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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
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 Yes shugartr@dot.state.al.us
Scott Weinland Arizona DOT Yes Yes No sweinland@azdot.gov
Ashek Rana No No No arana@azdot.gov
Mehdi Parvini California DOT Yes Yes No Mehdi_parvini@dot.ca.gov
Jay Goldbaum Colorado DOT Yes Yes Yes jay.goldbaum@dot.state.co.us
Laura Conroy Yes Yes No laura.conroy(@dot.state.co.us
Melody Perkins No No No melody.perkins@dot.state.co.us
Patrick Overton Florida DOT Yes Yes No patrick.overton@dot.state.fl.us
Nat Valesquez Kansas DOT No No No nat.velasquez@ks.gov
Sunil Saha Kentucky TC Yes Yes No sunil.saha@ky.gov
Joe Tucker Yes Yes No joseph.tucker@ky.gov
Alauddin Ahammed Manitoba Yes Yes No alauddin.ahammed@gov.mb.ca
William Tang Transportation No No No William.Tang@gov.mb.ca
Praveen Desaraju Maryland SHA No No No PDesaraju@mdot.state.md.us
Justin Schenkel Michigan DOT Yes Yes No schenkelj@michigan.gov
Adnan Iftikhar No No No iftikhara@michigan.gov
John Donahue Missouri DOT Yes No Yes john.donahue@modot.mo.gov
Jason Blomberg Yes Yes No Jason.Blomberg@modot.mo.gov
Jeff Kroner No No No jeffery kroner@modot.mo.gov
Yathi Yatheepan Nevada DOT Yes Yes No vyatheepan@dot.state.nv.us
Nathan Morian No No No NMorian@dot.state.nv.us
Clark Morrison North Carolina Yes Yes Yes cmorrison@ncdot.gov
Shihai Zhang DOT No No No szhang2@ncdot.gov
Kyle Evert North Dakota No No No kevert@nd.gov
Matthew Luger DOT No No No mmluger@nd.gov
Susanne Chan Ontario MOT Yes Yes No susanne.chan@ontario.ca
Warren Lee No No No warren.lee@ontario.ca
Josh Freeman Pennsylvania DOT| Yes Yes No josfreeman@pa.gov
Lydia Peddicord Yes Yes No Ipeddicord@pa.gov
Eric Carroll South Carolina Yes Yes No CarrollE@scdot.org
Jesse Thompson DOT Yes Yes No thompsonju@scdot.org
Hari Nair Virginia DOT Yes Yes No harikrishnan.nair@vdot.virginia.gov
Affan Habib Yes Yes No affan.habib@vdot.virginia.gov
Girum Merine No No No girum.merine@vdot.virginia.gov
Laura Fenley Wisconsin DOT Yes Yes No Laura.Fenley@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
Linda Pierce NCE No Ipierce@ncenet.com
Chadwick Becker ARA No cbecker@ara.com
Harold Von Quintus No hvonquintus@ara.com
Shreenath Rao srao@ara.com
Nadarajah Sivaneswaran FHWA No Nadarajah.Sivaneswaran@dot.gov
Mike Voth FHWA Federal Lands No michael.voth@dot.gov
Bruce Dietrich Pavement Analytics LLC No bdietrich@pavementanalytics.com
Clark Graves University of Kentucky No clark.graves@uky.edu
Marta Juhasz Alberta Transportation Yes marta.juhasz@gov.ab.ca
Ian Rish Georgia DOT No irish@dot.ga.gov
LaDonna Rowden Illinois DOT No LaDonna.Rowden@illinois.gov
Charles Wienrank charles.wienrank@jllinois.gov
Jusang Lee Indiana DOT No jlee@indot.in.gov
Casey Nash Maine DOT No casey.b.nash@maine.gov
Narinder Kohli New Jersey DOT No Narinder.Kohli@dot.nj.gov
Naomi Gaede New Mexico DOT No Naomi.Gaede@state.nm.us
Enad Mahmoud Texas DOT No Enad.Mahmoud@txdot.gov
David Holmgren Utah DOT No dholmgren@utah.gov
Jianhua Li Washington State DOT No lijia@wsdot.wa.gov

Academia/Consultant/Industry Representative Participation

Pvt ME Design

Name Agency TF Member Email Address
Halil Ceylan Iowa State University No heeylan@iastate.edu
Richard Kim North Carolina State University No kim@ncsu.edu
Joshua Li Oklahoma State University No giang.li@okstate.edu
Fouad Bayomy University of Idaho No bayomy@uidaho.edu
Ahmed Muftah No muftah@uidaho.edu
Emad Kassem No ckassem@uidaho.edu
Pan Lu North Dakota State University No pan.lu@ndsu.edu;

lupan79@hotmail.com

Hao Wang Rutgers University No hw261@soe.rutgers.edu
Jesse Kwilosz Transtec No jesseks@thetranstecgroup.com
Scot Schwandt Kiewit Engineering Group No Scot.Schwandt@Kiewit.com
Angela Folkestad ACPA-CO/WY Chapter No afolkestad@pavement.com
Mike Skinner Colorado Asphalt Association No mikeskinner@co-asphalt.com
Feng Mu CEMEX No feng. mu@cemex.com
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APPENDIX B. MEETING AGENDA

Wednesday, October 11

Time

Topic

8:00-8:45 AM

WELCOME AND INTRODUCTIONS
Welcome | Chris Wagner (FHWA).

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

Remarks on Canadian efforts | Marta Juhasz (Alberta Transportation)
Review of agenda and meeting goals | Linda Pierce (NCE) and Kelly Smith (APTech)

8:45-9:45 AM

AGENCY IMPLEMENTATION STATUS

Implementation map updates and agency reports on implementation plans, timelines, and progress | Linda
Pierce (NCE) and Kelly Smith (APTech)

9:45-10:00 AM

BREAK

10:00-11:00 AM

AASHTOWARE PAVEMENT ME DESIGN SOFTWARE UPDATE

Announcements and news regarding latest software and purchasing/licensing | John Donahue
Software enhancements/updates, including new features/capabilities | Chad Becker (ARA)
Backcalculation Module | Harold Von Quintus (ARA)

11:00 AM—-NOON

AGENCY IMPLEMENTATION EXPERIENCES
ME Design Implementation | Lydia Peddicord (Pennsylvania DOT)
ME Design Implementation | Joe Tucker (Kentucky Transportation Cabinet)

NOON-1:15PM |LUNCH (ON YOUR OWN)
1:15-2:15PM AGENCY IMPLEMENTATION EXPERIENCES (continued)
Modeling Stabilized Materials | Affan Habib (Virginia DOT)
Multi-Agency Effort to Prepare Data for Pavement ME Design | Joshua Li (Oklahoma State U.)
2:15-2:45 PM REHABILITATION DESIGN
Concrete Overlays | Halil Ceylan (Iowa State U.)
2:45-3:00 PM BREAK
3:00-3:30 PM REHABILITATION DESIGN (continued)
Dynamic Modulus of Cold In-Place Recycling | Jay Goldbaum (Colorado DOT)
3:304:45PM ME RESEARCH
FHWA Research Summary | Tom Yu (FHWA)
NCHRP Research Summary | Linda Pierce (NCE)
Top-Down Cracking Model (NCHRP 1-52) | Linda Pierce (NCE)
Unbound Materials (NCHRP 1-53) | Linda Pierce (NCE)
4:45-5:00 PM DAY ONE KEY TAKE-AWAYS

Discuss key takeaways of day one | All
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Thursday, October 12

Time Topic

8:00-8:45 AM PERFORMANCE CRITERIA
Rational Basis for Establishing Performance Criteria Thresholds | Tom Yu (FHWA)

State Perspectives on Selection of Thresholds | State Agency Panel Discussion

8:45-10:00 AM LOCAL CALIBRATION EXPERIENCES
Calibration of Pavement ME Design Software for Idaho | Fouad Bayomy (U. of Idaho)

MEPDG Design Parameters for Ontario and Canada | Warren Lee and Susanne Chan (Ontario
Ministry of Transportation)

Automated Calibration Process | John Donahue

10:00-10:15 AM BREAK

10:15 AM-NOON SOFTWARE TRAINING

Live demonstration-based training on new software features and example applications | Harold Von
Quintus and Chad Becker (ARA)

NOON-1:15 PM LUNCH (ON YOUR OWN)
1:15-3:00 PM SOFTWARE TRAINING (Continued)

Live demonstration-based training on new software features and example applications | Harold Von
Quintus and Chad Becker (ARA)

3:00-3:15 PM BREAK

3:15-4:00 PM RESEARCH AND TRAINING NEEDS
Future of ME Design (narrated presentation) | Kevin Hall (U. of Arkansas)

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

4:00—4:30 PM CHALLENGES/ISSUES/ROADBLOCKS
Common challenges/issues/roadblocks that can be resolved at the regional level rather than by each
SHA

4:30-4:45 PM DAY TWO KEY TAKE-AWAYS

Discuss key takeaways of day two | All

Concluding remarks
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APPENDIX C. MEETING PRESENTATIONS
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Presentation 1—John Donahue, Missouri DOT

Pavement ME Design Updates

* Version 2.4
AASHTO Pavement ME National —July2017rollout
Users Group Meeting — Backcalculation Tool (BcT)
Updates

* Version 2.5
—January2018

— Global recalibration of flexible and semi-
rigid models

— MERRAweatherdata
— MOP integration

Denver, CO
10/11/201
7

John Donahue

COMP COMP

AASHTO JTCOP and SOM merged into * New Tech Section 5d for Pavement Design
new Committee on Materials and will be created

Pavements (COMP) — Manual of Practice (MOP)

Membership expanded to allow — Local Calibration Guide

pavement design engineer reps from each — Pavement Handbook

State.

— DAMS supporters allowed two ‘scholarships’ for
travel expenses

Future Enhancements ~ FY 19

Integrating Geosynthetics (1-50)

Top Down Cracking Model and
Transfer Function (1-52)

Slab / Underlying Layer Interaction (1-51)
Automated Local Calibration

Possible RIPI funding
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Presentation 2—Marta Juhasz, Alberta Transportation

TAC Pavement ME Design User
Group Update

Pavement ME National Users Group Meeting
October 11, 2017, Denver, CO

Marta Juhasz, Alberta Transportation
C

TAC Pavement ME Design User

Group

= Who are we?

« Continuation of TAC sponsored project for the calibration
of the DarWin-ME (started in 2004/2005)

+ Now: Group of approximately 40 members representing:
* Agencies
* Academics
* Consultants and
* Industry

* Collective interest in knowledge sharing and
collaboration in the area of pavement design

User Group’s Mandate

+ Collaboration with the AASHTOWare Pavement ME
Design Task Force

Continue with Software Evaluation (design trials)
Finalize a first version of the User Guide

- Continue with populating the Pavement Material
Database

Broaden our reach beyond AASHTOWare Pavement
ME Design

*

*

*

Climate Database Trials Summary

Pavement ME Trials Overview

= Completed since early2010s.

Initially intended to provide a way to familiarize the

User Group with the Pavement ME software

Evolved into testing the sensitivity of inputs on outputs

* AC content, air voids, etc. on cracking, rutting, and IRI
Provide a better understanding of how the software works

Has evolved into testing updates to the Pavement
ME climate database

* Historical Environment Canada data vs NARR vs MERRA

»

*

*

*

Climate Database Trials Summary

T T ] Parmrgrund Duormation - AL gy [mem.
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Presentation 3—Kelly Smith, APTech

AASHTO Pavement ME National

Users Group Meetings

Annual Meeting #2

Denver, Colorado

October 11-12, 2017

Pavement ME
Design
Implementation
(Post-2016 Mtg)

Concrete Pavements
and/or Overlays

ARG 10 naPLLENT. 13

Pre-Meeting Survey Results
-=-Pavement ME Design Implementation--

u Implemented-Total u [mplemented-New Design Cnly
u Implemented-New Design & Rehab Design mNot Implemented
3

HMA OL onasphalt (2)
HMA OL onconcrete (1)

Both (2)

JPC OL only (1
CRC OL%%(J;

Number of Responses

Asphalt Pvis & Asphalt Overlays Concrete Pvis &

Pavement ME
Design
Implementation
(Post-2016 Mtg)

Asphalt Pavements
and/or Overlays

Pre-Meeting Survey Results
=--Pavement ME DesignImplementation--

w Implemented-Total » lmplemented-New Design Only

= [mplemented-New Design & Rehab Design aNot Implemented

17 Total Respondents

Number of Responses
(-

Asphalt Pvis & Asphalt Overlays

Concrete Pvis & Overlays

Pre-Meeting Survey Results
==Top Implementation Challenges--

« Local calibration/verification of performance model
coefficients (7)

+ Designing pavements with features not included in
ME or that have not been calibrated (5)

« Characterization of HMA properties (4)

= Availability of performance data to adequately
perform local calibration/verification (4)

- Characterization of existing pavement and subgrade
via backcalculation analysis (2)

= Characterization of traffic (2), PCC properties (2)
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Pre-Meeting Survey Results
=-=Hierarchical Input Levels--

Number of mLevel 1 mLevel 2 ® Level 3
Responses
12
19 Total Respondents
10
8
6
4
0
Truck Vol Lane & Dir  Axle Load  Subgrade Unbound  Chem Stab
Dist Dist Dist Modulus Base Layer
Modulus Modulus

Pre-Meeting Survey Results
--Performance Criteria Thresholds--
Number of

Responses
14

19 Total Respondents

NationalDefault Thresholds Agency-Selected Thresholds

Pre-Meeting Survey Results
--Performance Criteria Thresholds (cont)--

Numberof ~ 0.0-0125  ®0126-0.25 ®0.26-0.3752 MO0.376-0.5
Responses ®0.51-0.6252 ®0.626-0.752 WTBD/Varies
12
13 Total Respondents
10 |

8

FH

HMA Total Rutting (in) JPC Mean Faulting (in)

-3

Pre-Meeting Survey Results
--Hierarchical Input Levels (cont)--

Number of mlevel ® Level 2 = Level 3
Responses
12
19 Total Respondents
10
8
[
4
3
0
HMA HMA Creep HMA PCC Elastic rCC PCC CTE Existing Pvi
Dynamic & Tensile Volumetrics Modulus Flexural Maoduli
Modulus  Strength Strength

Pre-Meeting Survey Results
--Performance Criteria Thresholds--

Number of
Responses
12

W 101-125 W 126-150 ®151-175 M176-200 ® TBD/Varies ®Not Applicable

13 Total Respondents
10

8

(=

HMA Terminal IRT (in/mi) JPC/CRC Terminal IRT (in/mi)

Pre-Meeting Survey Results
--Performance Criteria Thresholds (cont)--

Number of

m(QS5 G610 ®11-15  W16-20  WTBD/Varies

Responses

12

13 Total Respondents

10

]

6

4

N

0

HMA Alligator Cracking (% lane area)

JPC Slab Cracking (%)
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Pavement ME Design Implementation

Has your agency implemented PMED for asphalt
pavements/overlays? For concrete pavements/
overlays?

If not, does it plan to? When?
What key issues has your agency experienced
during implementation?

What was done to address the issues?
Local calibration(s) performed? Calibrated models
being used?
PMED officially being used? Parallel with DARWiIn?

3 MINUTE TIME LIMIT

Pre-Meeting Survey Results
--Research Needs Requests--

Frost and swelling issues in performance prediction

* Improved HMA top-down and bottom-up cracking models

* Re-calibrated PCC faulting and widened slab models

CTE and how it affects faulting
Ability to model SMA, UBWC, and open-graded seal coat

* ME Design for chip seal over flexible base
+ Detailed manual on updates performed since NCHRP 1-37A

Calibration info and clarified sequence of steps
Characterization of CIR, CCPR, and FDR
Improved characterization of SMA (marginal benefit)

* Review and recalibration of semi-rigid model

Pre-Meeting Survey Results
--Suggested Software Improvements-

Sensitivity to unbound layer stiffness/thickness and subgrade
stiffness

Add “streamline” calibration tool or application
Include module for stabilized full-depth recycling

« Add option for selecting new models or old models

More user-friendly interface

Ability to customize report to reflect only distresses
considered by agency

Reduce frequency of software version releases to just critical
ones

Interactive app/function to show significance of inputs

Pre-Meeting Survey Results
--Training Needs--

How to qualify and quantify existing pavement characteristics
for ME design

In-depth training by developers

For implementing agencies, fundamental training in
modeling, material characterization, and calibration.
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Presentation 4—John Donahue, Missouri DOT

AASHTOWare

Paveme

ME Design

www.aashtoware.org/Pavement/ Bt sasioware. org/Pavement

AASHT OV are
s Support - HELP DESK, Software and
Awael [ ae) ane g
Sy ey i sctvue Data Download, Bug Reporting
Rrgirenets IR, U 0T 1 el M Rnot ] AN e Pt U Dot 10wt e Prih 0 vavety o
e o schyogpuloppittiehin
=i Cacatonst Liswse 4 ety Do

e Buwca St Mg Py bum 4 . 1050 Contet Vo
it T w1477 300 340
eopraasho Lo L prmetreingeden s
e —— e

AASSITO Joind Toctrical
AASITO Joit Tecoeiel o -
Campasd 18 Faamam
Advcm,

Tramrg Watman

it ter

Software
Clmate Data

Enhanced Report Generation Tools

AASHTOWare Pavernent ME Design

Datstris Bavsurcs Documerty
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A simple web appacation

desigred to make & easy
1o create ME Design
project fles [DGPX)
Seeced win gecspatially
referencea irformanon
relevan o ihe BnafySis
ara deaign of your
pavernert

§ B8cuments

AASHTOWare Pavement ME Design
Licensee Map - United States

Pavement ME Design FY2018 [as of $1117)

CounmyCity
FHWA,
Mancopa Courty
licgrrsing - 40

mat licansing - 10
[ ==

Additional License Types ...

2017 2018
No Cost Educational 51 39
Private Sector 73 67
Universities 17 9
Local Agencies 1 1
30-Day Evaluation 2 2
International 14

2017 =Brazil, China, Colombia, Guatemala, Hong Kong SAR, India, Lebanon, Norway, Qatar, Saudi Arabia, South
Korea, Sweden, Turkey, UAE

Mantis Bug Reporting System

AASHTOWare Pavement ME Design
Licensee Map - Canada

Nt

I:I Licensing

|:| Not Yet Renewed

Enhancements for Next Release

The next release, v2.5, is scheduled for January 1, 2018 and will include

1. Integrated MEDPDG Manual of Practice (MOP)

2. Recalibration Plan for Flexible and Semi-Rigid Pavements: Both New and
Rehabilitated Pavements

3. Technical Audit Corrections, Recalibration and LTPP MERRA Data.
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SHRP2 R23

The rePave scoping tool from the SHRP2 R23 project is an
interactive web-based pavement design scoping tool that
provides guidance for deciding where and under what
conditions to use existing pavement as part of roadway renewal
projects.

After discussions with and at FHWA's request, AASHTO
submitted technical and cost proposals for ARA and
webhosting provider Pavia Systems' to transition the rePave
tool to AASHTOWare per FHWA's Work Order Amendment
request.

Itis intended that the rePave tool be included in the
Pavement ME Design tool box.

For Additional Information:

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

AASHTOWare Pavement ME Design
Product Task Force

John Donahue, Chair, Missouri DOT
Jay Goldbaum, Colorado DOT

Marta Juhasz, Alberta Transportation
Clark Morrison, North Carolina DOT
Robert Shugart, Alabama DOT
Patrick Bier, Ohio DOT

Liaisons:

Tom Yu, FHWA

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

Shane Marshall, Utah DOT - SCOA
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Presentation 5—Chad Becker, Applied Research Associates Inc. (ARA)

AASHTOWare avem nt ME Design

ents and Futur:

Overview

- Backealculation Tool v1.0

- v2.5 enhancements

- v2.6 enhancements

- v3.0 (minimally viable product) demo
- Future enhancements

BeT v1.0

Jul 2017

V2 5 Manual of Practice (MOP) Integration

Jun 20 1 8 Help Ribbon Link Selection Dialog Load MOP PDF
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Modulus API
Recalibration

- Converted modulus.exe to a C# library

« Library will be available to all ME Design license
holders

» Provides users with programmatic access to
functions for calculating master curve, standard
error, A-VTS, and dynamic modulus plot data in
reduced time.

+ Available for all ME Design license holders.

- Performed as a result of completing the technical
audit fixes
» Uses the MEERA climate database

Report Customization

2 6 « Allows selection of specific performance criteria for
v " erfo ] 0

Jul 2018

Performance
Criteria Selection

Pedamance Crteta
il 1 (el

Teming! IR dnvimie)

IPCP tranaverse cacking et sbe)
Mesn ort 9utg i)
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| Design Outputs

| Distress Prediction Summary

Distress @ Specified 5
Target Predicted  Target Achieved 2
Pass

Mean joint faulting (in) 012 0.03 90.00 100.00
JPCP transverse cracking (percent slabs) 15.00 0.86 90.00 100.00 Pass
| Distress Charts
Faulting Cracking PCC
o4 i
ohz
sz 18 15
"
i 1.
5
Foos -
L 3 s
o0 003 s
ooz sttt : 56
° 01 ©02 ©) 04 05 06 07 08 09 1 (R} an o1 01 03 04 05 06 07 O 09 11
Pavemant Age (years) PavementAge (years)
|—‘Thruho|d\la\uq ----- @ SpecifiedRaliabil

rr—

- Compare To Project?

- == RunCompare Y Fiter Propertcs.. § Clear Comparicon

Pryectt
| System Collctons Genenc... |

System Collections Genec.

System Collections Genesc.

| System Colecton Genese .|

Froject2 Comgansn Message
COMPARE_NULL_DBJECT_WARNING
| COMPARE_NULL_OBJECT_WARNING
|COMPARE_NULL_OBECT_WARNING
| COMPARE_NULL_OBJECT WARNING
COMPARE_NULL_OBJECT_WARNING

il Y
Allowable AC Treatments

« Cold milling with other treatments

- Scratch layer with other treatments
« Micro-surfacing

» Thin and ultra-thin overlays

« Hot in place recycling with seal coat

Input Comparison Filter Tool

« Allow users to select fields to compare between two
projects

Maintenance Strategy Module

- Allow users to consider pavement preservation or
preventative maintenance activities during the design
period by resetting the performance parameters of
the pavement

-B iround NCHRP Reg

« Addendum to MOP will describe rules for applying
specific maintenance types

fa
Allowable PCC Treatments

- Diamond grinding
- Thin and ultra-thin overlays
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Level 1 and 2 Tensile Strength

- Input level 2 (changes): Include the normalized Molenaar
indirect tensile strength versus temperature relationship for
prediction of transverse cracks

« Input level 1 (new): Allow input for three tensile strengths
measured at different test temperatures 14 °F, 30 °F, and
40 °F. The temperatures will be modified to select the
“best” test temperatures for adjusting Molenaar’s
normalized relationship to fit the input level 1 strength data.

v3.0 Demo

Web technology
application - MVP

New Design Strategies

Design Strategies

Future 2 . v Col 2 Pavements
Enhancements

+ ME Design v3.x
+ ME Design v2.7+

Other Features Software Platform Updates

+ Specializ /axles - User interface evolution to web technologies (2017)
- Top down cracking + Evolve the analysis executables to API modules
« Slab/Underlying layer interaction/bond (2018)

degradation coefficient + Enrich the anemic domain model to "decouple” from
« Durability and mixture disintegration the user interface (2019)
« Risk analysis (Monte-Carlo) - Decouple the reports from the user interface and
+ SJPCP faulting, IRI, corner cracking analysis modules (2019)
« Longitudinal cracking of widened slabs - Evolve legacy features into new software platform
(2020)
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AASHTOWare Pavemen_t ME Design
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Presentation 6—Harold Von Quintus, ARA

Pv !‘?gueme '
Deflection Data Analysis and
Backcalculation Tool: BeT

MEPDG Users Group Meeting
Denver, Colorado

11 October 2017

Deflection Data Analysis & Backcalculation Tool for
Pavement ME: BeT

| 1. Background Information
2. Phased Approach
3. Features of the Tool

Webinar on BcT delivered on August 15, 2017, Presentation
and answer to numerous guestions posted on AASHTO ME
Design Resource website — hitp://www.me-design.con

Background

Backcalculation software packages requested and
considered for use; AASHTO required source code.

EVERCALC source code provided by Washington
DOT; a special thank you to:

» Jeff Uhlmeyer, Washington DOT

»Nadarajah Sivaneswaran (Siva), FHWA
»Linda Pierce, Nichols Consulting Engineers

Background
Input and analysis considerations from other projects.

Backcalculation of LTPP
Deflection Data; Report
FHWA-HRT-15-036
FHWA Contact: Jane Jiang

Charaterization of Existing
HMA Layer for ME
Pavement Rehab. Design
DTFHG1-14-C-00024
FHWA Contact: L. Wiser

Backcalculation of Layer
Parameters, Report FHWA-
RD-01-0113
FHWA Contact: C. Richter

MEPDC User Manual

Multiple other Projects Sponsored
by State Agencies & FHWA.

Deflection Data Analysis & Backcalculation Tool for
Pavement ME: BcT

1. Background Information
| 2. Phased Approach
3. Features of the Tool

Phases/Parts of BcT

» Backcalcuation program is run independently
but the output is formatted in accordance with
Pavement ME input requirements.
» Parts or utility tools in support of Pavement ME
Design
* Part 1—Preprocessing Deflection Data Tool for
Backcalculation

* Part 2—Backcalculation of layered elastic moduli

* Part 3—Post processing backcalculation results for
generating Pavement ME inputs.
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Part 1: Preprocessing Deflection Data
1. Import Raw FWD Data File

2, Cleanup and Filtering

3. Segmentation

4, Pavement Structure
Definition

+ Generate input files using pre-
processed data

+ File format will be compatible

for use with EVERCALC®

Generation of Input Files
for EVERCALC

Part 2: Backcalculation

Output File
| Pavement layer
moduli and
other
parameters

Input Files
Generated from
preprocessed
data

Backcalculation
process i
EVERCALC*®

» Separate output file for each individual segment.

> Results — backcalculated moduli for each pavement layer
and RMSE displayed as charts on the interface.

= No user activity — process is completely automated.

Deflection Data Analysis & Backcalculation Tool for
Pavement ME: BcT

1. Background Information
2. Phased Approach
3. Features of the Tool

Part 1: Preprocessing Deflection Data

~ Normalized Deflection Basin Types
I F /_)'"=

Type 3

7F— I

—

I ﬁ Source: Veon Quintus and Simpsen (1998)

Part 3: Post-Processing of Backcalculation
Results

Input Files
Intermediate text
files from
backcalculation

Output File
DGPX file as input
to Pavement ME for

rehab design

» Summarize individual drops and segment average results —
displayed on the interface in Export to ME Design tab.

» Summary includes analysis statistics such as RMSE and
quality of convergence.

» Post-processor generates an output DGPX (.dgpx) file.

Overview and Features of Tool

Guides the user through the
process.
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Overview and Features of Tool Part 1: Preprocessing Deflection Data

Input FWD Data -
Segmentation Sensors
Preliminary Segmentation
Statistical Comparison

Final Segmentation

Structure Definition
Backcalculation

Physical Features

Export to ME Design

» Convert file into one standard format
for backcalculation.
» Five FWD file format converters:
1. KUAB - .FWD
JILS — .DAT
Dynatest = V20 (*.FWD)
Dynatest - F20 (*.F20)
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Part 1: Preprocessing Deflection Data Part 1: Preprocessing Deflection Data
» Read FWD datafile - - Deflection basins
> E)ata orgdanglzed ahnd = ool o feeeai - ?gjrrfy%tgg;edmto
isplayed throug :
three fables: = ] v Typical

¥ Type 2 - Significant
decrease in deflection
between two adjacent
sensors

= 1. Upper table contains a
list of stations and
attributes (temperatures,
elevation, elc e

== : E I Type 1 — Deflecti

_ 2. Middle table shows the == = A 4 X Type Deflections

d L ; at some sensors
sensor configuration = T T o e R Th BT B greater than DO

-~ 3. Lower table shows = - - Non-
deflection data at all = = ] i LigfegsmNU:eﬁEcllon
drops for the station TR = at adjacent sensors

selected in upper table.

Part 1: Preprocessing Deflection Data Part 1: Preprocessing Deflection Data
=
Cursor used to
manually define H
the location of -
each segment. HE a7 Final
segments
selected
by user.
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Part 2: Backcalculation

Layer Elastic Modulus [

R

Sensors used in P
backealculation s

P

i

" Root Mean Squared Error

Part 2: Backcalculation
|~ e — ]

=3 i I Tt
User makes decision on J . ’ - :
whether structure needsto | j Compensating Layer
be changed because of Effects
compensating layer effects —
]

Part 2: Backcalculation

P — e el e PSR

Load Transfer Efficiency

e s

Physical Features:
» LTE for HMA
and PCC, as
defined by LTPP.
> Void Analysisas
defined by 1993
AASHTO

QUESTIONS?

[BeT)

Part 3: Post-Processing of Backcalculation
Results

Export to ME Design: —- ]

> Layer description tied back to default materials in Pavement ME.

> Average E for each layer.

> Standard deviation and coefficient of variation included in summary.
> LTE, temperature, and frequency included as outputs.
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Presentation 7—Lydia Peddicord, Pennsylvania DOT

PennDOT's MEPDG Implementation
Plan Second Annual AASHTO Pavement
ME National User Group Meeting
October 11-12, 2017

Lydia E. Peddicord, P.E.
Chief, Pavement Design and Analysis
Unit Bureau of Project Delivery
(717) 787-4246, |peddicord@pa.gov

' pennsylvania

¢ Asphalt Mixes
- 19 from active projects

- 22 SISSI mixes
= 1 Asphalt rich bottom base from PA Turnpike

+ Concrete Mixes
- 17 from active projects
- 6 from prior research
- (17 LTPP sites)

W pennsyvania

HMA Materials

faswroT ™
laswTo T 137
feaswToT 822

Semprature (6°T]

Pavement ME Design

« Performing parallel designs on a limited basis
since July 1, 2014 with no local calibration

» Started verification project with ARA May 2015.

Pavement ME Design

* 6 subbase 2A (unbound aggregate) samples
¢ 19 soil samples

* Time for Districts to collect from active projects

' pennsylvania

HMA/WMA Materials
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PCC Materials

Aggregate Base Materials

Tewt Tree e of Material Test Perfarmed by
28 diey Ccomprshen SLIENgTH I 12 I 3 PennDOT
: 23]
2B-slrstie moduk | B PennDOT
ASTM C26)
| Cowficiens of Tharmal 12 I 3 PennDOT
Expanaion [ASSHTE T336)
Unit weght, Pessions i | 12 Dt wil b obtaired from
and other POC material construction recons.
Eroperte
' pennsylvania
Soils
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Pavement ME Design

s Asphalt Test Sections
- 8 SISSIsites
- 9 LTPP sites

e Concrete JPCP Test Sections
- 4 LTPP sites
- 18 RMS sites

' pennsylvania

Pavement ME Design
* Map of Concrete Test Sections (18 RMS, 4 LTPP)
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Pavement ME Design

+ Design life

- Asphalt
+ 35 years for bottom-up cracking
« 15 years for IRI, Rutting, Thermal cracking

* Ave, 4.5 inches thinner than 20-yr Darwin (18 designs)
(range from 10 inches thinner to 2 inches thicker)

+ Ave, 20-yr Darwin life through Pavement ME analysis: 24.5
years (range from 10 to 36 years)

' pennsylvania

Pavement ME Design

+ Map of Asphalt Test Sections (8 SISSI, 9 LTPP)
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Pavement ME Design

* March 31, 2017 local calibration coefficients with
limited number of test sections

'pennsyl\rania
SUPAXTIENT G TAANS PORTATION

Pavement ME Design

* Design life

- Asphalt
* 35 years for bottom-up cracking
+ 20 years for IRI, Rutting, Thermal cracking

* Ave. 2.4 inches thinner than 20-yr Darwin (18 designs)
(range from 9 inches thinner to 6.5 inches thicker)

' pennsylvania
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Pavement ME Design

¢ Design life

- Concrete
* 35 years for cracking and faulting
« 20 years for IRI
+ Ave. 3.1 inches thinner than 20-yr Darwin (9 designs)
(range 1.5 to 4.5 inches thinner)
« Ave. 20-yr Darwin life through Pavement ME analysis: 37.1
years (range 22 to 55 years)

' pennsylvania

Pavement ME Design

* Potential CTE issues
- Wide range in PA (3.87 to6.11)
- Collecting more data
- ASR and skid issues

' pennsylvania

Pavement ME Design

+ 13-ft Widened lane resulted in 10.5 inches of
JPCP (CTE 6.05)

- Should a widened lane reduce faulting so dramatically?

¢ TRB 2524 - Calibration of National Rigid
Pavement Performance Models for the Pavement
Mechanistic-Empirical Design Guide - 2015
- Possible changes to the faulting model ?

' pen nsty_rlva m'_a )

Pavement ME Design

e Pavement ME graphs show how modest
additional pavement thickness could significantly
extend pavement life
- Additional inch of concrete may result in an additional

10 years of predicted life.

» Potential to create issues with LCCA analysis

Pavement ME Design

Higher CTE (6.05) with
lower compressive strength (4,825 psi)
Elastic Modulus 3,932,166 psi
resulting in 20 inches of JPCP to
resolve faulting at 20 years.
= Mix with CTE (5.0) and compressive (5,580 psi),
elastic modulus (4,200,000 psi)
- resulted in 10.5 inches of JPCP
- Should CTE affectfaulting?
- Both had 1.5 inch dowels and 15-foot joint spacing

' pennsylvania

Pavement ME Design

* Update Pavement Policy Manual to design with
Pavement ME for full-depth asphalt and concrete
pavements on roads with 500 ADTT or greater as
of XX XX, 2018

¢ All Pavement ME designs to be submitted to
Central Office for approval

* Need to develop policy for rehabilitation and
overlay projects

' pennsylvania
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Project Nsme:  Snyder SR 15-088 CSVT (Mainline} Concrete LLCP Sinches

Project Name: Snyder SR 15-088 CSVT (Mainline) Concrete LLCP 10inches
Project Location: ME ig) SR 15-088 CSVT (Mainline) Concrete LLCP Binches Project Location: C:\Wl ME Desig SR 15-088 CSVT (Mainline) Concrete LLCP 10inches
| Design Inputs | Design Inputs
Design Life: 45 years Existing consruction - Climate Data 40.821, -76.864 Design Life:  45years Existing construction - Climate Data 40.821, -76.864
Design Type:  JPCP Pavement construction:  Apri, 2019 Sources (Lat/Lon) 41.243, -76.922 Design Type:  JPCP Pavement construction:  Apri, 2013 Sources (LalLon) 41243, -76.922
Traffic opening September, 2019 Traffic opening September, 2013
Design Structure | Traffic Design Structure | Traffic
Layer type Material Type Thickness (in) | Point Design: | g lyear] | HEaVY Trucks Layer type Material Type Thickness (in) | [Joint Design: | Age (year) |Heavy 'I[r:.lcks
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NonStabilized  |RMAOOS_A-1-a 40 054 (45 years) | 102,644,000 _A-1-a 2064 (45 years) | 102,844,000
Subgrade RMS001_A4 10.0 Subgrade RMS001_A+4 10.0
Subgrade RMSD01_A4 Semi-nfinite Subgrade RMS001_A-4 Semi-nfinite
| Design Outputs | Design Outputs

| Distress Prediction Summary

I Distress Prediction Summary

Distress Type Soction Distress Type
Predicted = Target  Predicted
IRI (inimile) 134.23 95.00 o864 Pass Terminal IRI (in/mile) 150.00 120.35
Mean joint fautting (in) 001 95.00 100.00 Pass Mean joint faulting (in) 012 003
JPCP transverse cracking (per 28 74 95.00 36.02 Fail JPCP transverse cracking (percent slabs) 10.00 10.97
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Project Name:  Snyder SR 15-088 CSVT (Mainline) Concrete LLCP 10.5inches Project Name:  Snyder SR 15-088 CSVT (Mainline) Concrete LLCF 12inches
Project Location: C: ly ME Desig SR 16-088 CSVT (Mainline) Conorete LLCF 10.Sinches. Project Location: C: i SR 15-088 CSVT (Mainiine) Concrate LLCP 12inches
| Design Inputs ‘ Design Inputs
DesignLife: 45 years Existing construction: - Climate Data 40.821, -76.864 Design Life: 45 years Existing consiruction - Climate Data 40,821, 76864
Design Type: JPCP Pavement construction:  April, 2019 Sources (LatiLon) 41243, -76.922 Design Type: JPCP Pavement construction:  April, 2019 Sources (LatiLon) 41243, -76.922
Traffic opening: September, 2019 Traffic opening September, 2019
Design Structure | Traffic Design Structure | Traffic
Layer type Material Type Thickness (in) | [oint Design: ] Heavy Trucks Layer type Material Type Thickness (in) | {loint Design: ] Heavy Trucks
Age (year) s . Age tyean) [Co T ative)
pcC Lccp 105 joint spacing () 150 (cumulative) pcC Lcep 120 joint spacing (ft) 15.0
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RMADDS_A-1-3 40 3064 (45 years) | 102,644,000 > 2064 (45 years) | 102,844,000
Subgrade RMSD01_A-4 100 Subgrade RMS001_A-4
Subgrade RMS001_A-4 Semiinfinite Subgrade RMS001_A-4
| Design Outputs | Design Outputs

| Distress Prediction Summary

| Distress Prediction Summary
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Presentation 8—Joe Tucker, Kentucky Transportation Cabinet
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Submitted By

State Highe iy
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Branch St or
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Project uaager | OO TESM BY
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< 1,000 AADTT Distact TEBM for
and < & Lane Mies

KYTC Pavement Design @

Live Demo.
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Presentation 9—Affan Habib, Virginia DOT

3 W Virginia Department of Transportation

MODELLING OF STABILIZED
MATERIALS IN PAVEMENT ME

Affan Habib, PE
Pavement Program Manager

VDOT Materials Division

WwDoT

OVERVIEW OF STABILIZED
MATERIALS

WwDOoT

- To have a better performing pavement.

- Higher erodibility levels over unstabilized
materials.

- Can be used to improve weak subgrade
material to create stable working platform.

d Overview of stabilized materials

d Characterization of stabilized materials in
Pavement ME

d Challenges in modelling of chemically
stabilized materials in Pavement ME

d VDOT's Interim strategy in modelling of
stabilized materials

- Commonly used stabilized materials:

- Higher structural capacity compared to
unstabilzed layers.

- Material properties are less sensitive to
seasonal variation of moisture.

WwDOoT

- Cement Treated Aggregate (CTA) Base

- Cement Treated Full Depth Reclamation (FDR)

= Soil Cement
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\WwDOT \WwDOoT

* Pre version 2.2

CHARACTERIZATION OF STABILIZED
MATERIALS IN PAVEMENT ME

+ Postversion 2.2

Type of Inputs required
pavement
- Chemically stabilized materials modelled as General T i Dot e
semi-rigid pavement (v. 2.2 & above) Elastic modulus (psi)
Strength Modulus of rupture (psi)
Minimum elastic modulus (psi)
m Chemically stabilized base
CEMENT STABILIZED ) crack spacing (ft)
LAYER Flexible Chemically stabilized base
T T pav?nlent Cracking crack Load Transfer Efficiency
< R S (B (LTE) (%)
. T Chemically stabilized base
SUBGRADE LAYER crack Fa!igs:Je LTE (%)
S Thermal conductivity (BTU/hr-
Thermal ft-degree F)
Heat capacity (BTU/Ib- deg F)

Type of Inputs required
s = - Asphalt Treated Permeable Base
General Layer thickness (in}, Unit v Under Flexible (AC) Layer
Rigid weight (pcf), Poisson's ratio
g - Elastic modulus (psi)
pavement Strength
[‘(J:;,-\;_‘E'PF; Thermal conductivity (BTU/hr-
Thermal ft-degree F)
Heat capacity (BTU/Ib- deg F)

v Under Rigid Layer
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WwooT

CHALLENGES IN MODELLING OF
CHEMICALLY STABILIZED MATERIALS

= VDOT initially planned to use the semi-rigid
option in Pavement ME.

- Virginia local calibration sites have some CTA
sections.

- VDOT is considering Rutting and AC Bottom-
up Fatigue as a threshold criteria at this time.

\wDoT

= Everything was linear with 1993 method

16
14 B
=
w12 afor agg. Base: 0.12
o SN: 6*.12=0.72
E10 a for CTA: 0.2
o SN:6°.2=12
Eog Diff =0.48 ~1.1" of AC
Q
= 6 —W/ Agg base
—WICTA
4
0 20 40 60 80 100
ESAL in Millions
= ME broke this “linearity”
\WwDOoT
= CTAreducesthe predicted 08
AC bottom-up fatigue E05 ARDTT: 10000
compared to unstabilized < G o AR ED
B0.4 f S AADTT: 2000

layer. @
- Rutting governs design Qo3

.Nnﬂ.mno

/‘—-\,___‘_‘\ \\..

- Rutting may not be high Ew /
enough up to some traffic §

- Atlowertraffic, somewhat 201 |

thinner compared to 0

unstabilized base 0O 2 4 B8 8 10 12 14 16
= Athigher traffic, may not get AC Thickness, in

benefit compared to

unstabilized base

WDoT
CTA Modulus (1,000,000 psi), Crack
x spacing (25 feet)
Distress Type Target |CTA thickness
4 inch Ginch |8 inch 10 inch
Terminal IRI (in/mile) 140 149.4 147.7 149.3
Fermanent deformation - total 0.26 027 027 | o027 0.27
pavement (in) |
AC total fatigue cracking: betiom up + 25 489 4.12 387 3.38
reflective (% lane area)
AC tofal ransverse cracking: themal + | 2500 | 24145 | 24144 24154 | 2417.2
reflectve (f/mile)
AC bottom-up fatigue cracking (% 6 1.56 1.07 | 0.80 0.65
lane area)
AC thermal cracking (ftmile) 1000 1 1 1
op-down fatigue cracking (mile) | 2000 332.5 348.7 359.1 336.9
25 0.03 0.03 0.03 0.03
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CTA Elastic Modulus (psi)
Distress Type Target ? B
i 9% 200000 | 500000 | 1000000 | 1500000 | 2000000

| Teminal IRI (in/mile) 140 150.6 1496 149 149.2 148.8
Permanent deformation - total 0.26 027 027 027 | 027 | o027
pavement (in) - 2
AC total faigue cracking: batiom up | 25 7.09 5.44 4,12 349 3.09
ACiotalvansversecracking: thermal | 2500 | 24144 | 24144 24144 24144 24144
+ reflective (f'mile)
| AC bottom-up fatigue cracking (% L] 3.08 182 1.07 0.7 0.51
lane area)
| AC thermal cracking (ft'mile) 1000 1 1 1 1
{ top-down faigue cracking 2000 3299 3336 3467 326.2 3292

stablized layer - faligue 25 013 0.06 0.03 0.02 om

» lane area)

\WwDOT
VDOT’s INTERIM STRATEGY IN
MODELLING OF STABILIED
MATERIALS
WwDOoT

- Soil-Cement

Distress Type

CTA Modulus (1,000,000 psi)

Target| CTA Modulus of upture (psi)
50 100 200 300

Terminal IR (in/mile)

s {in)

- total p

140 1488 149.4 149.1 149.4
026 |027 |0.27 |0.27 ‘|u.27

AC total fatigue cracking: bottom up +
reflective (% lane area)

25 4.02 4.1 4.54 51

AC total transverse cracking: thermal + 2500 (24144 |2414.4 |24144 24144
reflective (ft/mile)

AC bottom-up fatigue cracking (% lane |6 1.02 1.06 1.3 1.64

| area) I I I

AC thermal cracking (ft/mile) 1000 |1 1 1 1

AC top-down fatigue cracking (ft'/mile)

2000 (3478 346.9 (3436 3415

Chemically stabilized layer - fatigue fracture
(% lane area)

25 |0 |00z |007 |0.42

\WwDOT

= CTA and FDR

WwDoT

- Forrigid pavement
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30y Fatigue vs. AC Thickness for various Truck Traffic [TT) level and 0y Fatigue vi. AC Thickeess o various Trock Traffic [TT) hevel and

A Sabgrade

s e
01 B T g b
-

e Exniang

[ T—r—

* Minimum AC thickness set at4”
*+ One layer AC may be used on top of FDR for TT<200

woaT

Thank You
Any Questions?

Affan Habib
(affan.habib@vdot.virginia.gov
)

A\=l=13

- How other State DOTs model chemically
stabilized materials in Pavement
ME?

- What kind of distresses are considered to be
critical & need to be considered as threshold
criteria?

- Upon release of the version 2.4, how to
assess the semi rigid option?

93




AASHTO Pavement ME Users Group Meetings

Second Annual Meeting — Denver
Oct 11-12, 2017

Presentation 10—Joshua Li, Oklahoma State University

MULTI-AGENCY BFFORT TO
PREPARE DATA FOR PAVEMENT ME
DESGN

Joshua Q. Li
Oklahoma State University

qiang. li@okstate.edu

Oct 118 12,2017

Pavement ME Desgn

Level 1: | know @ lof about this input
2: | know SOME about this inpu...
Level 3: | know very little about this input.

Materials

Cﬁj}& imate
Level
[ Ty

&26 >

Time Ferformance
Darmage

Accumuiation

Response

Goals of Prep-ME

Assg DOTswith data preparation for ME
implementation and local calibration

Improve management and workflow of input
data for Pavement ME Design in a production
environment

Provide high quality input data setsthat can
be directly inported to MEin required XML
format

Adcknowledgenment

AHTD (iritially developed in 2008)

TP5(242) lead agency: Louisana Transportation
Research Center (LTRC)

Participating states HI, KY, LA, MD, MI, NC, NH, WI,
NV

Relevant support/ Funding: OK
FHWA: Chris Wagnrer, and many others

1 Several other DOTs denmorgtrations, conference
calls, etc.

Problem Statement

Extensive anourt of data inputs (many are new to dedgners)
Traffic: axle loading spectra ingead of E3ALs
Climate: hourly dimaticdata
Materials dynamic modulus(E'), coefficient thermal ex pangon (CTE)
Challengesof data availability, quality & process
«  Availability: either not available or gored somewhere

Quality & process Weigh-In-Motion (WIM) data huge ingze but poor in
quality; ssledtion of limited WIM data for desgn at any location

Local calibration of performance models required
Integration of design withPMS
Data quality: fair IR & rutting data, poor aracking data
+ Sophigicated 11-gtep procedure with datidical analyss(AASHTO 2014)

Prep-MEMenory Lane

Initial development: AHTD 2006 to 2008

TPF-5(242) Prase |I: Traffic and Data Preparation
for AASHTO DARWInMEAnalyss and Desgn,
2011 to 2014

TPF-5(242) Phase lII: Training and inplemertation
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Prep-ME Interface

T

| Prep-ME

| Traffic and Data Preparation for AASHTO Pavement ME Design

s
&

Traffic Module of Prep-ME

Inport & processraw WIM data (both 2001 &
2013 TMG format) into SQL DB advanced
parallel computing & DB techniques (GBin sizein
txt format)

Inplerrent algorithnms and check WIMdata
quality: rigorous & flexible to meet various needs

Gererate loading spectra inputs for ME Design
at any location using available WIM data: duster
analysis; 3 levels of input

Traffic Data Import

Overview of Software Capabilities

Traffic Modue
Climate Module
Material Modue
Tools

Local Calibration Modue: under development

Traffic Data Import

Import traffic data based on file format defined in
the AHWA's Traffic Monitoring Guide (TMG): both
2001 and 2013 versiorns

Conduct Travel Monitoring Analysis System (TMAS
2.0) data check for each record

Generate TMAS error reports for sensor diagnostics
Process the raw data for Paverment ME Design &
save data in the Prep- MEdatabase tables

Traffic Data Check

Conduct autormatic QC for classification & weight
data by direction and lane: default data check
algorithims fromthe 2001 TMG, while allow users
maeke adjustments

Provide interfacesto review monthly, weekly and
daily traffic data and performvarious comparisons
Provide various manual, replacement, and sampling
operationsto analyze and utilize incomplete or
failed data if possble

Provide alternativesto investigate sites with low
truck volume
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Traffic Data Check

=

W

e O
Auto & manual operations: by gation, by direction, by
lane (for various checks and conparisons)

Traffic Data Chedk

==t

g O [+ ]

Look for pattern change — by day & week

Load Spedra Export

|

Provide 3 levels of outputs (can be mixed)
Level 2 dustering methods

+ Michigan DOT method

» NCDOTmethod

+ Kentucky method

+ Nevada method

+ TTC method

» Simplified TTC method: low volume road

+ Hexible method: manual clusters

+ Modified TPF-5(004) method

Traffic Data Check

]

Review lanes for each month

Traffic QC Data Management

TMG QC - automatically check data quality in
batch mode (QC criteria customizable)

Daily Sanpling — select good dayswhena month
has sone invalid data

Monthly Sampling — used when focusing on a
particuar time period

Copy & Page — borrow data fromone morth to
represent a missing rmonth

Manual Accept/ Reject — available if the standard
QC is not suitable for a station

Load Spedira Export

Fully inplerrented C++ Ward-based
hierarchical dustering algorithm

Allow usersto evaluate exiging clustersand define
new clusters if necessary (such as with new data
sts)

Allow mixed three levels of traffic outputs
Generate traffic input files for MEPDG (11
text files) and Paverrent ME Desgn software (2
xn files)
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Load Spedra Export — Level 1

NCDOT Method — Level 2
[~ e -
- = Zf’:?‘:i
& e :ﬁ:.;;?l?:
A —
e - } ‘// \Lh__,f,:.’/\-'\__'_ -
Project spedfic VCD; Dedsion-tree based method:
desgner selects ALDF
Traffic Modue Summary
|

High effident data import: 2001 & 2013 TMG
format; TMAS check

Targeted QC — evaluates weight measures that
are relatively consstent

Manage Data — able to slect the data used
to gererate datigics

Clustering — able to duster data to identify
patterns for each input with muitiple
methodologies

Michigan Method — Level 2

T

Statigics based discriminant equations based on
freight data & traffic dugters

Setup Cluders

l - = -

i
- 1
|
l

......

St

Conpare new data and new gationsto
research groups and identify new patterns

Other Capability: Climate

Irport dimate data

» Any climate data that comply with Pavement ME
Design Hourly Climate Data (HCD) format

> Conduct preliminary data checks
Interpolate ICM file for MEPDG and XML file
for Paverrent MEDesgn
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Other Capability: Materials

1

o Retrieve dynamic modulus (E*) data for HVA
meterials fromstatewide rmaterial library

i Retrieve Coeffidient of Thermal Expansion
(CTB data for PCC materials fromstatewide
meterial library

o Retrieve reslient modulus (Mg) fromsubgrade
0il map data

Other Capability: Materials

Ratrieve vt £ i
Export Datn Ta: | [erossTaTe
Rutrheving Fasamaters
wnder Grade [ EEECERS ] s aggrigees. |[ES v =]
Air Veid Lovel [ Low (4.0% or 4.5%) = Coarse Aggregate Typa | Granita =]
Generate Reports |
141 +) 80/ oo AN e R
TEMP Joamz [oswe [rome Teonz I [asonz
4 27870825 32006778 135725 | 3TB4E 3959 328 22778
0 WO232E 20882778 22ed0as 217 2080 47 12734526
i asa38 sensirs  evas7as 1048 228 1249 088 1805 028
00 a7008 103278 tromas (260 241708 032
525 e 72: 525 191
Expant Fles war

Other Capability: Materials
‘ ——

Other Capability: Materials
|
Dynamc nodulus (E)
3 nominal mex agg sizes
+ 3 binder grades
+ 4 agg types
. 2 gradations
+ 4 tenperatures

- 5 loading frequences
Catalog of B data for “Level 1” desgn

(Hall, 2007)

Other Capability: Materials

Other Capability: FVD

o Inport raw PWD data (such as 25 format)
into Prep-ME database

Output summrary report for back-calculation
software

o Generate FWVD XML file for Paverment ME
Desgn
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Other Capability: Tools

Up-to-date Google Map v3.22 AP

Traffic file name change: those don't corrply with
the TMG name convention

AADTT and VCD facdtors calaulator: based on 24-h
or 48-h short term count data

State material library data inport

ALD to XML loading spectra converter

Prep-ME Future Development

Asigt gtate agendesinplenenting Prep-
ME

- Cugtomization and feature improvements

- Technical support

How Prep-ME Can Be Used

|

Traffic data collection engineers
To conduct effective trafficdata QA/ QC for various
applications

Pavement design engineers

To analyze axle loading data and sslect the best
spectra among WIMs, national, and local defaults

To prepare all input data based on MEdesignated
XML import format with minor efforts
Improve the productivities of above operations
tremendoudy

Michigan implementation slides
available based on Request

Other Capability: Tools

| " ¥ ]
' L
|
o
- v
) ¥ -
*
| —— : '" ' .".:. ‘-.' I
-
", B, L
..1.' " v ‘}-
-t _v *

Prep-ME Future Development
|
New module for automated/ assisted local
calibration: under developrent
Develop import functionsto read MEanalysisfiles
into Prep-ME DBtables

+ Develop functionsto import required performance
data from state PMS, and LTPP database

- Automate most of the AASHTO local calibration steps,
especially Step 7, 8, 9, 10, 11, which involve
extensve computing analysesand repeating research
effortswhen with additional and/ or better data sets

Thank You

-
Questions?

Joshua Q. Li, PhD., PE
School of Civil and Environmental Engineering
Oklahoma State University
Bmail:
Mobile: 405-332-1557
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Presentation 11—Halil Ceylan, lowa State University

[OWA STATE UNIVERSITY

Institute for Transportation

Concrete Overlay Design and Performance
Evaluations Using AASHTOWare Pavement
ME Design

Presented by
Halil Ceylan, Ph.D., Director, PROSPER

Dept. of Civil, © ion and Envi | Engineering (CCEE)
ISU Site Director for FAA PEGASAS Center of Excellence
Program for inable P: Engi i R h (PROSPER)

gan
Institute for Transportation (InTrans), lowa State University (ISU)

AASHTO Pavement ME User Group Meeting
Denver, Colorado, October 11-12, 2017
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Background
Cwerall Description of Research

Pavement ME Design Perfiormance Predictions of
lowa Concrete Overlays

Effect of Structural Design Options on lowa
Concrete Overlay Performances

Summary

Wik STATE LM IVERSITY wwwInTrans.iasTare. edy "

s fr ARl B

lowa Concrete Overlay History

Owver 2,000 miles of concrete overlays have
been constructed since the late 1970s

Ower half of concrete overlay projects were
constructed since 2005

Ower 80% of concrete overlay projects were on
county road system

Cwer 500 projects of concrete overdays were
included in the study

- |
ACPA Ty Exploned

FTATE LM IVERSITY WARLIN TTans. 15T, edu n

N ———

PROSPER: Achievements (as of 2017)

+ PICo-Pl of 93 sponsored research projecis
— Owver 318 million of cumulative project funds

— Sponsored by the FHWA, the FA&, NSF, NCHRF, 14 DOT,
IHRB, MM DOT, MM LRRE, W1 DOT, IL DOT, PCA, and
other funding agencies

« Ower 230 technical publications authored and co-
authored

« Ower 300 invited and technical lectures

« More than 20 national and international professional
committees and organizations

i STATE LINIY WRTY Www.InTrans. lastara.edy s
jappruns Ier Traamparinsh

Qutline

« Background

o STATE UNIVERSITY Www.InTrans. lastara.edy =

g (e Taamarinsy

lowa Concrete Overlay Distribution:
Geograph ical
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] iy = L] i [ o !
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T ==y Py Tl N --‘ﬂ-—,J. I 500+ Conerata
] § i el e = i Cverlay Projects
ot s, — o o | s *'_"‘"—_— covering over 2000
B =3 - - =2 P miies
! - (2015 data)
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lowa Concrete Overlay Distribution:
Overlay Types (Cont'd)

F"ercent of Data (based on length)
BCDC

E.ultm:- !5‘3‘

PO Geased 120
Exoelbint = G5
R Bt bt 1700
il = 2%

ROTE: BOOA & ARD UNDER COMSIDERED 1K) DOMDED CATEGONT )

Bemin, Srare: Und IVERSITY
Rarrons 5 Tpvmariesier

wWaW N Trans. [ 351are. sdu 13

Concrete Overlay Design Options in
Pavement ME Design

Bonded POLUFCF

Bonoed PCLCRCR

JPCP wer CRCF mismuiend]
JPCP g JPCF rardied
CACF por CACH wrooroed
CRCF pwer JPCF intstngiest]
JPCP cwar BT

CACF pyer A0

SIPLH wetr A

lowa Concrete Overlay Distribution:
Database Summary

Torman S Univensimy
jappuns [5r Trpamarissen

WWW.InTrans. lasiare. ey 4

Concrete Overlay Design Options in
Pavement ME Design {Cont'd)

» Bonded PCC/IPCP }__

= Bonded PCC/ICRCP
« JPCP over CRCP (unbonded)
» JPCP over JPCP (unbonded)
= CRCP over CRCP (unbonded)
« CRCP over JPCP (unbonded)

« JPCP over AC
} BCOAUBCOA

e

» CRCP over AC
« SJPCP over AC

BCPRA S TATE LM IVERSITY

wWaW N Trans. [ 351are. sdu w

Bayruas (e Trpa i pinr

Concrete Overlay Performance Predictions
in Pavement ME Desit_m

+ Performance predictions
— International roughness index (IR1)
— Transverse cracking
— Joint faulting

% STATE LN IVERSITY
-

wWaW N Trans. [ 351are. sdu

HCRRA, S TATE UMIVERSITY
gy (e T st i

WWW.InTrans. lasiare. ey o

Outline

« Owerall Description of Research

A STATE LIMIVERSITY
RIS ITA AT RITo,

WWW.InTrans. lasiare. ey 2]

102



AASHTO Pavement ME Users Group Meetings

Second Annual Meeting — Denver
Oct 11-12, 2017

Overall Description of Research

» Objectives
— To compare actual lowa concrete overlay
performance measurements with Pavement ME
design predictions

— To investigate effect of structural design options an
lowa concrete overlay performances

wawIn Trans. ias1are. edu 9

Bomiin, Srare: Und IvERSITY
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lowa Concrete Overlay Distribution: IRI
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Qutline

+ Pavement ME Design Performance Predictions of
lowa Concrete Overlays

UNBONDED CONCRETE ON
CONCRETE (UBCOC)

W IR Trans. Iastara. sl =

UBCOC Design Example

» Two of lowa UBCOC roads

— Road 1D 1214 Cass Co. G30/Highland Rd.

— Road ID 1188 Dallas Co. PSEK Ave.

WWHLINTrans. [a51ae. edu ty

UBCOC Elesign Example: Road ID 1214
Cass Co. GEﬂinﬂhland Rd.

- Owerlay type: UBCOC
*  Thickness: 5n.
« Joint spacing: 111

»  Trafc (ADT]: 1,040 Foadi 1218 e

= Owerlay construction ! e - -
year. 2001 =4 .

»  Existing pavement - - |
consuction year 1963 § e =i

= Imteriayer: Unknown

WiWw.InTrans. lastare ey -

UBCOC Elesign Example: Road ID 1214 Cass
Co. G30!Hi9h|and Rd. (Cont'd)

+ IRl measurements vs. predictions

FoadD 1314
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UBCOC Design Example: Road ID 1188
Dallas Co. P58/K Ave.

+  QOveray type: UBCOC
Thickness: 6 in.
Joint spacing: 11 ft
Traffic (ADT): 560 AoadiD 1188 R

Overay construction " - ifi
year: 1998 = .~ - . 1

Existing pavement
construction year: 1974

Intedayer: 1in. AC

e

CAWA STATE UNIVERSITY

Institute for Transportation

www.InTrans.iastate.edu ]

BONDED CONCRETE ON
ASPHALT (BCOA)

IOWA STATE UNIVERSITY www.inTrans. Jastate.edu 13
e ————

BCOA Design Example: Road ID 1092
Dallas Co. P58/J Ave.

Overlay type: BCOA
Thickness: § in
+ Joint spacing: 20 ft.

Traffic (ADT): 870 b 1 [—FCi
Overay construction IR
year: 1988

Existing pavement
construction year: N/A

www.InTrans. lastate.edu

UBCOC Design Example: Road ID 1188
Dallas Co. P58/K Ave. (Cont’d)

= IRl measurements vs. predictions

RoadiD 1188
300
- 1188 = = truck 10% ME I 0% st 107% ME o83 0%
= truch 7.5% ME 1R 50% === truck 7,5% ME 1R 9% ik 5% ME 1 50%
0 - = truck 55 AL 1% 50 = = truck 15% ME 1R 5% - ==tk 15% ME 8 90%
0

lowa STATE UNIVERSITY

www.InTrans.lastate.edu
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BCOA Design Example

+ Two of lowa BCOA roads

— Road ID 1092 Dallas Co. P58/J Ave.

— Road ID 1066 Louisa Co. X37

lowA STATE UNIVERSITY www.lnTrans.lastate. edy 3

BCOA Design Example: Road ID 1092
Dallas Co. P58/J Ave. (Cont’d)

+ IRl measurements vs. predictions

RoadiD 1092

0
- 1087 uck J0 Mt 1 0%
= truck 7.5% ME IR 50% 7.9% ML 1 50%%

2 track 5% MI 1 S0% 2.9% ML I8 50
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BCOA Elesign Example: Road ID 1066
Louisa Co. X37

«  Cwerlay type: BOO&
= Thickness: & In.
« Joit spacing: 151t

BCOA f}esign Example: Road ID 1066
Louisa Co. X37 (Cont'd)

= TrafMc (ADT): 630 R 1066 &=
= Owerlay construction - I = i
year. 1935 - T

+  Emsting pavement
construction year Mis

* |RI measurements vs. predictions
ond 1068

T = LR R g v 06 AL A S
wack 7M1 e P R 1 L

2% wack 5 R v 3 B AL 188 A i 3. A
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UNBONDED CONCRETE ON
ASPHALT (UBCOA)
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UBCOA Design Example

» Two of lowa UBCOA roads

— Road 1D 1029 Henry Co. X23¥Racine Ave.

— Road 1D 1114 Dubuque Co. DE1

AR S TATE LINIVERSITY WWW.INTrans. 1astare. eol -

UBCOA Elesign Example: Road ID 1029
Henry Co. X23/Racine Ave,

- Owerlay type: UBCOA
«  Thickness: 3 In.
« Joint spacing: 151

+ Trame (ADT}: 530 Rl 1028 PC

«  Owarlay construction . -
year. 1531 — :

«  Exsling pavemant . B nd
consfucton year M 5 " =

P, STATE LN IVERSITY WAWLINTTans. [35Tare. edu A

UBCOA ﬁesign Example: Road ID 1029
Henry Co. X23/Racine Ave. {Cont'd)
+ |RI measurements vs. predictions




AASHTO Pavement ME Users Group Meetings

Second Annual Meeting — Denver
Oct 11-12, 2017

UBCOA f}esign Example: Road ID 1114
Dubuque Co. D61

+  Owerlay fype: USCOA
+  Thickness: 7 In.
+ Joint spacing: 201t

- TraMec (ADT 570 Pl 1118 — e

- Cwerlay construction : - -
year, 1991 . Rl [

«  Emsting pavemant - ing
construction year Mi&  § - ul

Bomw Srare Und iveRsImy

WaWINTrans. lasiae. sdy a
Jappuny v Trpvppripsen

Qutline

+ Effect of Structural Design Opfions on lowa
Concrete Overiay Performances

UBCOA Elesign Example: Road ID 1114
Dubuque Co. D61{Cont'd)

+ |RI measurements vs. predictions

Read1 1104
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Pavement ME Structural Design Options
Investiﬂated
T T I
m-. AD 75
Des Moines
12x12 12x12 12 %12
Joint spacing [fL) 12X15 1215 12215
12x20 12220 1220
| Thickness in) | & Tiog o8
Existing ACIPCC
P e {in dande fand 6 4amd s
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IRI PREDICTIONS
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Pavement Mﬁ}esign IRI Predictions:
BCOA/UBCOA

» | 2-foot Joint Spacing

oo aad Arcuprable
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Pavement ME Design IRI Predictions:
uBCOC

« 12-foot Joint Spacing
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Pavement ME Design IRI Predictions:
BCOA/UBCOA

« 15-foot Joint Spacing
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Pavement ME Design IRl Predictions:
Key Findings on 15-foot Joint Spacing Case

= The 15-foot long joint design may result ina
shorter service

« In case of 9-in of PCC overlay thicknessin
BCOA/UBCOA

—|IRI predictions seem to be not affected by the
thickness changes for the existing HMA layer

« BCOA/UBCOAseems to take longer to reach

the established IRI threshold than UBCOC
(longer life)

IOWA STATE UNIVERSITY

www.lnTrans. fastate.edu 53
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Pavement ME Design IRI Predictions:
Key Findings on 12-foot Joint Spacing Case

= Thicker PCC overlay layer could provide the
improved IRI predictions

= Thicker existing pavement layer, either HMA or
PCC, could provide the improved IRI| predictions
as well

= For thickness of concrete overlay greater than 8-inch,
the increased existing HMA pavement thickness has
a marginal effect on IRl predictions

IOWA STATE UNIVERSITY www.InTrans.lastate.edu el

Pavement ME Design IRI Predictions:
uUBCOC

» 15-foot Joint Spacing

Good and Acceptable

TOWA STATE UNIVERSITY wwwInTrans fastate edu 52

Pavement ME Design IRI Predictions:
BCOA/UBCOA

OWA STATE UNIVERSITY

« 20-foot Joint Spacing
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Pavement ME Design IRI Predictions:
UBCOC

+ 20-foot Joint Spacing
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Outline

+ Summary

Pavement ME Design IRI Predictions:
Key Findings on 20-foot Joint Spacing Case
« In comparisons to 12 and 15-foot joint spacing

results, the 20-foot joint would have a shorter
service life

« Increasing overlay thickness demonstrates that
the IRI predictions are close to one another,
probably because 20-foot joint spacing is a bit
too long for using concrete overlays

« Increasing the thickness of a UBCOC structure
from 6 to 8 inches may result in extending
service life from ~12 to ~17 years

ICWA STATE UNIVERSITY

www.InTrans.iastate.edu 56
e —

Summary

IoWA STATE UNIVERSITY

www.InTrans.lastate.edu 7
S —

+ lowa concrete overlays have been performing very well based
on extensive field studies and evaluations of the pavement
performance data

» Pavement ME design demonstrates that higher overlay
thickness leads to increased overlay service life, and greater

existing pavement thickness, either for HMA or PCC, also
leads to extension of overlay service life

+ Pavement ME performance predictions are reasonable given
that we mostly work with level 2 and 3 data with an
uncalibrated version of the software (for concrete overlays)

+ In comparisons to 12- and 15-foot joint spacing results, the
20-foot joint would have a shorter service life based on
Pavement ME predictions

IOWA STATE UNIVERSITY www.InTrans.lastate.adu 58
———

Thank You!

College of Engineering
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Presentation 12—Jay Goldbaum, Colorado DOT

Projects

From January\1, 2000 te.July 31, 2017,
CDOT has constructed 37 projects which
recycled about 8 million square yards

COLORADO

Department of
Transportation

CDOT’s Dynamic Modulus Research on Cold In-Place
Recycling
By: Jay Goldbaum
Pavement Design Program
Manager

CDOT Quantities CDOT’s Current Research on
Total = 7,990,200 Square Yards Dynamic Modulus of CIR

Investigate the dynamic - o
modulus properties of CIR LW cotonsce
pavements. N— -~

Establish a range of reliable Bk e
dynamic modulus values for CIR Recycling (CIR) Material
materials to be used as input to

the PMED program.

Examine the appropriateness of
the PMED predictive equations
for CDOT’s CIR material if
possible.

Site 2 versus Control

EMA: PG 5520

EMA: PG 5310

CIR: C55 (ipecial]

Subgrade: Mz = 21.5 ki
Built in 2008 Subgrade: A-2

Top 2 Inches Placed in 2009
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Site 2 versus Control Site 2 versus Control

Site 2 versus Control Overall Performance

Overall Performance Overall Performance
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Dynamic Modulus

— S nple | /

Sample 2 -~

Reduced Frequency (Hz)

Summary

Master Curves
3,000,000
&
& E ® Average LIK
'y
g ) ® Lows Medulus CIR
2,000,000 £ High Men bl CIR
= A
£ 150,000 e "~
w A
L I s
1,000,000 .
.. i
eg.
500,000 ' g
: L]
> Sl S
*n
[i] - 540
L - -2 0 2
1 ag (Reduced lime (sec))

Dynamic Modulus

—Sample |

— Sample 2

1-25 8. of Colorado City Site 5

3,01 1 100
Reduced Frequency (Hz)

PMED I-70 at Mack
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Department of
Transportation

PMED 1-70 at Mack éég COLORADO

Questions?
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Presentation 13—Linda Pierce, NCE

NCHRP Projects

AASHTO ME User Group Meeting
October 10, 2017
Denver, CO

“INCE

Projects To Date
1-51 Slab/
9-30A Calibration of Underlying 1-52 Top-
Rutting Models Layer next Fy* Down
4-36 Cement Cracking  1-53 Subgrade/
Stabilized Layers next Fy*  Unbound Layers
plan FY 2020

Calibrating this FY

9-51 CIP/Reclamation
Material Properties report
available, addendum to
integrate

1-50 Geosynthetics

next Fy*

20-05 MEPDG
Implementation
1-48 Preservation in Synthesis
MEPDG
naxt FY some
strategies to be added

*final decision Spring 2018
Total Effort ~ $15.6M

%INCE

ZINCE

Projects To Date

Manual of Practice Jmm 1-40 MEPDG
& Calibration Guide Implementation

£ T S, 142ATop.  SUPPOTt

zngz Performance Down Cracking 9-238 SWCC

Guide Models (see 1-52) National
Catalog

ot P :;:i‘: 1-47 Sensitivity
1-41 Evaluation
Inputs Reflection
Cracking

“NCE

New Pro_jects (anticipated)

» 1-59: Including the Effects of
Shrink/Swell and Frost Heave in ME
Pavement Design
- AASHTO Joint Technical Committee on

Pavements
-$500,000

%INCE

Questions?

Linda Pierce
Principal
Ipierce@ncenet.com
505.603.7993

p

“NCE
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Presentation 14—Linda Pierce, NCE

S

Top-Down Cracking Model
for Asphalt Pavements

NCHRP 1-52
AASHTO ME User Group Meeting
October 10, 2017

Denver, CO

ATt | ENGINEERING

“NCE

NCHRP 1-52 Objectives

« Develop
calibrated ME
model for
predicting load-
related top-
down cracking

Compatible with

i A
Top-down cracking ':_
Longitudinal, s

AASHTOWare wheeipath
Pavement ME Core onwl?dpe-rd;w; cracking
Desi gn ilerower At o

Top-Down Cracking Model

AASHTOWare Model NCHRP 1-52 Model
 prenslesiesienlunie e R iectenticnieemivei oot oo 1
: o Traffic Material | i
I e Tire Contact Pressure Properties ||
2 sl INPUTS :
i Climate Pavement Climate Pavement | |
: EICM Structure NCHRP 1-41 Model Stractare | |
___________ pepmp—y S ——— pmp————— =

Pavement Response Model Pavement Respomse Meodel !

Multi-layer elastic system Jeintegral

1 (o, 8). (stress, crack, modulus)

! MODEL

H Pavement Distress Modeh Pavement Distress Model

- Tensile strain Transverse and longinudinal stress,

I vertical shear, thermal stress H
1 & [}
: Pavement Performance Predictions L F Pavement Performance Prediction :
I Extent QUTPUT Extent and severity I
: . :
[ i

Acknowledgements

Based on presentation provided by:
Bob Lytton
Texas A&M University

| Factors for Top-Down Crack

Development

Structure

+ Thin asphaltiayer

+ Thick asphaitiayer

+ Slabilized base course

* Unstabilized base course

Traffic

* Load mechanism

+ Load magnitude&
distribution

+ Load spectrum

Material Climate

+ Mixture composition
* Modulusvariation |
+ Fracture properties
* Thermal properties |

+ Pavement temperature
+ Aging
+ Thermal stress

___ Top-Down Cracking

| Crack Width to Crack Depth

Crack Width/ W

Depth Depth T

(mm) Ratio
05 2
5.0 0.6
171 0.32
90 0.115
100 0.1086 Based on core

measurements

* Kumara, M. W., Gunaratne, M., Ly, J. J., and Dietrich, B. (2004). Methedolbgy for random surface-
initiated crack growth prediction in asphalt pavements.
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By predicting the crack depth,
we can determine crack width
and crack severity

J-Integral

» Depends on (at crack tip):
- Relaxation modulus
- Stress level
- Temperature

» Other material properties:
- Mean air void content
- PG grade
- Aggregate shape

Temperature Model

Predicting Crack Growth

Tire Contact Stress

‘ :
CrackTip fac

| Asphalt Layer

Aging Asphalt
Modulus

J-Integral Traffic

Paris’ Law: Ac =@- AN)

Fracture Coefficients

J"In tegra’ (continued)

+ Tire contract stress

level
Depth of cracktip Artificial
+ Temperature =) Neural = £ I\:’:fug;al
at crack tip Network
+ Relaxation
modulus at the -
1 i
Finite
Element H
Modeling 3

» Climate data = Model parameters

inputs - Albedo

- Hourly solar - Emissivity
radiation - Absorption coefficient

- Hourly air - Thermal diffusivity
temperature - Heat-transfer

- Daily average wind coefficient parameters
speed (a, d)

Direct Tension Test:
*Temperature:

10, 20, 30°C;
*Maximum Strain:
100 pe

+Loading Pattern:
Monotonic Tensile
Loading

Ramp Rate:

0.020 mm/min

Specimen Attached with LVDTs in
Material Testing System (MTS)
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Viscoelastic Properties Calibrate/Validate Model

Aging effects

+ Non-uniform agingin
pavementdepth

+ Long-term fieldaging

Properties

+ Complex modulus
(dynamic modulus)
+ Poisson’s ratio

Field core Lab Mixed, Lab
Dynamic Comp i
and Poisson’s Relaxation
ratio modulus
ENITED STATES

« Complete software |F————
user interface el

— 150

£ « Complete final koo

§ 100 report

g * Anticipated: =
» October 20, 2017 --
0

0 1000 2000 3000 4000 5000
Service Time (day)

® FieldData ——Model Prediction
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Presentation 15—Linda Pierce, NCE

Improved Consideration of
the Influence of Subgrade
and Unbound Layers on
Pavement Performance
NCHRP 1-53

AASHTO ME User Group Meeting
October 10, 2017

Denver, CO

KT | ENGINEERING

%NCE

Objectives

| Acknowledgements

Based on presentation provided by:
Bob Lytton
Texas A&M University

Approach

Propose enhancements to better
reflect the influence of
subgrade/unbound layers (properties
and thickness)

Moisture-
sensitivity
Stress-dependent
Cross-anisotropic
Hierarchical
inputs levels

LTPP
Database
Pavement
structure
Material
properties
Condition

Testequipment
Test protocol

Inputs

» Modulus

+ Permanent deformation
+ Shear strength

Erosion

+ Foundation

Thickness sensitive (incorporated
into above models)

= Suction vs water content coefficients
« Thornthwaite moisture index

+ Depth to constant suction

+ Soil porosity

* Modulus model coefficients

+ Pavement deformation model
coefficients

%INCE
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Outputs

» Unbound base

- Base course modulus (anisotropic,
stress and suction dependent)

- Permanent deformation properties
» Subgrade
- Modulus
- Equilibrium of depth ofconstant suction

SINCE

Project Status

« Start: October 2014
+ Completion: June 2018
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Presentation 16—Tom Yu, FHWA

Performance Criteria
Thresholds for ME Design

AASHTOWare

Pavemey

ME Design

H. Thomas Yu, P.E.
Federal Highway Administration
Office of Preconstruction, Construction, ond Pavements

Wi
'-' Adrvinisiration

October 12, 2017

Keys to achieving well-performing
pavement
— minimize the risk of poor performance
= Effective structural design
» Good foundation
» Adequate structural section
> Appropriate design features

= Durable material
» Durable surface
» No material-related problems

= Quality construction

(..‘;é';;‘i‘.;;.:;

Objectives of pavement design

- Provide safe, smooth, and quiet riding
surface

- Requirements — low cost and least amount

of interruptions to users:

= Good performance —no, lengthy lane closures for
maintenance, repair, or rehabilitation

» Long-life —relates to congestion, cost, and safety

N i e
'-' Adminisration

| ———————
100 -
o S || //
racking rFTT 7
80 /
/
g 7
E o e
D
g e
3> s
T a0 ”
g /
]
E 10 ..?.

2 "o'f.
20 .#

L]
10 -
o o el
o
1 10

0.001 0.01 0.1

100 1000

Fatigue Damage

e;‘;;:ci';‘.;::;;

—
Slab Thickness vs. Cracking
0
a5
0 \
2 \
@5 A
k-1
# 30
2
-‘_E‘ b1
o
&0
2
21s
e
H
w Craching at 95% Rellability
5 b S e ——
e Cracking st 0% Rellability
] e ——
80 85 80 95 100 105 110 115
er; Slab Thickness, in
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Variations in predicted slab cracking
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Benefits of Conservative Design

Ralaive damage- B-kp, Sxe=1.0

i kb 3R
L e [rr et

ke ae-bo i

Current Design Practice

= Too much emphasis is given to design
analysis = thickness design

» Structural design is much more than
thickness

= Appropriate design features should be provided
based on traffic level and site conditions

#* Mot enough emphasis is given to foundafion design
im the U.S.

f:--_-_qmi -1r.-'«'w
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| —————
Conclusions

- Pavement design should be about minimizing the
risk of poor performance
= The most costly pavement option is reconstruction
= The marginal cost of design features that ensure
good pavement performance and long-life is
insignificant
= Given the variability inherent in pavement
performance, designing to a specified level
distress is unrealistic
- ME design tools are effective in identifying the
inflection point, where the risk of poor
performance becomes significant

Qi

LUl

Tom Yu
tom.yu{@dot.gov
202-366-1198
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Presentation 17—Fouad Bayomy, University of Idaho

AASHTO Pavement ME National

Users Group Meeting
October 11-12, 2017
Denver, CO

Implementation and
Calibration of AASHTOWare
Pavement ME Design for Idaho
Fouad Bayomy

Ahmed Muftah and Emad Kassem
University of ldaho

Ial
f1adaino

Univer:

A LEGACY OF LEADING 7

Phase 1 Product
(RP193)

MEPDG HMA Binder and Mix Properties

T T L pe—m—p— -
Dapartment of Civil L e
D NIATT U

ITD Efforts to Implement
AASHTOWare Pavement ME Design

RP235
Calibration of

AASHTOWare M E

Design Software Asphalt Models
Implementation Phases In-Progress
N 2015 - 2018 RP253
. \ April 2018 Material Database
RP193 f for PCC \
! MEPDG Traffic \
{ Material Databasefor 2016-2017
. Asphalt Pavements RP263 mpleted mun},
Unbound Materials " Y
L= Database
In-Progress RP268
pRziLs B- : 2017 - 2018 2 .
Roadmap and Initial Calibration of PCC %
User Guide for ME ec201s Models )
Software " 4
2013 - 2014 A 2?,1:;‘2:10;9 A
(ARA, Inc.) A v

ITD Material and Traffic Database

ITD for the Mech

a

pirical P: Design Guide (MEPDG)
ITD Research Project RP193 - University of Idsho NIATT Project KLKSST
atabase Verion 110 Croted Apri 2011

Developed by

Dr. Fouad Bayomy
Dr. Sheril El-Badawy

This Excel Book contairs Materials, Tratfic and Clmate database for MEPDG implementation in Idaho.
Tratfic wde load spectra files are attached separately as they are in a specific format 1o be uploaded into MEPDG directly

Binder (AC)

Unbound Materials &
Subgrade Soils

sain-5creen [MRSIRHONSOISN] [DIRON:SeS] UROUNSSAR] Tl sreee Gt

G-Stab 2010 and E-Star2010

G=5tal 2010 Software E-Star 2010 Software

Dapartmant of Civil
Engineering
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IDT and Creep Compliance

Ca

1
TC= puN _Log
g4 Hyua

+ |IDT and Creep Compliance
data is necessary for the
calibration of the Thermal
cracking model.

+ Tests performed as a
separate task during Phase 3.

* Database was updated in
2017 to include these results

Departmant of Civil

Universi
Enginssing

& LIGAEY OF LIADING

NIATT

daho ,

ITD Unbound/Subgrade Material
Characterization (MEPDG Level 2 inputs)

Two Models Developed:
* R-Value Models based on ITD Database

« M,-R-Value Model based on literature Mr-Data

R-Value Model:

+ Historical ITD R-Values database (from 1953 to2008).
+ 8233 points with soil classification, P200 and PI.
+ Collected by Dr. Stanley Miller (Ul)

+ ITD-PR 185, NIATT KLK 553: Developing Statistical

Correlations of Soil Properties with R-Value for Idaho
Pavement Design.

Depanmant of Civil
Enginesering

Universityo

A LEGACY OF LEADIN

NIATT

2010 M,-R-Value Model

M, (psi) = 1004.4 (R)*52

25000
v = 1004 ax 541
2.

o— R = 0.5786 I | | | |
a L L] . g
'g 15000 1 | 4 1
£ 10000
2

5000

(]

o 2 30 40 50 &0 70 80 90
R-Value

The majority of this literature soils are fine grained materials.

Departmant of Civil
Engineering

NIATT

Unbound Materials and Subgrade Soils

B [ o £ F G

Unbound Base/Subbase Materials and Subgrade Soils Characterization

R-value Model ITD R-Value Prediction Model for [TD Unbound Granular Materials and Subgrade Soils [Level 2)
e Model Modubuss ITD Subgrade Soils (Level 7)
Typical R-values Typical Recommended R-Values for ITD Unbound Materials and Subgrade Soils [Level 3)
Typical PI values Values for ITD Unbound Materials and Subgrade Soils
Typical LL values. Typical Recommended Liquid Limit Values for ITD Unbound Materials and Subgrade Soils
Department of Civil Univel Vof ldaho
Enginearing NIATI et g e
Developed R-Value Model
Measured versus Predicted R-Values
10 1
» ]
N R = 10(1.893-0,00158"F200 -0.022°F)
E]
; L Where:
* 50
3 P200 = % Passing Sleve No. 200
3 Pl = Plasticity Index
= ]
F
0
o

Measared R-values

Departmant of Civil
Enginearing

Ur 1u\u1
D

A LECACY OF

L‘-,f'r_-' Idaho 0

NIATT

™

lcﬂambasei Idaho WIM Sites

2%

Mascut
- i
Hethhplnll{HMA].
Beaverhead o .
'_-‘lr nal ! orest Darerran ¥
o Binder (AC) ﬂ

Unbound Material &
Subgrade Solls

Chaiks
dational Forest

Traffic ﬂ

Do
Climate & GWT m

idaho

: M‘_%; "
"e-ch >

Universi lf

A LICACY OF LIADING

fldaho =
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.. ITD Traffic Database

| WM Punctionst Clanaification Bowte  Mile Post  Nearest Oty
T Princost Artwial interstate (Rral [ 377 [Oowney
PR e pe—— [he6 | 2505 umsaors hocks
I e T B e
LIS [Prcost Artenal dncenstate (Rural) | 190 | 200 wetiosge
L i A ke Lo Spectre
1 gl Arterssl-Diver (R ey T
18 Princos Arters Snteniate Bural [ v | 181 ssckcawen
L Prmcps Arterist Other (s T | ma eeme Ll
193 M Arteria (usal] US| 2085 [ree
14 Pricpal Arteral setertats (Raral | 830 | 5105 Georprown
195 Pres Mol -Oster Russl) [Wees | w7 juew
137 Princoul Arterial Othar (hural [ sas | 37075 jomedee
138 rincod Artrial Onver ural [vsms | nm jwe
[T S pT——— VS | MM otk
155 Mo deverl (R [0 | 0 pumen

NIAT Universityofldaho *

A LIGACT OF LEABIN

Dapartmant of Civil
Enginesring

Traffic Weigh-In-Motion (WIM] Selection Table (Axle Lood Spectra)

WiM D oty Mie Pt Nearest Oty
n T s =
" ™ P ——
" e m [
ur ot mr Coovel o Back 13 Trate
w e ne o s petweistcs Suzeen
- « TR R —
wm “n e
1 " nn [ 1o Bk o Ninte Scrvem
- -n i Pt
] EY mu Harne
] wy ns e
™ i aom
n iy wam Fasmt
1 s W s

Statewide and Traffic Weight Road Groups [TWRGs) (Axke Load Spectra)
O O 2 e G A i A 15
= -

Phase 2 (RP211 A, B) Product

w 3

AASHTOWare Pavement -
Deslgn Workshop Idake AASHTOW are Pasement
ME Design User's Guide,
Viersien 1.1

Rosd Map for beglement g
The AASHTO Pavement ME Design

PARTICIPANT WORKBOOK

Dapartmant of Civil

Universityofldaho
Engineering 1

A LICACY OF LIABING 7

NIAT

. .nTrgfﬁE: I|r;1f0’forbea“ch WIM _—

L

W ] . |
™= TEa0 T
2 5% 15
[Eed 1626 1451
o 192 14
00 a5 aan
0000 0% om
0 oW 0 %
(3] (3] am
[T 0% anst
o%s 67

= ms 1m
28 2w im

PTG Epavalent TTTC Gro |

2

T vrin o = 2
=A== & _.[_!_.I | _‘_E _I = -

G Back 1 Traffic WIM Station Soreen

bt e s of row e

In Summa I'Y Material and Traffic Database Includes

+ HMA: E* and volumetric
properties. Recommendation for
E*models

« Binders: G* and Delta
Materials: R-value Model, Mr vs.
R- Value Model, and Typical values and

ranges for R-Value, LL and PI, and Level 1 Mr
data

« PCC Materials: Mix properties,
Strength, CTE, Mo?ulus,.

Dapartmant of Civil
E

E sl R
- Jnbounaq

of ldaho

o .Uﬂi_\f'if‘l'.‘xul:‘[""

Phase 3 (RP235) — Calibration

» Flexible Pavement Models
— Rutting
— Fatigue (Top-Down and Bottom-Up)
— Thermal Cracking
—IRI

Dapartmant of Civil

Iniversityofldah
Doparmart Universityofidaho

A LIGACY OF LEADIN

NixT
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Flexible Pavement Sections Selected Flexible Pavement Sections Selected

Six Districts TF .

32 road sections

e s 9-9

Guide for the

Local Calibration of the

Mechanistic-Empirical - s

Pavement Design Guide ———— + Covering different ¢ ¥
T . distresses: Rutting, Qg b Porce
idaho Transportation Department 9

Fatigue, Longitudinal &
thermal Cracking

-_.° ’
Heavy to moderate traffic % ‘0
Q

= Cover different geographic
regions

&

Iniversitvorldahc R P
Doparnent of ch NIATT L.':.L]l.’;E.!.:.l.;"J’ of ldaho - Dopartment of v NIATT tyofldaho
Flexible Pavement Sections Selected ITD — Performance Database
Pavement Structure
New R
Volume Desi Rehabilitation Click on
Mix Type | of Truck Soil Type Ao T = your District DISTRICT 2 SELECTETED PAVEMENT SECTIONS
| Traffic Unbound Stabill for contact
Aggregat N " CIR Lscsaplics Infermation
aBass | TToNble | Rigid :.T.":" secrion 1 | | secrionz | | secmiows | | secnona
Coarse
Lot Grained D3SIE S0 Die SECTION 5 SECTION & SECTION 7
Low Plasti
Neat Hiah Plasticity D15 secions | | secions
Mi
tures Coarse D3 17818
Hlﬂ'l SECTION 9
| Low Pl
Hiah Plasticit,
Palymer Co?r“ D2 4&5 DISsR D2 7&8 D2 9 GO BACK TO MAIN SCREEN
. . Grained — D5_1 — =
Modified | High —
Asphalt Low Plastici
Hiah Plasticite | D1 3
R e Aivareityaf 1ab
Departmant of Civil NIATT L.J.Lll:fogi.:’..l.l)’ of ldaho g:spia.:;:;r;ofcwu NIATT l“i'l‘ﬁl\os.zsl‘l‘} of ldaho »
—
ITD — Performance Database Rutting Model Calibration
 F— = kir pkaeforTksrfsr
Click on i i il Bpumay= Barkz€rumay 1071 ni2rPerTEsEsr Ry py g
your District :.::': :::‘“ i——
for contact B
n’
information Ep -
= Apisoinn= Bsi1ls1 8 sonr G e
F= T

Performance data is

obtained from TAMS
. |Video Logs. Only last
__|years are available

o=y

. . 1.3 " [ =% ';L\,;,,.' ..‘; =
Dopartment of Civil NIATT L,‘ni\.,-'oa'.f-,l_:l yofldaho e e NIATT Llf-[c-'l.a....i’.'.l yofldaho ,,

Enginesaring A LECACY OF LEAD
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Rutting Model Calibration

Measured Rutting vs. Predicted Rutting
4 Total Rutting — Linear |Line of Equality)

Measured Rutting (in.)
=]
o

A
A
0.2 “J‘ _.‘: _'aa”‘
A
0.1 N7V PR N LTV " .
0
0 0.2 0.4 0.6 08

Predicted Rutting (in.)

Department of Civil NIATT UﬂiVEFSit}/of'dahO o

Engineering A LEGACY OF LIADING

Assess Local Bias: Validation of Global Calibration
Factors to Local Conditions, Policies, and Materials

Bias, Standa
Performance - rd Hypothesi
Indicator er Error, selsy | P-value s Ho Comment
(mean)| "¢
There is
Rutti (in) variability, the
utting (in . model is over
betore Callbration 25.549| 0.574 | 0.112 | 0.000225 Reject loredicting the
rutting.
Rutting (in) )
After Calibration 2157 |0.0375(0.1097| 0.157 Accept No Bias

Dopartment of Civil NIATT Universityo,r'ldaho

Enginesring A LICACY OF LIABING

Conduct Field and Forensic Investigations
Example: SH-8 (Moscow)

Eliminate Local Bias of the Rutting Prediction
Models
B M‘&mnr
B B B * |Puga dErmor, [selsy] R2 Pvalue
Cosrsn {mean) Se

[NCFITTOs] o nn 04 00 A6 ama | o8 PEPIN R TE LY Anaanag
Trial 1 180 A00 100 108 1 A74% | 0ARTT 0GR O0Re
e [T PP PO BTl MO BT W e
v TG VP Y LSS L T P s e
tawra | aon | aoa {200 | so0 | 00 [ ansea| aent noo! oo
ciiscn | aed ion [ ageUane | oo - camacl aoo |asial s
tasz | noe | aon | zon [ ave | ame T nsesn [oneenfo s nanes
T PP BT RPN EPTT TI PRYRE) PR P G
o YR BT TN IRl TR TR B T
Taman | ana [ sen | zen | noe | noo |emssealacaealdio s
Tania [abn T | {oeni | vine | nabiis | o.comn’lo san) soiciae
Tasea | von | son | aea | voo | voo | acess | aeme [nazol aae
Tawss | ana | nen | oeo | ana | <0 | noene | oo [ose] nsue
Tares | 2o | nea | oea | aea | aen | aoees | oo [aaee] oo
raniss | agen | oo | xoon | asan | s | s12 | 16 omelnone] oo
Tause | oac [ 2en | 1000 | amo | o | e e [aoomelnm]
aarsr | oson | aose | oo | asan | asae | ates | noca |nas] ase
Tamio | aace | oo | coon | soon | aoon | sases | noame lam] ase

0109

Trial22 | 3.000 | 1.000 | 0.661 | 0.640 | 0633 | 2157 | 00375 | o 0.265 aazs

i Lo | vaon | oo | amsn | os | vommn | oear ol ase

Rutting Model Calibration

B 3.000 Bx | 1000 | Bu 0.661 |

Puo conse  0.540 Busme | 0533

Measured Rutting vs. Predicted Rutting

%8 = Total Rutting after
0.7 calibration

Measured Rutting (in.)

0 0.2 0.4 0.6 0.8
Predicted Rutting (in.)

Department of Civil NIAT Universi}yqldaho -

Engineering A LECACY OF LEADIN

Conduct Field and Forensic Investigations

Example: SH-8 (Moscow)
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Conduct Field and Forensic Investigations

Example: SH-8 (Moscow)

| L Layer |

| Bave Layer |

| Subbase Layer |
Measurement Location Edge to Wheel Center Wheel Edge to

the lane path of the path the curb

lane

Total rutting ( inch ) ] 0.19 1] 0.21 0
HMA layer thickness 4.92 4.71 4.86 4.79 5.08
HMA Layer thickness reduction - 0.12 - 0.15 -
The remaining rutting (in) - 0.07 - 0.06
Departmant of Civil niversi fl h
Coparment Niarm  Universityoridaho

Thermal Cracking

1 d
TEC = N —L f—
Bt o4 0g Hiaii

Data collected form VideoLogs

Dapartmant of Civil

iversityorId:
Dosernan Universityofidaho

A LIGACT OF LIADING

NIATT

ITD — Performance Database

Cracking Analysis from Video Logs

Dapartment of Civil
Enginesring

Universjgyufidaho 9

A LLGACY OF LEADII

NIATT

Fatigue Models Calibration

Ny-ima = k(€Y (Ca)Bys & M1272 (Epya) 55973

_ (1 C,
FCpottom = (E) (1 + e(CiCi"'fzfif-ﬂg(msoum'mﬂ)))

Cs
FCpop = 10.56 (1 + e(cl_czi.og{mrop)])

Departmant of Civil
Engineering

NIAT Universityofidaho

A LICACY OF LEABIN

ITD — Performance Database

Cracking Analysis from Video Logs

Dapartment of Civil

Dopanmant Unwers@yofldaho "

A LICACY OF LEABIN

NiaT

ITD — Performance Database

2016
District :::;'."‘_ Houte ";:‘ :: Alligator  Trang, Cracking|Long. Cracking
Cracking (%] [Ft/mile] e/ mile)
1 U595 3oEs7[a0152 028 .26 10389
Fl US95  4D3.5 [#08.75  0.00 8475 2299
3 (595  411.84|41583  0.00 013 673
o1 4 Us-95 4155 | 4213 001 B.73 98.94
5 SH-3  76822(84.201 003 1257 055
6 SH3 1031511138 735 7546 488,58
7 U35 a7r1less3s 000 5250 1968
1 SHDOG 100 | 1045 000 249.84 8833
] SHDO& o |17 008 190.02 663.84
3 1595 344 38457 032 2.8 38833
4 U595 36650(37303 000 083 096
o 5 UsSs  319.88[33767 000 136 0.00
6 SHDO3 5 |'ss 0.00 230,64 1127
7 sHp13 1125718711 : : :
8 SHD13 1868 (25378 I = Z
] 595 277.28| 2791 0.00 0.00 0.00
10 Usas 34 38457 266 6050 30918
Dapartment of Civil NIAT UHIVGI‘SI'L‘},&?{ Idaho
Engineering A LIGACY OF LEABING 3%
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IRl Model Calibration

IRI = IRI, +Cy RD + C; FCrotu +C3 TC + C4SF

Data collected form TAMS Database

Dopartment of Civil NIATT Universityofldaho

Engineering A ngacy of Liaving 7 37

Idaho ME Calibration Factors
[« before [« |
MEPDG Model Net Effect of Calibration |
o Calibration \after Calibration i 2 g
Bi= 1.00 By 0.729
Alligator Fatigue Transfer : j ::: By=1500
Function 100
2= 1.00
By 1.00
Longitudinal Fatigue :‘" ’1:
n ™ 1.!
Transfer Function 1= 7.00
C2=3.50
Bir=1.00 Bir=3.00
AC Rutting Model B2.= 1.00 B.=1.00 Decreased prediction
B3,= 100 B3,= 0.661
Granular Base Rutting By~ 1.00 By~ 0,640 Decreased prediction
Subgrade Rutting Model Bu= 100 By= 0.633 Decreased prediction
c1-40 -
IR Model =04
€3- 0.08
€4=0.015
Dopartmant of Civil NIATT Universityofldaho
Engim[[ng A LEGACY OF LIADING ¢

Phase 4 - Completing Materials Database

a. PCC Materials Database
b. Unbound Materials

— Subgrade Soils
— Base / Subbase Materials

Department of Civil NIAT Universityorldaho

Enginearing A LICALY OF LEADING ¢ a9

AASHTOWare Pavemnent ME Design .
idaho PCC Mixes \q

S| e st e 1 25
o e Wiy e D) Bl W bor e
[eerprer— — e |
oo o] Lakusge Typa b [— [aan |
o 03 ks Fee
o turgn Ty £ - s
Batvinf, Ml Ml Potd | s G Ty U0 [— bamtata
el it | b Gorv Type 40 [ r———_—
L LT e ——— e |
I O+ Bl T | DLE Rt Wi 2] DL Fosd
- ' .
Dapartmant of Civil Universityoridaho
pal J Y SILY dall
Enginesring A LECACY OF LIADING < 40

Pse 4a — PCC Materials Database _

Dintrict 1, 5545 Bridgr Crossing

e

Dopartment of Civil NIATT Universityofldaho ,

Engineering A LECACY OF LEADING ¥

Phase 4b — Unbound Materials Database

* Mr testing AASHTO T307
— Subgrade Soils
— Base / Subbase

In progress, to be completed by Dec 2018

Doparment of Civil Universityorldaho
e NIATT i Ay KD

Enginee
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Phase 5 (RP268) Calibration of PCC Models

« PCC RigidPavements
— Cracked Slab

— Faulting
—IRI
i NIATT ey ] (B N
Acknowledgement
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+ Michael Santi
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« Dave Richards
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« Kyle Holman

Research Teams

+ Fouad Bayomy

+ Sherif Elbadawy

+ Emad Kassem
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In addition to 10 students
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Depanmant of Civil
Engineering

ME Calibration for Idaho

* Flexible Pavement Models
—IRI RP235
~ Rutting (April 2018)
— Fatigue (Top-Down and Bottom-Up)
— Thermal Cracking

*» PCC RigidPavements

—IRI RP268
— Cracked Slab (July 2019)
— Faulting
2:::::',":,'.';“ Civil NIAT :.m;:omm" Idaho
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Presentation 18—Warren Lee and Susanne Chan, Ministry of Transportation Ontario

=
> >
L7 Ontario

Ministry of Transportation

MEPDG DesignParameters
for Ontario and Canada

Warren Lee & Susanne Chan

Ontario M-i.l.'l-i;t-l';;f T;ar:tsportation

AASHTO Pavement ME National Users Group Meeting
Marriott-Airport Gateway Park, Denver, Colorade, USA
October 11-12, 2017

sportation

: :"Onmriu Ministry of Transportation

Outlines of This Presentation

Part B — Canadian Guide

Part A - Ontario Guide

(R S— o

Canadian Guide-
Drasht Parsmatess bor ANSHTOWre
Pavemant ME Design [DRAFT)

Onturio's Dafoslt Parameters for
AASHTOW are Pavement ME Design
i gt - D016

MEPDG Design Parameters for Onfano and Canada & -

{ L3 .
_‘r-" Ontario Ministry of Transportation

Background

tremendous amount
of design parameters
required for MEPDG

some design parameters
are new to the designers
{e.g. thermal conductivity,
surface shortwave
absorptivity, etc.)

require groat effortand
time to gather all input
Information (material
properties, trafficdata,
climate data

continue updating due
tonewirevised spacs.,
data, models,
algorithms, etc.

MEFDG Design Parmmeters for Datano and Canada & g

Ministry of Transportation

M-
£*”Ontario

PART A - Ontario Guide

First developed in February of 2012 PRl Pown

Ontarie’s Default Parameters for
AASHTOWare Pavement ME Design
Bt Hegeost - 2016

Second edition in November of 2014

w Latest revision in May of 2016

Revisions:

* add newmaterials

+ change inspec.

+ update weather station data

+ update localcalibration
coefficients

* newsource of references

» etc.

MEPDG Design Parameters Tor Orfanc and Canada &

Overview

to provide con: design
sed among the
demics,
, confract
ators...)

to facilitate the design input
process for pavement engineers jnput value
(to gather all design parameters | Industri

in one place) i

Objective to
Develop anUser

to new/revised specs., new

| data, new version of Pavement
ME software and/or
new/revised models inMEPDG

MEPDG Design Parameters for Ontano and Canada ﬁ 4

others than usin
default parame

e a9
" Ontario Ministry of Trans

Source of References - MTO Asset ManagementSystem

IR Trend for Varous Highway Sections
MTO Asset Managem ent System ——

—a pen

fl =
Recommended Inftial IRI (mikm) Sased on I \
Tresiments and Faciity Typ:

Typical Terminal IR| Inputs Based on Facility Type

MEPOG Design Parameters for Ontanc and Canada & &
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o= i
" Ontario

Source of References -
Ontario Provincial Standard Specification

Gradation requirements for granular materials

"
T - =

ONTARIO I i

PROVINCIAL oxample J4 R

STANDARD i PR

SPECIFICATION < J

Parta e e

Typical Ontaric’s granuler materials properties

MEPDG Desgn Parameters for Ontarko and Canada ﬁ 7

[ )
& Ontario

Source of References — MEPDG Manual of Practice

Ministry of Transportation

Recommended Design Criteria or Thresheld Values

Rrcommended Han

jomal Class

MEPDG Desgn Parameters ke Ontano and Canada &

.
_" "';On:ario Ministry of Transportation

L ':-'}O ntario Ministry of Transportation
Source of References —

AASHTO 1993 Design Guide for Ontario Conditions
Recommended Percentage of Trucksin Design Lane

Nummbe of Lases s | ANIHY (bolh dirveiioms) | Procetags of §recks

N

ABAFTATHES AN VI

Ontario Subgrade Moduli for Various Classifications of Soils

MEPDG Design Parameders for Ontario and Canada ﬁ 8

Ministry of Transportation

[ )
" Ontario

Traffic Data

iCarridor-aweb-based data vi and information sharing toal «
Data feeded by Commercial Vehicle Survey (CVS) on truck volume, ade loads and configuration
Files canbe downloaded and imported directly into Pavement ME design torun analysis

e o TRANSPORTATION

MEPDG Design Parameiers for Ontana and Canaca

¥
_" ~Ontario Ministry of Transportation

Traffic Data

Nrrrrrerey

I
§
i

MEFOG Design Parameters for Ontario and Canada ﬁ

Climate Input
+ 34 weather stations across Ontario

= Data originate from Environment Canada (mostly weather stations at airports)
* Replaced by nearby NARR grid points in Version 2.3 of Pavement ME

MEPDG Design Parameters for Ontaria and Canaca & 12
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¥y,
"e “Ontario Ministry of Transportation

PART B - Canadian Guide

« Through the Canada’s
Pavement ME user group
effort, a Canadian User Guide
is developed based on the
Ontario Guide.

+ The Guide provides a cross
reference of design parameters
used by agencies in Canada.

« Design parameters are
customized for the local
agency conditions. g

+ Latest version (working copy)— -
May 2016

Canadian Guide.
Detsult Parameters for AASHTOWare
Pavement ME Design [DRAFT)

MEPDG Design Parametes for Ontano and Canada & 13

Ministry of Transport

Analysis Parameters
+ Initial and terminal IRI's based on facility type
+ Example from Quebec:

Ri ded Initial IRI (m/km)

Ti Highway Other
| Hot Mix Overlay 12 14 1
Cold in-place recycling + Hot Mix Oveday 1.4 1.4 1.

Full Depth Reclamation + Hot Mix Overlay 13 1.

New or Reconstruction to AC 1.2 1

1
1. .

Mew or Reconstruction to JPCP 1 nia nia

MNew or Reconstruction to CRCP 1 nia nla

Highway Facility Type | Recommended Terminal IRI (m/km)
Highway 22
Mational | 25
Regional 3.0
Collector 35
Other 4.5

MEPDG Design Parasetess for Dntano and Canaca & 15

Ontario Ministry of Trans|

_’;. ZOntario Ministry of Transportation

Input Parameters

+ The Canadian Guide contains customized defaultinput parameters
across Canada.

+ Contributing agencies provided the customized default values
based on their local conditions.

+ Currently, four provinces and a city have provided the data.

Canada
ALBERTA|
i MANITOBA
| EDMONTON] !

MEPDG Design Parameters for Ontaso and Canada &’ 14

Ministry of Transportation

Performance Criteria Input

« Based on agency specific design requirement
+ Example from Manitoba:

Performance Criteria Target Values
FLEXTBLE IS

AC top-down faigue cracking (mim lgngee
AC bottom-yp taligye cracking (%) Expressway 15
Primary/Secondary Anesials 20
Coleclor 25
AC thermal fracsure {mkm) 200
Permanent delormason -5lal pavement (mm) 19

Permanant delormason -AC anly (men)

Total Cracking (Refiective + Aligator) (%) 50
RIGID PAVEMENTS:
JPCP transverse cracking (% slab) Expressway 10
Primary/Secondary Artesial 15
Calectar A
Mean joint fauiting (mm) 3 |
MEPDG Design Pammeters for ONanc and Canata 16

Ministry of Transportation

Reliability Level Input

+ Based on different highway type or traffic volume
+ Example from City of Edmonton:

Roadway Functional Recc led Range of Reliability |
Class Levels (%)
Freeway 95
Arterial 90
Collector [ 85
Local [ 80

MEPDG Design Parasetens for Ontaria and Canada & 17

Climate Input
+ Information from Environment Canada

+ 223 weather stations across Canada
* Download and import directly for design

MEPDG Design Parameters for Ontars and Canata 18
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Ministry of Transportation

Structural Layers Information

Hot mix design parameters

- Superpave mixes

= Marshall mixes

- Asphalt stabilized material (e.g., CIR)

Concrete mix properties

Granular properties
- Typical unbonded granular types
- Bonded | Stabilized mix (e.g., Cement treated OGDL)

Subgrade properties

MEPD Design Paramaters for Ontana and Canada & 19
—

Ontario
Examples of HMA Design Parameters

+ Alberta Marshall mix design properties

MEPDG Design Paramesers for Onfano and Canada

Ministry of Transportation

Example of Concrete Mix Properties

« Ontario concrete mix design properties

PCC Sarength |
Layer Theckness {mm) Projec specifc PLLC Sirength and Modus T ‘Level 3
Und Weight (kgim) 2329 2 ; aeiected
____Poisson's Ratia 0.2 78 Doy Comprassive Sirengin (MPa] | 38 -
Thermal = Elastic Modulus (MPa) | 26600
PCC CoeMcent of Thermal 78 TPCP Design
mmimm degC x 10r+) FCC Surface Shortwave Abscrptivty | [
Thermal Conductwty 216 PG Jont Spacing (m) 354,43.45
(wattim etes Ketvin) {random)
PCC Heal Capacity (joueg- 172 Sealant T Other
Kelvin) Doweled Jounls Spading (300}
Mix = o Dsameter (32)
Ceﬂwn_. I GU (Type 1) Widened siab Widened (4 25)
Cemenbous Malenal Content 335 g Tied Shouldars Tied with long
WatesCement Ratio 045 term load
egate Type Limestong transfer
PCC Sat Temperature Calculated elficiency of 70
Ultimale Shnnkage (Mecrestrain} Calculated Eroaibty Index Very Erodble
Reversible Shrinkage (% of 50 % PCC-base Contact Friction
Ultimate Shinkage)
Time 1o Devedop 50% of Ultmate 35 Days
Shrinkage Permanent ConvWarp BN 5
nent p Effective Y]
Curing Metod Curing Tamperature Differ .
Cempound emperature Differonce (deg C)

MEPD4G Design Parameters for Ontaric and Canada ﬁ 21

Ontario

Example of Granular Properties - Quebec

[ mew W 20 i 70 [ maiE

Unbousd G memiar Materls Crushed Fine Crushed Suhne
Sione Cuhed | Gl

Layss Trckrns forms

Pruma, " 0

- B n

ane
Ty . s x
o : P P
py " o ”
e o - 4 ar
= o m e
il a o s pre
e 2 2 pre
F—
i 2
a .
'™
o ™ I 10 T30
| pa——
ity e g ey 4 an | PP
MEPDG Design Parameters for Ontar and Canada 22

istry of Transportation

Example of Subgrade Properties

* Manitoba subgrade type properties

Mg (MPa)

SOIL TYPE GROUP INDEX Southern Northern
Manitoba Manitoba

HighPlastic Clay 20 30 35

High Plastic Clay 18 35 40

High/Low Plastic Clay 16 40 45

Low Plastic Clay 14 45 50

Low Plastic Clay 12 50 55

Silty Clay 10 55 80

Clayey Silt 8 65 70

Sandy Silt ] 80 85

Sandy Silt 4 90 95

Silty Sand 2 125 130

Fine Sand [v] 150 150

MEPD4G Design Parameters for Ontaric and Canada ﬁ

IE}

Local Calibration Efforts

* Any calibration results are to be documented into
this Canadian Guide.

* Ontario has completed research studies on
Pavement ME calibration on rutting model:

T | Temperature exponent = 1.0

+ Traffic exponent = 0.6262

* AC scale factor = 4.1565

+ Granular matenal scale factor= 0.0004

+ Subgrade scale factor = 0.1452

MEPDG Design Parameders for Onlanc and Cansda &
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T
2’ Ontario Ministry of Transportation

Conclusion

The development of the Ontario and Canadian Guides is
the first step in Pavement ME implementation.

The Guides facilitate the pavement design process
(faster, easier, consistent input, track changes)

The default parameters in the Guides are mostly for
Level 3 design which requires generic and median
data (not site/project specific)

Continuous effort is required to update these Guides as
information becomes available.

MEFDG Design Parameters for Ontanio and Canada @

25

Thank You

o~ QUESTIONS?

Warren Lee, P. Eng., M.A.Sc.
Pavement Design Engineer,
Pavements & Foundations Section

gl ing and Res h Office
Tel: 416-235-6643
Email: Warren.Lee@ontario.ca

Susanne Chan, P. Eng., M.A.Sc.
Pavement Design Engineer,
Pavements & Foundations Section
Materials Engineering and Research Office
Tel: 416-235-5311
Email: S Chan@ io.ca
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Presentation 19—John Donahue, Missouri DOT

Major Limitation of M-E Design

* Three-step implementation process
— Evaluation

Desrgn Softwa‘i’é"A'T'fo'ma

"h-r

— Calibration

— Verification

Predicted

Calibration

Dr! DavidyT
Septemb

Evaluation — How Accurate? Evaluation — How Accurate?

ESALs 2
8 8 8 8 3 3 8 3 8
F F ¥ ¥ ¥ ¥ ¥ ¥ F
N .
: - z . N1.2006
120 . E o + N2 2003
L - = kax N2 2006
g 100 & E!:’:‘ ¥ — < « N3 2003
£ og = sy Y, am, 4w « N3 2006
g 80 - 7o [es11 | 5 X e, daasle -t 7 N4 2003
g . 4P90% o of et MEP I T Ew e R < Nd 2006
o 60 - = . 2 MEFDG B0 - « N5 2003
? ERL L o 3 . « N6 2003
= e e 3 oa ‘_,r'}- + N6 2006
20 s o %,
507 S « N7 2006
0.0 T ha &t 7 . N8 2006
I o N9 2006
SROEBERRRBERORNRARREES Y Ea— . : Lostiame
2828333558883 3283985¢=¢ 0 5 10 15 20 2
Date Measured Rut Depth (mm)

Local Calibration — Verification — Check the Calibration
Remove Bias from Transfer Functions
:-: 20
g ‘lu » E
B s o i - i £ +N1_2003
§ F ; T;" E“: & A N4_2003
i .'-1' I of ] E ® N6_2009
‘% 510 N10_2009
= § N3_2012
et v g, E B,y =0.05, ms12_2012
5 " p— B2 = 0.5,
: ; ; : . ”"I‘l"‘ 225
National Calibration Local Calibration q’;" 8,_’:
i B,=0
0
0 5 10 15 20 25

Measured Total Rut Depth, mm
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Test Sections Needed!

Research Report 2013-4 @ ' OPePm
CDOT PMS Projects

et forere crutcn o prcgram e ssh{ ) 201 Ymmpcy 3 0/ st_diarmbcnc e

Transfer Function Calibration

_ Transfer Function Calibration
. Assemble pavement section data

— As-builts, traffic, climate, performance
. Generate design files
. Generate trial transfer function coefficients
. Run simulations
. Assess accuracy

. Repeat steps 3, 4, 5 until error is minimized

Tabulate Extract Ouputs
Outputs &

Need for Automation

* Many agencies working toward
implementation

* Verification, calibration and validation needed

Fatigue —Section selection and data assembly is significant

Cracking

—Very time consuming to run software
* Thousands of iterations

* Human interactionrequired
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Automation Software Selection
* Many programs available

— AutolT, AutoHotKey,
Maestro, etc...

Keyboard
\ ANYWHERE
* Three major criteria

1. Capable of recording mouse movements and keyboard
operations

Capable of creating self-contained executable for others
touse

Capable of recording absolute and relative mouse
coordinates

Automation = Coding

CUY awreems

VBA Interface

Fatigroe Woddel Calibe aticey

-
-

- T =

e B LA O

"Input Summary" Excel Spreadsheet

VEBA-based feature

Example Input File

AASHTOMEF.. |

Task Actions List Normal Edt Delete 1§ | | Copy Actiond

Flters: ¥ Mouse Moves 7 Do ¥ Obher  Windows [4 ~
EXCELEXET) Then (Watupto 3seconds -for Apphcation 1o ot

ariable “$Pojectbiums” 5

arisble “$Pojects™ Sesson: |1

wanable “SPropect FleName$™ Sesson: |1
variable “SCipboand$™ Sesson: 11

Example Output File
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Cumulative Iterations

* Fatigue cracking calibration from NCAT Test Track

— 25 sections 1
— 3 coefficients (B¢, Bty Piz)

— 11 trials / coefficient

~  25x11x11x11 = 33,275 iterations

Automated vs Manual Time Resources

" 1600
3 a
2 1400
¥ 1200
= 1000
800 (71
600 1
400 1
" I . l I
0 | L]
Tabulate
Initialize Adjust Run Extract Qutputs
Soft Calibration Soft Output and Total
ware are u
e | Coefficients e pu Compute
Statistics
Manual 277 277 832 555 555 2,496
Automated 139 139 832 139 139 1,386
W Savings 139 139 416 416 1,109

Finding the best coefficients

100000

1000

Trial Number

Summary & Conclusions

Caution must be used when using the software

— Evaluation

— Calibration

- Validation

Design simulations are very labor intensive
Automation can greatly simplify calibration studies

— 44% time savings achieved overall

* B6%achieved when considering only human interaction

Potential for fewer errors due to data entry
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Presentation 20—Harold Von Quintus and Chad Becker, ARA

Software Training

AASHTOWare Pavement ME
Design MEPDG Users Group
Meeting Denver, Colorado
October 12, 2017

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

4 ARA

Outline
1. Simulating Stabilized Bases

2. Characterization of Existing Flexible
Pavements

3. Rehabilitation Design Example; |-84 in Boise,
Idaho

4. Calibration ProcessExample

Simulating Stabilized Bases
= New Pavement Design
* AsphaltStabilized Base Mixtures;flexible pavements
* PermeableAsphaltTreated Base; flexible pavements.

* Chemically Stabilized Base Mixtures; semi-rigid pavements

= Rehabilitation Design

Simulating Stabilized Bases
= Rehabilitation Design:
* ACOverlayof Semi-Rigid Pavement
* ColdinPlace Recycled Layer
= No material added
= Asphalt emulsion added
* Full-Depth Reclamation—simulate as new pavementdesign
strategy; pavement type depends on type of stabilized
material:

Asphalt Stabilized Base

MEPDG Manual of Practice:

1. Plant mixed material; simulate as a
dense-graded AC layer.

2. Inplace mixed material; simulate as
adense-graded AC layer.

3. Cold Recycled Asphalt or RAP Layer;
simulate as an aggregate base layer;
E=30,000 psi.

Assumes the fatigue

strength coefficients
are the same as for a
dense-graded ACmix.

Only plant produced bituminous mixtures were
included in original global calibration!

Permeable Asphalt Treated Base

MEPDG Manual of Practice: “Features and Factors Not
Included within the MEPDG Process” (Chapter 3)
= Simulate as an aggregate base mixture with a constant
high modulus base, because:
* High air voids (greater than 15 percent) for PATB layers
significantly reducesthe allowable number of load applications
+ Significant biasin fatigue cracking for the SPS-1 sections with
PATB layers in comparison to the SPS-1 sections without a
PATB layer.
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Chemically Stabilized Base

= SimulationOptions:
1. Highqualityaggregate base layer; elasticmodulusremains
constantovertime.
2. Stabilized layer:
a) Elastic modulus remains constant throughout design period.

b) Elastic modulus degrades (softens) based on accumulative
damage.

Chemically Stabilized Base

Modulus of CSM
constantversusreduced

forfatigue damage.

‘o ARA

Chemically Stabilized Base

= Simulation Options, examples; GA, MS, MT:
28-Day

[ | Modulus of
28-Day Elastic | Modulus of
| Rupture, psi

Description of CTB Layer | Compressive Moduiliss, psi

| Strength, psi |

High Strength CTB (intact,
testable cores recovered)
Moderate Strength CTB
(untestable cores 500 1,000,000 200

recovered)

1,400 350

2,250,000

Semi-Rigid Pavement Simulation not
applicable; assume conventional flexible
pavement with high stiffness GAB layer.

Low Strength CTB (cores
not recovered)

Chemically Stabilized Base
= Preliminarycalibration coefficients for chemically
stabilized layers:
Description of CTB Layer | Fatigue Equation | Transfer Function

High Strength CTB (intact, JEEL{S 0.972 c1 0.0
testable cores recovered) Ke2 0.825 =2 100
and Moderate Strength

CTB (untestable cores BES =0 & Gl
recovered) Bec2 1.0 ca 2.0

Semi-Rigid Pavement Simulation not
applicable; assume conventional flexible
pavement with high stiffness GAB layer.

Low Strength CTB (cores
not recovered)

Assumes full bond between layers.

Simulating Stabilized Bases

Example demonstration and comparison of different
stabilized bases from a roadway segment west of
Amarillo, TX:

1. Asphaltstabilized base

2. Coldrecycled asphalt base; E = 30,000 psi

3. Chemically stabilized base

4. Soil-cement(modification); E=65,000 psi

Layer Type Thickness, inches

AC Wearing Surface; PG 64-28 4
Stabilized Base 6or7
Aggregate Base 4
Subgrade Soil A-2-4

Simulating Stabilized Base

Software and inputs for the chemically stabilized base for
examples.

Moderate and higher strength CSM values.

No E-value degradation with damage index.
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Simulating Stabilized Bases
Example demonstration and comparison of different
stabilized bases from a roadway segment east of

Amarillo, TX:

i —e— CSM High Strength
Layer Type Thickness, I
inchas £ —— CSM Mod Sarength
AC Wearing 4 §i 3 S0l Coment
Surface g
o s —— AT Misture
Stabilized Base Gor7 -3
mr%ate aase ‘ i — ok Rrcysied Asphalt

Subgrade Soil A-2-4

Age, yoarn

Recommendation is to assume 28-day elastic modulus and

minimum E are equal.
- ARA Ty et AP 1

Simulating Stabilized Base

= ACoverlay of semi-rigid pavement; higher strength CSM example.
|Distress Charts

mi Tot P Def

o arca) . ACtatalthermal « reflective cracking (it/mile)

AC total bottam up + reflective cracking (% lan

UL
o

Bavemant Age (years) Pavamest Ags (yaars)

Outline
1. Modeling StabilizedBases

2. Characterization of Existing Flexible
Pavements

3. Rehabilitation Design Example; -84 in Boise,
Idaho

4, Calibration Process Example

‘o ARA e i
—

Simulating Stabilized Base

AC overlay of semi-rigid pavement; higher strength
CSM example.

<+ ARA

Simulating Stabilized Base

Questions?

Characterization of Existing Flexible Pavements

= In Place Damage Determination
* Input Level 1-FWD Deflection Basins
* Input Level 2 — Distress Surveys
* InputLevel 3—Condition Categories
= Field Investigations
* Typeofcracking?
* Mixturedisintegrationor moisturedamage?
* Debonding betweenadjacentAClayers?
+ Saturated unbound layers?

o ARA
——
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Characterization of Existing Pavement Project #1
Distress Type Amount | Severity
Example demonstrations for two projects in the northern Fatigue Cracks, 26 T
part (colder climate) of the U.S.: percent
1. Low severity fatigue cracks (25 percent) with a cold in place :trj:ﬁ‘_'em adc 0 5
recycled asphaltbase alonga primary arterial to be repaired. RO T T
*  Motransversecracks
*  Average rut depths less than 0.25inches
2. High severitylongitudinal cracking (12 percent) with an asphalt AC Wearing Surface 1.5
stabilized base (CIR with an emulsion) along a secondary arterial AC Leveling Course 2.0
roadway to be repaired. Cold in Place Recycled; 7.25
+  Transverse cracks exhibited at an amount of 500 ft./mi. nothing added; mixed in place
+  Average rut depths less than 0.35 inches 4-inch Aggregate Base & A-3 22
Embankment
Subgrade Soil A-2-4
B BT :

Project #1 Project #1
AC Layers E, psi Air Voids AC
AC Wearing Surface 2,600,000 7.5 11.7
"m P Dw Software demonstration and use for
ol i Reia: AGO/p0] S 137 comparing rehabilitation input level 1 and 2.
nothing added; mixed in
place
A-3 Embankment, elevated 26,000 6 128
Subgrade Soil, A-2-4 29,000 10 125

Project #1 Project #1
Rehab. Input Level 1 Rehab. Input Level 2 .
= 1w = 11 Cracking confined to about
- e i % depth of the wearing

BB

surface.

Milling and nonstructural
overlay was the repair
option.

TR (in/mi)

EkE

8 &8

t 3

should you use?

] T
1 Age (youry

we cracking (% lane area)

- £
4 .29
in jmememmamm———
R rd
o i 1
g1
g /
oeo| ° /
I L D H

Bavament Age (ysars)

143




AASHTO Pavement ME Users Group Meetings

Second Annual Meeting — Denver
Oct 11-12, 2017

Project #2
Fatigue Cracks, 12 Moderate
percent
Transverse Cracks, 500 Moderate
ft./mi.
Rut Depth, inches 0.35 NA

Layer Type Thickness

AC Wearing Surface 1.75

AC Leveling Course 1.0

Cold in Place Recycled; nothing added; mixed in place 55

A-3 Embankment 18

Subgrade Soil A4
‘'ARA

Project #2

Software demonstration and use for
comparing rehabilitation input level 1 and 2.

4+ ARA
e

Project #2

Cracking extends through all layers and CIR bottom layer is
disintegrating. Selected optionisto reconstruct.

Project #2

E,psi | AirVoids | AC
AC Wearing Surface 425,000 5.5 10.0
AC Leveling Course 5.5 10.0
Cold in Place Recycled; HF- 161,000 9.8 10.5
150 Emulsion added; mixed

in place

A-3 Embankment, elevated 24,000 11.5 125
Subgrade Soil, A-2-4 18,000 14 124

o ARA d

Project #2
Rehab. Input Level 1 Rehab. Input Level 2

L D
e lrapei)

.ul(lntllhnﬂnmlln‘_rv :t-. So which one_ShOUId youuse‘?_ re cracking (% lane area)

)

s
b

.
i
i
H
i
i
i
H
H
'
H
i
i
H
i
1
H
H
i
i
i
i
H
i
H
H

Fatigus Cracking (W)

Fatsgwn Craching [

\\

i I H T 1 T i
Bavemess Ays (yeset) | Byvement Agefvasrsh

|¢. .
g SITTITY

Characterization of Existing Flexible Pavements

Questions?
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Outline
1. Modeling StabilizedBases

2. Characterization of Existing Flexible
Pavements

3. Rehabilitation Design Example; |-84 in Boise,
Idaho

4. Calibration Process Example

1-84 Rehabilitation; Boise, Idaho

Portion of interstate
where cores found to be
intact in reasonably
good condition.

Layer Thick.

Asphalt Concrete 10
Crushed Gravel Base 9
A-4 Subgrade Soil

Portion of interstate
where coresbrokeapart ¢
and found to be in poor

condition.

1-84 Rehabilitation; Boise, Idaho
L 2 3 4
Description Baseline Thin Mill Deep Mill Deep Mill,
Overlay Thicker Overlay
2 2 2 2
0 3 4.8 4.8
6 3 4.8 6.0
10 7 5.2 5.2
126.0 120.2
Total Rut Depth, inches 0.33 0.29
Total AC Fatigue Cracking, % total 14.6
erse Cracking, ft./mi. 1289
own Cracking, for 690
20+
<+ ARA " d

1-84 Rehabilitation; Boise, Idaho
= Surface Condition: severe P e e e
transverse and longitudinal
cracks and moderate fatigue
cracking.
= FWD Deflection Basin Testing
= Destructive Sampling: cores
recovered to observe
condition of differentlayers.
= RehabilitationDesign-
Demonstration

1-84 Rehabilitation; Boise, Idaho
Example rehabilitation design demonstration using the

restrictions for project.

= BcTdemonstration
= Pavement ME file set up.

+ARA

|1-84 Rehabilitation; Boise, Idaho
5 6 £
Description Deep Mill, Deep Mill, Thicker  Daep Mill, Overlay
Overlay Overlay with Interlaver
Rehabilitation Input Level to determine i 1 1
the in place damage.
Surface Preparation, Mill Depth, inches 4.8 4.8 4.8
Overlay Thickness, inches 4.8 6.8 4.8 plus interlayer
g AC layer Remaining 52 5.2 5.2
Terminal IR, in./mi. 118 1226
Total Rut Depth, inches 0.25 0.26
Total AC Fatigue Cracking, % total lane 14.2
area
Total Transverse Cracking, ft./mi. 1291 1302
AC Top-Down Cracking, for information 229 307
purposes, ft./mi.
= 20+ 16.0
‘& ARA " s =
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|1-84 Rehabilitation; Boise, Idaho

Questions?

Calibration

Discussion on Wednesday identified concerns and
issues related to calibration and Pavement ME use
relative to material characterization.

First, how do the global and local calibration coefficients
compare between different agencies?

1. Rut depth
2. Bottom-up fatigue cracking
3. Transverse cracking

Calibration: Fatigue Cracking Coefficients
Layer or Material | Coefficient Global
Values  [EVERORH Range of Values
Specific
AC; fatigue Kfl 0.007566 v 0.007566 to 0.000757
strengthiy BfL 1.0 0.96 to 249.0
relationship o SE0E N
Bf2 1.0 \f 0.724t0 1.0
Kf3 1.281 |l
Bf3 1.0 0.60t0 1.233
Transfer Function c1 1.0 0.07t0 2.2
(v 1.0 W 0.225 to 4.35
c3 6,000
& ARA &

Outline
1. Modeling StabilizedBases

2. Characterization of Existing Flexible
Pavements

3. Rehabilitation Design Example; 1-84 in Boise,
Idaho

4. Calibration Process Example

Calibration: Rut Depth Coefficients
Layer or Material | Coefficient Global
ALl Material  Range of Values
Specific
AC Krl -3.35412 v -2.45 to -3.354
Brl 1.0 v 0.51t01.48
Kr2 1.5606 N
Br2 1.0 0.86217 to 1.15
Kr3 0.4791 0.28 to 0.4792
Br3 1.0 0.90 to 1.35392
Coarse-Grained Ks2 2.03 1.673to 2.03
Material Bs2 1.0 i 0.0t0 1.0
Fine-Grained Soil Ksl 1.35
Bsl 1.0 v 0.0to 1.53

Calibration: Transverse Cracking Coefficients

Layer or Material | Coefficient Global Local Values

Al Material  Range of Values
Specific
e Kel 15 0.625 to 50
Kt2 0.5 0.625 to 50
Kt3 15 0.625 to 50

Result or key take away:

+ Alot of variation between and within the global and
local calibrationcoefficients.

+ Why?




AASHTO Pavement ME Users Group Meetings

Second Annual Meeting — Denver
Oct 11-12, 2017

Calibration: Points/Question being Considered
Global calibration based on using:
1. Neat AC mixtures designed via Marshall or Hveem;
does this make a difference?
2. Few projects included RAP; when high RAP added,
are the coefficientsapplicable?

3. Many sections had low levels of distress; do not just
add sections with higher levels of distress — refer to
GDOT.

4. Coefficients were assumed to be independent of
other factors; this is not the case.

5. Etc.

Calibration <3 N 1 i1
025 {—1—1—1
. r4 +—4
Comparison of gf.i }

predicted versus 3 014
measured rut depths
using E* measured
values and input level
3.

012 3 4567809
Age, years (Alsbama SPS-6)

Rut Depth, inches

0 1 2 3 48 6T 8 %

Age, years (Alabama SP5-0603)

Calibration

Comparison of
predicted versus
measured rut depths
using E* measured
values and input level

o 2 4 & L] 10
Age, years (Mississippl)

3. '
08 ¢ —— -
0s
i
g 03 ¢
02
; 0.1
o
0 2 4 & L] 10
Mo i ot
Age, years (Mississippi 0505) Do, M5 258
+-ARA &
—

Calibration

Second, what are the material characterization tests
that should be considered for flexible and semi-rigid
pavements to increase accuracy?

Dynamic modulus is being performed on many
mixtures. Is this sufficient?

= Pennsylvania DOT
Colorado DOT

= Mississippi

= Etc.

h—

Calibration

Comparison of
predicted versus
measured rut depths
using E* measured
values and input level
3.

»— hipral tevmee

o 2 4 8 8 10
T
Age, years (Mississippi 0504) o WS0504

- - — W Ak IRpt
Calibration Lo}

— HOUSH, Input
Lewl 1

Comparison of predicted S
versus measured rut Lt

depths using E* e

measured values and ST TN ¢ pemrsons
input level 3. '

Age, pears [Montana 0507)
<+ ARA -
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Calibration

— Kaloursh, bpat
Level 1, E*

o, Inpet

Comparison of
predicted versus
measured rut
depths using E*
measured values

Rut Depth, inches

O Meavured Rut
Depths.

] 2 4 6 8

and input level 3.
04
035
é 03

025
£ 02
E 015

01
2005
0

2 3 4 ] 8 7 8
Age, years (Wisconsin 0113)

_&-ERH e =

Calibration

Third, material characterization or testing is important — is
it cost effective?

o-ARA 1 aoriled et o

Calibration

HMA Overlay Project

Trigger Valu Re ty < - 5
e lirerr ot Small P{::ect, < I:tel:m;;[ate Large Project,
i roject Size

S5M
e B/C>1.0 B/C>10
95
I
] B/C>10
B/C>1.0 e
]
B/C=>1.0

The shaded cells have B/C ratios less than o

-+ ARA 1 soriled et =
—

Calibration

=0=Michigan =—f—Texas =—t+=Wyoming =>=Virginia

100000000
10000000 -

S ARA e -

Calibration

Trigger Value, Rel

Small Project, Intermediate Large Project,
hi Level,
o e lioks <S$1IM Project Size S5M
75
0.25 85 B/C>1.0 B-C>1.0 B-C>1.0
95
75
B/C>1.0 B-C>1.0 B-C>1.0

B/C>1.0 HESL

The shaded cells have B, s less than one.

Results a

——

Calibration

Take away:

= Only measuring E* will not significantly increase the accuracy of
the predicted values for both rut depth and fatigue cracking.

= My opinion: tests used to predict cracking will be more cost
effective than for rut depth.

—
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Calibration

Fourth; many times of Wednesday, uncalibrated model
was mentioned — is this true?

= Additional question to be asked prior to starting local calibration:
how do the global calibration sections differ from local design
strategies, materials, and standard operating practices?

Take away:

= Verification can be veryimportantto guide if and how calibration
proceeds.

Recalibration Effort: Simple but very Complex

- What we have now:

+ Current global calibration coefficients (k-values) are a combination
of lab-derived and field-shift values.

* One set of field-derived calibration coefficients are applicable to all material
conditions for a specific design strategy.

+ New mixtures — no consistent or formal procedure to convert lab-
derived values to field-shifted values.

- What we need to simplify future calibration efforts:
+ Start with lab-derived k-values; select global values from lab studies.
+ Determine the field-shift coefficients or B values.

+ Assumption: field-shift coefficients are applicable to all future
mixtures.

Recalibration Effort: Simple but very Complex

K-values defined by lab
results.

B-valuesdefined from
field.

Calibration

= Fifth, automatedcalibration—what does this mean?

= Sixth, managing calibration—when doesit need to be done?

- Remember:
* PCC hasbeen calibrated on three occasions at the global level.
* ACwasonly calibrated once at the global level.

* Local calibration guide suggests, 5 to 10 year interval.
= WMA = does this make a difference?
= High RAP and RAS mixes — do these make a difference?

Recalibration Effort: Simple but very Complex

Currently, K-values area
combination of lab and
field results.

Recalibration of Flexible and Semi-Rigid Pavements

= Completed in accordance with the Guide for the Local
Calibrationofthe Mechanistic-Empirical PavementDesign
Guide,dated November 2010.

= Verifyand update the global calibration coefficients of the
flexible and semi-rigid pavement transfer function
coefficients.

= Calibrationdatabase for flexible and semi-rigid pavements
being turned over to AASHTO.
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Calibration Process

The k-values are dependent on the mixture
and test procedure. Are the B values
dependent on the primary tiers of the

sampling matrix or factorial?

= Definewhatisimportant

= Sampling matrix for selecting sites

= Numberofsectionsand number of observations
= Magnitudeofdistress

Recalibration of Flexible and Semi-Rigid Pavements

Sampling matrix for selecting calibration sites; other factors.
Factor Level

6to10 10to 15 >15inches
Without RAP | Low amounts of RAP, < 20%' With high RAP, > 35%
Neat Polymer Modified
Truck Traffic;
rek Tratie 500t01,500 | 1,500 to 3,000 >3,000
AADTT
High Hi
Fine-Grained, roeit o erceisn:a o Coarse-
high plasticity | low plasticity B ) age |p g Grained
silt sand
Dry-No
Dry-Freeze | Wet-Freeze Wet-No Freeze
Freeze

Recalibration Effort: Simple but Complex

Specific points of recalibration:

1. Climate
= MERRA database being used.
= Climate start date coincides with construction date.
2. Unboundmaterialproperty, resilientmodulus
= Use laboratory equivalent moduli because resilient modulus test
data available for most test sections.
= Water content and dry density coincide with resilient modulus.

3. Initial IRl backcasted
4, ACairvoids backcasted

Recalibration of Flexible and Semi-Rigid Pavements

Sampling matrix for selecting calibration sites; Pavement Structures.

New AC Overlays of Flexible| AC Overlays of | AC Overlays of Rigid
Construction Pavement Semi-Rigid Pavements

1. AC over AC without 1. AC over intact JPCP

1.C ti | i 1. AC AC 2 .
onventiona interlayers with:‘;ir without interlayer
interlayers ZAC i:e:;f:mr Jech
2. Deep- 2. AC over AC with 2. AC over AC SATEERE
Strength interlayer/seal coat winterlayer/seal 3. AC over intact CRCP
coat

3. Full-Depth 3. Hot in place recycling tACoverfractured

IPCP; SP5-6
4. Semi-Rigid 4. AC over CIPR
5. Full-Depth
Reclamation
ARA

Calibration Process

= Flexible Pavements

= Semi-Rigid Pavements; chemically stabilized mixtures
= Distresses

* Bottom-Up Fatigue Cracking

+ Total RutDepth

* Transverse Cracking

+ ReflectionCracking(transverse andfatigue cracking)
Roughness or smoothness degradation —IRI

-+ ARA
—

Recalibration of Flexible and Semi-Rigid Pavements

Transverse
cracking: using
the global
calibration
values

NOTE: Measured
transverse cracks greater

than 2,500 ft./mi.
eliminated from database.

—— Tk TR S e S e e e

o ARA
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Recalibration of Flexible and Semi-Rigid Pavements

Transverse cracking 2 NP TS TN

dependent on: Truck <100,000 100,000to >3,000,000
= Trucktraffic Traffic 3,000,000
= ACthickness Bias -56 -190 -394
* Temperatureor  EELER <6 8to12 > 13
climate Bias 120 262 154
Bias = Pred. — Obser.
MAAT <50 50 to 60 >60
Bias 112 -257 271

Result, Transverse Cracking Calibration Coefficient:

= Dependentontrucktraffic.; alsoreported for SPS-8 experiment.
= Dependentonclimate

= Mechanism accounts for thickness effect.

F A Pragristary o7

Recalibration of Flexible and Semi-Rigid Pavements

e — tigeon. (evies]

Transverse cracking
calibration coefficient j g

dependent on: 13 ]

= Temperature or climate j )

:

£

factors

* Mean annual air 1
temperature -

+ Freezingindex
= Blue circle designates a N
different mechanism 2 St danet
causingtransverse cracksin
warmer climates —
shrinkage?

}J

4 ARA 1015 Apokedhecrathiodst "

Recalibration of Flexible and Semi-Rigid Pavements
5 wn

Transverse cracking i

prediction examples: j
5 0 o
s S
@ + . S o nx rl [
H 1303 T .°%° x,)!”y 0¥ g .
E oo G b & X e 1000 L]
£ e B .5 xX g ; . s
;gL ] i
! E . & - ~ °° 0

et s i o g o T
bt

Recalibration of Flexible and Semi-Rigid Pavements

¥ = 0.3561x+ 84,61

RT=01142

Transverse
cracking: using

preliminary
calibration
values

racking. ft./m

Predicted Trans

0 §F- -

NOTE: Measured By o
transverse cracks greater L“ TR ; _
than 2,500 ft./mi. 0 100 i .

eliminated from database.

e—

Recalibration of Flexible and Semi-Rigid Pavements

Transverse cracking calibration coefficient dependent on

Annual Air temperature.
Temp K Coefficient k coefficient Bias
=70 60 k= 0.55 349

65 to 69 40 k=0.85 107.4
60 to 64 20 k=1.5 12.9
55to 59 4 k=3 -133.6
50 to 54 i} k=4 -134.1
45 to 49 1.5 k=20 -109.3
40 to 44 0.85 k=40 343
<40 0.55 k =60 21.8

Preliminarystandarderroris high (623 ft./mi.), because model
does not include all mechanisms causing transverse cracks.

Rutting: using = |
the global 2
calibration 3|

values ' .

< ARA POTT ey il P n
e
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Recalibration of Flexible and Semi-Rigid Pavements
Effect of Unbound Material/Soil Type of Rut Depth Residual Errors

A-1-a & A-1-b A-2-4 to A-2-7

A-b to A-7

Recalibration of Flexible and Semi-Rigid Pavements Recalibration of Flexible and Semi-Rigid Pavements
Rut depth dependent on: Bias = Pred. — Obser. Rut depth dependent on: Bias = Pred. — Observ.
S R
Truck Traffic <200,000 200,000 to 500,000 to >1,000,000 Binder/Mix Type Penetration Based Viscosity Based  Superpave PG Based
S09,000; | 20000900 Bias 0.079 0.127 0554
Bias 0.0712 0.0957 0.108 032
AC Thick <b 6to9 9to13 >13
Bias 0.237 0.298 0.088 0.010
MAAT <50 50to 60 60 to 70 =70
Bias 0.099 0.064 0.233 0.281
Result, Rut Depth Calibration Coefficient:
= Dependentontrucktraffic = Dependenton soil type
= Dependentonclimate * Dependenton base type
= DependentonACthickness = Dependenton mixtype
e

Recalibration of Flexible and Semi-Rigid Pavements

Effect of Unbound Material/Soil Type of Rut Depth Residual Errors
Pen Based

Viscosity Based

PG Based

a

Recalibration of Flexible and Semi-Rigid Pavements

Rut depth:
using

preliminary

calibration
values

4 Total Rutting, in

#

Recalibration of Flexible and Semi-Rigid Pavements
Extensive interrelationship between parameters within LTPP.
Rut Depth calibration HMA Rutting Coefficient value
coefficientdependenton LS 3204
% K2 1.5606
material. X3 03
Unbound Material K values
Adjustment Global K Revised K
Type Classification Factor Value Value
Fine A-7-6 0.5 1.35 0.637
Fine A6 0.5 1.35 0.637
Combined A-2-4, A-2-5, A-2-7, A-4 0.5 2.03 0.958
Coarse A-3 0.35 2.03 0.671
Coarse A-1-a, A-1-b 05 2.03 0.958
4 ARA B Aot T e ™
e
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Recalibration of Flexible and Semi-Rigid Pavements Recalibration of Flexible and Semi-Rigid Pavements
) ——
Rut depth prediction D i . Bottom-Up g
examples: § - r’j x fatigue cracking: | :
using the global = °
g calibration 1
oIS e e values
i« P g ] 3
P rﬂdf
0 o g ;nga e‘a 4 i -
R ek -;
! "' oo e i s PR

Bottom-Up
fatigue cracking: -
using preliminary | :
calibration values = :

redicted Bottom-Up F

Recalibration of Flexible and Semi-Rigid Pavements Recalibration of Flexible and Semi-Rigid Pavements
Bottom-Up fatigue cracking g 2 o .tk bas Bottom-Up fatigue cracking Y u
calibration coefficient: i s calibration coefficient 2 %‘ o
[T f1° &y A $oom Sy
- i dependent on: i % ,
! - 2 33 1o »Q" A = ACThickness } = * o
E WEr HERY =%a '] 32 a
; R ] ¥ - o Td % o
i ‘ £ At peae o ] i
_ e B s IR
- s

b T L i i ! ] -

- aeg B

S 3 i. e i. SleR" la | o
0 1. ' : i wd® b :
i " o o = e : g oafly  ° vor
i. L I s " . a
—— ' ore B "

it g i e o oo

+ ARA 1 -+ ARA el

Recalibration of Flexible and Semi-Rigid Pavements
] 2 + i

T !

1 ;3 {

L2 '
Bottom-Up fatigue 1} -
cracking prediction  §
examples: i

g
I
]2
I =
T4
f///
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Recalibration of Flexible and Semi-Rigid Pavements

Issue — Bottom-Up or Top-Down Cracking?

= Typeof fatigue cracks are unknownin LTPP database

= Allareafatigue cracks are assumed to be bottom-up fatigue
cracks.

= After top-downcracking modelintegrated into Pavement
ME —will the bottom-up cracking need to be revised?
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Presentation 21—Kevin Hall, University of Arkansas

MEPDG/Pavement-ME: Future Directions (?)

Kevin Hall

University of Arkansas
kdhall@uark.edu

Review: Cracking Models & Transfer Functions
for flexible pavements (primarily load-related)

Reflection cracking o 4

Key Questions:#1 n

Curious Philosophy: ‘

The ‘design’ approach in the MEPDG focuses on managing the
failure of the pavement —rather than seeking to avoid failure...

In the context of asphalt cracking, is it desired to
continue to predict the extent of cracking — or —
attempt to prevent cracking?

ﬁg
e

Our Discussion Today...
* The Future: Key Questions and
Possible Directions

* Use a specific context to illustrate
global thinking: for today, our context
will be flexible pavement cracking

CAUTION: This pl ion is d

d to be pr
pro-voc-a-tive adjective

1.causing annoyance, anger, or another strong reaction, especially deliberately
Powered by Oxford Dicton. .

Review: Cracking Models & Transfer Functions
for flexible pavements (primarily load-related)
Cracking
Designation Status Mixture Properties
* Nochanges or enhancements; = Fatigue strength from flexural
I none planned for the short-term beam fatigue test
. X = Fracture properties (?17)
Top-Down B e to s (estimated through models
changes anticipated (NCHRP 1-52) based on E*77)
= MNochanges to date; = Indirect tensile strength
::;‘r:;:r] need for changes identified * Indirect tensile creep
P (leng-term) compliance
e * Major enhancements in Version 2.2 * Fracture properties (estimated
with M-E) through models based on E*)
<
=) Y

Example Recommendations: “

“Preventing” Fatigue Cracking wottom up)

+ Improve ‘perpetual pavement design’ within Pavement-
ME Design®
o Endurance limit predictive equation - NCHRP 9-44
o Incorporate the endurance limit for all analyses

+ Improve guidance in the MEPDG Manual... regarding
perpetual pavement
o Mix type selection for layers within a perpetual
pavement cross-section
o Material properties for layers within the cross-section

< %
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Key Questions: #2

Is it important and/or desirable to model all forms of
load-related cracking using the same general
approach and/or mechanistic basis?

e.g. Asphalt Cracking:

* Reflection: fracture

« Top-Down: regression—but, moving to (?) fracture
* Bottom-up: bending/flexure

Key Questions: #3

Is itimportant and/or desirable to integrate, more fully,
asphalt mixture characterization between the
processes for asphalt mixture design and flexible
pavement structuraldesign?

For example, should performance-related tests used
for asphalt mixture design yield material properties
which are also used in structural design models?

A
Srga™

=)

Recap: Key Questions in the local context... H

Is it important and/or desirable to model
all forms of load-related cracking using
the same general approach and/or
mechanistic basis?l

I

Long-Term 1/

| Near-Term Mid-Term

Is it important and/or desirable to
integrate, more fully, asphalt mixture
characterization between the

1
In the context of asphalt
cracking, is it desired to
continue to predict the extent of

cracking - or - attempt to processes for asphalt mixture
¢ King? design and flexible pavement
prevent cracking structural design?

For example, should performance-
related tests used for asphalt
mixture design yield material
properties which are also used in
structural design models?

:

g™

Example Recommendations: H

Common Basis for Asphalt Cracking Models

« Develop and implement a fracture-based bottom-
up fatigue cracking model
o Pursue a fracture-based model form similar to

that used for reflection cracking and is
anticipated for top-down cracking.
Ensure that any new fatigue cracking model is
compatible with the concepts of perpetual
pavementdesign.

+ Seek, insofar as possible, to link the requirements
for material characterization — so that (insofar as
possible) a single characterization ‘feeds’ all
cracking performance models directly.

4
;" : ﬁ)’ #@

Example Recommendations: H

Integrating Asphalt Structural and Mixture Design

Develop/refine Visco-Elastic Continuum Damage (VECD) design

procedures

« Sfreamline laboratory testing and data analysis procedures for
“Simplified” VECD (or S-VECD) in the context of asphalt mixture design;

+ Refine and expand structural pavement design procedures contained in
the Linear VECD (or LVECD) program.

Publish global calibration metrics for the LVECD design system;
Provide procedures for executing local calibration  studies.

Produce a comprehensive pavement design guide based on the
LVCED system.

«  Support FHWA PRS Efforts
FlexMAT™  FlexPAVE™, PASSFlex™

A
Srae™

Key Questions in the GLOBAL context... H

Can we better ‘link’ our approach(es)/bases
for similar distress mechanisms - and
suk tly str line required materials

characterization?

| Near-Term Mid-Term

Long-Term
I '
“Design” philosophy: is it Can we directly link materials
desired to continue to predict design and ch 1 ion
pavement distress - or - with structural design /

pt to prevent distress? distress mechanisms?

[Bonus Question: What is thenext BIG thing?

In other words...will we continue to ‘tweak’ Pavement-ME into the
foreseeable future? What does its "next generation” look like?

<
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 ®d

| hope the goal was accomplished:

CAUTION: This p ion is designed to be pro

pro-voc-a-tive adjective

1.causing annoyance, anger, or another strong reaction, especially deliberately
Powered by Cifiond Dictionnnes

THANK YOU!!!

(Now, discuss...)

e
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