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Dec 14-15, 2016

APPENDIX A. MEETING PARTICIPANTS

TAC and Pooled Fund Member Participants

TAC Pooled Fund Pvt ME Design

Name Agency Member | Member Tech Rep| TF Member Email Address
Vicki Schofield AASHTO Yes Yes Yes vschofield@aashto.org
Tom Yu FHWA Yes Yes Liaison tom.yu@dot.gov
Chris Wagner Yes Yes No christopher.wagner@dot.gov
Lyndi Blackburn Alabama DOT Yes Yes No blackburnl@dot.state.al.us
Robert Shugart Jr. No No No shugartr@dot.state.al.us
Scott Weinland Arizona DOT No Yes No sweinland@azdot.gov
Hector Rivas No No No hrivasbernal@azdot.gov
Mehdi Parvini California DOT Yes Yes Yes mehdi_parvini@dot.ca.gov
Jay Goldbaum Colorado DOT Yes Yes Yes jay.goldbaum@dot.state.co.us
Melody Perkins No No No melody.perkins@dot.state.co.us
Coulter Golden No No No coulter.golden@state.co.us
Rhonda Taylor Florida DOT No Yes No rhonda.taylor@dot.state.fl.us
Patrick Overton No No No patrick.overton@dot.state.fl.us
Chris Brakke Iowa DOT No Yes No chris.brakke@iowadot.us
Ryan Barrett Kansas DOT No Yes No ryan.barrett@ks.gov
Nat Valesquez No No No nat.velasquez@ks.gov
Sunil Saha Kentucky TC No Yes No sunil.saha@ky.gov
Joe Tucker No Yes No joseph.tucker@ky.gov
Geoffrey Hall Maryland SHA No No No ghalll @sha.state.md.us
Justin Schenkel Michigan DOT No No No schenkelj@michigan.gov
Adnan Iftikhar No No No iftikhara@michigan.gov
Greg Bills No No No billsg@michigan.gov
John Donahue Missouri DOT No No Yes john.donahue@modot.mo.gov
Paul Denkler No Yes No paul.denkler@modot.mo.gov
Sarah Kleinschmit No No No sarah.kleinschmit@modot.mo.gov
Yathi Yatheepan Nevada DOT No No No vyatheepan@dot.state.nv.us
Clark Morrison North Carolina DOT No No No cmorrison@ncdot.gov
Kyle Evert North Dakota DOT No No No kevert@nd.gov
Matthew Luger No No No mmluger@nd.gov
Susanne Chan Ontario MOT No Yes No susannec@gmail.com
Warren Lee No No No warren.lee@ontario.ca
Josh Freeman Pennsylvania DOT No Yes No josfreeman@pa.gov
Lydia Peddicord No Yes No Ipeddicord@pa.gov
Jesse Thompson South Carolina DOT No Yes No thompsonju@scdot.org
Hari Nair Virginia DOT No Yes No harikrishnan.nair@vdot.virginia.gov
Affan Habib Yes Yes No affan.habib@vdot.virginia.gov
Laura Fenley Wisconsin DOT No Yes No laura.fenley@dot.state.wi.us
Tony Allard No No No anthony.allard@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
Prashant Ram No pram@appliedpavement.com
Kurt Smith No ksmith@appliedpavement.com
Linda Pierce NCE No Ipierce@ncenet.com
Chad Becker ARA No cbecker@ara.com
Harold Von Quintus No hvonquintus@ara.com
Larry Wiser FHWA No larry.wiser@dot.gov
Mike Voth FHWA Federal Lands No michael.voth@dot.gov
Bruce Dietrich Pavement Analytics No bdietrich@pavementanalytics.com
LLC
Clark Graves U. of KY No clark.graves@uky.edu
Bradley Putman Clemson U. No putman@clemson.edu
Amy Simpson AMEC No amy.simpson@amecfw.com
Marta Juhasz Alberta Transp Yes marta.juhasz@gov.ab.ca
Brooke Perkins Arkansas SHTD No brooke.perkins@ahtd.ar.gov
Charles Weinrank Illinois DOT No charles.wienrank@illinois.gov
Tommy Nantung Indiana DOT No tnantung@indot.in.gov
Jusang Lee No jlee@indot.in.gov
Kumar Dave No kdave@indot.in.gov
Lisa Egler-Kellem No legler-kellems@indot.in.gov
Xingwei Chen Louisiana DOTD No xingwei.chen@la.gov
Steven Bodge Maine DOT No stephen.bodge@maine.gov
Alauddin Ahammed Manitoba Transp No alauddin.ahammed@gov.mb.ca
Bill Barstis Mississippi DOT Yes whbarstis@mdot.state.ms.us
Nusrat Morshed New Jersey DOT No nusrat.morshed@dot.nj.gov
Jeffrey Mann New Mexico DOT No jeffreys.mann@state.nm.us
Patrick Bierl Ohio DOT No patrick.bierl@dot.ohio.gov
Josh Randell Oklahoma DOT No jrandell@odot.org
Felix Doucet Quebec MOT Yes felix.doucet@transports.gouv.qc.ca
Marcy Montague Vermont AOT No marcy.montague@vermont.gov
Jianhua Li Washington State DOT No lijia@wsdot.wa.gov
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APPENDIX B. MEETING AGENDA

Wednesday, December 14

Time

Topic

8-8:45 AM

WELCOME AND INTRODUCTIONS
Welcome | Chris Wagner (FHWA).

Introduction and remarks | John Donahue (Missouri DOT, Vice-Chair of AASHTO Joint Technical Committee
on Pavements and AASHTOWare Pavement ME Design Taskforce).

Remarks on Canadian efforts | Felix Doucet (Quebec Ministry of Transportation, Canadian ME Task Force liaison)
Review of agenda and meeting goals | Linda Pierce (NCE) and Kelly Smith (Applied Pavement Technology)

8:45-9:45 AM

AGENCY IMPLEMENTATION EXPERIENCES

MEPDG to AASHTO Pavement ME: 2004 to Present | Paul Denkler (Missouri DOT)
ME Oversight Committee | Adnan Iftikhar (Michigan DOT)

Process Issues | Affan Habib (Virginia DOT)

9:45-10 AM

BREAK

10:00-11:15 AM

AGENCY IMPLEMENTATION STATUS

Agency updates on implementation plans, timelines, and progress.

11:15 AM-NOON

AASHTOWARE PAVEMENT ME DESIGN SOFTWARE UPDATE
Announcements and news regarding latest software and purchasing/licensing | Vicki Schofield (AASHTO)

Software enhancements/updates, including new features/capabilities | Chad Becker (ARA)

NOON-1:15 PM

LUNCH (ON YOUR OWN)

1:15-2 PM

DESIGN PARAMETERS: CONDITION THRESHOLD LIMITS, RELIABILITY LEVELS,
HIERARCHICAL LEVELS

Design Parameters | Geoff Hall (Maryland SHA)
Design Catalog and Web-Based Program | Joe Tucker (Kentucky Transportation Cabinet)

2-2:30 PM

CLIMATE
Long-Term Pavement Performance Climate Tools for ME Design, including MERRA | Larry Wiser (FHWA)

2:30-2:45 PM

BREAK

2:45-3 PM

TRAFFIC
Case-Study Report: Traffic-Related Issues, Resolutions, and Lessons Learned | Nusrat Morshed (New Jersey DOT)

3-3:45 PM

MATERIAL INPUTS -—SUBGRADE AND TREATED AND UNTREATED BASE/SUBBASE
MATERIALS

Subgrade Soils | Melody Perkins (Colorado DOT)

Determination of In-Place Elastic Layer Moduli Through Backcalculation of FWD Data | Harold Von Quintus
(ARA)

3:45-4:45 PM

MATERIAL INPUTS [I—HOT-MIX ASPHALT MATERIALS (NEW AND REHAB DESIGN)

HMA Materials | Lyndi Blackburn (Alabama DOT)

Local Calibration of Rutting on Asphalt Full-Depth Pavements | Tommy Nantung and Jusang Lee (Indiana DOT)
Incorporating Recycled Materials (GTR, RAP, RAS) | Harold Von Quintus (ARA)

4:45-5 PM

DAY ONE KEY TAKE-AWAYS
Discuss key takeaways of day one | All
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Thursday, December 15

Time

Topic

8-8:45 AM

MATERIAL INPUTS III—-PORTLAND CEMENT CONCRETE MATERIALS (NEW AND
REHAB DESIGN)

MERRA and PCC Pavement Design | Rhonda Taylor (Florida DOT)

Update on TPF-5(300), Performance and Load Response of Rigid Pavement Systems | Chris Brakke
(Iowa DOT)

8:45-9:45 AM

CALIBRATION/VALIDATION

Local Calibration Effort on Flexible Pavement | Warren Lee (Ontario Ministry of Transportation)
Calibration and Validation | Ryan Barrett (Kansas DOT)

Calibration and User Manual | Justin Schenkel (Michigan DOT)

Local Calibration | Affan Habib (Virginia DOT)

9:45-10 AM

BREAK

10 AM-NOON

SOFTWARE TRAINING

Demonstration-based training on new software features (e.g., use of MAP-ME and climate data files)
and example applications (e.g., rehabilitation design including backcalculation) | Chad Becker and
Harold Von Quintus (ARA)

NOON-1:15 PM

LUNCH (ON YOUR OWN)

1:15-1:45 PM

CHALLENGES/ISSUES/ROADBLOCKS

Common challenges/issues/roadblocks that can be resolved at the regional level rather than by each
SHA.

1:45-2:30 PM

ADDITIONAL NEEDS AND NEXT STEPS
MEPDG Clearinghouse Study | Prashant Ram (APTech)

Additional training, software, and research needs, including future pavement ME design
enhancements, additional web-based training | All agencies

SHA next steps and implementation timelines

2:30-2:45 PM

DAY TWO KEY TAKE-AWAYS
Discuss key takeaways of day two | All

2:45-3 PM

BREAK

3-5PM

TAC/POOLED FUND MEMBER MEETING

Discussion of key outcomes of Users Group Meeting.
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APPENDIX C. MEETING PRESENTATIONS

Presentation 1—Chris Wagner, FHWA ..........ccoooiiiiii et 56
Presentation 2—John Donahue, Missouri DOT ...........ccoooiiiiiiiiiiiiiiee e, 57
Presentation 3—Felix Doucet, Quebec Ministry of Transportation ............c..ccceeeeveerueenveenieennenns 60
Presentation 4—Paul Denkler, Missouri DOT ...........ccooiiiiiiiiiiiiiiiee e, 62
Presentation 5—Adnan Iftikhar, Michigan DOT ..........ccccoiiiiiiiiiiiiiieeeeee e 67
Presentation 6—Affan Habib, Virginia DOT ..........ccccoooiiiiiiiieieeeeeecee e 71
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Presentation 8—Chad Becker, Applied Research Associates Inc. (ARA) ......cccccvveevvieeciieecnene 77
Presentation 9—Geoff Hall, Maryland SHA ...........cooiiiiiiiieeeee e 88
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Presentation 13—Melody Perkins, Colorado DOT .........cccooiiieiiiiiiiiieeeeeeeeeeee e 109
Presentation 14—Harold Von Quintus, ARA..........coouiiiiiiieeeecee e 114
Presentation 15—Jusang Lee and Tommy Nantung, Indiana DOT ............cccceevvievivievcieennnen. 119
Presentation 16—Harold Von Quintus, Applied Research Associates Inc. (ARA) ................... 124
Presentation 17—Rhonda Taylor, Florida DOT ............cooiiiiiiiiiieeee e 129
Presentation 18—Chris Brakke, Iowa DOT .......oooviiiiiiiiiiiiieeee ettt 133
Presentation 19—Warren Lee, Ministry of Transportation Ontario...........ccccceeeeveeeeuveescreeennnen. 139
Presentation 20—Ryan Barrett, Kansas DOT .........ccccccoiiiiiiiiniiiiiieieciece e 144
Presentation 21—Justin Schenkel, Michigan DOT .........ccccooiiiiiiiiiiiieeeeeeee e 147
Presentation 22—Hari Nair and Affan Habib, Virginia DOT .........ccccoeciiiiiiiiiiniiiiieeeeeee, 152
Presentation 23—Harold Von Quintus and Chad Becker, ARA ...........cooiiiiiiiiiiiceeeeee. 155
Presentation 24—Prashant Ram, Applied Pavement Technology, Inc. (APTech)..................... 166
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Presentation 1—Chris Wagner, FHWA

Summary of AASHTO ME Design Implementation

—n,

"

. Evaluating
[ imptementea
. Tmplemented POC Design Only
U No plans to implement

o Source: 2015 AASHTO MEPDG REGIOXAL PEER EXCHANGE MEETINGS

Irvine, CA April 2007 A

tece mgrass hamennata
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Presentation 2—John Donahue, Missouri DOT

Enhancing the Pavement
ME Design

AASHTO Pavement ME Design
National Users Group Meeting

December 14-15, 2016

John Donahue, PE
Missouri DOT

AASHTOWare Task Force

Task Force composition -
» 6-7 voting members from licensee
agencies including States and Provinces
- AASHTO Project Manager
- Liaisons from the FHWA, SCOJD, T&AA
and Canadian TAC
+ Contractor (ARA) reps

AASHTOWare Task Force

Milestones -

» Conversion from research-grade MEPDG
to production level Pavement ME Design
(ver 1.0)

* Improved user interface

- Sensitivity analysis

* Thickness optimization

* Help documents based on MOP
* Analysis time decrease

Sources of MEPDG Innovation

AASHTO Pavement ME Design Task Force
AASHTO Joint Technical Committee on Pavements
TRB pavement-related committees

NCHRP projects

Pooled fund studies

AASHTOWare Task Force

Responsibilities -

- Design model enhancements
- Bug maintenance

+ Code revisions

* Training

+ Budgeting

- Customer satisfaction

+ Meet semi-annually

AASHTOWare Task Force

Milestones -

+ Educational model (ver 1.5)

- Asphalt overlay reflection cracking model
(ver 2.2)

» Map-ME (ver 2.2)

- SJPCP/AC Analysis Model (ver 2.3)

+ Continuous defect fixes

« Code cleanup

- Webinars
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JTCOP

Committee composition -

» Max 18 voting DOT members including

chair and vice-chair

+ Non-voting reps from AASHTO, TRB,
NAPA and ACPA

- FHWA (secretary)

JTCOP

Responsibilities -
» (cont'd)

* Pavement Friction Guide (2008)
- 1993 Guide for Design of Pavement
Structures w/ 1998 Supplemental

JTCOP

Responsibilities -

* Identify implementable Pavement ME

Design enhancements for AASHTO
Task Force
* Meet annually

JTCOP

Responsibilities -
+ Development and updates of technical
AASHTO publications
- Pavement Design, Construction and
Management: A Digital Handbook (2015)

* Pavement Management Guide (2012)

JTCOP

Responsibilities -
- Develop candidate NCHRP research
problem statements
- High need problem statements from TRB
committees vetted and prioritized
- Top candidate statements submitted to
AASHTO SOM and SOD with supporting
recommendations
* Also communicate needs to SCOR
members

JTCOP-SOM

AASHTO reorganization will create
merger between the JTCOP and the
Subcommittee on Materials

Details still pending
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Thank you!

Questions?
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Presentation 3—Felix Doucet, Quebec Ministry of Transportation

Transportation Association of Canada
Canadian User Group

Felix Doucet, Pavement ME Task Force TAC Liaison
Ministry of Transportation of Quebec

AASHTO Pavement ME National User Group Meeting
December 14 and 15, 2016
Hyatt Regency, Indianapolis, IN

1 ' "Québec 38

TAC Canadian User Group

Meeting since September 2008

= 2 face meetings and 2-3 telephone meetings per year

* Around 20 members present at each meeting

= Around 50 members on the mailing list

= Provinces: BC, Alberta, Manitoba, Ontario, Quebec

* Municipalities: Edmonton, Winnipeg

= Associations: Cement Canada, Ontario Hot Mix Producers

= Many consultants

Canadian Guide

Canodian Guide:
Dwlault Parammeters bor AASHTOWare
Pavement ME Design (DRAFT)

Default parameters for
AASHTOWare Pavement ME
Design

= Based on Ontario Guide

Participants. Alberta, Manitoba,
Onlario, Quebec, Edmonton

In constant progress

Technical Papers

TAC Conference 2013
* TAC Pavemenl ME User Group -
Canadian Climate Trials

CTAA Conference 2013

= Sensitivity of Pavement ME Design
to Climate and Other factors

TAC Conference 2014
i\.-'IE Design

v

hility &

TAC 2016 Panel Discussion

AASHTOWare Pavement ME Design
Canadian Implementation Efforts

= Task Force Update

= Canadian User Group Trials

= Canadian User Guide

* Ontario Calibration Efforts

= Manitoba Calibration Efforts

= Canadian Case Studies

Pavement ME Design Trials

Other Trials
= Subgrade Strength 15 to 90 MPa
= AirVoids 3,5, 7, 9and 1%

New Trials
* Binder Volume 9, 10, 11,12 and 13%
* NARR Climate Database
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Canadian User Group Benefits

Working Together

Running the Software

Developing your Practical Knowledge
Discussions on Specific Topics
Publishing Applied Technical Information

Increasing your Technical Contacts

Gaining Confidence and Recognition
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Presentation 4—Paul Denkler, Missouri DOT

.

Implementation of M-E Design:
An Agency’s Experience

DOT’s Timeline:

1: MoDOT took a hard look at how we were
designing and selecting pavement treatme

nt team was created consisti

: AASHTO Pavement ME Design version 1

16: AASHTO Pavement ME version 2.3.0

ocal calibration unde:

Collaborative
Process
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e the public and stakeholde
of the pavement d

i S o I

IWILLAGREETO
DISAGREE...

. ) an Alternate Bidding proces

|
BUT YOU'RE STILL
WRONG
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ate Bidding Concept:

A assumptions (45 year design life).
fferent pavement types v Aill

EPDG Implementation: (co
rage JPCP thickness was reduced by:

for high truck volume routes. =2" for high truck volume routes.
or low to medium truck volume rou for low to medium truck volume rout
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:PDG Implementation: (co
fter Model Validation and Recalibration
All new pavement designs performed using MEPD(

T's Performance Criteria (developed by pavem
% Bottom-up Cracking 2.0 % at Year 30 50 %
HMA
Rutting (Asphalt Layers Only) | 0.25" at Year 20 50%
- % Slabs Cracked 1.5 % at Year 25 50 %
) Faulting 0.15" at Year 25 0%

ing the results and our inputs,
couple years used both AASHTO '93 & WM
: testing for input properties.

ults of Alt. Bidding and Equivalent Designs...

een 2004 and 2009.
4 Alternate Bid Projects.

Il Depth ($1.5 bil)
bilitation ($82.6 mil)
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EPDG Implementation: (co
rades... . nd of New AASHTO ME Design...
11 changed to DARWin-ME. i 1100; Growth Rate: 2.2%; Subgrade: A-7-6; Level3

HMADesign  PCCPDesign  HMADesign  PCCP Design
11.57(16%) 85" (0.4%) 1157(20%) 85" (0.9%)

8.0° (3.2%)

9.0 (1.9%) 8.0 (1.5%) 9.0" (2.0%) 8.5°(0.7%)

8.0° (2.1%) 8.0" (2.7%)

8.07(20%)  BOT(LIK)  goeiogx) 857 (06%)

HTO Pavement ME: f ASHTO Pavement ME:
eral Observations...

\ designs more sensitive to base & subgradi

esigns more sensitive to widened
’ wide design w/ 12* wide
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Presentation 5—Adnan Iftikhar, Michigan DOT

Michigan DOT Mission

“Providing the highest quality
integrated transportation
services for economic benefit
and improved quality of life”

MICHIGAN DOT - ME
OVERSIGHT COMMITTEE

Adnan Iftikhar, P.E.

ATO Pavement ME National Users Group Meeting
er 14-15, 2016

Indianapalis, IN

QOutline

Michigan Pavement Design Background
Michigan ME History
ME Oversight Committee

Michigan Pavement Design
Background

Michigan Pavement Design Background Michigan Pavement Design Background

AASHTO 1993 since the mid 1990's life
Combination of central office and Region office designers 1structs — 20 years

tral office - all (generally larger) projects subject to Michigan's A

r Rehabs (rubblize, unbonded concrete overlay) = 20 years
cycle law

Other Rehabs — 10 to 15 years
Region offices - all other projects not subject to life-cycle

MDOT network breakdown

A~ 10,800 lane miles Concrete Reconstruct = 34 years
Concrete — 5600 lane miles

Service life
HMA Reconstruct = 33 years

lize/HMA Resurface = 26 years
= 11,000 lane miles Unbonded Concrete Overlays = 25 years
00 lane miles

eway— 18,400 lane miles
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Michigan ME History

Michigan ME History

ME Oversight Committee

Established 2012

Traditionally pavement design procedures, policies, etc.,
ME Ove r5|ght Committee have been the duty of one central office engineer

2012 - added an additional pavement design engineer

Complexity of ME necessitated input from expertise from

around the department to help implementation

Assembled a team that represents different areas of

expertise

ME Oversight Committee ME Oversight Committee

ME Oversight Committee (cont.) Goal of ME Oversight Committee:
Membership from various areas
upervisors of the following general areas:

Facilitate the implementation of ME as
MDOT’s standard design method

ment Operations Engineer
ment Design Program Engineer (chair)
Soils Engineers (Region pavement designers)
crete and HMA pavingindustries
A Michigan Division Representative
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ME Oversight Committee

Facilitate business process changes for pavement design
v provides the traffic data and how?
Which designs are central office and which are not?
ete.
Decisions on equipment
CTE test
HMA dynamic modulus test

etc.

ME Oversight Committee

xpand department knowledge of the software and the
impacts of different inputs and design decisions
Explore research needs
Facilitate industry participation

Decide on and oversee subcommittees, including
membership

ME Oversight Committee

Subcommittees worked for ~1 % years

Subcommittees provided recommendations to Oversight
Committee

ight Committee made final decisions
End result: Interim ME User Guide
Very important to include paving industry groups
Committee continues to meet every 2 to 3 months to work
on issues, software changes, etc., as they pop up

ME Oversight Committee

Help with decisions on design criteria
Distress thresholds
Reliability levels,
etc.
Help with decisions on input values
Time to 50% shrinkage (PCC)
/28 day PCC compressive strength ratio
1A effective binder content

voids

ME Oversight Committee

Subcommittees
Traffic
HMA
Concrete
Subcommittee goals
Learn the materials/traffic inputs and their impacts in the
tware
mmend equipment
e testing

commendations on input values

ME Oversight Committee

ME User Guide
Developed 200+ page document for software
operation, inputs, calibration coefficients, etc.
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ME Oversight Committee

More information can found on the MDOT ME webpage:

Adnan Iftikhar
iftikhara@michigan.gov
517-322-1228

Justin Schenkel
schenkelj@michigan.gov
517-636-6006
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Presentation 6—Affan Habib, Virginia DOT

Virginia Department of Transportation

MEPDG Implementation in VDOT: Plan and

Challenges

December 14, 2018

Pave

WwDoT
VDOT's Plan At a Glance

+ Target Implementation: 1/1/2018
Actlvities done to date

Missod planned target implementation date a number of times
Characterization of traffic (10519), AC mixes (12:55), soll (15711), concrete,
Local calibration for asphalt and CRC [18R1)

+ gt veginiadal erglpube anpn
Procured 13 concurrent use icense
Development of draft user manual (can email copy upon request)
Training to VDOT pavement design staff
N . .

. o p
Activities ahead
« One year advance notice to the consultant community
Finak of per hreshold values

Having work around on some issues
Finalization of the user manual
Getting industry buy in

MEPDG Issues: Broader

Some models are still being modified

+ Current Active NCHRP studies
01-51: A Model for Incorporating Slab/Underlying
Layer Interaction into the MEPDG Concrete F Analysis Pr i
11-52: A Mech ic-Empirical Model for Top-D« Cracking of Asphalt
Pavement Layers
01-53: Prop E to P
Consi of the of
Pavement Performance

+ How is information channeled to the states?

+ Absence of training about fundamental concepts

* Are all stakeholders on board?

ME Design: Improved
and Layers on

\WwDOT
Software related issues
. is by IT staff ONLY in VDOT
+ The initial i took th

* VDOT planned to have the VDOT specific factors (traffic, local call etc.)
installed through the software packaging by IT

End users do nol need to enter those manually
+ Last version took almost 4 hs for
* After a recent server we are g g
message which our IT staff Is still trying to fix

+ Web based version should help address some of these issues

Failed"”

oot MEPDG Issues
Sensitivity of Subgrade
1.
!
H ¥
i,
§

(T ——

WwDoT
MEPDG Issues
Sensitivity of Aggregate Base
2
3, s
1
i

Totsd BC b fin]
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MEPDG Issues
Will'insensitivity' to subgrade & aggregate
change?

\WwDoT

* NCHRP 1-53

OBJECTIVE: The obj of this
fo the P, ME Design p ol

h is to prop h as needed,
to better reflect the influence of

subgrade L 1yers (properties and thi on the p
of flexible and rigid p These enh. s may include modifications
of the models contained in the Pavement ME Design and/or the development of
new models. The research shall address all types of flexible and rigid pavements
included in Pavement ME Design.

* NCHRP study may validate or modify current MEPDG model

+ What happens if current model is modified?

and unb.

al calibration?
+ What do we do now?

WwDoT
MEPDG Issues

Response to various VDOT mixes

Dot U F 4Bgms Crushing (1}

Tiotml A Thichsss fis)

\WwDaT
MEPDG Issues

Response to various VDOT mixes

+ SMAJE mixes not showing better performance

+ SMA mixes not showing higher stiffness at high temperature

* s it practical to use different mix types in the design?

+ Ideal solution Is to have local calibration for SMA mixes

o s to handle
+ Continue characterizing more mixes

= Wil this change the trend?
*  What is the work around?

\WwDaT
MEPDG Issues

Local Calibration

+ It needs sections with various structures, materials, traffic loading,
distress (especially over the entire design life) etc.
+ Not easy to have sections without any maintenance beyond 10-15 years

+ Did not distinguish between top down and bottom up fatigue cracking
i d

*  What is the impact of not having a ‘perfect’ local calibration?

WwDoT
MEPDG Issues

No local calibration for JCP

+ VA does not have too many JCP with shorter siab length to perform
local calibration

+ Intend to use global model

* Reglonal calibration for JCP is a possibility

WwDoT
MEPDG Issues

What about newer materials?

+ Not all materials are calibrated in the global models

* Local calibration strongly

ded for such
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\WDOT

* Online discussion group
* Have this group meet regularty
* Others?

\WDOT

Affan.habib@vdot.virginia.gov
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Presentation 7—Vicki Schofield, AASHTO

AASHTOWare

Py(! Paveme

ME Design

www.aashtoware.org/Pavement/

Pavement
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AASHTOWare Pavement ME Design
Licensee Map - United States

Pawemunt WE Duign FY2017

AASHTOWare Pavement ME Design
Licensee Map - Canada

[_| Licensing

-

Additional License Types

2016 2017
No Cost Educational 69 51
Private Sector 73 73
Universities 24 17
Local Agencies 1 1
30-Day Evaluation 5 2
International 15 14

2017 -Branl Crena, Colombea, Guntormala, Hong Kong SAR. Inda. Lebanon, Norway, Qatar, Saud Azatsa, South
Koves, Sweden Tukey UAE

-

FUTURE ENHANCEMENTS
Under Consideration

-

. Allow for the customization of reports

. Track improvements by others, Agency PMED customizations,
Other AASHTOWare software

. Provide ability to reset performance parameters after interim
treatment

4. Lockdown specific input variables

5. Allowfor use of K-values for subgrade

6. Grey out performance parameters not used for design - create

super user to gray out certain inputs

7. Enhance climate data with MERRA data

8. Implement tensile strength level 1

9. Recalibration for flexible and semi rigid pavements in English

and 51 units

~

AASHTOWare Pavement ME Design
Product Task Force

John Donahue, Chair, Missouri DOT
Bill Barstis, Mississippi DOT

Jay Goldbaum, Colorado DOT
Marta Juhasz, Alberta Transportation
Clark Momison, North Carclina DOT
Mehdi Parvini, California DOT
Robert Shugart, Alabama DOT

Liaisons:

Tom Yu, FHWA

Felix Doucet, Ministére des Transports du Québec - TAC
Jack Dartman, Montana DOT - TAA

Shane Marshall, Utah DOT - SCOJD
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For Additional Information:

Vicki Schofield
AASHTO Project Manager
vschofield@aashto.org
(202) 624-3640

-
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Presentation 8—Chad Becker, Applied Research Associates Inc. (ARA)
A

RAbout Me

MSTOWwe

)
Version 2.2, 2.3, and 24 Updates and Pw. et
Enhancements

Software Mission
Pavement ME Design strives to integrate state-of-the-art
mechanistic-empirical principles with cutting-edge software 3 About Me
technology.

Our goal is to create software which simplifies the pavement
design process so our users can focus on what is most
important to them — Designing the best pavement for their
projects.

Updates and
Enhanci nts

About Me

Chadwick Becker

+ Software Developer with ARA for 12 years
- Warked In development related activities on ME

Design for ~5 years
« Lead Developer for ME Design for ~3 years
« Co-PM for the past 2 years

bout Me
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Updates and
Enhancements

- v2.2 (2015)
- v2.3(2016)
+ v2.4 (July 2017)

Version 2.2 .

Enhancements New Features

Previous to v2.2

+ Only rehabilitation input level 3 could be
used for PCC overlays of flexible
pavements, while rehabilitation input

levels 1, 2, & 3 were used for AC overlays.

Version 2.2

Enhoncements Ne

of Flexible Pavements

Rehab Input Levels 1 & 2 for PCC Overlays ]/2

v2.2 Enhancement

» Rehabilitation input levels 1, 2, and 3
are applicable for both PCC and AC

overlays of flexible pavernents.

Level 1.
Backcalculate HMA “Damaged” Modulus

Level 2:
Enter % Alligator Cracking [not patched)
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I S -
overlays of flexible pavements.

Reflection Cracking Transfer Function [
(NCHRP 1-41) B

Level 1:
Backcalculate HMA “Damaged” Modulus

Level 2: Pravious to
Enter % Alligator Cracking (not patched)

Level 3:
Enter Rating: “Good", “Fair”, etc.

Previous to v2.2 v2.2 Enhancement

+ Integrated the ME based fracture
+ Prediction of reflection cracks was based mechanics model in the software for
on an empirical regression equation and predicting reflection cracks.
only applicable to load-related cracks. « Applicable to load and non-load
related cracks of flexible, semi-rigid,

intact PCC, and fractured PCC
pavements.

Enhancement has a large impact on the
total predicted cracking for AC overlays and
existing AC pavements.

N ————

« Applicable to load and non-load
related cracks of flexible, semi-rigid,
intact PCC, and fractured PCC A Special Thank You To:

pavements. Bob Lytton and Sheng Hu (Texas Transportation
Institute); for providing a lot of information and
e L o Pec kol explanation on the models/equations.

total predicted cracking for AC overlays and
existing AC pavements.

i it o YA Halil Ceylan (lowa State University) completed the
Ballecahe s ks A neural networks; the final product was not possible
without Halil's effort and assistance.
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Previous to v2.2

« JPCP & CRCP calibration coefficients and
standard deviation equations were based an
results from CTE test method that was found to
be in error (over prediction of CTE about 0.8).

+ CTE method was revised and corrected (AASTHO
336)

+ NCHRP 20-24, Task 325 evaluated and
recommended a revised set of calibration
coefficients and standard deviation equations
using the revised (correct) CTE test method.

New PCC Calibration Coefficients

older set of values.

+ Now, a designer must enter the “correct”
CTE values and use the new global
calibration coefficients and standard

v2.2 Enhancement gty
eviations.

- New JPCP & CRCP global calibration
coefficients and standard deviation
equations from Task 325 replaced the
older set of values.

+ Now, a designer must enter the “correct”
CTE values and use the new global
calibration coefficients and standard
deviations.

Should net result in significantly different
designs on average since the same field
sections with the same performance trends
were used.

Should not result in significantly different
designs on average since the same field
sections with the same performance trends
were used,

Normalized Axle Load Spectra

A special thank you to Julie Vandenbossche with the University of
Pittsburgh for her work on NCHRP 20-24 Task 325

.2 Enhancem
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Previous to v2.2 v2.2 Enhancement

+ One set of default NALS was
included in software; developed
from NCHRP Project 1-37A.

+ NCHRP 1-37A default NALS
represents overall average from
WIM sites in all functional classes;
questions were raised about its
accuracy.

+ LTPP defined WIM sites as their
“gold standard;” primarily
interstate WIM sites used to
generate LTPP default NALS

+ 4 NALS added as default NALS in
the software; Global, Heavy.
Typical, and Light.

NCHRP 1-37A default NALS and
LTPP "Heavy'" NALS result in about
the same predicted distress

generate LTPP default NALS
+ 4 NALS added as default NALS in
the software; Global, Heavy,

New LTPP NALS DEfaUItS Typical, and Light.
—_— I Design /6= TNew Pavement =]
Import Traffic... o asklafovatationy | | Temina IRl fn
Adle Load Distributions  » Import ALF File 7] [ACtopdomntd NCHRP 1-37A default NALS and
'Su:y Import NCHRP 1-37A Defaults i ;s LTPP "Heavy" NALS result in about
Anport FIPE Betsas i Gkl the same predicted distress
2 2 Import XML,.. Heavy
Export XML. ypi ;
v c::‘x - :i":“‘" Qther LTPP NALS result in less
@ Layer 3 Non-stabiized Base - A1a Paca < distress
@ Layer 4 Subgrade : A-2-4 T A
@ Layer 5 Subgrade - A4 Save to database B:.l
“ ‘;_: Project Specific Calibration Factors et from database. “T_“ « |dentifier|

AC Layer Dependent Plastic Deformation V g
Coefficients i

Thank you to Olga Selezneva with ARA for her wark
on the LTPP/FHWA pooled fund traffic study
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Previous to v2.2

One set of plastic deformation
coefficients assumed for all AC layers,
regardless of the properties.

v2.2 Enhancement

Plastic deformation coefficients can be
entered for each AC layer (new and
existing AC layers).

Minimal to moderate
impact on rutting

MapME &‘

Available for use at:
www.me-design.com/MapME

MapME, is a simple web application
carefully designed to make it easy to
create ME Design project files (DGPX)
seeded with geospatially referenced
information relevant to the analysis and
design of your pavement.

v2.2 Enhancement

Plastic deformation coefficients can be
entered for each AC layer (new and
existing AC layers).

Minimal to moderate
impact on rutting

DRIP (Drainage Requirements

in Pavements) ‘
Available for download at:
www.me-design.com/MEDesign/
DRIP.html

DRIP was created by the Federal
Highway Administration and Applied
Research Assaociates, performs hydraulic
design computations for the subsurface
drainage analysis of pavements.

File APIs for
JULEA and ICM

File APIs ship with the ME Design
software so you have immediate
access after release.

il

Provide programmatic access to file
outputs generated by the analysis
executables.
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Updates and
Enhancements

Code Modernization and
Review

- Examined the entire legacy code
base (including the analysis
executable code) and performed
developmental cleanup tasks

« No architectural code changes
were made

- Prepared the code base for major
update to a web technology
application

New Design Analysis - "Short"
Jointed Plane Concrete
Pavement (SJPCP)

Versicg_:p 2.3

Enhancements New Features

NARR Climate Data .

Technical Audit

+ Vlarious anomalies associated
with the legacy analysis
executables were identified

« Identified items which could
impact designs and prioritized
fixes to those analyzes.

Pavement (SJPCP)

The University of Pittsburgh BCOA-ME procedure was implemented
into the AASHTOWare Pavement ME software maintaining as much
theory, key concepts, assumptions, and inputs as possible.

« Full contact friction/bond between PCC and AC layers.
- Relatively high load transfer efficiency of the transverse joints.
+ Critical longitudinal fatigue cracking location and computation of
fatigue damage at slab bottom.
+ Ranges of key inputs include:
- Slab thickness (4 to 8 in PCC)
- AC thickness (3 to 10 in)
- Longitudinal Joint spacing from 5 to 8 ft.
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For more information on SJPCP head to:
http: -desi ign inars.

(Version 2.3)

http://me-design.com/MEDesign/data/S|PCP
%205hort%20)td%20Bonded%20PCC%200verlay

NARR Climate Data

New Feature

+ 1083 .hcd files using the North
American Regional Reanalyis
(NARR) database.

+ New station.dat file

A Special Thank You To:
J.M. Vandenbossche, N. Dufalla, and Z. Li with the University of
Pittsburgh

“Bonded Concrete Overlay of Asphalt Mechanistic-Empirical Design
Procedure” (BCOA-ME)

International Journal for Pavement Engineers, DOI:
101080/10298436.2016.1141410, 2016.

BCOA-ME Home: http://www.engineering, pitt.edu/Sub-Sites/Faculty-

Previous to v2.3

+ 1083 .hcd climate files from the
NCDC weather stations

=1

- 37 years of continuous data for 1083 locations
« Continuous updates as data becomes available
+ Files are identified with the prefix (NARR_GRIDPOINT)

0Old files will still be available, however the old climate
data will no longer be maintained.
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Version 24

Updates and
EN ments

Manual of Practice
Integration

on a praperty in the ME Design user
to the appropriate page d i

which have matchin; ons in the Manual are

Technical Audit
Revisions

wered during
the technical audit

+ Will need to perform a full recalibration after all issues
are corrected.

+ Technical o
detoiled in o t:
calibration an;

4

;| O

milegration

» Goal: Integrate the Manual of Practice into the ME Design
software.

+ Users will be able to click on a property in the ME Design user
interface, and will be taken to the appropriate page describing
the property in the Manual Of Practice.

+ Only fields which have matching sections in the Manual are
mapped.

NCVIDIVIID

+ In the process of correcting all issues discovered during
the technical audit.

+ Will need to perform a full recalibration after all issues
are corrected.

+ Technical audit impacts on designs will be fully
detailed in a technical addendum to be released after
calibration and testing has occurred.

85



AASHTO Pavement ME Users Group Meetings

First Annual Meeting — Indianapolis
Dec 14-15, 2016

API for Modulus and
File API for TCModel

alculated dynamic m;

1 to allows use

Backcalculation Tool M'

Fsset B

Pre-rrocessing UeTlection ata 100l
for Backcalculation

Goals:

ate a tool which can convert between commaon FU ts, including F20, F25, JILS, and

File API for TCModel

+ Modulus APl or library is being created which will allow users to
programmatically determine the following:
+ Master curve coefficients
+ Error terms
+ A-VTS
+ Measured vs. calculated dynamic modulus

« File API for TCMadel to allow users to programmatically access the input and
output data from the TCModel analysis.

+ This API should be directly applicable for evaluating and assisting in
resolving the difference between the occurrence of transverse cracks
caused by a cold temperature event and those cause by other
mechanisms.

Phase 1

Pre-Processing Deflection Data Tool
for Backcalculation

Phase 2

Backcalculation of Stiffness Values
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Phase 3

2 the data generat Post Processing Backcalculation Results
ogram to determin:

» Define an input format for the back ted modulus data as well as the
information to define the existing structure for getting the data back into ME

alculated elastic modult es the
information from the firs \ases. ﬂ'gfﬂe\?esrf:iseature

= The files im|
modulus data

Process and Feature
Improvemeants

+ Please submit through MantisBT at www.me-
design.com/MantisBT

+ All software improvement suggestions are
examined and brought to the attention of the
ME Design task force bi-annually.
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Presentation 9—Geoff Hall, Maryland SHA

DESIGN PARAMETERS:

December 14, 2016

Geoff Hall, PE., Pavement Chief, Maryland SHA

Overview

* Distress Threshold limits
—Initial Performance Target
—Terminal Performance Targets

* Reliability

* Hierarchical Level

m AASHTO ME National Users Group Mesting - 12-14-16 - Design Parameters

Background — Performance Targets

* AASHTO 1993: Serviceability
—0to 5 scale

* AASHTO Now: Something we can
measure
—IRI
—Cracking
—Rutting/Faulting

ﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Background — Performance Targets

How does Serviceability compare to
performance metrics?

Not very well.

= Serviceability is qualitative.
* Performance metrics are quantitative.

ﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Background — Performance Targets

AASHTO 1993 Targets
=+
AASHTO ME Targets

Thus, need to start over.

m AASHTO ME National Users Group Mesting = 12-14-16 - Design Parameters

Performance Targets

Current Defaults:

* Initial IRI = 63 in/mi

* Terminal IRl =172 in/mi

* AC Top-Down Fatigue Cracking = 2000 ft/mi

* AC Bottom-Up Fatigue Cracking = 25% lane
area

* AC Thermal Cracking = 1000 ft/mi

m AASHTO ME National Users Group Mesting - 12-14-16 - Design Parameters
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Performance Targets Performance Targets
Currently available criteria: Are these defaults always appropriate?
* Total Permanent Deformation = 0.75" Should they be the same for all
* AC-only Deformation = 0.25" functional classes?

* JPCP Transverse Cracking = 15% slabs
* JPCP Joint Faulting = 0.12”
* CRCP Punchouts = 10/mile

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Performance Targets Initial Performance Target
Project Example (It’s somewhat complicated)
Urban Principal Arterial — Flexible Target can be project-specific.
Mill & Resurface — What is life extension?
'_ Before Fix After Fix | Use your data.
| Existing | Initial | Terminal * You've paved thousands of projects.
r i | 350 1L 62 | 4% — Determine typical t-paving valu
| Fatigue Cracking | 1% | | 25% | . g
'Thermal Cracking| 10000 | | 1000 | — Performance specifications

Rutting | 018 | | 075

ﬂ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters ﬂ AASHTO ME National Users Group Meeting — 12-14-16 - Design Parameters

Initial Performance Target Initial Performance Target

Anticipated IRl based on existing conditions and proposed fix

/

0 50 100 150 200
Existing IRI (in./mile)

8

Ride Quality
* Dependent on a few factors

— Pre-overlay IRI
— Number of lifts
— Milling or not

O\WH
008

Anticipated IRI (in./mile)
I -
o o

o

= 1lift, nomill  « 2 lifts, no mill = 1 lift, mill

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters
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Initial Performance Target

Ride Quality
* For examples, visit

http://roads.maryland.gov/index.aspx?pageid=32&d=10

Existing IRI: 150
Number of HMA lifts: 1
Grinding on the project? Yes
Wedge/Level? No
Functional Class: Locals
d IRI after jon = 79

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Terminal Performance Targets
(It's more complicated)

Targets can be project-specific.
Goal is to determine life extension.

Use your data.

* Terminal targets based on pre-overlay
condition.
— For new, use average

— For used, use project-specific

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Terminal Performance Targets

Based on existing Remaining Service Life

*Existing IRI, Rut, Crack and Friction are
converted to RSL
*Conversion of distress to RSL varies by
functional class

m AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters

Terminal Performance Targets

*Lowest RSL controls
*That RSL is converted back to individual distress
threshold limits

*For new pavements, RSL target = 20

ﬁ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters

Terminal Performance Targets
Example

Urban Principal Arterial

Existing, pre-overlay values:

* IRl =150 in/mi » RSL=21
* Fatigue Cracking=1% area =—p RSL=35
* Thermal Cracking = 10,000 ft/mi = RSL= 16
* Rutting =0.18" » RSL=30
* Skid Number = 40 =—————————p RSL =20

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Terminal Performance Targets
Example

Urban Principal Arterial

Existing, pre-overlay values:
* IRIRSL=21

* Fatigue RSL =35
* Thermal RSL = 16
* Rut RSL =30

» Skid RSL = 20

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

=—p Overall RSL = 16
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Terminal Performance Targets
Example

Terminal target values:

* IRIRSL = 16 =3 [RI =177 in/mi

* FatigueRSL =16 =——p Bottom-Up=8%
* Thermal RSL = 16 =% Thermal = 10,000
* RutRSL=16 = Rut=0.28"

* SkidRSL =16 ==————p Skid =39

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Terminal Performance Targets
Example

Terminal target values:

* Top-down fatigue: ignore

— Difficult to tell difference whether fatigue is top-
down or bottom-up.

— Considering all fatigue as bottom-up is somewhat
more conservative
« AC only deformation: ignore

— Difficult to tell whether rutting is whole system or
just asphalt

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Performance Targets
Project Example

Urban Principal Arterial — Flexible
Mill & Resurface

Reliability

Current Defaults:
* Mostly 90%
* AC Bottom-Up Fatigue Cracking = 50%

Are these defaults always appropriate?

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

' Existing | Defaults | Chosen 4
initial R | ™ 63 | 79 (Flexible pavement overlays only)
 Terminal RI | 150 | 172 | 177 + AC Thermal Cracking = 50% (Overlays only)
 Fatigue Cracking | 1% 25% 8%
|Thermal Cracking 10,000 | 1000 10,000
. Rutting | 018" | 075" |  0.28"
ﬁ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters ﬁ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters
Reliability Reliability

What is appropriate?

New Pavements:
* IRI: 50%

— With performance specs, know what to expect
« All other criteria: 90% is good

— This is our one chance to build it to last

— More cost-effective to spend a bit more up front
to save a lot more later

Iﬁ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters
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Reliability
What is appropriate?

Existing Pavements:
* IRI: 50%

— With performance specs, know what to expect
* All other criteria: 50% is good

— Tail wags the dog: determine how long the fix will
last, not fit a fix to an expected life.

— Goal is to get accurate life extension, to compare
to other options

ﬂ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Reliability
Project Example

Urban Principal Arterial — Flexible
Mill & Resurface — What is life extension?
Last, similar fix lasted 15 years
* |RI Life @ 90% = 4 years
* |RI Life @ 50% = 16 years

Which is more believable?

ﬂ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Hierarchical Levels

* Input Level 1 - Measured directly; site- or
project-specific.

* Input Level 2 - Estimated from other site
specific data or parameters. May also
represent measured regional values that are
not project-specific.

* Input Level 3 - “Best-estimated” or default
values. Based on national or regional default
values.

ﬁ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters

Hierarchical Levels
How are they chosen?

* Most projects: Uhhhh....whatever’s readily
available through our normal routine.
* We don’t have Level-1 control on many
inputs

» Design-Build Projects: Design-Build team can
have Level-1 control

ﬁ AASHTO ME National Users Group Meeting - 12-14-16 - Design Parameters

Hierarchical Levels
How are they chosen?

» Design-Build Projects: Design-Build team can
have Level-1 control
* DB team can make real-time adjustments
to design
* SHA can approve those adjustments...(if
the DB team can prove it, of course)
* Everybody wins!

ﬂ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters

Summary

* Distress Threshold limits & Reliability
—Do not correspond to AASHTO 93
—Adjust for specific projects

* Hierarchical Level
—Can effect cost savings

ﬂ AASHTO ME National Users Group Meeting = 12-14-16 - Design Parameters
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Questions?

Iﬁ Geoff Hall, PE., Pavement Chief, Maryland SHA

93



AASHTO Pavement ME Users Group Meetings

First Annual Meeting — Indianapolis
Dec 14-15, 2016

Presentation 10—Clark Graves, University of Kentucky / Joe Tucker, Kentucky

Transportation Cabinet

Kentucky Development of an
MEPDG Based Design Catalog

Our Vision of Implementation cont.

* Initial designs new hot mix asphalt construction
* PCC Pavements
* Rehabilitation of both HMA and PCC

Universityof .
Kentucky: -

Materials Library Example

Qur Vision of Implementation

* Kentucky Currently has ME process and our own
Catalog Design Process

* Use Current Data and System Framework as much
as possible

* Target Level 2/3 Designs

* Our effort is not a conventional implementation
effort

* KYTC using PaveME as an analysis tool to enhance
our current ME design process.

“ Universityof .
Kentucky: -

Implementation Steps

* KYTC identified the following steps for successful
I EEE
* Implementation plan,
* Materials and traffic libraries, KYTC-specific user input guide,
* |dentify key stake holders, department divisions and industry
* Continuous verification, calibration and validation

“ Universityof
Kentucky:

Surface Mixtwes

et
F,_.“:;iuﬂ_ﬁ‘!"‘"?
cnaiilily |

“ Universityof
Kentucky:




AASHTO Pavement ME Users Group Meetings

First Annual Meeting — Indianapolis
Dec 14-15, 2016

Base Mixtures

Calibration Sites

* Calibration Sites selected across the state
* Primary focus is on Asphalt Pavements

* 8-15years old

+ Constructed with Superpave Mix Design
+ Various Traffic Levels

Complex Modulus Distress Comparison

COMMONWEALTH OF

KENTUCKY

Rutting (in)

el -

é -
- s g
5 3
o

“ University UF
Kentucky

US 127 Frankdin Coun

Geod petoran Bypass L

“ University UF
Kentucky
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Prepare for Tomorrows Calibration

* Calibration should be a continuous process

+ Capture data at the design phase that will be needed
* Materials
* Traffic
* Design changes

* Sophisticated database structure or file repository (Projectwise)

0 o a s o ar a3 03 [ 045 o8
Predicted Rutting (in]

Design Catalog Development

+ Developed design space of typical designs

Why A Design Catalog
» + Standard DGA Thickness initially 6"
+ Easy transition from current catalog system ) _ - _
v : : L + Standard HMA Mix Properties from historical designs
+ Efficiently develop pavements designs by engineers with limited ) : : - :
PaveME experience + Standardized unbound material properties with variable modulus
« Consistent cost estimation process * Single Vehicle Class Distributions, default axle load spectra, AADTT
: : ; h : from 100 - 16,000
+ State Highway Engineer looking for quick implementation ) ) : : -
i ) . ) * Variable HMA thickness 6" - 18" 343 combinations,

* PaveME use for specialized designs and forensic evaluations

Catalog Development Cont. Modeling of Design Space

* Initial catalog based on “synthesized” calibration coefficients from
surrounding states

+ Multiple Adaptive Regression (MARS) of design space.

* Refinement will be made based on local calibration sites + Ability to determine both forward solution and predict distress

* Primary focus on AC rutting and fatigue cracking

* Backward solution to predict thickness given distress thresholds
* Reliability 90%

* Accuracy within design space is very good
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Future Directions
+ Initial deployment of catalog early 2017
* District by District Deployment
+ Continued calibration/verification

+ Catalog expansion to handle other design types, PCC, composite,
rehab, etc.
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Presentation 11—Larry Wiser, FHWA

LTPP Climate Tools
for ME Design

AASHTO Pavement ME Users Group Meeting
Hyatt Regency
Indianapolis, Indiana

Wednesday, December 14, 2016

Larry Wiser, FHWA

e
PERFO

Overview

+ LTPP InfoPave
+ LTPP Climate Tool
+ Other MEPDG Support Tools

+ Feedback and Comments

N
PERFO

| 2D

LTPP InfoPave

+ LTPP InfoPave is the Web-centric interface,
designed to improve access to LTPP data. In
addition, the interface provides information,
education, and tools to maximize the use of
available data.

+ LTPP InfoPave includes creative tools for data
viewing, identification, and selection that helps
users create their own personalized data sets,
summary reports, queries, and much more.

LTPP InfoPave (Cont.)

+ The LTPP InfoPave web interface is organized in
the form of Hubs and Tiles. A hub is collection of
related tiles whereas a tile represents a feature
or a tool available in under this interface.

+ LTPP Climate Tool is available under the Tools
Hub.

LTPP InfoPave (Cont.)

Len
Ellnrui"‘!w'- -
[ [ RS S -

LO
PEHFOW" 5

W perroaEne 5 | | g 2 e o e 4
LTPP Climate Tool

+ Objective of LTPP Climate Tool is to provide convenient
dissemination of NASA's MERRA climatic data for
infrastructure engineering applications in customary
engineering units

+ Intended users - pavement and bridge infrastructure
engineers

+ The 'MERRA Climate Data for MEPDG Inputs’ under the
Tools menu of the InfoPave website provides climatic
data set suitable for use with AASHTO Pavement ME
Design software

LO
PEHFOW" 6

| & e
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Accessing LTPP Climate Tool

« https://infopave.fhwa.dot.qov ‘Data’ & ‘Tools’

NP ST ———

TP . :
RMIUPE!VP Home pev o
o ee—

1 e e

il
PERFO!

| & <

Available Data

« Data Attributes « Data Frequency

- Temperature - Hourly
- Precipitation . Daily
- Humidity - Monthly
- Wind - Annually
- Solar
Temperature Average:
-23°C N 33 'C

Temperature and
Precipitation Elements

« Temperature « Precipitation

- Temperature - Precipitation
- Soil temperature - Evaporation
layers 1 -6 - Infiltration
- Soil temperature - QOverland runoff
unsaturated zone . Snow Mass
- Soil temperature . Snow Melt
saturated zone
- Snow-covered area
fraction
- Snowfall

Humidity, Wind and Solar
Elements

« Humidity « Solar

. Specific humidity

- Relative humidity

- Shortwave surface
- Shortwave top of

- Air pressure atmosphere
. - Cloud cover
LA - Percent sunshine
- North wind - Emissivity
- East wind . Albedo
- Wind velocity
- Air density

LTPP Climate 'I_'_ool_— Location

e e

LTPE
_% infoPave : Tools

Location Selection

B bt warie o gt Eum [l

12
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Area Selection
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LTPP Section Selection

(N b
PERFO 14

LTPP Climate Tool — Country

)

[ y—
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LTPP Climate Tool — Map

e —_
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LTPP Climate Tool — Graph
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Data Download Formats

+ Tabulated Data — Microsoft Excel (XLS), Microsoft
Access (MDB), and Microsoft SQL Server (BAK).

+ Program Input - Historic Climatic Data (HCD) and
Integrated Climate Model (ICM) files.

+ Map — ESRI Shape File (SHP), and Keyhole Markup
Language (KML) XML files.

Other MEPDG Support Tools

+ Use LTPP Data for MEPDG Inputs for Local
Calibration

+ MERRA Climatic Data for MEPDG Inputs

o3

e
infoPave ; Tools

| 7 2 perrokaaidne 1o | | G 2 perrONRNGnt 20
MEPDG Inputs for Local
L HUb Calibration

The MEPDG Inputs feature is designed to provide
the performance data and inputs from the LTPP
database for the AASHTOWare Pavement ME
software. This allows the users to run comparisons
of model predictions against the actual
performance data from LTPP test sections.

PEHFOW" 23

B S N o | | [ S AN e 2
MEPDG Inputs for Local Climate Data for MEPDG
Calibration (Cont.) Inputs

| &5 =

MERRA Climate Data for MEPDG Inputs enables
users to download MERRA climate data in a
format that is being used as an input for the
AASHTOWare Pavement ME Design Software.
This feature allows users to download the Hourly
Climatic Database (.HCD) file based upon MERRA
data for the selected section.

NG
PERFO 24
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Climate Data for MEPDG Inputs
(Cont.)

FEHFOW‘ 25

Climate Data for MEPDG Inputs
(Cont.)
—.H.IlI::F[IIF’uVl: -‘-_.'-; o h

FEHFOW‘ 26

Summary

* LTPP Climate Tool provides convenient dissemination of
MERRA climatic data for infrastructure engineering
applications in customary engineering units

+ Intended users - pavement and bridge infrastructure
engineers

+ 'MERRA Climate Data for MEPDG Inputs’ provides
climatic data set suitable for use with AASHTO
Pavement ME Design software

+ Use of LTPP Data for MEPDG Inputs for Local
Calibration

| &0 <

PEHFOW" 27

b

Feedback and Comments

Larry Wiser
Larry.Wise ot.gov
O
pe s o Bk EREne 2
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Presentation 12—Nusrat Morshed, New Jersey DOT

ACKNOWLEDGEMENT:
NJDOT -=STATUS OF CHRISZAJAC-  Section Chief,
Safety and Data Development, NJDOT
TRAFFIC INPUT Y °
ANSHTO PAVEMENT ME "“m";::‘:::sfkﬁif"““::a“::f:‘m PHILIP BERTUCCI- Pavement Management Administrator,
INDIANAPOLE. IN Pavement & Drainage Management, NJDOT
VIVEK JHA- Project Engineer,

Nusrat . Morshed, P.E. Advanced Infrastructure Design, Inc.
Senior Engineer
Pavement Design Unit, NJDOT HAO WANG, PhD - Assistant Professor,
(609) 530 5682 Rutgers,The State University of New Jersey
Nusrat.Morshed@dot.nj.gov

OVERVIEW

Status of NJDOT Highway System
Types Of Traffic Data- NJDOT

Example Of Consultant Work Using
PAVEMENT ME

Upcoming User Manual (Traffic) for ME STATUS OF NJDOT HIGHWAY SYSTEM
Design-FY-2017

NJ State Highway System
Lane Miles of Major P: Work Comp
(Total System Mainline Lane Miles = 8407)

MIOOT Maitined Based on IR 8 50

1000
[Based on 2015 Duta) 922
¢ oy 200 Preventive Maint
nEme
Resurt/Rehab/Recon
= Total Pavement Work T3

Lane Miles

i
?
Ed
i
H
2
g

i
! 2
L

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
et Fiscal Year
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TYPES OF TRAFFIC DATA-NJDOT

Finding our data...

= s s

Online traffic counts web search engine

ey | (s " GAmETSrEc

Data Viewer 3 (Beta version svailable now)
To be published In D
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EXAMPLE OF CONSULTANT
WORK USING PAVEMENT ME

PROJECT DETAILS

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

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%

Selecting the
closest to Pavd

presence of overpass
PAVEMENT DESIGN DATA [P e =
- = TSumREiss 4 & 9 12.5% )

I —

£l

MG ORRER

= -lruc inNJ fall
e Clases

ignthat’s
1 Dats

e

R e RREED

=—mmeeProject Specific
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u Route 22 Route 82 Ga'denslg_e Pa'kwavlnlcrtha\ge m o | Route 22_Route 82_Garden State Parkway Interchange (9]
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TRAFFIC FAMILY ANALYSIS

Analyze WIM data at New Jersey and provide level 2 (cluster
average) and level 3 (statewide average) inputs used for AASHTO

PAVEMENT ME

Data extracted from Vehicle Travel Information System (VTRIS)
UPCOMING USER MANUAL (TRAFFIC) BAw by A ik of I Pl iimaticn
FOR ME DESIGN-FY-2017 N

Annual average data in 2012-2014 were used in the analysis

Statistical analysis was first performed to see if there is significant
variation within two directions at the same WIM site or at different
years at the same WIM site

Hierarchical cluster analysis was conducted to develop traffic
families, respectively, for single axle load spectra, tandem axle load
spectra, tridem axle load spectra, and vehicle class distribution

DIRECTIONAL VARIATION TEMPORAL VARIATION

No statistical difference between traffic at No statistical difference between traffic at
differentdirections different years
P el ‘ / : e
r'd 4 e
¢ - o 7 1
f ST :4’ s i B
-3 Dyacom / +— 3 Dymrc 5 ¥4
./f i : J; h % 1o E l
Single axle load spectra (2014) Tandem axle load spectra (2014) J Ave Lo To) i o
Single axle load spectra Tandem axle load spectra
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CLUSTERING ANALYSIS RESULTS

REGIONAL PATTERN GROUPS MAP

i § e A -
-\\ i LSy
. 0 & \\
Single axle load spectra 'I'Il'idﬂl:llxl;ln:d spectra
Tridem axle load spectra Vehicle class distribution -
QUESTIONS?

Develop categorization method based on traffic families

for pavement design at specific sites

Analyze the effect of traffic using traffic clusters, the Nusrat.Morshed@dot.nj.gov

state-averaged traffic, and the site-specific traffic

Continue working on the material catalog for asphalt
mixes used in NJ
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Presentation 13—Melody Perkins, Colorado DOT

COLORADO

Department of
Transportation

I\ 4

Local Calibration of Subgrade Soils

Objectives

Jo\4

+ Define Resilient Modulus
» CDOT’s Studies
* Modeling the Subgrade in M-E Design

* Where Does CDOT Go From Here?

P\ 4

What is Resilient Modulus?

Resilient Modulus

Key design parameter for pavement systems.

It allows the determination of how the pavement system
will respond to traffic loadings.

Ratio of applied deviator stress to the recoverable or
“resilient” strain.

What does this mean?

P\ 4

Stress vs. Deviator Stress

Resilient Modulus - Stress

« Stress - When a wheel load is applied to a pavement,
locations under the load experience different levels of
stress based on their depth from the surface and the
distance from the applied loading.

« Deviator Stress - A specific axial or vertical stress at a
point in the pavement system due to the applied load.

« Resilient modulus uses Deviator Stresses.

LY

+ Strain - The ratio of an object’s deformation to its
original dimension in the same direction. A portion of
the deformation may be recoverable or “resilient” while
the remainder is unrecoverable or “plastic”.

Resilient Modulus - Strain

Total Strain (¢,)

Resilient Strain (g,)
— !

Plastic |
Strain (g}
p—

Deviator Stress, o, - o,

LGt L

Axial Strain (in.fin.)

Resilient Modulus - Stiffness

P\ 4

Stiffness, not Strength

+ RMis a stiffness measurement, not the strength of the
materials.

+ RM used to characterize pavement materials under
loading conditions that will not result in “failure” of a
pavement system.

+ The pavement system can be designed to carry the
design axle load applications during its service life by
varying the layer thickness and stiffness.
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&g Resilient Modulus

What Factors Influence Resilient Modulus?

* Compaction: Specimens compacted at a low density will
normally have lower resilient moduli than those compacted at
higher density.

Moisture Content: Specimens should be prepared and tested
at their optimum moisture content determined by Proctor. As
a specimen moisture content increase, the resilient modulus
will decrease.

Stress State (Bulk Stress): Within the pavement structure,
bulk stress varies as a function of the applied traffic loading, in-
situ pavement layer density, and material type. For a given
loading, bulk stress decreases as the distance from the
pavement surface increases.

o\

How is Resilient Modulus Used in Pavement Design?

Resilient Modulus

+ Resilient modulus provides an indication of elastic
response of a given material.

+ In MEPDG layered elastic analysis is utilized to
determine pavement response, based on applied
loading, environmental conditions, and material
properties at two critical locations, which are

Resilient Modulus

I\ 4

How is Resilient Modulus Used in Pavement Design?
1. Strain at the bottom of the HMA layer.

+ Excessive strain at the bottom of the HMA
layer can result in a “fatigue” crack forming
and continuing upwards to the pavement
surface.

2. Vertical stress at the top of the subgrade.
+ Excessive vertical stress at the top of the

subgrade can result in permanent or plastic
deformation (i.e. rutting) in the subgrade.

Resilient Modulus

P\ 4

How is Resilient Modulus Measured?

+ ASTM D2844 - Standard Test Method for Resistance R-
Value and Expansion Pressure of Compacted Soils.

+ Also known as AASHTO T190

+ In Colorado we use CP-3101, a variation of ASTM D2844

&g Colorado Procedure: Laboratory 3101

Differences between ASTM D2844 and CP-3101

+ Utilizes a spacer below the mold
* The spacer is not removed during the test

* Do not unlock the mold during the compaction
+ Creates straight compaction rather than ‘kneeding’
the soil

Why do we use CP-3101?
+ Possibly due to equipment requirements
« And/or straight compaction creates a more
conservative R-value (temperamental soils in
Colorado)

éE? 2002 CDOT R-Value vs. M, Study
(Best Fit Curves)

A-2 Soils
R | R-Valee | LL L] P4 | P10 | P40 | P-200 | Moistare | Demsity
| Magm) | (Myu)
1
T m T T .
I | =

Mg = 16,046~ 36°(LL) + 37.5%(Pl) - 64.4°(P-4) - 107" (Moist(M,,})

AASHTO T 190 with AASHTO T 307 at various moisture contents.
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&g Resilient Modulus R-Value Correction

CDOT uses a Hveem stabilometer to measure the strength
properties of soils and bases.

+ This equipment yields and index value called an R-
value.

+ The R-value is considered a static value

+ The Mr is considered a dynamic value

& Resilient Modulus R-Value Correction

A

Differences Between CDOT and ME-Design

Resilient Modulus in ME-Design

+ ME-Design requires the resilient modulus at optimum
moisture content.

= Either by Proctor or modified Proctor testing.

+ CDOT uses a Modified version of AASHTO T 190

& Resilient Modulus R-Value Correction

Pre-2012 Equation

MR = 10[|S'18.?2|t6.24]
where S = [(R-5)/11.29]+3

New Equation
Mg = 3,438.6 * RO

* Only for soils with an R-value of less than 50

* For R-values greater than 50 FWD or AASHTO T 307

&? Local M-E Design Calibration

Level 2 Design

M, =3438.6R™™

ilient Modalus
"
g

20000
15000 =—CDOT Mr-R
Z 10000 1 * Measured M
5000
04
0 0 40 60 30 1]
Roalue

&? FWD to Laboratory Ratios

Level 1 Design

Mean ExM,
Layer Type Location Ratlo
Granulr  base'subbase  betwwen  two
stabdized layers (crmentfious of sphalt L4y
Unbound Granular Base and Subbase | stabiired maseriah).
Layers | Gramlar base/subbase under a PCClayer. | 1.2
i ettt T u‘.,';.
| staface of base layer

Embankomest or sebgrade sod below 3
stabilized subbaselayer or stabilized 1o
Embankuest or subgrade sol below s |
fexible o rigid pavement without 082
Lo beolpebbaeclver

Embankmest o subgrade sol below 8

flexible orrigid pavement with & grasular 033
| base or subbase byer |
£, = Elastic modulus backealculated from deflection basin meayurements
M, = Elastic mockdus of the bt-place materials determined from laboratory repeated lood resilient mochdus

Embankment and Subgrade Soils

feat.

From the Mechanistic-Empirical Pavement Design Guide Manual of Practice
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&? National M, Values & Modeling the Subgrade in M-E

Level 3 Design Input for New Flexible and JPCP Designs
Pavement & Input Hicrarchy
Resilient Modulus (M,) at um Mobsture, Material 3
AASHTO Son | (ML) at Oplisy . Design Type | Material Property —rorey Level2 [ Levas
— Flexible Pavements Rigid Pavements Restlient Modulas | Not Avaflable | CDOTLab Testing | AASHTO Sofl Class.
Ala 19,700 14,900 Gradation Not Available CP108 | CDOT Defanits
Alb 16,500 14,900 AASHTOT19S | CDOTDefasiy |
AZd 13,200 13800 somvarepenmn | M
A2S 15,200 13,800 3 | SE Design SoRware
A26 15,200 13,800 . Soltware Dematty Default of 0.50
A-2-7 15,200 13,800 h::ciercP AASHTOT 1800r T99 |
Al 15,000 13,000 ‘ot Available | AASHTO T 1800r T 99
A.; 14,400 18,200 __ Specific Gravity ! ot Available AASHTO T 100 wsumm’:wlm
-i—';— ::’m —:;—;2 Sturacd U Oraic | soravailable | AASHTOT 218 Index, and liquid
- F [
= Soll Water |
4:+8 13,000 10,000 Charactertitic Curve | Not Available NA
ATE 12,800 12,000 Parsmeters

Only used for preliminary design (values tend to be higher than CDOT's)

Inputs for HMA Overlay of Existing Flexible Pavements Inputs for Overlays of Existing Rigid Pavements
Pavement & | leput Hierarchy — 1 Pavement and Material Input_Hierarchy
| Design Type | MAerial Froperty Leveld Led2 | Levdd | Design Type | Property _Level 1 Level2 Leveld
FWD Deflection
FWD Deflection Testing . )
CDOT Lab AASHTO Soil Testing and CDOT Lab AASHTO Soll
Rexilient Modutn a:u Buu:lhnm Testing Chmifcatian Resitient Modulus | 0 0 ted Tastk Chaification
dvtiekinitesal Dynamile k value'
Gradation Colorade Procedure 21.08 CDOT Defaults ‘(-ru.m CDOT defanits
_Aticrherg Limis_ _AASHTO T 198 CDOT Defasis_ | Amerberg Limis AASHTOT 195 __CDOTdetanin |
Pobsson’s Ratia Software Defasits | :-'m,,.' ;:z"‘ Potvon's Ratio Software Defanity “'mm'"
HMA Overlays | Coelficient of Lateral MLE Desiga Saftware CoeMicieat ol ML Desiga soltware
of Exiing Pressure bsains i | Defaskioro.so Overtaysor | Lateral Pressare sz iaons default o 0.5
Flesible Max. Dry Density AASHTO T 1800, T 99 | Right Pavement | Max., Dry Dessity AASHTO T 18000 T 99
e 0"':.':_.::'"'" AASHTO T 1800r T 99 = 0!"-;‘: AASHTO T 18006 T 99
- 4 Monture temt
Specific Gravity AASHTO T 100 Estimate ming | Specific Gravity AASHTO T 100 1 =
Satarated Hydrautic 8 ‘:::‘M: .,! | Saterated mnun.;um:n;
Cosducthiy | AASHTOT 218 | -.:.;'l" 'lenllt AASHTO T 218 Indes, and liquid ot
Soll Water
Characteristic Curve NiA Sl Waeer
Characteristic NiA
Curve Parameters
= L ———|

A Modeling the Subgrade in M-E A Modeling the Subgrade in M-E

The top 8 feet of a pavement structure and |y ™™ - Expansi grade Soils

subgrade can be divided into a maximum of = Plasticity Index | DePtR of Treatmeat Below Normal

19 sublayers. = - 10-20 2 feet
= = 20-30 3 feet
= & -4 4 fect
= 40 - 20 3 fect
= = Placed in the bottom of the fills of less
= More than 50 than 30 feet or greater than 6 feet in
7 - Teeight, or wasted
- 5 » Stabilizing Agents
- = *Lime Treated

- +Cement Treated

o +Fly Ash and Lime/Fly Ash Treated

For a full-depth flexible or semi-rigid pavement placed directly on a thick embankment fill, + Geosynthetic Fabrics and Mats

the top 12 inches is modeled as an Aggregate Base Layer, while the remaining embankment
is modeled as the Subgrade Layer 1.
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&? Where Does CDOT Go From Here?

2017
M-E Pavement Design
Manual

Where Does CDOT Go From Here?

Yo\

+ Local calibration of Mg for soils with a R-value of
greater than 50.

» Continued calibration of soils with R-value of less
than 50.

+ Calibration for soils unique to Colorado (i.e. volcanic
tuffs).

Conclusions

o\ 4

* AASHTO T 307 Standard Method of Test for
Determining the Resilient Modulus of Soils should be
the preferred test method.

+ 0ld R-values should use CDOT’s old equation.

+ Use the Level 3 M, values for preliminary information
only. All final designs must use a Level 2 value.

113



First Annual Meeting — Indianapolis
AASHTO Pavement ME Users Group Meetings Dec 14-15, 2016

Presentation 14—Harold Von Quintus, ARA

Outline

Material Inputs | = Subgrade & Treated Materials
Determination of In Place Elastic
Layer Moduli through Backcalculation

1. Processes and LTPP Computed Parameter
Tables

2. Unbound Layers; the C-Factors
AASHTOWare Pavement ME Design

MEPDG User Group Meeting 3. Asphalt Concrete Layers; In Place Damage
Indianapolis, Indiana
December 14, 2016 4. Backcalculation: Enhancement Tool for
FY2017

Harold L. Von Quintus, P.E.

4+ ARA
R '
(A rerv — (A rerv —

FHWA: Backcalculation of Long Term Pavement Objectives
Performance Test Sections

1. Select appropriate methods/tools and perform

* Report Number: FHWA-HRT-15-036, LTPP Program backcalculation of all deflection basin data in the LTPP
Determination of In Place Elastic Layer Modulus: database.
gg;l;ca;'cu.'arron Methodologies and Procedures, March 2. Integrate most accurate or representative
’ backcalculated layer modulus values into computed
= Many of the processes used in the FHWA/LTPP project parameter tables in LTPP.
are included in the Pavement ME Design backcalculation
to0] 3. Key Outcomes:
! ¥ Automated backcalculation procedure.
¥ Less dependency on user.
v Recreate the results by others not involved in the development
process.
+ ARA oeroryid » + ARA
Computed Parameter Tables Outline
1. Processes and LTPP Computed Parameter
Layer Structure Backcalculated Modulus Values
Information Individual Basins Summary for Test Day Evlen
1. Section 1. Elastic layer modulifrom 1. Elastic layer modulifrom .
Information EVERCALC/MODCOMP EVERCALC/MODCOMP 2' Unbound Lam, the C-Values
2. Structures, 2. Elasticlayer modulifrom | 2. Elasticlayer moduliform
EVERCALC BESTFIT J BESTFIT 3. Asphalt Concrete Layers; In Place Damage
3. Structures, BEST | 3. Load transfer efficiency 3. Load transfer efficiency
i) IO BB LT Jrce BESTAT 4. Backcalculation: Enhancement Tool for
FY2017

Tables storing the backcalculated modulus values are
organized by agency for optimizing computational needs.

+ ARA v + ARA
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Rehabilitation Input Level 1: Backcalculated Egy,

Three points: Sasyss Typee

1. Backcalculated elastic | © | o4 e By temeetaeimasiae
modulus versus
laboratory resilient
modulus.

2. Design resilient
modulus from
AASHTO T 307.

3. Volumetric properties
for resilient modulus

input.

Anraal representatrve values

[Resiert modukus ps)

17 Correction factor for NDT modul 0.35

Rehabilitation Input Level 1: Backcalculated Egy,

+ Input: Backcalculated | #nshves Tives
elastic layer modulus, | @ M inest values by temperstureimaistuce
EFWD'

+ But, laboratory
resilient modulus, Hothad
Mg(Lab), used in
calibration process.

+ Program converts
Erwp to Mg(Lab) using
C-value

Anraal representatrve values

[Reshert modukus ps) -

My = Epyp (C)

7] Correction factor for NDT moduly 035

Rehabilitation Input Level 1: Backcalculated Egy,

= Convert Egyp to lab M, (in situ moisture) using AASHTO

C-values.
Aggregate Between a Stabilized & HMA Layer 1.43 !
Base/Subb Below a PCC Layer 1.32
Below an HMA Layer 0.62
Subgrade- Below a Stabilized Subgrade 0.75
Embankment | Below an HMA or PCC Layer 0.52
Below an Unbound Aggregate Base 0.35

Rehabilitation Input Level 1: C-Values

Layer Type Location
Aggregate | Between a Stabilized & 143 - - =
Base HMA Layer
Below a PCC Layer 132 | 075 | 075 | 07s
Below an HMA Layer 0.62 ] 0.60 ‘ 0.60 | 0.60
g Below a Stabilized Soil = |l = ~- | 075
gmbankment | Below an HMAor PCC Laver| 052 | 1.00 | 050 | 1.00
Below Unbound Aggregate | 035 | 050 | 050 | 0.50

+ ARA 015 i e o
(A wer—

Laboratory Measured Value; AASHTO T-307

+ ARA 015 i e o
(A wer—

Design Resilient Modulus; AASHTO T 307

Sandy Clay

_ 12 LTS KI‘ ‘ —e—Contement = 2 psi
PN A | e
. ;
% : 2as - [ Gonkremert = 270 : . \_\ \‘&: —a—Confinement = 6 psi
T P ~se=Cooramat = : S | e
F g R b —a—Confinement = 6 psi & -
3 = o ol id ]
2 } M. = . 1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10 R Cyclic Deviator Stress, psi
Devlator Stress, psi e In place confining pressure determined from horizontal load
stresses superimposed with lateral at-rest stresses.
R LT n *ARA 150013 pbod R A, -
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Design Resilient Modulus Determination

Design Resilient Modulus Determination

55

8 1
: ® laboratory 50 ] @ Laboratory Results
15 t - Results e -7
z i ® s -
;7 I }— o .- L] — 2 inches HMA; § 0 | i ——2inches HMA;
: — Computations 2 Computations
£ 65 1 I s Y
(# = —aa12 inches HMA; £ = ,’ === 12 inches HMA;
i 6 Computations i ] ‘ Computations
L] 1 e 25 1 T T
= H = 6
55 1 T - = Poly. (Laboratory 20 @ = = Power (Laboratory
: Results) Results)
5 ! 1 15 '
6 8 10 12 7.6 Fines o n u‘::m ’::‘i R Crushed Stone
55,
Sl Sarem; ot Grained Soil Adgregate Base
¢ ARA -+ ARA

Resilient Modulus/Volumetric Compatibility

14000 T T (- A-6 Soil
: 12000 —e— Default Values
510009 S, =82%
£ 6000 OSSN O In Place Values
E 4000 Do S,=93%
e 2000 + —3— Default Volumetric
o= 0 Values, In Place
0 10 20 30 40 50 6o | ModulusVale
= 829
Age, months S! 82%

Water Table Depth = 7 feet

Qutline

1. Processes and LTPP Computed Parameter
Tables

2. Unbound Layers; the C-Factors
3. Asphalt Concrete Layers; In Place Damage

4. Backcalculation: Enhancement Tool for
FY2017

S ARA

—_m& e —

Assessing Damage In Existing AC: Input Level 1

FWD Testing & Backcalculation:

* FWD testing along wheelpath of
project, including cracked areas.

* Measure AC temperature during
testing.

* Backcalculate mean layer elastic
modulus along project.

+ Elastic AC modulus determines in
place damage.

Asphalt Concrete Layers: In Place Damage

Dynamic modulus ingut level (3 vl

Modulus of exasting AC layer obtained from NOT testing

| NDT Modulus ps) Frequency (Hz) Temperature (deg F)
800000 Ik %
+ 600000 €] L |

. Elastic Layer Constant FWD Mid-Depth

SARA

Modulus Frequency Layer Temp.
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Rehabilitation Input Level 1 for AC Layers

3

Undamaged .
Mastercurve OgErD =3

a___
11 eP*1ioglt)

Logld )= l).:{bi E;_._.;Eﬁ.«_ |+
(5=

log Modulus, E

E*-10°

i
i 107+ et
& ldam =10 ¢ 3 Siogia..)

Y
log Reduced Time, t,

t; for NDT

= FHWA project: Charac

Design.

= Objective:
* Review, enhance, calibr
AASHTOWare procedur
layer damage for rehab

Rehabilitation Input Level 1 for AC Layers

for Rehabilitation Design using Pavement ME

= Contract Number: DTFH61-14-C-00024
= Expected publication data: Early to mid 2017.

terizing Existing AC Damage

ate (if needed) current
e for characterizing existing HMA
ilitation design.

SARA

S ARA

Predicted versus Measured Fatigue Cracking

Predicted versus Me

asured Fatigue Cracking

Critical material properties: Normalize for critical material properties:
1. Asphalt Content 1. Asphalt Content 1 & \
2. Air Voids N C 2. Air Voids FCp._ = . . ]
3. A . C posiom =| = _{('i}:-"'_&'-':f e (Dl pomn100)) Boem 160 )\ 1 4 @\CiCT -GG Log(Dlpumn100))
. Aggregate & Soil 60 ) | + £ +CCiLog (Dl penm
Resilient Modulus ) ® ViscorlavticPntic
000 ! as Bottoem-Lip Cracking
% 1500 L] M AL Thick A E “ ¥ Elatic or Roftom-Up
§ ‘ s Cracking
oo
i 500 A & AL Thinih ii o 5 Britthe or Top-Down
gi 00 -A g! % Cracking
0 0
; 5 1500 & ALATE & " * ::l'- Drorewny Craching
- 10 10
i im # : — = Py (AL Thn ! 5 -— _::lrr\f:(::::ap
ALY = L] > 2
cmc;““ ot oo a1 000001 00001 oo om o1 1 s :m.;;‘f,'\“‘"
Oamage inden Term, d,, MEPDG Damage Index, d,, Bottorm Up Cracking)

Alligator Cracking Transfer Function

Comparison of the in place damage index from FWD
backcalculated elastic moduli from deflection basins and fatigue
damage transfer function. »

1- Lo

DI =10l{

Lab

] X

](1 + etr,r; +C1CLog DN g0 *100)]

4
60

F ‘("Bo.'.'om = [

)

. Calculate the in place damage
moduli from deflection basins.
Compare observed amount of
from deflection basins.
Determine coefficients of
transfer function.

Enm

Lab

DI =100[l—

1

Alligator Cracking Transfer Function

index from FWD backcalculated elastic

cracking/patching to in place damage index

C,

{

Bortom

60

e

(€,6; +€1€1108 (D1 g *100))

¢ ARA

¢ ARA
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Outline
1. LTPP Computed Parameter Tables
Unbound Layers; the C-Factors

Asphalt Concrete Layers; In Place Damage

& w0 N

. Backcalculation: Enhancement Tool for
FY2017

Backcalculation

Utility tools in support of Pavement ME Design:

OPart 1—Preprocessing Deflection Data Tool for
Backcalculation

O Part 2—Backcalculation of stiffness values

O Part 3—Post Processing Backcalculation Results

S

S ARA

Backcalculation

Analysis and Post Processing Phase:
O Backcalculated elastic modulus values

Analysis and Post Processing Phase

Fatigue Cracking, percent total lane area
Oto2 | 2tol0 | 10to20 20to 35 35to50 =50 |
Area with higher probability of top-down
cracking, debonding near the surface, or some
other near surface defect, recommaendation is

Dl astn

Negative

Oload transfer efficiency touse rehabiltation input lavel 1.
i i 0to0.25
O Probability of voids
o . " . 0.25t00.5
O Rehabilitation strategy selection guidance =1 Area with highsr probabiity of battonrup cracking; ol
0.50t00.75 cracks have yet to reach the surface; or moisture damage,
S debonding or other lower AC layer defect; the lower the
amount of cracking for the same D .., the greater the
>0.75 difference between rehabilitation input levels 1 and 2.
DI =1- E FWD
E—Ratio
~ Lab
Questions
n
4
v
* ARA ™
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Presentation 15—Jusang Lee and Tommy Nantung, Indiana DOT

= Need of Pavement ME verification

PAVEMENT ME RUTTING CALIBRATION = Rutting distribution in HMA full-depth
FOR INDIANA HMA pavement
FULL-DEPTH PAVEMENTS = Pavement ME verification/ calibration/

validation of asphalt pavement rutting
JUSANG LEE AND TOMMY NANTUNG
INDOT RESEARCH & DEVELOPMENT DIVISION

December 14, 2016

LTPP sections used for MEPDG (asphalt): 94 sections

Loy ——

RUTTING VERIFICATION USING APT

in Indiana’s soil-cli 10 sections

LTPP sections in Indiana’s aggregater zone: 3 secti

LTPP full-depth asphalt section in Indiana: 0 secti

(e e

Total Asphalt Concrete Subgrade = LTPP measurement

12 12 12
=11 -11 =11
%‘; °° T IE 4o § = Surface Rutting
¢ § o gé o § = “"Permanent deformation (total pavement)”
L H iip i:| = total rutting
’ 012345 »_‘r_n_o:w:;w ! 012345 b&oﬂwi:r ’ L] w":ﬂug‘gh“tmf” L] TOta| I‘Uttlng = AC I'Utting + Sllbgfade I‘Uttil'lg
R Mean Mean = :-’-l",#._.lo" m‘- Fagiptn < a,{.\'::;r,.l,».n|:—:‘k":’
l“;:";‘"md Moasured | Predicted | Bias (mm) | SSE(me?) | S, (mm) R |Hypothesis; HO: '
{men) (mm) = ? + ?
Total 575 537 038 2.7 252 | osy | Al o o ’
AClayers | 510 247 263 | 6661 2 | osa | Aecmed = Limitation of optimization
064 2.90 2.26 31.46 0.42 019 :’:;;:‘ . .8,,, .8,2, 3,3, and ﬁ'ﬂ
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Lane 1 (Dense) [NESREIZISMAA]IN INESAESISMANN Lane 4 (Dense)

2.5in. Intermediate 2.5in. Intermediate
3.0in. Base
6.0in. Base
RUTTING DISTRIBUTION 25in.06
IN APT HMA FULL-DEPTH PAVEMENT
25in.0G 3.0in. Base
2017 TRB Annual Meeting 1.0in. Base
Event Number: 713
Pres«mmlwn\mnbe: 17-05842 g Type1a
ion Title: Develoy of Midd pl Subgrade Treatment, Type 1A
Prol’lc itoring System for A d

Pavement Te-sln:p

“®

APT HMA Materials APT Rutting Monitoring Hole Depth

Monitoring Holes

layer | NMAS Binder Grade (PG) v ! [ ] surfece
Surface 9.5-mm Dense 70-22 5 e
9.5-mm SMA 70-22 o Upper Base
Intermediate 19.0-mm Dense 70-22
Upper Base 19.0-mm Dense 64-22 25" | |
19.0-mm Open 3 Lower Base
I 76-22 1 i |
OGlaver | Graded (06) 6
Lower Base 19.0-mm Dense 64-22 Subgrade
Acceleration area Deceleration area

APT Rutting Hole Locations APT Testing — Laser Profile
= =

Lane 1
Lane 2
Lane 3
pling rate: 0.16 mm/data point

. Mmracy 0.15 mm

Lane 4 * Transverse profiles: 4 profiles at constant
loading speed area
= Longitudinal proﬁles 7 for mid-depth ruts

£ Acceleration area Deceleration area
I , I —— ,
v v
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APT Load Application Permanent Deformation Progression
= 9000 Ibs Lane 4 south wheel path
= 5 mph .
= Pavementtemp: 117 F @ 1.5" . i g
» Target rut depth: 0.4" e = — L
= 50,000 ESALs . B ' E Lﬁwﬁ E N i“

T 3
- : ! W“_‘D—-Q—L_D Surfcae v 5 -0 956in{x) + 3. 281
t '] Peaaess
i 3 10
9\'-“"“ ) ?\'m‘"‘ 10,000 10,000 30000 ”!'OPD‘C'IJ“ 50,000 60,000 10,000 L=t o
g _________________________________________________|] 5 g ___________________________________________________|]
=5 =5
Lane 1 . Lane 2 Lane 3 Lane 4
AC 88.8% 87.2% 89.7% 88.7%
Subgrade| 112 103 113 INDOT PAVEMENT ME VERIFICATION/
Total | 1000% | 1000% | 1000% | 1000% | CALIBRATION/ VALIDATION OF ASPHALT
PAVEMENT RUTTING
11.4%
. 88.6%
8 AC = Subgrade
?\---t,“-
x’x "'x’,i

Local Calibration Procedure Data Collection

_d"'a“_—g';l\

= 8 Field Roadways and 6 APT sections
= Pavement Thickness: 12.5 in. to 18.5 in.

= Verification

. . = AADTT: 332 to 14,463
" Callbratlon = Surface Material: Dense grade and SMA
= Validation * Pavement Age: 5 yearsto 7 years
* Data collection including weather station
g tion, traffic data configs n,
ial properties preparation and di
survey (PMS)
Fm
ey 7
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Rutting Verification Calibration Flow Chart

Total Asphalt Concrete Subgrade

B o B o B
Fio o © Euo Fuo
=9 =9 oo =9

8 L] B
§7 §7 5

& o 6 6
2 3 ? ; 3 + © b = : AL Loyer Rutting Mode! Unbound Layer Rurting Medel
i3 et File LH = K 0 0P 8() = Bkt W) R
< ] < 1 < 1 ]

° ] ]

© bl A2 il G GRS sl e 23

(| mean T Mean
“f':‘:"‘l" Measured | Predicted | Bias(mm) | SSE{mm?) | S, (mm) B |Hypothesis; HO:
v {men) (mam)
Accepted,
Total 410 565 156 1971 257 0.4 o0 078
Rejected,
|~ 34 | 16 | m» 187 |03 | o |
Rejected,
| subgrade | 046 364 319 153.19 091 013 ey

Calibration Procedure

Calibration Results

Subgrade

I HT =11 | ©Goba
10 0 gu
) 5 sl oo s
2426 82628 w2530 E3037 =323 =436 w3638 W3B40 n 3 ? g i H
& 6 6
= Number of Pavement e ¢ ) ¢ o 59
E Q 1 ilo © 1
E 3 k]
2 ME runs: 20x13=260 0 HErS- -1 3 lggo o il
i3 : ; ¥ 0 L
e * 15 min per run 0123456789101112 04234 9101312 01234567 610111
[ 13 , L e 434}
3% .
s B * 65 hours running time - ] .0 P 7 P
10 * 10
g 0 aa 2 9 * g'& * ..E.q
o 8 8 * 8
s 2 P, 3 8 8
& 02 17 O H : !
o1 £ ¢ . o g3 . s 8
't HEVE 3
-+ 3 /
< }i|.7 HRS i
0 ot 0

Calibration Statistical Results Model Validation

Mean Mean /

Bias 556 s ;| Hypothesis; { A
Layer Model | Predicted | Actual 5 L .
me) | gy | () fmen) ox (3 coterasen Jet| [secuon ) (Sacton ) (secmens )
Global | 201 163 | 8299 187 | 038 :‘::;:'
AC 364 - p
I Calbration
local | 348 017 | o1 | 140 | oss | At tecton 2] et )
Global 164 319 | 15319 | o091 | 013 ';":::‘ H H
6 0.46 e : —~ H :
ccepted, H :
! o oo e o o pe0.456 r R ——
Global | 565 156 | 1mem | 257 | oaa | Ao aovcamaon JeH [ v | X -
- . o . . X . peG078 | Jef (section 1] (swction 2 ) (sacion 3 ) Saction n .\w,‘m,. 5 selected et |
Loeal 389 0.20 32.43 157 | oss | Accemted \ 4 /
) i i i p=0.828 \ /
wﬁdﬂiﬁo et deatinter /
= e
Sm SE
.& g ___________________________________________________|] .& 1
ot o
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Validation Results Indiana Calibration Values

tover | woges |MeanPresicied [Msan acrua| ois | ss(. . o rpothesis O .ﬁ _0 07
| [mm) mn) | (mem)| (e | | | r1-Y
Global 201 -163| 8299 | 187 | 038 |Rejected, p=0.035
ACLayer | Local 348 364 [017] 2601 | 140 | 066 |Accepted, p-0850|
|vatdation 354 [ot0] 5836 | 211 | 039 |Accepted.p0911] .ﬁ 2 :1,9
[ Global 364 .3.19. 153.19 o9 I 013 -l\tlﬂ.‘ﬂl.D'ﬂ.ooﬁ. r
6 | Lol 0.42 046|004 151 034 | 013 |Accepted, p-0.656|
| Vabdation 0.42 |003| 169 036 | 024 |Accepted,p=0.656| .Br3 :0.4
Global 565 1.56 | 119.71 157 014 | Accepted, p=00078
Total Local 389 410 :on: 3243 | 157 0.66 :meprw.o.os:a:
| validation 1.96 |-014] 66,98 rm | 03 | Accepted, p=0.887| .B -0 12
s1:0

THANK You!!

e

B

ey
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Presentation 16—Harold Von Quintus, Applied Research Associates Inc. (ARA)

Materials Input Il = Hot Mix Asphalt
Incorporating Recycled Materials

AASHTOWare Pavement ME Design
MEPDG User Group Meeting
Indianapolis, Indiana
December 14, 2016

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

ADVANCED ASPHALT @HRH
TECHNOLOGIES :

Outline

Challenge for Adopting Responsible Resource
Mixture Design

Project Overview to Meet Challenge
Examples of Test Results — Performance Tests

Process; Example of Repeated Load Plastic
Strain

Summary

The Challenge

= Global calibration of Pavement ME Design transfer

<+ ARA

Qutline

Technologies for Mechanistic-Empirical
(ME) Pavement Design

= Sponsor: Federal Highway Administration
= Contract Number: DTFH61-13-C-00029
= Schedule: July 2013 to July 2017

g bty : 1. Challenge for Responsible Resource Mixture
functions completed primarily using standard, neat : S
; Design Adoption
asphalt mixtures.
+ Baphal Lvw
* Does Pavement ME |, o= @23 2. Project Overview to Meet Challenge
Design process P VDU - L%
adequately capture | [0, ot 3. Examples of Test Results — Performance Tests
fomaney 3
the impact of o Jos Tt ) .
= el (2} 1ol gt 4. Process; Example of Repeated Load Plastic
different, recycled | [=rese 1 vt 1 :
materials? rpsriam e - Strain
Indrect e st 2 W i F ) (2] S0
i e 5. Summary
Theersl craicivty U AgF) (2] 067
Therval ot 1 20GELS caadated]
+ ARA + ARA
Project Overview Project Objectives
1. Expedite adoption of performance-based technologies
= Title: Deployment of Performance Based

for ME Pavement Design:

2. R2AM practices; asphalt mixtures containing:

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

High recycled asphalt pavement (RAP)
Recycled asphalt shingles (RAS)
Ground-tire rubber (GTR)

Warm Mix Asphalt (WMA)
Combinations of recycled products

<+ ARA
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Project Tasks

Kick Off Meeting.

Outreach - Technical Advisory Committee

Sampling and Data Collection

Laboratory Testing

Develop Practitioner's Guide on the Performance Testing of
Resource Responsible Materials

F. Develop Practitioner’s Guide on the use of Performance
Testing of Resource Responsible Materials

Technical Support

mEonNn®>r

(2

Project Deliverables/Outcomes

Practitioner’s Guides for:

1. Performance testing of R?AMs, such as WMA, RAP,
and RAS mixtures (Task E).

2. Use of performance testing results in Pavement ME
Design software and related analysis (Task F).

4 ARA

4 ARA

Technical Advisory Committee (Task B)

Asphalt Concrete Mixtures (Task C)

Person Affiliation Type Environmental Mixture
Barry Paye Wisconsin Department of Transportation Zone
Greg Sholar Florida Department of Transportation High Recycle Wet Freeze WI STH 73 Surface
Rod Birdsall All State Materials Group EenRecycle LGl B
High Recycle Wet No Freeze NC Surface

Grant Wollenhaupt  R2R, LLC High Recycle Wet No Freeze NC Intermediate
leff Stempihar Arizona Department of Transportation High Recycle Wet No Freeze NC Base
Chris Robinette Granite Construction Asphalt Rubber ~ Wet Freeze PA Surface
Dale Rand PaveTex Engineering and Testing FolymerModifted. et Freeze PASurface

= = Asphalt Rubber Wet No Freeze FL Dense Graded
Mike Santi Idaho Department of Transportation Asphalt Rubber Wet Freeze MA Gap Graded

+ARA <+ ARA

AC Mixture Tests (Task D)

Test Type Material Property

Modulus Master Curve

and Phase hg;

emperawra Susceptibility |
Indirect Tensile Creep and Strength
Repeated Load Permanent Deformation

|Level 1 LN
lInputs

AC Mixture Tests (Task D); Temperatures

Characteristic, °C wi NC MA FL PA
ean Annual Air 8.4 16.7 24 19.5 9.7

Temperature

LTPPBinc 52.6 60.8 48.0 63.0 51.6

High Pavement

Effective. Wlumut Binder Content Modulus Testi 4,20,45 4,20,45 4,20,40 4,20,45 4,20,45
|Additional  Flexural Fatigue PGP  20,33.8, 20,37.6, 20,315, 20,38.0, 20,333,
Tests g‘;;;":‘f_""ﬁ“"'“‘ ECaiar Bend Deformation 476 55.8 43.0 580 466
Virgin Binder C us Grade Flexural Fatigue 10,20,30 10,20,30 10,20,30 10,20,30 10,20,30
RAP Binder Ci Grade 0,-10,-20 0,-10,-20 0,-10,-20 0,-10,-20 0,-10,-20
msewermnﬂnuws Grade
Extracted Aggregate Gradati
Extracted Coarse Aggregate Angularity |
1 racted Fine Agsregate Angularity |
+ ARA + ARA
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Outline Dynamic Modulus — High RAP
1. Challenge for Responsible Resource Mixture : ;
Design Adoption
2. Project Overview to Meet Challenge -
3. Examples of Test Results — Performance Tests i
4. Process; Example of Repeated Load Plastic E 100
Strain
5. Summary m
000001 0OOQT 0.000 oo l;:”dn‘;"‘“.:,: 100 1000 10000 100000
+ ARA Jeriorgl + ARA
Dynamic Modulus = Rubber Modified Repeated Load Plastic Strain; High RAP
= MAMGH WP Surtate P lrface —f JOARAPRANGe O WiBase B WiSutace & NCBase # NCint X NCSurface
10000 1000
B 9-30A Results
3 for RAP Mixes.
100 'i 0100
E] =
1 §
g ]
3 ¥
H
3
g
<
PR ol 001 04 1 0 100 1000 30000 300800 o bews 10804 1.0E+05 10E+08 10E+07 10E408
Q00001 Q0000 a0 01 .ﬂ:_“,r_‘_h_';“ o 100 L L Loading Cycles
+ ARA R SARA T -
Repeated Load Plastic Strain; Rubber Modified Flexural Fatigue Strength
i —0IJ0APMARINGe © MAAARG B FlSuface & PASurace 10€+10
" - Lab Results without i
i; r:ff;::i‘:: Field Shift Factors. e
. 10€«08 - - - iyl
-é - — 9- O NC Surface
H o0 i _:I PS © KC Intermediate
i S 100406 M a < NC Base
E gm-'-n‘. 3 = + FL Rubber
E o - ] ¥ WA ARGG
‘i 000 10608 - E % = PARubber
E 10t+03 x ;
< 106402
2 II;:]{ +33 10604 10E05 1 0E+06 1 DE«O7 1 DE«08 e Strain, strain e
Loading Cycles
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Flexural Fatigue Strength — High RAP

Flexural Fatigue Strength — Modified Rubber

108+10 10E+10
106409 1.0E+09
- -
i 1DE+08 4 1oeics
s s
g 10607 O Wisurfxe gml e
%,“,ce = B | A WiBae - 1.0E406 0 FiDense Rubber
imms O | © NCSurlace E“" 05 4 MAARGG
3 i © N intermediate ] S FARvbber
E 1.0E404 % £ o e z L.0E+04 — Egquality
1L0E+03 i ol : : . e 10E403
100+02 - - - - - - - .l Loxsz
- B T SN A
FELLPELLLLLS T A A A A
- 5 L ~ > ~ ~ & b
Mature Specfic Cycdes to Fadure Mixture Spedfic Cydes to Fallure
+ ARA + ARA ]
Creep Compliance — High RAP Creep Compliance — Rubber Modified
1004-0% =} 1006 @5
: * %
-28 Typical s -28 Typical 'y
Results. . Results. L 3
2 E
i o Whe 3
LooL08 o Wiskefacs i T © MAARGG
3 A NCRe & B Surisce
; ® WO ‘i O PAMtace
a o NCSurfate 5 — Typcal 28
E — sl 20 e Typical 22
& -22 Typical e -22 Typical
Results. Results.
1008 “@ g 100607
: & > ; & &+ & > > . :
‘.‘# \d}g ‘."# ’ ‘.&9 ‘.‘# ‘.& \‘ﬁL »"ﬂ;p \@"" x@‘ﬁ »“Fs \""‘F’ \&‘ﬁ 1?‘&
Loading Time & Reterence Temper sture of - 20C Linading Time ot Refarence Tempsr sturs of - 20 C
"SARA_ "SARA_
Indirect Tensile Strength Outline
© begh Recyce @ Hubber Modlied = lguabty
- 1. Challenge for Responsible Resource Mixture
- ” Design Adoption
[ 7
EM [ 2. Project Overview to Meet Challenge
i - -
g‘“’ " 3. Examples of Test Results — Performance Tests
o 50
5 Ll 4. Process; Example of Repeated Load Plastic
Strain
50
-
m:m 50 %00 50 400 450 500 550 600 5 Su mmary
Mesirad Tende Lire ngth, pui
+ ARA + ARA
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Laboratory Tests to Field Observations

Laboratory Tests to Field Observations

1. Challenge for Responsible Resource Mixture
Design Adoption

2. Project Overview to Meet Challenge
3. Examples of Test Results — Performance Tests

4. Process; Example of Repeated Load Plastic

W— Example from the NCHRP o
e field shift of the . im
transfer function is assumed 9-30A project. 3 /
to be independent of jw
mixture. 4 AL Rty ey
z=m;l 4 ‘ -lu| Al e en s an LU T L)
A Raneg B2 () 1 2
7| || ames @ AL XTLE.
AC Rutting BR1 (1) 1 st B i :
AC Rutting BR2 (1) 1 Currently, the K- prev & aem i
AC Rutting BR3 (1) 1 values have the KRy vt _ 00" PoLAND + AL i} ;
AC Ruting K1 (1) 335412 field shift built into 8
AC Rutting K2 (1) 1.5606 Sy i )
AC Rutting 153 (1) 04791 e values. E L
_ ACRuting Standard Deviation 0.24 * Pow(RUT0.8026) + 0.001 s e S
2 ARA “ 2 ARA "
Outline Summary

1. Most of the test results for the R2AMs are within
the same range for standard, neat asphalt
concrete mixtures.

2. Calibration factors of the shift between the
laboratory measured values and field
observations are the same.

Strain 3. More to come later!
5. Summary
S ARA ¢ ARA -
(A mar —
Questions
m
4
-
]
’m n
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Presentation 177—Rhonda Taylor, Florida DOT

DOT
—

DEVELOPMENT OF CLIMATIC REGIONS
FOR FLORIDA CONCRETE PAVEMENT
DESIGN USING MERRA DATA

e

CLIMATE EFFECTS ON JPCP PAVEMENTS
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Florida JPCP Thickness/Climate Contours
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- e
Hourly Temperature Gradients for 4/15/2000 !
Dy Cume i
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Presentation 18—Chris Brakke, lowa DOT

Contents

 Calibration of MEPDG — steps
Progress Report of Development of — Select JPCP Sections for Calibration

JPCP Design Catalog for New York

— Assess Local Bias
— Eliminate Local Bias
— Calibration Results

* Development of JPCP Design Catalog — steps
— Old PCC Thickness Table (CPDM Chapter 4)
— Determine Inputs
— Conduct Parametric Study

i as — Prepare Final Design Tables

* Example: Load test on I-90 Syracuse May 2010

LS COLLIOH OF EMQINTERING AND TICHNOLOST

Create for Good. s OHIO

g OHIO

UNIVERSITY

Calibration of MEPDG
Sefec{edJPCF_’ Sec_t."ons :

1t T

Calibration of
MEPDG

s QHIO

Calibration of MEPDG

Calibration of MEPDG
Selected JPCP Sections from each state

Assess Local Bias

* Maine (2) * Bias found with Cracking Model

5 outed /N * New Jersey (8) Table 1 Summary of Statistical Assessment of

:'1\ AR P | @ * Ohio (9) Global Calibration Factors

onma Worg ; : _
\ S y * Pennsylvania (2) - — — T —
. S Vmant e Quebec (2) Performance Bias Standard » | Hypothesis Cotomiant

N g;_ o Ui M ebee Indicator | (p-value) | Error | Hgvx=0 i

Drpa Msseachutans Transverse ‘ ‘

. scut M <(.000 0.2 (% 0.059 sject Bias

m o A Cracking | i ) || R |
L T i P Faulting 0.113 0.016in | 0.27 | Accept | No Bias
2 s 4 IRI [ 0.187 [17.7 in/mi | 0.78 [ Accept | No Bias
sk L

---.. "\I\llltg - - ....-- ---... OH IO

UNIVERSITY
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Calibration of MEPDG
Assess Local Bias

g

Predicted Cracking (%)
8 5 &8 £ 8 3 8 8

a ] 0 0 -0 50 50 ] L L] 0
Messured Cracking (%)

Calibration of MEPDG
Eliminate Local Bias

Table 2 Summary of Statistical Assessment of Local
Calibration Factors

Performance | Bias Standard | II,\‘pulhcsin- - ‘
s i Comment
Indicator | (p-value) | Error Haty;-x=0 |
Transverse | 061 | 20(%) [006] Accept | NoBias
Cracking |
Faulting 0.113 0.016in [0.27 | Accept | No Bias |
IRI 0.079 17.6 in'mi_[ 0.79 |  Accept | No Bias

s OHIO

Calibration of MEPDG

Eliminate Local Bias
“10000
e B9 = 0.060
8000 SEE=2.0%
N=185
noo

Predicted Cracking (%)
£ B
g2 8

UNIVEREITY

Development of

Design Catalog

s OHIO

Calibration of MEPDG
Calibration Results

Cracking Cl1 C2 C4 Cs SSE
Global
2 ) " 41
Coeflicients N - : i o
Local o -
. oy 2 22 0.2 -1.63 8139.8
Coeflicients ) : ) i ]_ : :
Cl | c cy Cc4 |
Faulting 1.0184 | 0.91656 | 0.0021848 |0.000883739 |
(No change) Cs C6 €7 Cc8
250 04 1.83312 400
IRI Cl | C C3 4
| (Nochange) | 0.8203 | 04417 | 1.4929 25.24

&y OHIO

UNMIVERSITY

Development of JPCP Design Catalog
Old PCC Thickness Table

BO-kM PCC Slab Thickness PCC Slab Thickness
ESALs 4.2 m driving lane 3.6 m driving lane
slab width slab width
millions mm mm
ESALs £ 22 25 25
22<ESAls< 38 225 250
< ESALs 65 2 X

85 < ESALS £ 100 250 300
100 < ESALs < 168 s 325
165 < ESALs £ 280 300 325
280 < ESALS < 400 25 328’

For ESALS over 185 mallion, 3.8 m untied slabes mary not be used for the right hand diving lane
Use gither 3.6 m bied slabs, 4 2 m unbed slabs, o 4 2 m bed slabs.

UNIVERRITY
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Development of JPCP Design Catalog
Determine Inputs

* Project and JPCP Design Inputs
* Layer/Material Properties

= Traffic Inputs

* Climate Inputs

* Calibration Factors

Development of JPCP Design Catalog

Conduct Parametric Study

» Determine effects of these parameters:
— Weather stations

— Subgrade modulus
— Water table depth
— Design life

— Traffic

— Slab width

Development of JPCP Design Catalog

Effect of weather stations

Four climate zones
sufficient to implement
MEPDG across New York

NYSDOT Regions

Zone | Weather Station
1 Buffalo
2 M
3 | Elmira/Coming |
4 Farmingdale

Separate sets of design
tables created for each
climate zone

Development of JPCP Design Catalog
Effect of Subgrade Modulus
* Subgrade resilient modulus (M;) generally had very little
or no effect on the resulting PCC thickness when design
traffic volume is small.
* When the design traffic volume is high, weak soil
required significantly thicker PCC.

* Design tables generated for these values of Mg: 2000
psi (14 MPa), 4000 psi (28 MPa), 5000 psi (34 MPa),
6000 psi (41 MPa), and 9000 psi (62 MPa).

* For Mg= 2000 psi (14 MPa) or 4000 psi (28 MPa), the
subgrade will be difficult to construct on and may
require stabilization, depending on additional analysis.

& QHIO

Development of JPCP Design Catalog
Effect of Water Table Depth

* 5ft(1.5m) and 10 ft (3 m) water table
depths were compared to examine the
effect of water table depth.

« It was found that water table depth has
little or no effect on the resulting PCC
thickness.

&s QHIO

Development of JPCP Design Catalog
Final Design Tables for Climate Zone 1

Subgrade Mg = 2000 psi (14 MPa)
PCC Thickness

Initial AADTT

3.6m (12 ft) width

4.2 m (14 ft) width

AADTT<641 2159 mm (8.5in) | 215.9 mm (8.5 in)
641<AADTT<1049 228.6 mm (9 in) 228.6 mm (9 in)
1049<AADTT<1895 241.3 mm (9.5in) 228.6 mm (9 in)

1895<AADTT<2915

254 mm (10in)

241.3 mm (9.5 in)

2915<AADTT=4809

254 mm (10in)

254 mm (10 in)

4809<AADTT<7287

317.5 mm (12.5in)

254 mm (10 in)

| 7287<AADTT<11659

> 356 mm (14 in)

266.7 mm (10.5 in)

&s QHIO

135



AASHTO Pavement ME Users Group Meetings

First Annual Meeting — Indianapolis
Dec 14-15, 2016

Development of JPCP Design Catalog
Final Design Tables for Climate Zone 1

Subgrade My = 4000 psi (28 MPa)
) PCC Thickness
3.6 m (12 ft) width | 42m(14 ft) width

AADTTSs641 | 228.6 mm (9 in) ~ 215.9 mm (8.5 in)

Initial AADTT

 641<AADTTS1049 | 228.6 mm(9 in) 215.9 mm (8.5in)
1049<AADTT=1895 2413 mm (9.5in) | 228.6 mm (9in)
1895<AADTT<2915 | 254 mm (10 in) 241.3 mm (9.5 in)
2915<AADTT<4809 | 266.7mm (10.5in) | 254 mm (10in)

4809<AADTT<7287 279.4 mm (11 in) 266.7 mm (10.5 in)
7287<AADTTS11659 | 292 mm (11.5in) | 266.7 mm (10.5 in)

Development of JPCP Design Catalog
Final Design Tables for Climate Zone 1

Subgrade My = 5000 psi (34 MPa)
Initial AADTT chos T1_1il:kl1t‘ﬁ$

3.6 m (12 ft) width | 4.2 m (14 ft) width

AADTT<=641 '. 228.6 mm (9 in) ‘ 215.9 mm (8.5 in)
641<AADTT<=1049 | 2286 mm (9 in) 215.9 mm (8.5 in)

1049<AADTT<=1895 | 241.3 mm (9.5 in) 228.6 mm (9 in)

‘ 1895<AADTT<=2915 .. 254 mm (10 in) 241.3 mm (9.5 in)

2915<AADTT==4809 | 266.7 mm (10.5 in) 254 mm (10 in)
[ 4809<AADTT<=7287 [ 2794 mm (11 in) 266.7 mm (10.5 in)
T287<AADTT<=11659 | 292 mm (11.5 in) 2794 mm (11 in)

Development of JPCP Design Catalog
Final Design Tables for Climate Zone 1

Subgrade Mg = 6000 psi (41 MPa)
- PCC Thickness
Initial AADTT e T e

3.6 m (12 ft) width 4.2 m (14 ft) width
AADTT<=641 2286 mm (9in) | 215.9 mm (8.5 in)
641<AADTT<=1049 228.6 mm (9 in) 215.9 mm (8.5 in)
.IUW*-:\;\DTT*" 1895 254 mm (10 in) 241.3 mm (9.5 in)
1895<AADTT<=2915 254 mm (10 in) 241.3 mm (9.5 in)

2915<AADTT==4809 | 266.7 mm (10.5 in) | 254 mm (10 in)
4809<AADTT<=7287 | 279.4mm (11in) | 266.7 mm (10.5 in)
T28T<AADTT==11659 | 292mm (11.5in) | 279.4 mm (11in)

s OHIO

Example: Truck
load testing on

1-90 Syracuse
May 2010

& OHIO

Development of JPCP Design Catalog
Final Design Tables for Climate Zone 1

Subgrade Mg = 9000 psi (62 MPa)
N e | PCC Thickness
Initial AADTT =, T e

3.6 m (12 ft) width 4.2 m (14 ft) width
AADTT==641 | 228.6 mm (9in) | 215.9mm (8.5in)
641<AADTT==1049 2413 mm (9.5in) 228.6 mm (9 in)
| 1049<AADTT<=1895 | 254 mm (10 in) | 2413 mm (9.5 in)

| 1895<AADTT<=2915 266.7 mm (10.5 in) 254 mm (10 in)
2915<AADTT<=4809 | 279.4mm (11in) | 266.7 mm (10.5in)
4809<AADTT<=7287 | 292 mm (11.5in) 279.4 mm (11 in)
T28T<AADTT<=11659 | 304.8 mm (12 in) I 292 mm (11.51n)

& OHIO

1-90 Syracuse

= Section of I-90 at Weedsport, near Syracuse

* Full-depth reconstruction in October 2009 with new
PCC, pavement, base, and subbase

* AADT 34,320 vehicles

= 50 year design

* Comparison of two base types
— Cement Treated Permeable Base (CTPB)
— Dense Graded Aggregate Base (DGAB)

+ Test sections were fully instrumented with strain gauges

in PCC (KM) and on tie bars (VW), LVDTs (LV), pressure
cells (PC), thermocouples (TC), and TDR cables (TD)
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1-90 typical test section layout

o e
) Lrma Varusi
opiacmant framsdsser LYOT)

s QHIO

Spring 2010 Truck Test on 1-90 Syracuse

Truck load test performed
in late May 2010

Two truck loads used for
test

- 16-kip rear axle (Light)
— 20-kip real axle (Heavy)
Tested at 4 speeds

-5, 25, 35,45 MPH

& QHIO

LVDT 1 (Corner, Approach) Seesins I-90 Truck Test Midslab
1-90 Truck Test : Wheel Path Strain Data
g o Deflection Data ; : * Section 1 (DGAB) responds as
l ot - H — e non-composite pavement
aves b Response for 16-kip axle load . ™ « Ssection 2 (CTPB) is composite with
- shown (S MPH) 2 : base, indicated by unequal
e " . CTPB (Section 2) experiences COMPESION g —— magnitude of tensile and
N e uplift on both ends of slab as compressive strains

LVET3 (Corner, Leave) well as larger deflections at ; e @ = | + Atpoint“a”, the truck axles

oom EnsIon
. slab edges 2 straddle the slab (rear tire at rear

% i Uplift and large deflections on . ‘ joint, front tire at front joint, both

i osict ) CTPB indicate a loss of support f: tires on slab)

g amn - at the slab edges i ‘ .7 _» larger tensile stressesin the top
amor — This is a result of a slab 2 of the slab at “a” position indicate
o ” % being supported by a rigid - J B loss of support beneath slab

st base layer Compression T

where contact with subbase is lost

25 MPH - Light Load

25 MPH - Section 1- KM 384

1-90 Truck Test Strain Data:

o L1001

25 MPH - Light Load
LVDT 1

1-90 Truck Test LVDT Data:

Wi e vy
LVDT 3
i poos \r
LVDT 4
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1-90 Truck Test Strain Data: g
45 MPH - Light Load i

45 MPH - Section 1- KM 384

45 MPH - Section 2 - KM 3&4

1-90 Truck Test LVDT Data:
45 MPH — Heavy Load S
. LVDT 1 -Heavy Load ~ 45 MPH LVDT 4 - Heavy Load - 45 MPH

LVDT 5 - Heavy Load — 45 MPH

OorPacrins sy

Do Pl |
FEEEEE.
| |

T

Thank you!
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Presentation 19—Warren Lee, Ministry of Transportation Ontario

P ,
" Ontario

Ministry of Transportation

AASHTOWARE
PAVEMENT ME DESIGN
ONTARIO’S LOCAL
CALIBRATON EFFORT ON
FLEXIBLE PAVEMENTS

Warren Lee, M.A.Sc., P.Eng.
Pavement Design Engineer
Ministry of Transportation Ontario

i3 '-,Clnt-ﬁri\".} Ministry of Transportation

Outline

+ Tools used for the calibration

* Automatic Road Analyser (ARAN)

« iVision

« [Corridor

« Pavement Management System (PMS)
+ Whatis local calibration

+ Guidelines for the local calibration of MEPDG
« Which coefficients to be calibrated:

* Rutting Model

« Fatigue Cracking (FC) Model

+ Thermal Cracking (TC) Model

« IRIModel
+  Further Work

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT

ual HD S
Overhead
Video Came

e —

Aide Cracking,
i Rutting a'nd
Macro-texture

m il
sLaser Roughness
Sub-System

tance

Measurement

Instrument (DMI)

tario

iVision - a web-base viewing and analysis

tool for pavement distress and performance

+ feeds data from ARAN and reports in 50-m segment

* reports distress g (alligator, long: I, iransverse cracks) in
low/medium/high severity

« shows front, side and road surface images

= captures data since 2013

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT

MTO’s Asset Management System (AMS)

Pavement Management System (PMS) integrated to
AMS in 2015

consists of approx. 1900 road segments covering all
provincial highways

reports pavement performance indexes such as PCI,
DMI, IRI and rut depth

contains performance data since 1970s

contains limited information on construction history and
pavement structures

MTO Asset Management System

5? =

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT

icorridor — a web based mapping system to

provide traffic data.

+ provides site-specific traffic data (FHWA class distribution, axle load stratum)
« exports traffic files directly to Pavement ME software.

TR e

——7

. n L] - - - -
AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT
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What is Local Calibration Guide for the Local Calibration of MEPDG
To develop a non-bias and precise performance prediction model: Traditional Approach — Spiit Sample

* A portion of the data (typically half or more) is used for

1) Eliminating Bias
calibrating the coefficients while the remainder is used to

n
Bias = Z(D‘.mm = Dpredict) validate accuracy.
i=1
+  Dgpserve= Observed p t per on the y Minimum roadway segments suggested in the Guide:
¢ Dyseaicc= Predicted p t perf from P: t ME soft + Distortion (Total Rutting) — 20 (*64)
+ Load-Related Cracking - 30 (*46) e

* N = number of pavement segments used for the calibration - )
+ Non-Load-Related Cracking - 26 (*59) P D Qe

* [RI(*48)
* Number used in this calibration

2) Minimizing sum of squared error (SSE) or standard error of the

estimate (Se)
SSE = Z(Dnhcenﬂe - Dprpdlcl)2 Sf_‘:. ‘%
=1

AASHTOWARE PAVEMENT ME DESIGN — ONTARIO'S LOCAL CALIBRATON EFFORT r AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT [

Fes s
L Ontario L Ontario

Rutting Model

Five calibration coefficients in three equations to be determined:

£ 2 T
1. AsphaltConcrete  —& = k,[1, 10% Th:r Nkl

i (AC) Equation &
oceAVitpe | uALSH) | 9S00 ouscn  gusp) | firc = AC scale actor
- I [}y =Temperature exponent
Construction Type New(11) Rehabilitation (33 Py = Traffic exponent
Gt ) Vidzionl 1) _ )@
2.Granular Base /| §,(N) = [iggkye,h | —e™'N
Sub-base Equation Er

+ Select sections with normal performance from PMS, i.e.
good trend of increasing rutting and IR

+ Involves 20 Highways (6 hwys. from Southern; 14 hwys.

[ien = Granular material scale factor

B
3. Subgrade 5.(N) = Beckyesh (:—")e-[ﬁ)

from Northern) Equation
+ Age: 210 17 yrs.; Median = 7.5 yrs.; Mode = 9 yrs. fis; = Subgrade scale factor
AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT . AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT »

,;" Ontario of Transportatio =" Ontario
Temperature Exponent [3; Traffic Exponent 3
T e —re 3
L [ )

5 Avg = 0.30

st 1 =0.08
0
i AL et
sabur: 2,707
al 15
¢ — — 10 Global calibration
value = 0.4791
| 5 T
o - - 0 = I . - .
1622533544588 3 7 8 8 W m

016 020 025 029 033 038 042 046 051 »051

ITter of courts

Number of counts

Teer peseatiune e porest

+ Histogram of temp F ts obtained from triaxle and shear tests Traffic exponent
(Data source: Tables 24 and 25 of NCHRP Report 719 of Project 9-30A)
+ Project 9-30A involves a recalibration of AC rutting model using 60 field + Histogram of the field- and laboratory test-derived traffic
seclions and 46 laboratory specimens. exponents of various road sections (Data source: Tables 8,
« Temperature exponent largely dependent upon material testing method: 9, 25 and 26 of NCHRP Report 719)
+ Triaxle results are systematically smaller than those from shear tests. + Use average traffic exponent: k3 =0.30 < iy =0.6262
+ Follows MEPDG default k; = 1.5606 < i, =1.0
AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CAUBRATON EFFORT " AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CAUBRATON EFFORT "
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Mo
25

" Ontario Ministry of Transportation

[
2=’ Ontario Ministry of Transportation

Three Scale Factors: ,¢, Bogs Bse Layer Contribution to Rutting

*  Trench Study

+ expensive and hard to repair at highways

« need expenence and expertise for field measurement and analysis
= From Previous Study (literature review)

Predicted rut depth = §,:D¢c + BouDgs + PscDse

+ Indeterminacy of the transfer T ’ ’ i B +  mixed results
functions . fix fbr, B, Bas +  not realistic to use one layer contribution to represent the entire network

*+  Multiple Local Optima Issue - +  Follow Pavement ME Resuilts

* Example of trial run: SSE N i + Use the same layer proportion from Pavement ME
contours against 3, and ; O + Compare total rut from ME and surface rut on pavement
[is;showing multiple local b g A i - N S
minima I |

+ Use rational engineering S : r
judgement to select the 2 AWy =]
appropriate solution 4T W ot ' )

AASHTCWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CAUBRATON EFFORT " AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOGAL CAUBRATON EFFORT "

L7 Ontario Ministry of Transportation L7 Ontario Ministry of Transportation

Rutting Calibration - Results Local calibration and performance criteria

+ Review the performance criteria after local calibration
* Use the same reference, i.e. PMS

Batorn Cantrason Alor Cadteason

-;'_' . - Performance Criteria MEPDG Default Target Values
_‘3‘“ : T Permanent deformation 19
: A - total pavement (mm)
- : R! = 0108 Permanent deformation 6
Byt |- AC only (mm)

Note: S for gioal calbration = 2 Tmm
Performance Criteria Ontario Target Values

Permanent deformation Freeway: 10

- total pavement (mm) Artenial: 13
2300 Collector/Local: 17
01254 I - + - -
1 02487 Permanent deformation | ignore
| = AC only (mm) 1
AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT " AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT "

Ministry of Transportation " Ontario Ministry of Transportation
Alligator Cracking — N; constants g, ., Alligator Cracking — FC constants C,, C,, C,
Allowable number of axle-load application: % of alligator cracking for total lane area:
~Brzkz o= Prak: N
Ng= [i“CVC“klﬁlh' ‘EAL" 4 FC - : (‘_‘ _ * L
bottom 1+ e((_ 1#Cy74 C2+C3"+In(100D)) 60

where i, ., Bya is local or mixture specific field calibration constants.
where C,, C;, C, is the transfer function regression constants

+ These c_:onstanls have very limited impact on the biases « C,=6000 is fixed as it represents the lane area, i.e. 500
and residuals. ft.x 12 ft
+ Pavement ME does not allow independent change of + C,, C, are the local calibration constants

these constants between the alligator and longitudinal
cracking analyses.
* By, Bz, Pry are kept to the default value of 1.0.

+ Transforms the above transfer equation to a linear
regression equation to calibrate C,, C,

In (& - 1) x (L =-2C; + C;In(D x 100)

FChottom

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT "

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT 3
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e :
L Ontario

Alligator Cracking — Results

3
¥= wa 24415

C; 01408 1

Note Se for global calbration = §01%

= Very low predicted distresses from software - alligator cracking is seldom the
govemed criterion for the current design

+  Consider those cracks on wheelpath and midlane, exclude edge cracks

= Avold section with reflective cracks

*  Select sections with high age and more cracks
Clustering analysis and cleaning up the data to enhance the comelation

h‘ 00132
£’ St
= .
. R
gl TRty S
g - e
L=
? 1
w ? - :
’ C, 12208 1
Ln({100D)

AASHTOWARE PAVEMENT ME DESIGN — ONTARIO'S LOCAL CALIBRATON EFFORT "

Ministry of Transp

s :
" Ontario

Longitudinal Cracking — FC constants C,, C,, C,

Length of top-down longitudinal crack in ft/mi
FC, = Co x 10.56

where C,, C,, C, is the transfer function regression

constants

« (,=1000 is fixed as it represents the maximum linear
cracking length (500 ft. x 2)

+ C,, C, are the local calibration constants

+ Transforms the above transfer equation to a linear
regression equation to calibrate C,, C,

10560 . .
FCrop -1)= ¢, -= C;In(D)
AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALIBRATON EFFORT n

L]
. ) .
g .+ e 7 y=%’2939x;5555
2 P gt rasls RITOOWE
.-— === T .
£ IR TR ;
. N
g e SR | Local  Gioval|
i’ 2 G 6856 70
! C; 0283 35
o
25 2 15 1 05 o 05 1
Ln(D)

+ Follow the M of P that longitudinal cracking is top-down crack.

*  Very scattered data and correlation is low

+ Consider longi along th, excluding centre-line cracks
+ Clustering analysis and cleaning up the data to enhance the correlation

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT n

Minis

Ontario

Thermal Cracking - Paris Law constant /,
Fracture parameters for the HMA mixture:

logp A = kB,{4.389 — 2.52l0g,o(Epco,m)}
where
k. =1.5for Level 1; 0.5for Level 2; 1.5for Level 3

Observed amount of thermal cracking, fimi:

1 Cq
TC = BN (Z-logyo ()

Bur %a B0 ac

where
N-=
Bry = 400 = the upper bound of the thermal cracking in fumi

normal atlz)

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT

- K=1.5
(default)

* k=4

Obs. Damage_Log Scale
Conduct Level 3 analysis only; Level 1 requires lab data on indirect tensile strength and
creep compliance.

C is low. (low
K = 7 provides the minimum bias,

for level 3 study)

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT n

IRI Calibration
IRI = IRl + C; (RD) + C,(FCrogal) + C2(TC) + C4(SF)

where
R = Pregaed Rl inm
1Ry wrusal K afior commtruchon, inmi
FCryeq = At of laligue ciacking (Combsned allgator, kengludinal, nd relecsion ciscking in e wheel pali), pecent
of total lane area
TC sLengh of Yardverse Cracking feetmile
RO = Average nt doplh, inchos
SF =Sie tackor
moded calbeation factor for it depth, fabgue cracking. frarsverse creciong and site facior, e giobal
vikes afe &qual 10 40,0.4, 0008, 0 015 respectvely

+ Bestestimate of initial IRI from historical data in PMS

+ Reflective cracking uses the default values of Pavement ME, ie.
Level 3 with ‘fair’ existing pavement condition

+ Note: plug-in the distress quantity in imperial unit to the formula and
convert IRI to S unit (m/km) for the correlation

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT ]
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Ministry of Transportation

e .
L Ontario

IRI Calibration - Results

Before Callbration After Calibration

g

E‘ - ¥

? 1 * .

£ . fe

£

- Kb Rt 19

2 Se=0 2% mim 3
e 21 milm

s = .0 08, H'.‘ o
N-4 Nadg

Calibration
Coaffcimnt

s .
" Ontario

Ministry of Transportation

Further Work

+ Clustering analysis and clean-up on dataset to
improve the correlation on FC,,, and FCp,y,
models.

+ Conduct Levels 1 & 2 calibration on TC model.

+ Complete the reflection crack calibration (integrated
in C; and C; coefficients of IRl model)

+ Review the performance criteria for various
distresses.

AASHTOWARE PAVEMENT ME DESIGN - ONTARIO'S LOCAL CALBRATON EFFORT

Ministry of Transportation

Thank You

QUESTIONS?

Warren Lee, P. Eng., M.A.Sc.
Pavement Design Engineer
Pavements & Foundations Section
Materials Engineering and Research Office
Tel: 416-235-6643
Email: Warren.lee@ontario.ca
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Presentation 20—Ryan Barrett, Kansas DOT

Outline
The KDOT Experience - Pavement
ME Calibration and Validation * Why Local Calibrate Pavement ME
* Typical Distresses in Kansas
Kansas Department of Transportation * Local Calibration & Validation Overview
December 15, 2016 * Lessons Learned

* What are the next steps?

Why Pavement ME and Why Perform Typical Distresses In Kansas Pavements
Local Calibration? Portland Cement Concrete (PCC)
* Theory on overdesigned pavement thickness
with AASHTO ‘93

* More thickness = More $$

« With many needs and shrinking budgets,
Pavement ME = provide required design
period thickness to save $$ (initial and life
cycle)

1-35 Franklin County

Typical Distresses in Kansas Pavements

Hot Mix Asphalt (HMA) Local Calibration Goals

* Reduce or eliminate bias to prevent under or
over designed pavement

* Increase precision to prevent premature
failures

* Implement new Pavement ME software to
optimize pavement designs and replace
DARWin software

1-435 Johnson County (Kansas City Metro Area)
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Kansas — District Breakdown

Local Calibration Overview

* Selected 27 flexible pavement projects statewide
— 21 projects for calibration
— 6 projects for validation
+ Selected 22 rigid pavement projects statewide
= 17 projects for calibration
— 5 projects for validation
+ Compared Pavement ME predicted distresses for
flexible and rigid pavements with distresses measured
by KDOT’s Pavement Management Information System
(PMIS) and Network Optimization System (NOS)

+ Adjusted coefficients of distress models to obtain a
match between data sets

Validation Overview

Used local calibration inputs for both pavement
types

Ran pavement designs with different climate, soil
type, and heavy truck traffic

Compared Pavement ME design thickness output
with the following parameters:

— Known historical performance

— Service life

— Design thickness

= Traffic loading

Results

* PCC Pavements:
— No measured data for transverse cracking
— Model over predicted roughness (IRI)

— Lower/mid-range traffic routes: JPCP design pavement
thickness consistent with expectations

— Higher truck traffic routes: JPCP design pavement
thickness greater than expected

* HMA Pavements:
— No measured bottom up fatigue cracking data
— Inconsistent thickness results for all route classes
* More testing and research needed to refine key inputs

Lessons Learned

Sample project size for calibration and validation needed to be
increased

Sample projects did not consider all statewide surfacing possibilities
Cracking, faulting, and rutting data collection format needed
refinement to be easier to input

More Resilient Modulus (M) data needed

= AASHTO Subgrade Soil Types

= Chemically Stabilized Soils

= Granular Base Layers

= HMA Base Layers

- CTB/ATB Layers

Construct Long Term Pavement Performance (LTPP) test sections
using Pavement ME output to monitor performance over time
statewide

Future Refinement of Local Calibration

+ Continue materials testing to better characterize Resilient Modulus (M,)
values in the following layers:
— soil types (un-stabilized/untreated soil)
= chemically stabilized soils
— aggregate base materials
= HMA base mixtures
- PCTB/ACTB
* Model JPCP (PCC pavement) projects constructed over granular base
+ Develop proper calibration for blended HMA binders that include Recycled
Asphalt Pavement (RAP) & Recycled Asphalt Shingles (RAS)
* Complete creep compliance and indirect tensile strength tests for SR
Superpave mixtures
+ Divide state into Areas/Districts based on severity of thermal cracking and
improve inputs for low temperature cracking model
+ Identify bottom up fatigue cracking by coring HMA pavements that exhibit
fatigue cracking distresses
+ Increase number of projects statewide for calibration and validation
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Questions?

* Contact Information:

Ryan Barrett, PE

Kansas Department of Transportation (KDOT)
ryan.barrett@ks.gov

785-296-0142
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Presentation 21—Justin Schenkel, Michigan DOT

CALIBRATION PROJECT

MICHIGAN DOT
CALIBRAT'ON AND USER = “Preparation for Implementation of the Mechanistic-Empirical Pavement Design Guide
MANUAL

in Michigan™ - research project with Michigan State University:
® Part | - HMA Characterization

* Part 2 - Evaluate Rehab Designs

* Part 3 - Calibration and Validation

s  Completion: March 31,2014

= $400,000 otal

CALIBRATION PROJECT

= Local calibration process:
Project identification and selection
Dan collecton
Calibration techniques

Local calsbration results

CALIBRATION PROJECT —#| PROJECT SELECTION
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CALIBRATION PROJECT - #1 PROJECT
SELECTION

CALIBRATION PROJECT —#1 PROJECT SELECTION

Unbonded Rigid Ovearlay
Unk led Rigid Overlay e rey [ S—
Pavermant Types | = 615 | =15 Trpes

CALIBRATION PROJECT — #2 DATA COLLECTION CALIBRATION PROJECT - #2 DATA COLLECTION

MDOT Distress Data to ME Conversions:

= Process:
s Observed data: MDOT pavement asset condition records

*  Convertion & 1ome asumpson needed for ME format

= Material inputs: historical construction projects records & MDOT studies

= Maging tome daey & 10ma asumption needed for ME input. P e L
s Predicted distresses from the ME results & compared to observed data s - e
M of occunmmce % dibi crackid Y

CALIBRATION PROJECT — #2 DATA COLLECTION

1807
179033) 129 (40)

127 {40) 129 (40)

" 1e(1y) 18(13)
33{18) 33(18)

L — tae 29(15)
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CALIBRATION PROJECT - #3 CALIB.

TECHNIQUES

= Dataset Options:
* Option I: MDOT reconstruct sections only
* Opodon 2: MDOT reconstruct and rehabilitation sections
= Option 3: MDOT reconstruct. rehabilitation, and LTPP sections (Rigid Pavements only)

* Option 4: MDOT rehabiliation sections only

CALIBRATION PROJECT - #3 CALIB.

TECHNIQUES

= Sutistical methods:
*  Full data set - no sampling

»  Tradivonal split sampling - 70% calibration/30% validation

Repeated split sampling — split sampling repeated | 000 times

Bootstrapping - random sampling of full dataset with replacement, validated with B0%
calibration/20% validation.

CALIBRATION PROJECT - #3 CALIB.
TECHNIQUES

Bootstrapping Flowchare

CALIBRATION PROJECT - #4 CALIBRATION

RESULTS

Flexible Pavenent
Results:

CALIBRATION PROJECT - #4 CALIBRATION
RESULTS

CALIBRATION PROJECT - #4 CALIBRATION
RESULTS

I e -
1 W W o @ @ a

2 T ) . B M M N R
€ eNE 000G 0O ML BA D00 BNN) OIS BReR SN BOS LNT d6M
Co s Q0TI GEN S BN RS SOV DML M1 BU3 NI GME 460K
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CALIBRATION PROJECT - #4 CALIBRATION
RESULTS

Rigid Pavement | s | o= |
Resubts: | ™

CALIBRATION PROJECT - #4 CALIBRATION
RESULTS

* Rigid Calibration Determination

* Trangverse Cracking

5 "
CALIBRATION PROJECT - #4 CALIBRATION
RESULTS CALIBRATION PROJECT — FINAL NOTES

MICHIGAN DOT ME USER GUIDE

Michigan DOT User Guide Michigas DT
Unar Guie Far

for Mechanistic-Empirical echamnte st
Dregm

Pavement Design

1

MICHIGAN DOT ME USER GUIDE

= MDOT User Manwal Organzasion: ®  CH 10 = Concruts Prvement (Naw) Layer

Inpuats
o CH I =lwre
*  CH 11 = BasefSubbase Layer Inputs
- CH 2 = Sofoware Operation
CH o de Layer Irputs
CHI-D
" CH 13« Existing Layer Inputs for Rehab
® CHd=Gener Design
* CHS o CH 14 Asessing the ResubaModify the
®  CH &= Cal Design
APPENDICES

*  CH7=Traffcinputs

= CH 8= Climate Inputs

= CH ¥ = Asphakt Pavement (Mew) Layer Inputs
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MICHIGAN DOT ME USER GUIDE

= MDOT User Manual:
s  Esch chapeer has a list of inputs, followed by descriptions of each one.
s Rehab design chapter not yet complete, (to be added):

s Currenty.only using ME for MDOT reconstruct designs

MICHIGAN DOT ME USER GUIDE

* New version of Pavement ME Design
= Calibration and research based on v2.0 of ME
* Due to new v2.2 & 2.3, MDOT saw major changes in ME JPCP design thicknesses.

= Currently. use of ME is suspended, pending re-calibration of the concrete models
{project just starting).

CONTACT INFO / QUESTIONS?

= Justin P Schenkel, PE
Construction Field Services
Michigan Department of Trnsportation
P: 517-6356-6006

E: schenkelj@michigan.gov
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Presentation 22—Hari Nair and Affan Habib, Virginia DOT

Virginia Transportation
Research Council

nvrnc _———— VDOT M-E Implementation

» Developed Implementation plan in 2007
« Several Research projects completed

AASHTOWare M-E - Traffic inputs (VTRC 10-R19)
VDOT Local Calibration for Flexible and Rigid - Asphalt Material Inputs (VTRC 12-R16)
Pavement Design - Unbound materials inputs (VTRC 11-R16)

- Subgrade Inputs (VCTIR 15-R12)
Hari Nair, Ph.D.. PE - Drainage layer énd Cemelnl treated aggregate layer
Affan Habib, PE - Concrete material properties from past projects

+ Developed User Manual for Pavement ME design

152017 n

VDOT ME Local Calibration/Validation Asphalt Calibration Sites

- Review of both asphalt and concrete distress . o _
prediction models - 53 sites from 8 VDOT districts; locations and
Asphalt pavement: Permanent deformation, Cracking, IRI pavement structure information provided by districts
Concrete Pavement (CRCP): Punchouts, IRI
— Mostly paved in early 2000s; range from 1992 to 2008
- Preliminary values for performance targets, reliability

ey i — Asphalt thickness typically 10", ranges from 5.5 to

- Measured values from VDOT Pavement Management 158

System (PMS)

— 16 sites with CTA layer; 20 with drainage layer

- Local Calibration was performed to remove bias and assess
standard error of distress models (Followed AASHTO guide
for local calibration)

1152017 n 1152017 n

VDOT PMS Distress Data Calibration procedure
* VDOT Uses Automated distress data collection (from — Compare measured distress against predicted
2007 Onwards) distress for each year.
— Measured IRI values that decreased greater than
= Distress values averaged for all segments within 10% in a given year was taken to be that the
project limits to get average value each year. pavement had been resurfaced and data beyond the

decrease would not be considered.

- Also compared year of last rehab from PMS records
to remove data points on sites that had been
resurfaced

= Sum of severity levels (level 2 and 3) of alligator - eRr‘:;nn(;\;st I'\:Eddr:il:is:gprrne:alcst::gg (li?satlr:sesr:oints,
crncing dividess by g gren (1= wids X lengih) fof — Sites split into calibration/validation sets based on
% fatigue cracking. Level 1 severity were assumed to district
be longitudinal cracks

152017 n s2017 n

= Fatigue cracking- labelled as alligator cracking in
PMS (Square feet, Three severity levels).
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AASHTOWare Pavement ME
Local Calibration: Rutting

Asphalt Pavement Rutting With Local

Asphalt Pavement Rutting With Global
Calibration Coefficients

Calibration Coefficients

1152017

With

1152017

AASHTOWare Pavement ME
Local Calibration: Fatigue Cracking

M L

- 1
. s » » " »
Wearnd ki b P

hiit
s » o = n

e Bl kg % b

lobal Calibration Coefficients With Local Calibration Coefficients

78 % of the measured values were less than 2% crackinh

Local Calibration: Fatigue Cracking
Other State DOT's

N6 -
.
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3 New Mexico ¥ il
5. » L ~—
% o < oo 8
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Maanuted Albgater Crachimg [ Lane Ares)

With Global Calibration Coefficients

AASHTOWare Pavement ME
Local Calibration: CRCP Punchouts

‘With Local Calibration Coefficients

1S2017 d 52017
VDOT Pavement ME Design Coefficients VDOT Pavement ME Design Coefficients
Adjustments From Local Calibration Adjustments From Local Calibration
| Psr(fine | By, (granular | T
Model Bt ln;ﬁl!d.] :ubgudn] [ [ [ C AC Fatigue
e 3 s R 0007558
Asphalt 0687 |0.153 10.153 Ny =000432+C ""*‘(?,} (E} k2 3.0462
pavement 3. 1.281
permanent Cupt [Br1 aze7
deformation ¢ = am :-‘, om]’/ Bf2: 1
i B
Asphalt 4287 (03100 |0.3190 |
pavement Bt ]
bottom-up L kg WP TR |
; : . 4y = pastic sra
feneP - Calibration gt s ?':ﬂé
i 1" g + LABSR+ Hy - 17342 -
punchouts | | o | N Coefficients | & e
‘— Wher
Bllaw P'-]lﬂ'}l."ll“\]?{-‘;' 1".‘&‘“‘.&['
152017 n 152017 u
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Reliability Level, Design Life, and Performance Target

Development of Suggested Values for Design Recommendations for VDOT's Use With Pavement ME

Requirements Design
+ National guidelines
* Previous VDOT design standards [ PavementME Design | Design | _Highway Classification
s e R P Life ivi jvi
+ Data from end-of-service pavements in Virginia | ST o e | | taase | sais |
” " ; " : : it i | Roliability Lovel a5 90 80 85
Relationships between distress in serviceability used in [Feformencs Wsstom : - : '
PMS Asphalt pavement—Total 5 0.26 026 026 0.26
” . . 5 manent deformation (in)
« Values in local calibration site data I e =—5—T8 15 0 s
' s s . fatigue cracking (%)
Experience of VDOT district and field personnel. Y g T3 0 140 140 140
| pavement—IRI (in/mi) ! ! { }
LCRCP punchouts (countimile) | 30 3 I 6 ]

152017 152017
@ " 20 7

Summary
Developed a set of local calibration factors applicable for
the entire state.

Further refinement of the calibration coefficients might be
necessary beyond initial implementation.

Expanding the pool of project sites used for calibration
can help provide more robust calibration coefficients.

Local Calibration research report:

http://www.virginiadot.org/virc/main/online_reports/pdf/16
-r1.pdf

1152017 n
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Presentation 23—Harold Von Quintus and Chad Becker, ARA

Session 3
Software Training

AASHTOWare Pavement ME Design
MEPDG User Group Meeting
Indianapolis, Indiana
December 15, 2016

Harold L. Von Quintus, P.E.
Chad Becker

4+ ARA

Outline

1. NARR Climate Files; Importing Files and
Differences between Current Climatic Files.

2. Rehabilitation of Flexible Pavements:

a) Thin Bonded PCC Overlay of Flexible Pavements.

b) InPlace Damage of AC Layers: Input level 1
versus input level 2.

c) Reflection Cracking: Types of Repair Strategies
and Distress Predictions.
3. Tips based on Discussion/Questions from
Yesterday.

Pavement ME
Design
Main Website

Both sets of
climate data can
be downloaded.

Intoraction Effocts of Traffc,
Chmate, and Matenas Consdered

AASHTOWYire Pavtment ME Design

<+ ARA

+ ARA 3

Climatic Data

<+ ARA

Area Specific ;
Selection of e
Climatic Data :

Arsa-Specific Selection of Climatic Data

+ ARA

Stations with Complete Data

1. Increase in number of stations with complete data:
a. All stations have complete data
b. Previously only stations with complete data showed up
in dropdown list
2. New naming convention

Extent of current
.hcd files (prior
to 2016)

Tempersai (F)

+ ARA

155



AASHTO Pavement ME Users Group Meetings

First Annual Meeting —

Indianapolis
Dec 14-15, 2016

Naming Convention: Old versus New

® Lne sanche wrater 12900 Cruste 3 virts! weather ptaton

e —— -
T 1=

Lﬂ?l Yo!iﬂlli_ﬁk
Albany,NY (14735)

e
VASSENATY Br2e)
.a.

FA-RMI‘I
S G |

-

IR GO ot
MEE Yo MR- GCeoT MY (147

The NARR climate weather
stations are imported
identical to the existing
weather stations.

NARR Climate/Weather Stations

e .
ST

st S

SARA

¢ ARA

Getting weather ﬁ::-"" SEenhad I G Sectontinene | Select Weather lr.h:'wm'“’"“ 195 R SecvonChmate
data for design: i Station for Project ", i...oum
) Elervation 7 Elbevation (% (ra
1. Select weather station |  cimsesece | ] recanmm ane 1. Enter depth to water e s 5] HALDARELIA I
& huche: ( ey s degrees) » Lettude (decimals degrees’
for a project. Longitude (decemel degress) [Z] -75.231 tables (annual or Longitude (decamel degress) (2] -75.231
? (2] Aermssi( ] Aneuss
2. Select starting date | . e " ™ seasonal values). frardontonty o
for prjQCl Dna:snn-od ANV2016 205 PM 2 Enter Ial"‘Ude‘ z wi:ae\od ANV2006 205 PM
E::um ANVI0NE 205 PM IofngltUdet & 9|evah°n E::um ANV2016 205 PM
Courty o 3 c
D:’:md Cbyect projec [‘-:'c?wd byt
Diracson of yavel 3. Select one or more Dieection of wavel
e g climate stations. i
From stason (mdes. From staton (mees)
Beer Locked? False e Locked? False
Poren e 0 i Hbir o
Suate Sante
To stabon (males. To stabor (rales)
User debernd bald User defned Selc 1
User debred hald User debred beld I
Unar debrad fedd 3 Uner defrad falg 3
S ARA B o B - " ARA B

Select Weather Station for Project

Some stations have multiple grid points (i.e.; 94015a,
94015b, 94015c, 94015d)

Select Starting Date

1

or Year

Prior to 2016, most stations contained less than 10
years of hourly climate data. The software repeated

a. Multiple grid points added to show multiple elevations : ; :
: ; the climate data for the length of design period.

b. Selected station should have elevation =+ 500 ft. of ' q o i "g pen

project elevation. 2. Start date was the beginning of the climate data
c. Use v!rlual .clirnate station for areas with significant 3. New files have 37 years of continuous data

elevation differences. a. Default starting date is 1/1/1979.

b. Manual starting dates; manually delete data in the .hcd
file.
j
2 ARA 1 B e, ¢ ARA i
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Questions

= Do different starting dates make a difference?

= |s there a difference between use of the NARR and
original climate data; and what about MERRA?

driginai
Climate Data

== NARR 1979 Stwrt Dale
== NARR 1004 Start Dt
= * NARR 2004 Sta Date
= Orgnal Climate File

5 o

_+|
g

Start_Date

—— NARR 1379 St Date
= = NARR 1334 St Date
=+ NARR 2004 5t Date
= Criginsl Cimate File

" NARR Climate data with
different starting dates.

Fatiguo Cracking (% lane area)

Original

Climate Data

2000

]

Transverse Cracking (Rimile)
g

]

— =
Y e R [ _"ff’— B =0
: ; NARR Climate data with

different starting dates.

Oﬁﬁfﬁal "=

Climate Data

NARR Climate data with |
different starting dates.

Original

= i Climate Data
o
: Start_Date
Lol — WARR 1579 Stat Date

= = NARR 1904 518 Date
= NARR J004 Sut Date

~ = Criginal Cieune Fie

Age (years)
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AT e — AT e —
Original Climate vs NARR: JPCP Original Climate vs NARR: HMA

M y=00228+ 0994, A =087 "t ye00188+1x, =083

1 y=0.00453+0.214x, =012 /
Mid-Slab Crackin

1 y=00048+0864x, /=085

Fatigue Cracking Rutting

Faulting

¥ st P Citenate s (r2h)
Fatigun bew Clmats fie (% Lans Arsa)
g
(4
Huting Wew Cimats Tl (nch)

Comaiing b Clenute fim (7% sliatss Crnhod]

Fadling it Chmate e (rnch) N Craching OV Cirmale fie % s Crachend) Fiaigue (o s Bl (% Lare Arma) Rtirg (44 Ciimaate fie fnch)

NARR vs MERRA: JPCP NARR vs MERRA: HMA

[ y-000t4+ 118, F=097 oy e0089+ 148, Fe0me | y=00731+1.18x, Fr084 1 y=00913+101x, 720860

Faulting E i.| Fatigue Cracking .
.| 1B : g
H i
: ? - ‘| !
i e i L.l
<o . row 8 H
: 1 = : =11
H i g 3 i (I F
I % _ G | i &
S ot Rutting
Mid-Slab Cracking | : - . : : i 5
— — . . - - - e Fatigue MARR Cimate fle (% Lire Asea) Rutirg NARR Chimate W ()
Fauitng NARR Clrmaste fi rch) ' Coaching NARR Gl e [% siats Crackad)
<+ ARA e ser s AN = .; ARA
Why the Difference? Outline
= NARR versus Current Climate Data: 1. NARR Climate Files; Importing Files and
+ Differences observed at an individual site. Differences between Current Climatic Files.
* No bias between two data sets across many different
climates. 2. Rehabilitation of Flexible Pavements:
* NARR versus MERRA: a) SJPCP of Flexible Pavements.
*+ Percent cloud cover is different between NARR and MERRA. b) InPlace Damage of AC Layers: Input level 1
+ Can have more than 100 percent humidity in MERRA versus input level 2.
database; ICM will not run for that case. c) Reflection Cracking: Types of Repair Strategies
and Distress Predictions.
3. Tips based on Discussion/Questions from
Yesterday.
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i What's the same with a | pepen
SIPCP of Flexible Pavements .
standard AC overlay? Onee
" SR119_Rehab_SJPCP:Project™ Prooesies
= _ = Traffic / AC Laywr Propesses
General Information 3 = i Pavemert Structure
Design type: [ow v] * Climate /} :: 2&5’3::;‘
Pavementtype:  |ACoveeAC.. 7] *= SJPCP Design Properties
Desion e (years): [m2 2V AE o sonl Cont = AC Layer Properties At
Existing mﬁwwﬂ% e ‘gﬁnmfm = Pavement Structure
Pavement mum:*‘::xé';:c'; * Layer1 PCC: SIPCP
Traffic opening A over SFCE Srached) * Layer 2 Flexible, AC
[£] Special traffic m?ﬁ%?P . |::;.:r 3 Non-Stabilized
AP Add Layer BB ve, CRCE troancon)
CRCP over JPCP {unbonded) * Subgrade
JPCP over AC
CRCP over AC
5J o AC

B
]

SJIPCP Performance or Threshold Criteria SJPCP Design Properties
SIS Rkl SINF Propect | ARLIY st UG e =] SIS Rkl SINF Propect | ARLIY st UG e -x]
{:‘;‘:‘- L. | i b :: e
Prosmertpe | SCF mew AL = i Imrm-m-u.l-ﬁm-: ) =
[SEp— I
Erotang taamiin | My L] e
g e - Longitudinal cracking, percent slabs.

* PCC surface shortwave absorptivity
g * PCCjoint spacing (ft. square slab)
= Sealant type

= Tied shoulders

*= Permanent curl/warp effective temp.

= i3 PCC properties same as for JPCP.
Beuble paveme L - 4 PCC .

Condition of existing Rehabilitation input level |2 - ?.::.‘.'” :2

i et wasght (gt} = w0
flexible pavement. e e . + Therra R
* Inputlevel 1-NDT [ zgmw“uimiwwl (mnideg F x 105} ;:'

values, . — - PCC termal conducsvy (BTUM- & degF) 125 o

Fatigue cracking (%) €5 |Hgh . s Ma

* Input level 2 - - ackic (hWvsie . Agaregan ype Delomtte 2)

Distress values. Chomebbdebicemi 1500 |Low - Commns s o W %‘u T:u
» Input level 3 - LoyerMame  LoyerType Rt Desth ) T o eyt

subjective rating PCP Defa PCC @ Fiearaiie shrkage () %

=~ 1 - FCC 2enc-avens tempennture (005 F) [ Caladated

values, Din#ﬂ_ Hlth('lj | Time & deviog 5% of U shrviage (e HAx»
Why grayed out Cubsdica E” bhred B . ’ :u::mm ] [ 6223 fealaudated)
fields? AS Subgrade (5) | Level 3 Fupture(630) Modukus(4200000)  w

P—— e 4 lontilers

SARA
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Existing AC Layer Properties

Results for Example Problem

| AT TR AT =
@@ Same AC properties as for new flexible e e
i pavements . o, i
4 Muxture Vokemetnes - SIPCP bngludinal cracking (parcent slabs ) " 1000 . Pass
v ) 7
Eﬁxr:wouwm 91 Distress Charts
lt‘:;;?.. ¥ Longitudinal Cracking PCT
4 Mechanical Properses | 1
Aomhen e lz"""‘- | L rtudinal O ¥ rec
Croepcomphce (1551 Frout leve 3 . SIPCPPCC=5.0in. ouahilbal Croskivh
Dymamic moduls It level 2 | .
Seect WML Eatar predictive model Use Viscosity based moded [rationally calibrated) ! T SIPCPPCC=4.5in. v
Fetererce (SepF) =) [, J Y | | NN | D NP (S S S S M .
m..mm':; :1‘: o3 F (pai) gss ,,,,,,,, " L ot
a Thermal /,-" A . o
Heat capacity [ETUN-deg F) (¥ S pmmenorels - Lt i
Thermal conducrty (ETLbr-t-deg F) ] 067 J RUONI S8 P g —— s
Theemal cortracson 1. 149E-05 jcalculated) 5 il |
4 Identibers 1 £ '.:'-—l:| Fliach e
’m n ’m H]
=) Projects
Outline lnptfts for AC over e
Flexible Pavement
. " . " _ AC Layer Propertes.
1. NARR Climate Files; Importing Files and = Traffic Lt e
Differences between Current Climatic Files. * Climate Lo 2l Mot 25 G642 o)
= AC Layer Properties s s o
2. Rehabilitation of Flexible Pavements: = Pavement Structure ;
a) SJPCP of Flexible Pavements. * Layer 1 AC Overlay :
b) InPlace Damage of AC Layers: Input level 1 * Layer2 Flexible, AC 4 Restore Rigd
versus input level 2. * Layer 3 Non-Stabilized ~ o
c) Reflection Cracking: Types of Repair Strategies Base E i
i icti L] = POF Output Repont
and Distress Predictions. Subgrade B
. " . s "= Multiple Progect Summarny
3. Tips based on Discussion/Questions from S 8w A
2 Tools
Yesterday. & (2 ME Design Calbrsion Factors
B = +ARA »

Performance or Threshold Criteria

Existing AC Layer Properties

Pedomance Crteda Lim¢ Relabity * AC surface shortwave *  Multi-layer rutting
55 absorptivity calibration
Teminal IRI fn/mie) 150 '50 * Layer interface + Condition of existing flexible
1 t . imi pavement
AC top-down faligue cracking f/nke) 0 % :é‘f;’a':e L
Fl er Properbies -
AC bottomup fatigue cracking (% lane area) 15 %0 AC surtace shortwave absorptivity 085
AC themnal cracking ft/mie) 1500 |50 Layer interface Full Friction Interface
- . 04 % Endurance limit (macrostrain) 100 g
'ermanent deformation - total pavement fin) |0 | Is endurance fimit applied? False
Pemmanent deformation - AC only n) 04 %0 Uses multi-layer rutting calibration False
AC total faigue cracking: bottom up + reflective (4lane area) |15 |90 41 Sk nica
: ! ! Condition of existing flexible pavement Rehabilitation Level:2 [3
AL total transverse cracking: themal + reflective ft/mie) 1500 %0 4 _|dentifiers
’m " ’m "
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Condition of Existing AC Layer: Input Levels

Existmg AC Layer Propertnes Rehab Input Level 2

Rebabilitason inputlevel |2 vl Rebsbinsonivputlevel (1 v

Milled thackness (in} 2
Aerount  Severity

Milled tackness (in) 2
Amount  Sevenity

Fatigue cracking (%) 12 low v Q] Treesversecracking(Rimide) 950 Low

Transverse cracking (Rimile) 550 Low -

loyeliome  LowTpe  RaDephin) || Lwhame  LmerTpe  RuDepthie)
: W Fectie (1) - [T rete ) |
MeS25mm PG Peble() 015 Mi25mm PG ool 015
Cuhedsore  NonsabloedB. 0025 Cubedsere  MonstableedB. 0025

A6 Sbgake® 007 5 Shooke® 007

m“ i
4 Asphalt Layer
Thickness (in) 65
4 Mixture Vokumetrics Input values are the
Air voids (%) 66
Effective binder content (%) 35 same as for new AC
» Poisson’s rabo
Uit weight (pef) 1495 layers.
# Mechanical
Aaphalt trder [£] Level 1 - SuperPave:
Creep compliance (Vpsi) Input lavel 3
Dynaersc modulus Input leved 2
. Gelect HMA Estar ol Use S
Relerence terperature (deg F) 70
Inhrect tensile strength at 14 deg F (psi) 50192
4 Thermal
Heat capacity (BTUAb-deg F) 023
Thermal conductivity (BTUT-#-deg F) 067
> Thermal contracton 1.149E-05 (cabculated)
-

B
-]

Existing AC Layer Properties: Rehab Input Level 1

Existing AC Layer: Thickness

roreiagy 2] Love 1- SuparPioms Input values are the
ey & a2 same as for rehab
:-:ﬂ:\:!w :m rug:mm-«mm input level 1, expect hick
[T = for AC dynamic ¢s Input thickness
o Thermdd Dymamic modulus input level 2 v modile : is the core
| Gradation Percert Passng :; thickness minus
Ll toised)  the milling
r:‘::“ -i: @ thickness.
1 [Z] Levd 1- SuperPave:
Mo 200 seve 45 (2] b el 3
Modhulus of existing AC layer cbtained from NOT testing (2] gt bevel 2 _
NOT Modks ps) __ Freauency () Tempertre g ) J0e Viasty v vt patnly odtotel
ShRA J =

Results for Example Problem

Rehab. Input Level 2
m

mwm

Tormmal R jmomaie) Hnao T wn oo © Ml Pane
Dermpnsnt detpemptan Wi paerment o] R 7T T " oo " wom Faay
A tetsd ague trachmg betam g e * “ o0 * um Fal
AC B B g whecive imilel 0008 7 TRV T Mb0 T 2ad ol

urmpspnt deivmmatan - A sabyon) T o " e " owmo " owem Fran

AC bom-up tniges crnckeg (% iane s e " e " Me " owem Pasn
T — ® asobes ® rauaar " saee " soem r.
BC tep dawn lebes 03 (Ymds| T e " omraz " owmee " e Paia

Rehab. Input Level 1
m

L mwe o ms " hBB

Furmanent detpomaton  BAB puen mat i} * pas " _sn »bo

Outline

1. NARR Climate Files; Importing Files and
Differences between Current Climatic Files.

2. Rehabilitation of Flexible Pavements:

a) SJPCP of Flexible Pavements.

b) InPlace Damage of AC Layers: Input level 1
versus input level 2.

c) Reflection Cracking: Types of Repair Stmtaﬂes
and Distress Predictions.

A i M T e = sl o
B G B ke A P @ ¢ iaflectne mide) ' e T IreInd ' oo : 14 o 2 . .
: e 3. Tips based on Discussion/Questions from
R wpoer oo vty bt ‘i * Wl T MR W b Yesterday.
& ARA " e T~ -
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Reflection Cracking: with & without Interlayer

' 5R119_Rehab_AC over AC:Project i SR119 Re_l'k
General Inf
Design type:
Pavement type:

AC over AC E '
Design life (years): ACo:erACwﬂ'lSedCoa |
1
Existing constructio '“ —
ﬁCovuJPCP
Pavement constructit . over CRCP
Traffic opening: AC over JPCP fractured)
i i Bonded PCC/JPCP
| Special traffic loa Bonded PCC/CRCP
JPCP over CRCP {unbonded)
s Add Layer §§ JPCP over JPCP (unbonded)
CRCP over CRCP funbonded)
CRCP over JPCP (unbonded)
JPCP over AC

[Overday =

Tt Gremvas
PO JaMir i - G B e i it
AC 1 0 G D ® D N L

Reflection
Cracking:
Different

Treatments

u;a.u.m..u;mu--u N
T

MGt o i 00 % i sk

A Birma g e

B e L L

Cstian © hars

AC Overlay :‘: =
over =
Flexible

Pavement

Fast hgn

Reflection
Cracking:
Different

Treatments

Pt B 1l bt
RS g AN Sk et Vi ¢

s e g e it ) * ¥

Premarert Setrmton A wiyin N

A st e TR e

e Ll

A b e TG e

ACOverlay ;-
with  °
Interlayer

B
]

What You Need to Know — Topics

1. Asphalt Treated Permeable Base Layers
2. Global Plastic Deformation Constants

3. Polymer Modified Asphalt Mixtures —
accounting for the benefit.

Open-Gradad Gap-Graded, S| Well-Graded, Fine

1—USE OF ASPHALT TREATED
PERMEABLE BASE (ATPB) LAYERS

Asphalt Treated Permeable Base Mixtures

S-inch Dense Graded HMA

e Wel-Graded. FlngJ -

Mixture
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Asphalt Treated Permeable Base Mixtures Asphalt Treated Permeable Base Mixtures

=== 5-inch Dense Graded HMA Layer with NO PATE Layer

—— S-inch Dense Graded HMA Layer with 4-inch PATB Layer MEPDG Manual of Practice,

Section 3.5 - Design Features &

*

el : Factors not Included within the

g 14 1 MEPDG Process, Page 24:

5 12 1

% %] ...the ATPB may be treated as
& 41 a high-quality aggregate

§ 24 base... The resilient modulus
30 . : & 2 . 18 appropriate for this simulation

is 65 ksi but should be verified
through local calibration...

Age, years

4+ ARA ; o S it & - +ARA ; o s i, »

Global Plastic Deformation Constants

Flesbile Pavement Rehabiltabon Calbesbon Seftngs

3.35012
1.5606

unconfined
tosts

Bl 0473

e " % - Global calibration values determined from LTPP sections
= P

g SRR ST with lower traffic levels. ‘
2—GLOBAL PLASTIC DEFORMATION ! F_‘_'”":r“’f"‘"‘*‘“”‘mmsm
CONSTANTS: @mn - . [
HMA MIXTURES e e
UNBOUND MATERIALS/SOILS ERsmahaut, :

1235 Pow(SUBRUT 050
QRN i s ~ | [SheA T T o -
(A7 mr— (AT e —

Plastic Deformation Constants Plastic Deformation .
Constants; HMA & ;"

e e ¢ alih pnen < ahire
e Lol alibow i ey B0 v Cmaafirerd Bt
Layer Calibration Value | 6-inch Dense Graded HMA Unbound Layers i
Global  Local LT Lo

HMA Layers
Krl; Intercept -3.354 -2.30

Kr3; N-Exponent 0,479 0.27

The hlgh S|0pe (Krz or - bl ol i st v ot Truty
Kr2; Temp. 1.5606  1.5606 exponent of N-term
Exponent results in higher  § o
Unbound Layers incremental rut depths ; o
Coarse-Grained 1.0 0.3 with time for high truck = *!
Fine-Grained 1.0 G . — . B, |« - = % >
Climate — Missouri Area g vamn
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Plastic Deformation i
Constants z
i

= Determine using confined
triaxial repeated load

A .
tests. -
= Will resultin
T smaller slopes but
§ . higher intercepts.
g 18 X Mix {
£ 4 X ealibration = Smaller increases
g . , TI : in rutting for
¥ *x g A NeAes higher truck
| [ R Kok, X _ levels.
B " 01 01 (1) 04 o3 MEPDG Global
T Default Value
¢ ARA M T w

5—POLYMER MODIFIED ASPHALT
MIXTURES — PROPERLY ACCOUNTING
FOR THE BENEFIT

Rutting — Companion versus PMA Segments

|| o companion Sections —Line of Equality ® Modified Sections |

£ 09
08
0.7
086
05
04
0.3 1
0.2 4
0.1-
= 0

04 08 08 1
Predicted Rut Depth - Local Calibration, inches

PMA Mixes: Cracking Versus Damage Index Polymer Modified Mixtures
- — . Asphalt Institute | £ =
—Trend Line, Comp S Comp S PMA S
[ e LA e B st study found that | £z 24| 5
g 'g 1 1 transfer function 1% . *e g
kS i n coefficients for PMA | 3
80 + oy = —octual a8
g 70 1+ Damagelndex mixes are different | <
H 3 B s from neat HMA :
§ 40 4 3 mixes — more |
3P X e, resistant to cracking [ 5
s N1 - Mﬁ v and rutting. i,
i 0 _-mmfib‘sﬁﬁm_u 2 H
001 01 1 10 Means thinner PMA | & 2
Locally Calibrated Fracture Damage Index layers. E £
E - Dl.nl- om - i
Fatigue Factor, Kyy,
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Presentation 24—Prashant Ram, Applied Pavement Technology, Inc. (APTech)

AASHTO Pavement ME National

Users Group Meeting

Clearing-House of MEPDG Research
and Implementation Efforts

Prashant Ram
Applied Pavement Technology, Inc.

Indianapolis, Indiana
December 15, 2016

Project Background

= Numerous research and implementation
efforts related to MEPDG completed and
underway

~ Information from these studies of great
interest to agencies using or implementing
AASHTO Pavement ME Design

» Creation of a central repository of this
information would be valuable to agencies

FHWA Clearing-house Project

= |nitiated March 2016
* Objectives:

= Gather current information on on-going and
recently completed research and
implementation efforts related to MEPDG

= Develop a database of resources identified
and host it on a dedicated FHWA website

= Continuous monitoring of information that is
relevant and useful for inclusion in the
clearing-house

Project Team

Federsl Highwary Administration
Cortractng Offcer's Representatne (COR)

| |

Linca Purce. NCE
proey Pave Rosemary Evars. APTech

|Clearing-House Development Framework
Task 1:
| Literature Search focused I
on MEPDG
mﬂ;‘;‘:ﬂz’" ) I Task 2B: \l Task 2C:
research Needs

Develop database with Develop database with Develop database with
kisting of items identified listing of items identified listing of items identified

Task 3 Task 3: Task 3:

Update and Maintain Update and Maintain Update and Maintain
Database Database Database

Information Housed in Database

* Projecttitle

= Sponsoring agency and Contractor

* Type of work (e.g., NCHRP, state-sponsored,
pooled-fund etc.)

= Principal Investigator

= Project status, cost and duration

= Project data (if available)

= Links to project summaries and reports
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Project Status and Timeline

= March - November 2016

» Database format developed and listing of Thank You!
resources populated
= December 2016 — January 2017 For additional information on this effort, please
» Database will be hosted on FHWA contact: . o
website = Tom Yu, Federal Highway Administration.
Tom.Yu@dot.gov
* February 2017 - February 2019

= Prashant Ram, Applied Pavement Technology, Inc.
~ Update and maintain clearing-house pram@appliedpavement.com
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