temperatures: 14

1 of the Guide) and 130°F.

Asphalt Mix

Property

ERISSCIM ¢ Rut depth

Coefficients;
Ky Koy Ksr

Summary of Observations

Added Data
Manipulation
from Laboratory
Test Data

Input Level 3
Properties
Applicable
to R?AMs

AASTHO Test
Standard

Distresses
Impacted

Yes;
Modified T378;  section 2.2.2
NCHRP 9-30A i
e [ i includes the No
feees (Von Quintus, et procedure to
al, 2013)] determine the
values.

Summary of Observations

Added Data
i i Input Level 3
AASTHO | Manipulation
Test
Standard

Properties
Applicable to
R?AMs

Distresses
Impacted

Asphalt Mix
Property

from
Laboratory
Test Data

e Transverse

IDT Creep

None
Compliance; cracks T322 . No
D(Y) Required
IDT Strength; [RELEEES None
cracks T322 " No
Required

Asphalt Mix
Property

Fatigue
Strength

Coefficients;
kl!l szn kaf

Summary of Observations

Added Data
AASTHO | Manipulation
Test
N ELLETG

Input Level 3
Properties
Applicable to
RZAMs

Distresses
Impacted

from
Laboratory
Test Data

e Bottom-up

alligator Yes;
fatigue T321 Section 2.4.2
cracks includes the
o Topd No
op-cown procedure to
longitudinal :
OnetAnEl 1321 determinethe
fatigue
cracks values.
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Summary — Comparison of Mixture Properties Summary — Comparison of Mixture Properties

Fatigue Strength Coefficient
AT RO ELPROTCE Intercept,  Response Modulus

Plastic Strain Coefficients

Mixture Type Log ki, Ky N Koy T

Intercept ~ Exponent Exponent Kt Exponent, k. - Exponent. Kar
Global Default Values: Default Values; Neat 3.75E-03 2.870 1.460
Neat, Virgin Asphalt Mixes -2.45 0.220 3.010 Asphalt Mixtures
- High RAP; V,, Less Than

High Recycle (RAP and/or - P O PR 11 percent (4 Mixes) |G 1eod

RAS) High RAP; V., More Than

GTR Modified -2.954 0.166 2.472 11 percent (1 Mix) 5.93€-02 5.642 2.010
GTR Modified; V,, More
Than 11 percent (3 3.10E-02 5.693 2.023
Mixes)

+ARA 0 2015 Aplcd Reseann Aot & +ARA 0 2015 Aplcd Reseann Aot &

Remember

1. Calibration factors for the shift between the
laboratory measured/derived values and field
observations are assumed to be the same for

all asphalt mixes. QU EST'ONS?

2. Suggestion: Include reclaimed mixtures in the
agency's materials library, if used on a day-to-

day basis.
Comments & suggestions;

Send an emaiil to
pavementmedesign@ara.com.
= |[=ARA
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Presentation 14—Hari Nair, Virginia DOT

We bring innovation to transportation.

VTRC
Virginia Transportation
Research Council

Characterization of Base, Intermediate, SMA,
and Polymer-Modified Asphalt Mixtures for
Pavement ME

Hari Nair, Ph.D., P.E
AASHTO Pavement ME National Users Group Meeting

November 6-7, 2019
New Orleans, Louisiana

Research Team

« Hari Nair, Ph.D., P.E, VTRC
« Girum Merine, P.E, VDOT

» Affan Habib, P.E, VDOT

» Bipad Saha, P.E, VDOT

« Michael Wells, P.E, VDOT

Introduction

Virginia Department of Transportation (VDOT)

- Maintains a roadway network of more than 126,000
lane-miles.

~$500 Million Paving Program

Estimated tons of asphalt plant mix produced for VDOT

Year |Base Intermediate |Surface |SMA Total
2017 820,642 585,901 3,918,489 297,467 5,622,499
2016 878,533 711,441 3,598,924 351,262 5,540,160

: Vg

Introduction

= VDOT implemented MEPDG in January 2018
= VDOT uses MEPDG procedure to design:

v" New alignment

¥ Reconstruction

¥ Lane widening

AASHTOWare

Pavemesg

Pv|

=

i

VDOT Pavement ME Design Implementation Steps

. Material Characterization

. Traffic Inputs

. Local Calibration of Performance Models
. Developing Performance Thresholds

ME User Manual

. Training

. Identification of Issues

. Outreach

More Details: 2019 AAPT paper

Asphalt Materials Inputs

-Using one SM, IM and BM mix values (Average values)
- SMA and SM E (Polymer Modified) not included
- Created Library functions of material inputs
(e.g.: VDOT BM )
-Same rutting calibration coefficients for all layers

-Using Version 2.2

Need for additional testing:
- Very limited BM, IM mixes tested during initial material
characterization
- Mixes tested were produced in years 2006-2008
- Spec change (allowed more RAP %)
- Lower gyration level for mix design
- Vg
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BM Mixes

Input in pavement ME

Similar Gradations
Base Binder: PG 64S-22 (PG 64-22)

Mix Type RAP % | Extracted | Effective
Binder Binder
Grade content (by
‘ Volume) %

BM 25 D+0.8 5.2% 26% PG 76-16 12.7%

BM 25 A 4.4% 20% PG 76-22 11.8%

BM 25 D+0.4 4.7% 26% PG 70-16 11.6%

BM 25 A 4.6% 35% PG 76-16 10.7%

BM 25 A 4.6% 35% PG 82-16 10.8%

BM 25 D+0.4 4.8% 30% PG 76-16 10.8%

' ra

Dynamic Modulus- BM Mixes

10,000,000
- et et oof
g G *

000,000 .._gg,'zf: S Sas gy A

_ 100,000 g WEGEL W

o = L

a E Q,‘ﬂ. .

4 10,000 | "

=

‘g’ 1,000 | ©18-1005 « 18-1015 ©18-1024

e e 18-1033  18-1043 -+ 18-1056

]

<

a 10
1 . :
0.00001 0.1 1000

Reduced frequency, Hz

' Ve

In-place Air Voids for BM mixes

Specification

Mix Type

Avg. In place

Air voids

VDOT Design Criteria/Threshold Limit

Traffic (Two Way AADTT) Traffic (Two Way

AADTT)
2000 4000 8000 2000 4000 8000
BM (Average) 6.3 5.76 5.51 5.89 0.22 022 023
Current value
BM 25 +0.8 2 3.52 3.41 3.58 0.22 022 023
4 4.29 413 4.37 0.22 022 023
BM 25+0.4 4 413 3.98 4.20 0.22 022 023
6 4.95 4.74 5.04 0.22 022 023
BM 25 6 5.28 5.06 5.39 0.22 0.22 0.23
<] 5.63 5.38 5.75 0.22 0.22 0.23
Thickness: SM-2" SM-2" SM-2"
IM-2" IM-2" IM-2"
BM- 7" BM- 9 BM- 10"

Aggregate base: 6", A-7-6 subgrade

ua

v S Limit at
BM 25+0.8% <2% (one 4% Pavement Type Distress Limit Year
project) Total RutDepth ~ 0.26inches 15 years
BM 25+0.4% 4% 6% Flexible Pavements  Total Bottom-Up 6 Bercent a0ears
o, o, Fatigue Cracking p Y
BM 25 6% 7.8%
1\*¥2Brz ;1\ kb
}:0.00432‘(3-,{?,‘&,(“) &)
€ =104
(% \
M= llﬂlw,’ + 069)
AC Fatigue Model 3 a 10 a
Pavement ME predictions Rutting Model
Mix Type Fatigue Cracking (%)

zi = Kz fpy 10%:T*3bra V kaBra == /)
= -, = plastic strain

&, = resilient strain(*"/;,)
T= layertempmum{?)

N = number of load repetitions

k. = (C; + C; = depth) « 0.328196%°7t%

€y = —0.1039 = H + 2.4868 = H, — 17.342
C; = 0.0172 « H3 — 1.7331 « H, + 27.428
Where:

H,, = total AC thickness(in)

Coefficient |V 2.2 VDOT local
Calibration (V 2.2)

K1 -3.35417 -3.35417
K2 1.5606 1.5606
K3 0.4791 0.4791
p1 1 0.687

B2 1 1

B3 1 1
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Rutting Model

Repeated Load Permanent Deformation Test: BM Mixes

1.00E+00 1
200E-2 y——
1.80E-02

100

10000
= 160E-02 1.00E-01
S 1.40E-02
£ 1.20E-02 {
£ 1.00E-02
% 8.00E-03
§ 6.00E-03
£ 4.00E-03
5 2.00E-03
 0.00E+00

1.00E-02 §

1.00E-03

Permanent Strain, in/in

1.00€-04 4
o Load Cycles

0 5000
Load Cycles

10000

£
£ = k_B,,10%:T*2Pr2 N kaBrs

v

Coeffi
cient

o y BM 25 BM 25+0.8

Calibration

(V2.2)
K1 -3.35417 -3.35417 -2.45 -7.66 -11.39
K2 1.5606 1.5606 3.01 2.4 4.08
K3 0.4791 0.4791 0.22 0.15 0.26
B1 1 0.687 0.40
B2 1 1 0.52
B3 1 1 1.36

K values- combination of lab and field resuits

V22

Rutting Model — BM Mixes

vDOT VTRC Lab Testing
local

22 = kyfy 10%s T Bra N RsBrs

&y 14 n

Rutting Model

0.24* Pow{RUT,0,8026) ~ 0.001

Fatigue cracking model verification- Ongoing
* Beam Fatigue Test

Pavement ME fatigue cracking Model

Ny = 0.00432 =C = fyky ([")k"b’ (:__,)wh

C = 10¥

m=asa(- Y o60)
: \izvw )

AC Fatigue Model

Average In-place air voids: 6%

. Q. | vDOT Iocal V2.5
S-VECD callbration (V2.2) ‘
K1  0.007566 375
K2 1281 1.46
K3 395 287
Bf1 42.87 New values based on
thickness
pr2 1 0.88
B3 1 138
IM Mixes Dynamic Modulus- IM Mixes
Similar Gradations 10,000,000
Base Binder: PG 645-22 (PG 64-22) s ww v
1,000,000 T L
Mix Type Asphalt |RAP %  Extracted Effective Ho:gé."' -
content Binder Binder 190,000 - g%
(% by Grade content (by 10,000 °
weight) Volume) % 2 .
IM-1 47%  30% PG76-16 11.3% g Y °18-1010  «18-1014
IM-2 4.9% 10% PG70-16 11.3% g 100 =18-1017 - 18-1023
IM-3 5.0% 30% PG 76-16 11.9% S 10
IM-4 4.8% 26% PG70-22 11.7% E .
) 0.00001 01 1000

Reduced frequency, Hz

- g

141



AASHTO Pavement ME Users Group Meetings

Fourth Annual Meeting — New Orleans
November 6-7, 2019

Pavement ME predictions

Fatigue Cracking (%)

Traffic (Two Way AADTT) Traffic (Two Way

AADTT)

| 2000 4000 8000 2000 4000 8000
IM (Average) 5.3 5.76 5.56 5.89 022 022 024
Current value
IM-1 6 5.71 5.52 5.86 0.20 0.20 021
IM-2 6 5.67 5.51 5.85 019 020 021
IM-3 6 5.72 5.47 5.82 0.21 0.19 020
IM-4 6 5.71 5.52 5.86 020 021 022

Rutting Model —IM Mixes

Coefficient| V 2.2 ‘ VDOT local |vas VTRC Lab
Calibration (V 2.2) Testing

K1 335417 -3.35417 -2.45 7.62
K2 1.5606  1.5606 3.01 242
K3 04791  0.4791 022 0.15
B 1 0.687 0.40
p2 1 1 0.52
B3 1 1 1.36

K values- combination of lab and field results

2 = k. By 10%1TkBrz Nksbrs

&y 20 H

SMA and SM E Mixes

Dynamic Modulus- SMA
Confinement and Air void effect

Reduced frequency, Hz

- g

SMA Asphalt |SME Asphalt 10,000,000
Content Content oo OO
(%) (%) 1,000,000 + ©8 q oW
1 6.4% | 5.5% 100,000 1 i .
2 6.4% 2 5.9% e A7
. : 10,000 - v z © 4.5%-confined
! 6% 2 Bk B ' = 4.5%-unconfined
4 6.8% 4 5.2% 2 1,000 + 7%-confined
5 6.7% 5 5.8% E = 7%-unconfined
e 100
6 6.7% 6 5.4% E
RAP ~15% o
Base Binder: PG 64E-22 (PG 76-22) - pa -
' Reduced frequency, Hz
5 n Average in-place air voids:4.5%, Specification:6% ,, n
Dynamic Modulus- SMA Vs SM E Rutting Model —~SMA Mixes
Coefficient | V 2.2 VDOT local |vas
10,000,000 Calibration (V 2.2)
oo 0p ARP
1,000,000 - om et 508 R
e aaoo @
100,000 Ja ®°  epit o 2°° K1 3.35417 -3.35417 2.45 1594
- e K2 1.5606 1.5606 3.01 6.25
* o
i TOOW A g ©18-1016  18-1038 - 18-1047 K3 04791 04791 022 055
(=%
4 1,000 +18-1064  18-1031 - 18-1051 i t 0.687 0.40
= B2 1 1 0.52
é 100 | o SM-E B3 1 1 1.36
£ 10 |
2 1 Tests on-going for SMA and SM E mixes
> T T
B2 0.00001 0.1 1000
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Observations

- Dynamic Modulus as measured in the lab is not
enough to explain the difference among mixes

- Continue with average dynamic modulus values for
BM and IM

- Mix specific rutting coefficients?

- Separate rutting calibration for SMA mixes?

25

Future Steps
- Implementing MEPDG on rehabilitation design

- Adopting the latest version
Version 2.2 to 2.5

- Sensitivity analysis for new versions
*NARR to MERRA climate data
*Changes that will adjust the models based on
NCHRP studies
» Local Calibration of Rutting and Cracking Model —
V2.5

26

Thank You

Questions?

Hari Nair, Ph.D., P.E
Senior Research Scientist, VTRC
harikrishnan.nair@vdot.virginia.gov

27
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Presentation 15—Mohammadreza Mirzahosseini, Purdue University

@NSITIVITY OF FATIGUE CRACKING MODELS TO EFFECTIQ

BINDER CONTENT

4™H ANNUAL PAVEMENT ME USERS GROUP MEETING

Tommy NANTUNG, JUSANG LEE, JAN OLEK,
MOHAMMADREZA MIRZAHOSSEINI, AND JONGMYUNG JEON

| NEwW ORLEANS, NOVEMBER, 2019 i

MextLevel

INGIANR

Introduction

* The main contributing factors to pavement performance are HMA materials and
mix design, pavement structure design, asphalt concrete (AC)—mix production, AC—
mix construction, climate condition.

The effect of material quality on performance of the hot-mix asphalt (HMA)
pavement over its lifetime is important.

As the first possible strategy in improving pavement performance, many
researchers have looked into improving the material quality and mix design.

Among the material quality measures affecting the pavement performance,
VMA g @ basic yet important characteristic of asphalt pavement, plays a key
role.

When designing a pavement structure, a designer uses typical materials inputs
with assuming that material or mix quality meets requirements.

.

This study varied mix quality (in terms of VMA,.;,) and evaluated the Pavement
ME sensitivity to it.

MextLevel

INGIANR

Voids in Mineral Aggregate (VMA)

Select Volumes for Display
Aggregate
Vi Vaids in the Mineral Aggregate (VMA)

VMA

Asphal Binder N
; Air Voids ] :
i / Effective
Vi Aur Vouds (Vs e I
FESEERES - 4 'I - st
TP . 7 Binder

HMA Close-Up Volume Diagram

NextLevel

INGIANR
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VMA Measurement and Requirement

Where:
Gmb > PS VMA = voids in the mineral aggregate, percent of bulk volume
VMA = 1 0 0 = = G, = bulk specific gravity of total aggregate
G.’j'b Gy, = bulk specific gravity of compacted mixture

P, = aggregate content, percent by total mass of mixture

Standard Specification for Superpave Volumetric Mix Design

AASHTD Designation: M 323-17! AASH D

n

Roabaasa: Group 3 [y}
Table 7—Superpave asphalt mixture Design Requirements

Required Relative Demity.

i Dol || Vot iimiArepme 048, | voikelied  Dumn

Design . e with Asphalt Binder
ESALs.* Mominal Aggregate Size. mun (VFA) Ramnge,” Ratio
willion Ninidal __ Nitesign N 37.5 250 190 125 9.5 475 % Range”
03 =815 6.0 =SB0 1o 120 130 140 130 160 =T 0612
03103 =905 °6.0 =980 1o 120 130 MO0 150 160 65787 06-1.2
3w <10 =890 960 <980 10 120 130 140 150 160 65750 06-12
10 10 <30 =890 96,0 =950 10 120 130 140 150 160 G370 06-1.2
=30 =$9.0 96,0 =0 0 110 120 130 140 150 160 6575 0.6-1.2

[l NextLevel
M

VMAin QC/QA

: . VMA Measurement as Part of QC/QA Program
= According to a recent study in

2018, 32 states use VMA as part
of their QC/QA programs.

.

Ahmed Faheem (2018)

N Hgthovel
Problem Statement
Is Pavement ME fatigue crack
models sensitive enough to
VMA/V,.?

R Nextiovel
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Mixes

* Mix design with varying VMAs
from the minimum requirements

* VMA minimum requirements
* 15% VMA for 9.5 mm mixes

Design (Values from the Pills)

* 13% VMA for 19 mm mixes

* VMA deficiencies (AVMAp.qq0)

« Approximately 0%, —1.5%, and —3.0%
« Gyratory compaction effort

* Nyesign = 100

* Air voids are 4% for all mixes.
= Aggregates: crushed aggregates of

limestone and natural sand
* PGs

* 70-22 for 9.5 mm mixes
* 64-22for 19 mm mixes

Mix Type
VMAg,,.n |AVMAgin | Vi V, Py
95A 15.3% 0.3% 11.20% | 4.1% 6.3%
9.55 13.4% -1.6% 9.50% 3.9% 5.3%
9.5D 12.1% -2.9% 8.00% | 4.1% 4.7%
19A 13.0% 0.0% 9.00% | 4.0% 5.5%
1958 11.6% -1.4% 7.50% | 4.1% 4.6%
19D 10.1% -2.9% 6.00% | 4.1% 4.0%

Standard Method of Test for
Determining the Dynamic Modulus
for Asphalt Mixtures Using Small
Specimens in the Asphalt Mixture
Performance Tester (AMPT)

AASHTO Designation: TP XX-XX

Dynamic Modulus (|E*|) Test for MEPDG Leve1 Inputs

* Specimen size: 38 mm (1.5 in.) diameter by
110(4.33in.) tall

= Specimen air voids (%): 7£0.5
* Temperatures (°C): 4, 20, and 40
* Frequencies (Hz): 10, 1, and 0.1

|E*| Specimen (Cylindrical Cores)
Mix Type

V. Vie
95A 7.0 10.9
955 6.8 9.2
95D 6.8 7.8
19A 7.0 8.7
195 6.8 71
19D 6.8 5.4

|E*| at 25°C and 10 Hz

+ 95 mm NMAS mixes had
higher |E*| than 95 mm
NMAS mixes.

+ Another point is the effect of
AVMApegq, level on  |E¥|
variability in each mix. Within
the VMAg,.q range used for
this study, the more negative
AVMApe.gn of a given mix,
which means lower effective
binder wvolume (V..), the
higher the modulus of the
mix.

8,500
—9.5mm
8,000
7,500
{ 7,000
1 6,500

6,000

1 5,500

5,000

-3.0% -2.5%

-2.0% -1.5%

-1.0% -0.5% 0.0%

AVMA g g/AV,,.

[E*|, MPa
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Pavement ME Modeling

* Analysis years: 20
* Location: Indianapolis

* 7,000 AADTT= 30 million ESALs (threshold
between CAT 4 and CAT 5)

* Two ways and one lane per direction

* Asphalt full-depth pavement

+ ACthicknesses: 1.5" Surface + 2.5" Intermediate +
5" Base =9 “ in total

* Subgrade annual representative M, = 8,900 psi

95D

Nextevel
AC Input Cases
Case 1 Case 3
AC Surface 95 A AC Surface 95 A AC Surface 95 A
9.5 5D AC Intermediate AC Intermediate

NextLevel

INGIANR

Top-down
AC Surface 95A =
)
9.5 5D E
1500 é
2
9.5D 2
1000 5
AC Intermediate 19 A ‘\*\ g
s
500 2
A
8
35 25 45 0.5
BVMAG e/ BV, (%)

Bottom-up

24 —
£
-3
—_—t20 5
.——'—'_"'_'___'_ =
3
2
16 o
2
o
12 B
o
£

8
£
@

4

3.6 2.5 1.5 0.6
AVMApe a0/ BV e [¥0)

MextLevel

INGIANR
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(i

Top-down Bottom-up
2000 28
AC Surface 95 A
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H [
1500 E U AREEE ESE
g 3
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H ®
4 1000 S E
E 12 ,E
E 7
P__,_..—-—'—"—"_'_‘ = 5 E
500 £
¥ @
-3
g 4
3.6 26 46 0.5 36 26 A6 0.6
AVMA g a8V (%) VMG e BV (%)
NextLevel
Top-down Bottom-up
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_ \ 24
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. | g
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HNextlLevel

Case 1vs.
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vs. Case 3
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o
£
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-
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=
8
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Bottom-up fatigue cracking (%)
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Life Reduction Due to VMA deficiency

1000
-2 L ,
iz Al -
% 800 e 4
£ .- -4 L o
? S _ - s ’
2 600 -~ =7 = 6| L’
= i o = -
o = o g -
g e > 4r %
%’ 400 I oz ot é E
€ ik zf™ -0 | s
g f_/ -~ 964 =
2 200 Performance 9.65D 12 + - - ” —+—Pavement ME Design - 9.5-mm - TD Cr.
= loss, AL | -« 8,50 L =m= Pavement ME Design - 19.mm - BU Cr.
1 -14 T T . . 5
o L e L —1 .
0 5 10 15 20 25 -3 2.5 -2 -1.5 -1 0.5 0
Age [years)

AVMAGsi/ BV, (%)

MextLevel

INGIANR

INDOT VMA Pay Factor

= Pavement fatigue performance loss appears
to form a rational base for establishing pay
factors for as-constructed pavements.

-
L8]

* The results of the life reduction model were
compared to the INDOT VMA pay factor
presented in section 401.19 (INDOT, 2018) to
evaluate the reasonableness of the model
outputs.,

=
w

o
o

&=
»

+ life reduction values were then converted to
remaining performance ratio (RPR):

—Pavement ME-TD-9.5mm

=
(5]

= =Pavement ME-BU-19mm

Remaining Performance Ratio (RPR)

20 — Life Reduction i ‘ ; ’ 7 :
RPR=—————— 0 0.2 0.4 0.6 0.8 1 1.2
zh INDOTVMA-BasedPay Factor (INDOT Spec. 2018)

+ Compared to pay factors specified by both INDOT's Standard Specifications in 2018, life reduction values
obtained in this study offer higher RPR. This is because RPRs are merely based on two types of cracking (i.e,
TD and BU cracking), while pavement performance depends on many other types of parameters.

« INDOT uses one pay factor for different pavement courses (9.5 mm NMAS and 19 mm NMAS mixes), while the
finding of this comparative study showed that RPR can be a function of mix type.

Summary

« Among the different cases we studied, TD and BU cracking models of Pavement
ME are just sensitive to VMA/V,, deficiency in surface course (TD-Case |) and
base course (BU-Case lll), respectively. For other scenarios, Pavement ME did
not show sensitivity to VMA/V,,, deficiency.

+ For the cases to which Pavement ME showed sensitivity, the AVMAp.,, deficiency
could reduce pavement cracking performance up to 50% for TD cracking and 60%
for BU cracking.

+ A comparison between the VMA pay factor in INDOT's Standard Specifications and
RPRs supports the reasonableness of the performance reduction model developed
in this study.

MextLevel

INGIANR
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Thanks!

Questions?
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Presentation 16—Bob Klutz, Kraton Polymers

KRATON

Advanced Use of Pavement ME
v2.5 for Major Project Full-
Depth Pavement Design with
High Performance Materials
using Material Property Global
Recalibration

Bob Kluttz - Kraton Polymers
Raj Dongre - Dongre Laboratory Services, Inc.
Scot Schwandt - Kiewit Infrastructure Engineers

Outline

NCAT test track section performance

« AASHTOWare™ Pavement ME Design advanced
modeling

= Growing Pains - v1.? (2013) to v2.55
FLEXPave™ software modeling

KRATON

National Center for Asphalt Technology Test Track

5 trucks, 16 h/day, 5
days/week

« Axle load: 18 kip
= Speed: 45 mph

KRATON -

Control (S9) and HiMA (N7) Section Designs

Section 59 - Control
178 mm Standard Hot Mix ection
145 mm Highly Modified Hot Mix _

7in -

Dense Graded Crushed Aggregate Base
M, = 85 MPa
n =0.40

Test Track Soil

Courtesy Prot. David T, Aubiurn U

National Center for Asphalt Technology Test Track

Track cycle of 10 million ESALs simulates the design lifetime of
damage in 2+ years

ESAL = Equivalent Single Axle Load = 1 pass of 18 kip axle

Highly Modified Asphalt (HiMA) project started in 2009 cycle
Part of Performance Group study—6 sections including control
+ Continued in 2012 cycle
+ Total 20 million ESALs

KRATON E

Evaluation of Test Cases - MEPDG

100% - - 0.9
Fatigue
90% MFatg ot
; 80% H Rutting S | -
<
2 70%
E + 06
5 60% £
% L 05 ¢
o 50% §
2 a0 04 5
@ o
o
+ 03
2 30%
2
£ 20% [:0:2
10% 0.1
0% 0
Control (7") Kraton (5.75") Kraton (7")
Cross-Section
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Crack Maps at 17 Million ESALs

3/14 Rutting 2/14 Crack Maps

(e 4~k by e A by e
$9  60mm - ;
N / Wi 1 , SYPIC TR [5S

Lane-9% Left wheel path-12% Right wheel path - 21%

N7 1.6 mm I

Lane-0% Left wheel path-0%  Right wheel path - 0%

N7 Crack Map at 20 Million ESALs

S9 resurfaced at
17 million ESALs

[\ 4~ tm e Al iy i~
2 0 ['_" "y‘:w_-f\\_x nodls.

Lane-10% Left wheel path- 13% Right wheel path-21%

L AL AR | U LT \,l_
N7 =
vt (b aY g Ly e

Lane-6% Left wheel path-15%  Right wheel path - 8%

N7 cracking is superficial top-down

Pavement Design

« Pavement Design objective: Using Pavement ME shows that the
“innovative” design is equal or better than the “traditional” design

« Pavement ME Distress Models being evaluated:
* Ride /IRI
* Total Rut Depth
* Thermal Cracking
= AC Bottom-Up Cracking (Alligator)

@ Kiewit ®Kiewit
Case Study: HiMA Asphalt Layer
How do you implement new
tech nology us'ng Pave me I’]t « Traditional Design * Innovative Design
M E‘r) roreas
& Kiewit

B Kiewit

Pavement ME Inputs

« Misure Dmami o s
+ Intermediate Mix—S(100) PG64-22
@ Agency defined Level 1Inputs
« Miure voumercs
¢ Binder Characxeiation
 Misture Oymamie o i
+ Bottom Mix—RBL 5{100) PGE4-22
@ Level3 Inputs
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D Kiewit

S(100) HiMA Information | -

_ M Kiewit
Pavement ME Modeling

* Innovative Pavement
¥'Level 1Inputs
= Surface (PMA Mixture)
= Lower {HIMA Mixture]
 Agency PMA Local Calibration
¥ HiMA Calibration

» Traditional Pavement

¥'Level 1Inputs
= Surface [PMA Mixture)
* Intermediate (Non PMA Mixture)
= Bottom (Non PMA Mixture)

v Agency PMA Local Calibration

¥ Agency Non PMA Local

Calibration

>>>Pavement ME only allows one set of calibration factors
How would you model???

Pavement ME Models - Permanent Deformation

Apima) = Epmaiiima = BrikoErma) 104 kr2Br2Tkr3prs

Where:

Aprma) = Accumulated vertical plastic (permanent) deformation
£o(Hma) = Accumulated axial plastic strain

£ Hma) = Calculated mid-depth resilient strain

hywa = Thickness

n = number of axle load repetitions

T = pavement temperature

k, = depth confinement factor

K:1,r2..2 = global field calibration parameters

Br1,r2.r3 = local or mixture field calibration factors

KRATON ®

Pavement ME Models - Fatigue Damage -
Alligator (bottom up) and Longitudinal (top down)

Nerma = Ket (CY(Cy)Bry (£0) 2R (Egypa) 07

Where:

N¢.pma = Allowable axle load applications

£, = Tensile strain

Eppa = Dynamic modulus measured in compression

k12,12 = Global field calibration parameters

B1. 12, ;3 = local or mixture field calibration factors

C = volumetrics parameter (asphalt content and air voids)

Cy = Thickness correction term (depends on type of cracking)

KRATON

Pavement ME Design - Design Levels

There are three design level options for
MEPDG:

Level 3 - Just mix gradation and binder PG grade
Level 2 - Mix gradation and binder modulus data

Level 1 - Mix modulus data

KRATON :

Pavement ME Design - Level 1 Input

Mixture mastercurve - dynamic modulus at 10, 40,
68, 100 & 130 °F. Usual practice is to only run middle
3 temps, but for HiMA the standard sigmoidal fit may
not be very good so we require the 130 °F data.
Endurance limit - default is 100 pe

Binder mastercurve - dynamic modulus at same
temperatures

Indirect tensile data at 0 °C, -10 °C and -20 °C for
thermal cracking

For unbound base - Poisson’s ratio and modulus or
CBR

For subgrade - same

KRATON ¥
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ME Design Strategy for HIMA

Level 1 Design
Mixture mastercurve including 130 °F data.
Endurance limit from fatigue testing

Revised fatigue global calibration factors from
fatigue testing

Revised rutting global calibration factors from
deformation testing

KRATON '”

Fatigue Calibration

Determine N; versus strain curve

Fit k¢ and kg, to curve

Measure modulus and reverse fit ke,
Extrapolate to N; = 50MM for endurance limit

Options for fatigue testing:

Standard 4 point bending beam

NCSU S-VCED model and procedure using AMPT
AAT S-VECD model and procedure using AMPT

KRATON =

AMPT or Four-Point Bending Beam Fatigue Curve

Fatigue Curve

16408

y =k (1/5p)a

LEO7

1E+06

Nt

1E405
1E+04

16203

KRATON

Rutting Calibration - NCHRP 9-30A Protocol

This is the 9-30A protocol, but similar data can
be generated with, e.g., Hamburg or APA

Run AMPT Flow Number (F,) at 3 temperatures,
70 psi load, 10 psi confinement. Temperatures
are 20 °C, (LTTP 50% reliability temp -5 °C) and
midpoint. Typical would be 20 °C, (64-5) = 59
°Cand 39.5°C

ky; =y axis intercept of secondary flow tangent
k., = slope of secondary flow
k.3 = slope of k. versus temperature plot

KRATON

AMPT Flow Number Data Microstrain Versus Time

Microstrain

k., is the y-axis intercept
k; is the x versus y slope
k315 the k. versus temperature slope

Timeline for Complete Project

AMPT E* at 4 temperatures, 2 specimens - 1-2
days

AMPT push-pull fatigue test protocol - 2 days
AMPT F,, testing - 2 days

So full material property input can be
generated in a little more than a week.

Flexible test methods can be selected per
regional preferences.

KRATON @
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Crucial Point for Pavement ME Design

Note that we adjusted the global calibration
parameters in this analysis, not the local
calibration factors.

Local calibration requires data from actual local
pavement performance and materials which we do
not have.

Consequently, we cannot do an “absolute”
pavement design and predict performance.

What we can do is a relative pavement design,
comparing a HiMA pavement to a standard one, and
give a high confidence expectation of relative
performance.

KRATON =

Fatigue Calibration Factors for Section N7

7.566E-3
1.4964E-2
7.5721E-5
0.9762
7.386E-3

3.9492
3.9492
7.3135
0.7595
2.9994

1.2810
1.2810
2.3655
0.0491
0.0630

KRATON =

Rutting Calibration Factors for Section N7

-3.3541 0.4719 1.5606
-3.7902 0.4719 1.5606
0.8045 0.4791 1.0000
-2.6985 0.2261 1.5606

KRATON

S9 Predicted Cracking N7

Predicted AC Bottom-Up Cracking
= =50% Reliability - --Specified Reliability
- 20

Predicted AC Bottom-Up Cracking
= =50% Reliability = =—-Specified Reliability
20

€18 = €18
216 - >16
214 + T 14
812 g1
210 - S 10 |
- a
> 8 = S 8
£ ; £ ¢
2 4 e g 4
& 21 e - I R e
0 =TT T 0 b i = e
0@ o > 43 %] %l & 0 3 %] o
N N N .3 N S N N W
) & ) W) & © ) o
AP G AR oV S aF P

Measurement Dates Measurement Dates

KRATON

S9 Predicted Rutting N7

Predicted Permanent Deformation at 50% Reliability Predicted Permanent Deformation at 50% Reliability

A Total +—Total = Subtotal Subgrade — - Subtotal AC — - Subtotal Base

Subtotal AC

Rut Depth (mm)
Rut Depth (mm)

i

9
2
7
6
5
4
3
2
1
0

12013
Measurement Dates

/003 72010 sfom 32012 1203 9/2009 72010 5/2011 372012 1/2013 112013

Measurement Dates

Predicted damage summary

10.2 8.4

6.4 1.5

18 1:5
Measured damage summary

6.0 1.6

6.0 1.6

10 0
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PMED v1.? (2013) versus v2.55

Be careful with calibration factor identity!
Local calibration factors now start with a =1 value

Global calibration factors versus project calibration factors - which
should be adjusted or does it matter?

MERRA database takes some learning

KRATON

FlexPAVE™ 1.0

Three dimensional layered viscoelastic analysis for
moving loads and thermal stresses

Fatigue performance analysis based on Viscoelastic
Continuum Damage (VECD) Model

Rutting performance analysis based on the shift
model

Support for multiple axle and multiple wheel loading
Integrated with EICM software to capture
temperature variation for thermal stress analysis
and material properties

0 Integrated GUI that includes pre and post processors

3

PMED v1.? (2013) versus v2.55

N7 Target v1 v2.55 p=def v2.55 B=1
Terminal IRI (in/mile) 172 105 100 107
Total deformation (in) 0.75 0.33 0.23 0.36
Bottom up cracking (%) 25 1.45 1.45 2
Thermal cracking (ft/mile) 1000 27 440 440
Top Down cracking (ft/mile) 2000 378 260 3500
AC deformation (in) 0.25 0.06 0.01 0.17
59

Terminal IRl (in/mile) 172 114 108 470
Total deformation (in) 0.75 0.4 0.34 8
Bottom up cracking (%) 25 18 9 100
Thermal cracking (ft/mile) 1000 27 440 440
Top Down cracking (ft/mile) 2000 8000 5200 14000
AC deformation (in) 0.25 0.19 0.17 8

KRATON

NC STATE UNIVERSITY

FlexPAVE™ Simulation

NCAT Test Track 2009 Performance Group

1

=

Lk

oGre Evotherm |

Control High RAP

FlexPAVE™ Simulation

NCAT Test Track 2009 Section N7

Koo (Bnee)

NC STATE UNIVERSITY

FlexPAVE™ Simulation

NCAT Test Track 2009 Section N7 Expanded Scale
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STATE UNIVERSITY

NCAT Test Track Prediction

60

50

4 ® Fw
BT AW

20

e

10 RwW

% Cracking Measured

0 % : . ;
5 7 9 1 13 15

% Damage Predicted

Legal Disclaimer

Kraton Corporation and all of its affiliates, inc \udmg Kraton Chemical, he\is—vg!he informatien set forth herein to
be true and accurate, but any that may be made are
without any warranty or guarantee whatsoever, and shall establish no legal :lury on the part of any Kraton
affiliated entity. The legal responsibilities of any Kraton affiliate with respect to the products described
herein are limited to those set forth in Kraton’s Conditions of Sale or any effective sales contract. NOTETO
USER: by ordering/receiving Kraton product you accept the Kraton Conditions of Sale applicable in the
region. All other terms are rejected. Kraton does not warrant that the products described herein are
suitable for any particular uses, including, without limitation, cosmetics and/or medical uses. Persons using
the products must rely on their own independent technical and legal judgment, and must conduct their own
studies, registrations, and other related activities, to establish the safety and efficacy of their end products
incorporating any Kraton products for any application. Nothing set forth herein shall be construed as a
recommendation to use any Kraton product In any specific application or in canflict with any existing patent
rights. Kraton reserves the right to withdraw any product from commercial availability and to make any changes
to any existing commercial or developmental product. Kraton expressly disclaims, on behalf of all Kraton
affiliates, any and all liability for any damages ar injuries arising out of any activities relating to the use of
any information set forth in this publication, or the use of any Kraton products.

“KRATON, the Kraton logo, ARIZONA CHEMICAL, and SYLVARDAD are either trademarks or registered trademarks of
Kraton Corporation, o its subsidiaries or affiliates, in one or more, but not all countries

92009 - 2019 Kraton Corporation

KRATON
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Presentation 17—Allen Cooley, Burns Cooley Dennis

Field and Laboratory Work

to Locally Calibrate the New

Pavement Design Guide for
Mississippi DOT

Allen Cooley, Ph.D.
Burns Cooley Dennis, Inc>

AASHTO Pavement ME
National Users Group Meeting

Geotachnical and Materials Consultants

Topics

» Sampling To Obtain Materials and Field
Data for Local Calibration of ME Pavement
Design

Laboratory Testing To Obtain Data for
Local Calibration of ME Pavement Design

Bums Cooley Dennis, Inc.

Geatechnical and Materials Consultants

State Study No. 263

Field Study Entailed
Sampling 64 Sections
Throughout Mississippi

Only one of a Number of
Studies Carried out by MDOT %
For Local Calibration

Burns Cooley Dennis, Inc.

Geotachnical and Materials Consultants

Field Work

» Crew of Seven

— Five from Consultant

— Two from MDOT
» Consultant

— Engineer, Driller, GPR, Coring, Helper
« MDOT

— Engineer, FWD

Bums Cooley Dennis, Inc.

Geatechnical and Materials Consultants

Traffic Contrdl>
I
1
Cut nisal Core 10
Venify Pavement
Structre

Diill Tempe rature
Hoke 10 Measure
s Temperaturs

Grownd Pereating
Radar Te sing

Phase |

Develop Disvess
Actbes Vap

Select Lacations o
Evsluate Typical

State Study No. 263

Phase |
Acthities

Field Sampling Plan

Core Selected
TypicaiNontypical
Cracks and Any
GPR Anomaies

1
Sampla Pavement
Layers and
Determine Layer
Thicknesses

Conduct DCP Testing

Phase Il
Aciities

Burns Cooley Dennis, Inc.

Geotachnical and Materials Consultants

Phase |
Activities

Drill Temperature
Hole to Measure
In-situ Temperature

Cut Initial Core to Verify
Pavement Structure

Bums Cooley Dennis, Inc.

Geatechnical and Materials Consultants
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Phase |
Activities

Ground Penetrating
Radar Testing

sz —

Ozt

Ve ner e e

v s wnss

osseunes

Geotechnical and Materials Consultants

Average Maximum Rut Depth, mm

 UEOLECIIICEN AT ML CORSUIanS

Phase | Phase |
Activities Activities
| Develop Distress Map ‘ Develop Distress Map
Distress Survey Map
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1 — 100% Activities
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— Maderate Severity Rutting i
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3
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'
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Dl Temperare | [ Cutnisal Core 1o | [ Ground Penenating
Hok to Measure || Venty Pavemert Radar Testing
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Phase Il
Activities

Selection of Sampling/Testing Locations

Mean & Streve 2831

surface Modulus (ksi)
]

Wean - One Sticv 186k)
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Geotechnical and Materials Consultants
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State Study No. 263 Boegiat Culs
m—
aricatae s
Phase I Abines
Analysis of FWND
Data
s
Sarmpls Pavement Core Selected
Layers ar TypicalNontypical
freld ey PR Amemates
[
4 ;
Phase IV =T .
Aetiios Falling-Weight
Deflectometer
Testing Bums Cooley Dennis, Inc.
Geotechnical and Materials Consultants Geotechnical and Materials Consultants
Phase Il L
Activities

State Study No. 263

3
Groing Penetrating
Radar Testing

:
Drll Temperamre | [ Cut minal Core 1o
Hok o Measure Venfy Pavement
sty Temperatrs Stuchrs

Phase Il

Phase |
vdd Desolp Dvas
Select Locations 1o
Evalunte Typicol
MNontypecal Cracks
Faling-Weight
Defecometer
Prase I
Aot
Analysis of FWD
Dats
i
Samphs Pavement Core Sekeisd
Lapers a Typicaitiortypical
e Determine Loyer Cracks and Any
e Trichnesses GPR Anomales
|
Conduct DCP Testing ‘
s
Phase W
Fatch Al Core
futhites Hales and Clean

&>
Burns Cooley Dennis, Inc.

Geotechnical and Materials Consultants

Phase Il
Activities
Sample Pavement Layers and
Determine Layer Thicknesses

Subgrade Stabilized Layers

Bums Cooley Dennis, Inc.

Geotechnical and Materials Consultants
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Phase Il
Activities
Sample Pavement Layers and
Determine Layer Thicknesses

Burns Cooley Dennis, Inc. Bums Cooley Dennis, Inc.
Geotechnical and Materials Consultants Geotechnical and Materials Consultants

Phase lll

Activities
Core Selected Typical/Nontypical
Cracks and Any GPR Anomalies

Bums Cooley Dennis, Inc.

Phase llI )
Activities Laboratory Testing
| Conduct DCP Testing ‘
il « HMA
» Granular Materials
« Stabilized Materials
» Subgrades
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Laboratory Testing Stabilized Layers
* HMA, Granular and Subgrades were * Indirect Tensile Test - NCHRP Report 789
typical of testing the materials « Modulus of Elasticity
—HMA —Density, Pb, Gradation, etc. + Unconfined Compressive Strength

— Granular and Subgrade — Limits, m/c,
gradation, etc.

Burns Cooley Dennis, Inc. Bums Cooley Dennis, Inc.

Geotechnical and Materials Consultants Geotechnical and Materials Consultants

Typical CSM Samples

Burns Cooley Dennis, Inc.

Geotechnical and Materials Consultants

Histogram of IDT Strengths

® Unknown Stabilizer
= Cement Stabilizer
w Lime/Fly Ash Stabilizer

Lime Stabilizer

No. of Observations
5

- ~ - £y
o —
——

0

S2R87SF¢REFgIRRIEERBE SRR §gERBEEE2ERE L

Bums Cooley Dennis, Inc.

Indirect Tensile Strength, psi
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® Unknown Stabilizer
= Cement Stahilizer
= Limey/Fly Ash Stabilizer

Lime Stabilizer

No. of Observations

o || |||| ||||

0 100 200 300 400 SOD GO0 700 GO0 900 1000 100 1200 1300 1400 1500 160 1700 18D 1900 2000 More
Modulus of Elasticity, ksi

GEOUECIINICAT S0 VML 1S COMSUIENT

10

No. of Observations

" T
Compr g

® Unkown Stabilizer
® Cement Stabilizer
 Lime/Fly Ash Stabilizer

Lime Stabilizer

SERARRAIUARAEERLBERAEEIIRARRTEAR RS

Unconfined Compressive Strength, psi

NI I MO 11 CONSUIITS

Summary

» Consultantis providing:

- Field Observations
* Distress Types and Mechanisms
+ Straightedge Rutting

— Sampling Information
— Material Properties

« Two Sections were Removed from the
Data Set

Burns Cooley Dennis, Inc.

Geotechnical and Materials Consultants

AASHTO Pavement ME
National Users Group Meeting|

The Mdétley Crie

Allen Cooley, Ph.D.
(601) 856-2332
acooley@bcdgeo.com

Bums Cooley Dennis, Inc.

Geotechnical and Materials Consultants
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Presentation 18—Casey Nash, Maine DOT

Local Calibration Efforts for the

State of Maine
(AASHTOWare Pavement ME Design)

AASHTO Pavement ME National Users Group Meeting, New Orleans, LA
November6 & 7. 2019

1** MaineDOT

Contents

Introduction

Initial local calibration using PMS database - Historical projects
Use of ‘The Calibration Assistance Tool

Pavement ME Research test sections: On-going effort

Summary

1% MaineDOT P

Introduction

O Maine: General Conditions
U Climate
4 Traffic
O Soils
U Road Infrastructure
O Current Pavement Design Practice
0 AASHTO 1993 - Darwin Software, and
O Engineering Judgment

O AASHTOWare Pavement ME design,V 2.5.5

1*4 MaineDOT a

!
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Approach: Pavement ME Local Calibration

= Pavement ME Research Test Sections (2016 onwards)
- 500 ft test sections
- Documentation: Design, Construction and Performance
- Material Sample collection
- Field evaluations: Manual distress surveys
- Longterm performance monitoring

m PMS Database: Historical Projects (2006 to 2014)

i%4 MaineDOT

HISTORICAL PROJECTS - PMS DATABASE

11 MaineDOT

Identity Reconstruction Projects with Malenal Data

Preliminary Measured Distress Evaluation

Final Reconstruction Project List

Prepare dala files and formals:

Structure and HMA Subgrade
-l
Run As-built Pavement ME design: Predicted Distress Data

Bias: Predicted Vs. Measured
Optimization [The Calibration Assistance Tool’]

Measured Distress

Data

Work Flow
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s no | ownzen | onLcacacoll <o | omzen | e |yearraco]

Connna 007710.00 2006 L2 Winterport 00276260
_ Abbot, Guilford  011075.00 2008 15 Ellsworth 01000700
Illgllllwno 010012.00 2008 Norway 010020.00
.o 00919200 2009
17 Township D 008670.10
B o0 owmoseo 200
2 £: I Poland 017883.00
Madrid Twp 010019.00 2009
- LI Berwick 01732800
[ Cross Lake T 010005.00 2009
SR 250 old Town 01479400
n Portland 010544 00 2009
n w8 B Warren 017889.00
Castle Hill 011071.00 2009
00 DoverFoxcraft 00919900 2009 Total Reviewed Projects - Around 50
. ' = Rehab (Wrong descriptions)
Bethel, Gilead  009184.30 2010 * RAP Layers or missing layer information
12 Norway 01002010 2010 = Distress not following typical trends
13 Gilead 009184 .50 2011

2011
2011
2011
2011
2014
2014
2014
2015

Traffic data inputs

m Truck Classification Distribution

- Similar roadw
= Axle Load Spectra (WIM data) AHLAnICachse

“Bureau of Traffic Planning”

= Challenges: “Superior Engineering Judgement

- Expertise needed for identifying these
similar roadways

- Possible bias: Improper selection

Pavement Structure

m Contract Plans [ME Plans]
= Contract Bid Documents - Spec 403, Amendments etc.

m Thicknessand number of layers

= Challenges:
- Multiple designs: Amendments
- Change of Units: US customary to Metric

1*MaineDOT &
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Material: Aggregate and HMA

m  TIMS database
- Data available from 2005 onwards

m  Aggregate

- Gradation

- Optimum Density and Water Content
= HMA

- % Air voids

- Effective Binder Content, %

14 MaineDOT

0

Material: Subgrade

= Maine DOT uses existing soil for the subgrade with minimal preparation
- So, soil test data was not available

based on the project location

- However, typical soil characteristic data was obtained using ‘NRCS website’

m Challenges:

- \Variable soils across the project length

“Representative”

.i:'-'j MaineDOT 11
As- Built Designs: Pavement ME Software
m AASHTOWare Pavement ME Version 2.5.5
m Predicted Distress - Rutting and Cracking and IRI

1% MaineDOT .
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Measured Distress data

= Rutting
m Rl

m Cracking

m Challenges:
- \Variable distress data
- Non typical distress - Very low or high magnitudes with age
- ARAN Vehicle model change [2015 onwards - new]
- Cracking database: data collection differences - PMS Vs. Pavement ME

m Longitudinal/Transverse vs Fatigue/Thermal

1*4 MaineDOT

Total Rutting (Tnches) Line of Equafity

Over-Predicted!

QO Total projects: 21

O Distress data
points @ every 2
years (mostly) for
each project

leasured Rut, Inche

Line of Equality

IRI {Inch/mile)

Not obvious!!

160 Bias Chart

THE CALIBRATOR TOOL

Calibration Assistance Tool

1*! MaineDOT
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Data files

Id
ABB7500
ABB7500

ABB7500

ABB7500
'ABB7500
ABB7500

m  Dgpx: AASHTOWare Pavement ME

m  Csv: Measured data

‘Format’

AgeMonth FatigueBU FatigueTD
0
48
72
96
108
120

BB ABETS0O.dgpx
BN BERZE00.dgpx
BH BET2430.dgpx
Bl casTI0.dgpx
BB cLT0500.dgpx

8 COR1000.dgpx
B 0x1500.dgpx
8 poves00.dgex
[l eLwo700.dgpx
BB GIL&450.dgpx
Transverse g HOUS200.dgps
i i i MAD1500.dgpx
Rutting ~ Cracking Iri = MIL120(.‘_d;:.\
56.4 &l NOR2000.dgpx
0.123 67 [ HORZO.dgp
[ 0L09400.49px
0169 | 722 T8 POLE30.dgpr
0.244 771 [ POR4400.dgpx
| I ; | D Towmi0.dgex
0268 79.8 B8 WARES00.dgpx
0.297 831 O wins260.dgpx
14 MaineDOT &

sl Data Upload

—

Projects and Measured Data Upload

TOTAL RUTTING

All Sections Data

Nean ozr
Medkan 0
Standard Deviation 010
# of Sactions 2]

Mean 162
Median 800
Standard Dewation 21
# of Sections 2

Review Distress Data - Total Rutting

18
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All Sections Data
Mean T
" Modian 8,70
2 Standard Diviation 889
!
0
s 102 08 # of Sectians 7
Mas [
i Maan 762
- Madian 800
4
i Standard Deation 22
# of Sections 2

Review Distress Data - IRl s

Final Section Review

20

= Queued
* Running | . ..
= Completed, . . ...

Run Initial Calibration Files 2
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Optimizabon Run Records

=
o

O Tried a couple of runs by
changing coefficients based
on ANOVA results

U Run order 1: Using Global
Coefficients

QO Run order 3: Changing

coefficients [ —— § :

Optimization Run History

RUN 1 - ANOVA Results (Global Coefficient Values) 23

Regression Analysis

RUN 2 - ANOVA Results (New Coefficient Values) 24
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Formula Derivation

b
Som o
[ aomy

RESET CHART 2000

e Lo S T

Final Optimized Coefficient Values s

RESEARCH
TEST

SECTIONS
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Ongoing efforts

m 12 Projects are either completed or to be completed in 2019
= Additional four to five projects per year

m  Materials saved indefinitely - LTPP Lite

m Effort to look backward - forensics

= This will take time & commitment

m Potential expansion to preservation and rehabilitation paving

%4 MaineDOT

28

Work Plan

m Pre-Construction
- ldentify the project: Reconstruction and Rehabilitation
- Locate the test section: Based on site conditions, 500ft length, level surface,
avoid intersections, grades, and other etc.
m During Construction
- Field Coordinator
- Collect material samples and send to laboratory

m After Construction
- Immediately after 0-3 months
m  Collect initial ARAN - IRl and Distress, and FWD data
m  Collect Traffic data, as-built year
- After 1 year onwards

m Field evaluations and/or Manual distress surveys

%4 MaineDOT

20

“Calibration” Sites

m 12 buckets of subgrade

- Density, My, lab proctor, gradation, Atterberg limits
m 12 buckets of base gravel

- Density, My, lab proctor, gradation, Atterberg limits
m 16 boxes of HMA from each lift

- AC, Voids, VMA, VFB, F/B., Gradation, AMPT(DM, CF, S5R), HWT,
IDEAL-CT, Others?

m Five cores of HMA from each lift
- Density

m Four qua rts of binder from each lift
- PG Grading, AT, XRF/FTIR fingerprinting, Others?

%4 MaineDOT
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Use this data in many ways...

m Inputfor “as-constructed” designs for PavementME calibration

m Comparison between testing methods, potential correlation
- Some are suited for Design, some for suited for QA

m Examine effect of volumetrics on performance

m Develop libraries of different mixes

144 MaineDOT

31

Field Investigations: Manual Distress Survey
(Fall 2019)

m Construction Issues
- Fog Sealed

m  Material Issues
- Agdgdregate loss

- To Do: Get crack measurements into Calibrator .csv format
- Complete initial local calibration using ‘The Calibrator Tool' *

m Pavement ME Research Test Sections (Level 1 calibration)
- As-built PavementME projects created at construction
- Longterm pavement performance monitoring

Request

= Interested in hearing other states solutions for cracking calibration and how they
differentiated between top-down/bottom-up and thermal

144 MaineDOT

1% MaineDOT -,
Summary
m Local Calibration Work: Historical Projects and PMS database
- Successfully used historical data for rut optimization
- Pick a scope and begin creating ME designs
- ‘The Calibrator Tool’ enables easy optimization Expected Completion: May 2020

33
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Any Comments/ Ideas?
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Presentation 19—Harold Von Quintus, ARA

Demonstration-Based Training
Example Applications

AASHTOWare Pavement ME Design
MEPDG User Group Meeting

New Orleans, LA

November 7, 2019

Harold L. Von Quintus, P.E., ARA

)

I

Demonstration-Based Training

. Inverted Pavements

. Semi-Rigid Pavements

. Responsible Resource Asphalt Mixtures

. New Composite Pavements; Asphalt over
CRCP or JPCP

5. Asphalt Overlay Design of Flexible Pavement
with Interlayer for Reflection Cracking.

. Input Level 1 Rehabilitation Design;
Backcalculation of Elastic Layer Moduli

Rl Fiingy)

W=

Designing Inverted Pavement
with the PMED Software

AASHTOWare Pavement ME Design
MEPDG User Group Meeting

New Orleans, LA

November 7, 2019

- I Trafhc opening Ry

Designing Inverted Pavements

» Inverted pavements is not included as a
pavement design strategy in the PMED
software.

General Information
Design type
Pavement type

New Pavement

Desagn Idde (years) iched Plan Concrete Pavement UPCP)
Paae conniriios ‘aw Rewrforced Concrete Pavement

Pavement construchon: June

v

v 2018
v 2018

v

Designing Inverted Pavements

23 Progect

- =
[ms—
Irverted Pavement_Exsmpie |
Y P Design type teen Pouemert
Cese Prvemerttze  Pabie Pavemert
AC Ly Progest
o Deaign Ide (years) » -

3 Pavement Stncture
Layer | Pretie - Defaut saphat concrete
Layer 2 Puschie - Defauk asghat concrete

Base constnuction May
Pavement consiructon: e
Traffc opering. My
] Soecial wafic loading for fexible pavements

v s v
~! e v
~ 2w -

3 Proect Speckic Caibration Factors
% New Pekie

i A4 Layer 3§ Remove Layer
Simulate the
inverted pavement
design strategy as
a flexible new

avement.

e

-

Designing Inverted Pavements

» Assumption: The unbound aggregate base
layer eliminates any reflection cracking from
the underlying CTB layer.

» Simulation of:
= Unbound aggregate base or cushion layer - resilient

modulus.
= CTB layer beneath the aggregate base layer.
» Minimum layer thicknesses.
» Applicability of the IRI regression equation.
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Designing Inverted Pavements Designing Inverted Pavements

Sumeary  Houty clmate data

CTB layer beneath the aggregate base layer; simulate as
an unbound base layer with an annual representative
modulus defined as 28-day elastic modulus.

172472017 1023 P

e Input Level 3 v
e m T)m
) Modidy ingut values by tempersture monsture

V2472017 1023 P

T Sehect Chmate ) Refresh Markers. G Show More Markers | X, Options « |
“ {

A
W S @) Arnwal representative values
e i
User dekned beld 2 Atlg Method Resdart moduus v
e sttt e %)
4‘\[}1\“.!.‘.\
W Jackaon Montgomery =
Google B v

Designing Inverted Pavements Deslgning o == I
Inverted i 0

=% i o281 |

» Calculate |22 Pavements ey
i s /ol 8 -] §o iy [ ]
ulk stress| .- T e [ ) il le® | Higher Quality

in the ; e [y » Determine 0 | Aggr.
= o4 o | 1

unbound
aggregate

design resilient o 10 M W w0 % 0 P W W W
modulus in the i

| | oBa0 w0 | [y o e

TP
{
£
§
g
e Lefale v

T, | § as
base or .  a unbound o] | I
: [a] ima weoss g v S ¥ D ZNNE 03 QAR DI G 3§ o P
cushion | e e aggregate base | %, -
=1 [ - i i -
= - o0 oo oo B 25 1 P
layer. e P g 2 R or cushion e \
Temlvemlz | [Teml- = T layer. £ S o
e e o, 4 LIS e . ,.,,,_Qyﬁ,er Q: ity
v = [ (320 5 r
[l I = i s s | Aggr. base
[s] ER| 3| G QINEEE RS, || Aveded &
Lol | - v || Prm— 10 20 30 4 50 60 70 8 90 100
Bulk Stress, psi

Designing Inverted Pavements Designing Inverted Pavements

|Distress Charts

» Unbound aggregate base or cushion layer - , = . TotalRetDepth (P
resilient modulus. o .
0 add Layer §§ Remove Layer Layer 3 Nonstablaed Base  Crushed sione (A1) <
-

o e

) Iim -
Cosficiort of lsseral earth pressove (0 [Z] 05 @
Loy ks (o s o R s

_ Pt o & o3s : T T et T

45000 5 - AC Bottom-Up Cracking (Alligator) X Thermal Cracking: Total Length vs, Time

v Sieve o
Gradstion & other enginering peoperse [Z] A-la £ 1

v Identhers e £ )
et In H -
Dste aggroves 11720m aw B 0
b AASHTO $‘ o 3
Date creaned 1172011 § ® i pr
Courey: 4 [ J. -
Descrighen of cbyect Def ot material H 2 Lod ot

8 & 15 18 2 2 "

7 o 12 L]
Pavement Age (pesre) Pavernent Age (yeare)
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Designing Inverted Pavements Designing Inverted Pavements
|Distress Charts

Subgrade rutting will not occur below the CTB layer; exclude
rut depth in subgrade for the total rut depth.

Rutting (Permanent Deformation) at 50% Reliability Rutting {Permanent Deformation) at 50% Reliability

Total RutDepth (Permanent Deformation)
200 os

EILEE ]

® 8 0 11 1 s 8 w0 oz 1
Pavement Age (years) Pavement Age (years)

Bome
. AC Bottom-Up Cracking (Alligator) oo _Thermal Cracking: Total Length vs. Time §
g u = Faseo 211200 o
o 1 D o
§ : %h [
5 o
: Cswemeenzetern | High QualitvBase | ower Qualitv Base
Note: Graphs erroneously switched. Graph on right represents High
Quality Base, graph on left represents Lower Quality Base
Designing Inverted Pavements Designing Inverted Pavements

Granular Base Sub-layer Modulus » Assumption: The unbound aggregate base

layer eliminates any reflection cracking from

70000

60000

i i N the underlying CTB layer.
T I » Simulation of:
i ¥ < Unbound aggregate base or cushion layer - resilient
émﬁw ——GB37)h=2in modulus.
2000~ PMED predicts water contentin aggregate — ----cs(#h-6in = CTB layer beneath the aggregate base layer.
1o Dase will decrease over time, resulting in a

higher resillent modulus(?). = » Minimum layer thicknesses.
: : » Applicability of the IRI regression equation.

| —_

Designing Semi-Rigid Pavements

Designing Semi-Rigid Pavements e =
= Censte Povemerttye  Sem-Pigd Pavement -
with the PMED Software = e a
e e
AASHTOWare Pavement ME Design =" |*™"3
MEPDG User Group Meeting -“39;;%?«
New Orleans, LA S
November 7, 2019 Semi-rigid
pavements:

Asphalt over CTB

1 or Soil-Cement.

178



Fourth Annual Meeting — New Orleans

AASHTO Pavement ME Users Group Meetings November 6-7, 2019
Designing Semi-Rigid Pavements Designing Semi-Rigid Pavements
1. Cement Stabilized Layer: Relationship 5. Load transfer efficiency of fatigue cracks; this
between the Elastic Modulus and Modulus of is a calibration parameter.
Rupture. 6. Load transfer efficiency of transverse cracks;
2. Minimum layer thicknesses for the asphalt this can be measured.
and cement stabilized layers. 7. Spacing of shrinkage cracks: this is a
3. Full bond retained between the asphalt and calibration parameter, but can be defined by
cement stabilized layers over the design cement content.
period.

4. Exclude rut depth in the layers below the CTB
or Soil-Cement layer.

Designing Semi-Rigid Pavements Designing Semi-Rigid Pavements
T » LTE for fatigue and transverse cracking

» Shrinkage crack spacing.
» Strength/modulus of rupture.
+ Elastic modulus; 28-day and minimum value.

V2472017 1023 P

V22017 1023 PH Mean annual s temprratse (deg F)
v Cracking
Select Cimate. © Refresh Markers bsno-‘hi«:l.iv:-ﬂs *ﬂ;ﬁnm-; ﬁﬁ:“,:ﬁl“ﬁxilﬁ:‘.’:’:ﬁ.f{{. i
Chermcally stsbiized base crack spacrg (&) Oso
v General
ke 1< 59 Chattancoga Poissoe's raso 02
Horsevte 9
S Uit wesght {gxcf) 150
2+ Sengh
Modubus of rupture (pe) 235
Murarmom eL38be 1essbart mOSAS (§41) 1000000
Elasbcresdhent modubus. (pee) 1000000
~ Thermal
g Heat capacity (BTUR-des F) 028
Thermal conductty (BTUN-Redeg F) 125
Google
Designing Semi-Rigid Pavements Designing Semi-Rigid Pavements
400 pp o '
[
CTB or 4 s J
H B i 04386 a 7
soil g 350 ¥ 0:solte & 400
= R?=0.9994 2
cement 2 5 350
H ; 2 :
Iayer_ & e More resistant to = 4 | More resistantto
B fatigue cracking. E fatigue cracking.
2 250 y, 2 250 J
g - 2 Less resistantto
= Less resistantto 200 fatigue cracking.
2 200 fatigue cracking. o=
b 100000 1000000 10000000
150 I’ Elastic Modulus, psi

100000 1000000 10000000

28-Day Elastic Modulus, psi = o)== | aboratory Measured e Fqual Fatigue Cracking

= @= Asphalt Layer = 2.1 in. e Asphalt Layer = 5.6 in
«es®@-. Asphalt Layer = 3.91n Power (Asphalt Layer = 3.9in.)
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Designing Semi-Rigid Pavements Designing Semi-Rigid Pavements
z |Xstress Charts,
PCC Mixes ® AllData = = = Poly. (All Data) P W __ TotalRutDepth (Permanent Deformation)
5500000 o pRE
% 5300000 2 £
% 5100000 - Less resistantto L &
2 4900000 - fatigue cracking. - =
2 .I
& 4700000 | + 2 =
2 4500000 e~ CELIE T L
E 4300000 ® = -8” ACLOINETOmUp ANV AR (I DR EreaY,  _, ACUEMUrermat reliscuyaicruckiog (hE/ce).
w s 15 3
= ;;g$$ .’ More resistantto 2 ;
-l - " 2 1500
: fatigue cracking. 3" r,
N 3700000 ! g 9 3
3500000 } . P
4000 5000 6000 7000 8000 9000 L S
28-day Compressive Strength, psi  areimeatace (rears) ' Y puatntase i)
Designing Semi-Rigid Pavements Designing Semi-Rigid Pavements
Wioan Predicied DITess. Rutting (Permanent Deformation) at 50% Reliability
TR
Heavy |Crack] Crack Pormanent r.m:. xu::;:::a nn‘nin ‘:ﬂ': AC "
tvoors [tcomy | oy | "0 fomemn] 0t P ot | rackna] v | o i i i
um.| [in)] i ] - vermal + | cracl
peremat | AC om0 e resmcove | (w2259 e Will rutting occur in
r:!::]m (humile) | area) the subgrade beneath
0.20 7070 | 1885847 [ 0000 | 0.0895 | 115104 the soil-cement Iayer?
|
020 7.080 1886302 0000 ‘ 00895 | 1151.04
020 709 1897484 0000 ‘ 00895 11616
020 7110 1898003 0000 | 00895 | 11818 .
020 7130 1898510 | 0.000 | 00895 [ 11818 If nOtl Only ConSider
- e asphalt rutting as the
020 T.160 1899004 0.000 00895 11618 . b .
| ! design criterial.
020 7200 1899488 0.000 00895 11616

Designing Semi-Rigid Pavements

1. Cement Stabilized Layer: Relationship
between the Elastic Modulus and Modulus of
Rupture.

2. Minimum layer thicknesses for the asphalt QU ESTIONS?
and cement stabilized layers.

3. Full bond retained between the asphalt and
cement stabilized layers over the design

period.
4. Exclude rut depth in the layers below the CTB Comments & suggestions;
or Soil-Cement layer. Send an email to
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Presentation 20—Stephan Durham, Sung-Hee Kim, and Hampton Worthey (University of
Georgia)

G D QT Introduction

Georgia Department of Transportation

MEPDG Implementation- Where are we now?

Training Modules and Methods for Pavement
Designers for Rapid Deployment and Continuous
Operation of MEPDG

Stephan A. Durham, Ph.D., P.E.
University of Georgia

S. Sonny Kim, Ph.D., P.E., FASCE
University of Georgia

Hampton Worthey, Research Assistant ﬁaVEmeﬂl
University of Georgia

College of Engineering
" UNIVERSITY OF GEORGIA
-y

C——|
Introduction Introduction
Implementation Challenges? Thought Process

« Transition
+ Database collection
+ Local calibration
= Design methodology updates
« Turnover
= Experienced engineers exiting industry
+ New engineers not up to speed
«  Training
« Lack of adequate training resources
+ More dynamic user-interface
+ Introduction of new input methods

= Develop a training program that can assist GDOT staff and
its contractors/consultants in understanding the origins and
significance of the MEPDG inputs and their implications,
as well as associated procedures required for successful
implementation

« By providing useful training resources to DOTs that are
reluctant to convert to MEPDG, or lack the necessary
resources to, are more likely to bridge the gap between
existing design methods and the MEPDG

Scope Objectives

* Leverage and expand upon the existing training On-Demand Learning
resources (ARA Documents)

) ) _ + Available on easily accessible
* Provide advanced understanding of input parameters

: ; L - platforms
and their role in GDOT specific pavement design « Infermative apsieack o scliware
practices PP

navigation and usage ‘ l
= Laboratory-based training for input values a 4 m.

: ; ; ; » Engaging learning opportunities
= Create mediums to better communicate information

between input guides and software ;
Advanced Learning

A
- w
Hands-on laboratory training l ! I
» Material property testing

+ Educational opportunity for input w-
background and acquisition
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Training Program

Module Development

Using guidelines provided by AASHTO and ARA, the
training modules are divided into a series of six learning
modules

With consideration to input level hierarchy, the first series
of modules cover Level 3 design inputs

Subsequent modules will look to expand upon these
principles and discuss Level 2 and Level 1 inputs in detail

Organized for “lunch and learn” style of consumption

Training Program
Module Development

Module 6- Hands-on Laboratory
Training Workshop at
University of Georgia (UGA)
Engineering Research
Education Center (EREC)

ResilientModulus

Module 1- MEPDG Basics

Module 2- MEPDG Inputs and
Implementation for Subgrade
and Base Materials

Module 3- MEPDG Inputs and

Implementation for AC Pavement Calffornia Bearing Ratio

Dynamic Madulus
Coefficient of Thermal
Expansion

Module 4- MEPDG Inputs and
Implementation for JPCP
Poisson's Ratio

Continual improvement of training module videos
* Configure using future software versions

Changes to user-defined inputs

Update MEPDG Training documents with growing material

research database

RP 16-19, “Effects of Asphalt Mixture Characteristics on |E*|and
Fatigue Performance”

RP 17-18, “Development of Innovative & Effective Training Modules
and Methods for Pavement Engineers for Rapid
Deployment and Continuous Operation of MEPDG”

RP 18-03, “Development of Concrete Material Property Database for
Pavement ME Input”

RP 18-04, “Development of Traffic Inputs for Georgia Pavement Design”

RP 18-05, “Updated Layer Coefficients for GDOT Flexible Pavement
Design”

Level 3 Level 2 Level1 Module s}nnjigzgr:rgg:{éiagdcﬁcp ¢ ComprasvaStraRgth
Series C Series B SeriesA P fonfor +  ElasticModulus
¥ 8
C——| - J |
Module Overview Module Overview
Video Demeonstration Module 6- Hands-on Laboratory Training Workshops
at UGA Engineering Research and Education Center
EEGOEEG (EREC)
- = + 2 or 3 day-long learning workshops
« Hands-on laboratory learning
experience for determining MEPDG
Input parameters
* Supplementary
instructional videos provide
employees with reference
for critical input values
9 10
- J | C——|
Next Steps Next Steps
Integration of Modules into GDOT's Learning Management System
(LMS) Virtual Reality (VR) Experiences for Laboratory Training

Looking for participating DOTs to develop VR experiences for
laboratory testings (i.e. dynamic modulus, resilient modulus, CTE)

Testing Procedures for MEPDG Material Tnputs
Video Serfes] Material Procedure Location
1 Subgrade |Reslime Modulus GesatLab
z Subprade |Catioria Bewing Rario_ | GeoMar Lab
3 Aphidt | Dysamic Modubs GeoMatLab
4 Comyese |CocidentolThemmal | g, oo
|Expansion
| Poisson's Rato
s Comrete |Compressie Swengh | Sengh Lab
st Modulis
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Next Steps

Conclusions

* Facilitate MEPDG implementation through effective
and engaging learning opportunities for pavement
engineers

* Implement informative Pavement ME training modules
outlining important design procedures and updates for
MEPDG

Familiarize engineers with MEPDG input parameters through
on-site laboratory testing and virtual reality experiences

Ultimate Goal: Development of national training program for
MEPDG in cooperation with ARA and NCHRP

Questions?

sdurham@uga.edu
kims @uga.edu
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Presentation 21—Richard Duval, FHWA

Additional Pavement Analysis Tool
for the
Integration to Performance Engineered
Pavements
Richard B. Duval, P.E.

FHW A Ottice of Intrastructure

Richard. Duval@dot.gov

AASHTOWare Pavement ME User Group
New Orleans, LA
November 7, 2019

Acronyms

.

AMPT: Asphalt Mixture Pertormance Tester * QA: Quality Assurance

AQCs: Acceptance Cality Characteristics
BMD: Balanced Mix Design
HMA: Hot mix asphalt

RAP: Reclaimed asphalt pavement

-

RAS: Reclaimed asphalt shingles

SHRF 2: Strategic Highway Research
Program 2

TFHRC: Turner-Fairbank Highway

Research Center

PEMD: Performance-Engineered Mixhure Design

.

‘P: Performance Engineered Paw, .
PEF: Pertormance Engineered Pavements

PBS: Pertormance Based Specifications

VFEA: vaoids tilled with asphalt

PRS: Performance-Related Specifications « VMA: voids in mineral aggregate

= PVR: Performance Volumetric Relationship

Outline

* Performance Engineered Pavements (PEP)
» Additional Tools
* Asphalt and Concrete Test Methods
*Software
*PASSRigid™
* PASSFlex™ includes
* FlexMAT ™ & FlexPAVE™, and FlexMIX™
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Performance Engineered Pavements (PEP)

* The PEP initiative unifies several existing performance focused
programs under a single strategic program vision.

* PEP integrates corporate long-term performance with structural
pavement design, mixture design, construction, and materials
acceptance of our nation’s asphalt and concrete pavement
infrastructure.

30,000 @s"ucmrm Pavemant Design
ft

Altitude

Mixture Design (FPEMD)
- PEM {Concieta)
- PEMD 3

Performance
Engineered
Pavements

(PEP)

Quality Assurance (QA)

Parfor Based A e
- Portormiance Relabed Specilicatons (PRS)
Performance Hased Speclicalions (PBS)

All images provided by FHWA

Performance Engineered Pavements

Quality Assurance Continuum & Integration

State Determines Phase1 Phase 2

Structural Performance

Dany & .

Pavy erpent PEMD/PEM QA Acceptance
Design

. QA
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Facts about FHWA PEP & Software

* FHWA is NOT ftrying to replace PAVE ME. The software is an additional
tool for the integration to the PEP.

* FHWA is committed to working with States, AASHTO, and Industry.

* FHWA is committed to share with PAVE ME user group the PASSRigid™,
FlexMAT™ & FlexPAVE™ tools to evaluate and provide feedback.

» FHWA is considering workshop for using the software. Would this be
useful? AMPT Pooled Fund for asphalt?

« FHWA is ]};rm'iding awareness on the new tests provisional standards for
Concrete Durability tests, Dynamic Modulus and Cyclic Fatigue Small
Specimen testing, and Stress Sweep Rut.

* FHWA would like to share the software with AASHTO PAVE ME Users
for evaluation.

Asphalt Test Methods

Asphalt Mixture Performance Tester
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AMPT Performance Testing Suite

Specimen - Index Required

AASHTO Spec. Geometry Material Properties Parameter | Testing Time

Dynamic

38 mm D, |E®|, phase angle, t-T
Modulus PP 98/TP 132 110 mm H shift factor N/A B hrs
Test
. Damage characteristic
Cyclic 38 mm D,
Fatigue Test PP 99TP133 110 i £ eurve, DR failure S Shrs
criterion
Siress
Sweep TP 134 :gg m g' Shift model cosfiicients ATR B hrs
Rutting Test

E* and Fatigue Test Specimen Rutting Test Specimen

4 Gyratory
Samples

+ Asphalt concrete layers are generally thinner than 100
mm

+ Allow for performance testing individual layers of as-
built pa\mmcntﬁ = T
s i ik
B = g?' 2 %il-aﬂ:_’

B Surface Course

Base Course

Subbase Course
(]

Thin layer

Slide by Dave Mensching 110 mm
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R

U5 Deporiment of Tonsporation
Federal Highway Administration

Concrete Test Methods

Performance Engineered QA and Performance
Mixtures (PEM) Acceptance

Lab Mixture Qualification Before Field Acceptance During/After
Construction Construction

PP84 Parameter
» D-Cracking = Not included in PASSRpig®

Aggregate Stability + ARi-Aggregate Reactivity

T e R ) e e

Hydrated Cement Paste = Choase from entrained fresh air content, SAM = Choose from entrained fresh air content or SAM Test ane of more samples per sublol.
Durability fumibes, of time to critical saturation fumber Incentives/disincentives computed using PASSRigid®.

Hydrated Cement Paste * Choase from several options listed in PPB4 » Design check onty ENter mix parameters and Salt ussge rates 10 chick for
Durability - Salt Damage salt damage. Full model could be added in future.

LIELRNE I (o e ST E VAL = Choase from several options listed in PP84 » Not included in PASSRigia®
Shrinkage

Choase * Choose f
Concrete Strength 5 w"m strength

m’mmwmwv**m R

Non Mixture Factors 'Mmﬂﬁﬂﬂrmmm » Agency chaice of using one, Two, of 81 three factors

Legend [ERSSMUBSORMSNY Cumently being PASSRigid® | Included in Pavespec 4.0

Analysis Programs

* System of “tools” for asphalt & concrete pavement design, mix
design, and performance based acceptarnce

* Test methods using Asphalt Mixture Performance Tester (AMPT) for
Dynamic, Modulus, (__VL'IIL' Fatigue, Stress Sweep Rut

* Test methods using Concrete Strength, Air, Durability F-Factor/Resistivity,
Ride, Dowel Alignment, Thickness. ’

* Mechanistic models

» Software pavement performance analysis programs

Based on fundamental engineering principles (not so much for

concrete)

* Seamless integration of pavement r:losig,n, mix design, and perl’ommm‘o
spec acceptance (PEP)

» Efficient testing to cover a wide range of loading and environmental
conditions (usp’hdl{ only)
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R

U5 Deporiment of Tonsporation
Federal Highway Administration

Software

Software

File Edit Help

UNDER
g CONSTRUCTION

.\ "PASSFElex A "PASSRigid

@ FlexPAVE ﬂﬂ FlexMAT

Asphalt Performance Software Application

PEMD/ AMPT

State
Determines

) 4
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Concrete Performance Software Application

PEM (AASHTO PP84)

PAVE ME PASSRigid™

U5 Deporiment of Tonsporation
Federal Highway Administration

FlexMAT™

¥
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FlexPAVE™ ver 1.1 >> ver 2.0 Early 2020

How do I get the software?

FlexPAVE™ & FlexMAT™

* Dr. Richard Kim - NCSU

» kim@ncsu.edu>

« Matt Corrigan - FHWA

= Matthew.Comigan@dot.gov

PASSRigid™
* Dr. Shreenath Rao - ARA

* srao@ara.com

https://www.fhwa.dot.gov/pavement/asphalt/analysis/

Under Construction
https://www.fhwa.dot.gov/pavement/concrete/analysis/

Structural Design
(materials/thickness)

Thank you!

Mixture Design
Material Characterization

PASSFlex™ &
PASSRigid™

Conslruction

193



Fourth Annual Meeting — New Orleans

AASHTO Pavement ME Users Group Meetings

November 6-7, 2019

Field Validation

50 " 14
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B a0 | "EC = 2 e . LOE
5 +MIT-RAP S nf b
i : « MnR cad-Driving o .
30 b 5 MnRoad-Passing s ¢
= s E .. . .
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o it o . mKEC
= » g 2} AMIT-WMA
. A SMIT-RAP
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% Damage Predicted Predicted Rut Depth (mm) (AC Only)
Images provided by Dr. Richard Kim, NCSU
T

Concluding Remarks

* PASSFlex™ is a system of test methods, mechanistic
models, and software programs.

* PASSFlex™ allows the integration of mix design,
pavement design, and ultimately performance acceptance.

* FlexMAT™, FlexPAVE™, and FlexMIX™ are available
upon request,
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