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NOTE

This circular was developed from Workshop 143, Flexible Pavement Design Sensitivity Analysis
with Mechanistic—Empirical Pavement Design Guide, held at the Transportation Research
Board’s 89th Annual Meeting in January 2010. The seven workshop presentations were provided
by the workshop’s moderator, Leslie Myers McCarthy, Villanova University, who also wrote an

introduction to the material.




I ntroduction

LESLIE MYERSMCCARTHY
Villanova University

his workshop was developed to provide information for transportation agencies in the

process of, or considering the implementation of, the interim AASHTO Mechanistic—
Empirical Pavement Design Guide (MEPDG). The workshop shared experiences from
transportation agencies that have performed various sensitivity analyses using the MEPDG
software, primarily related to flexible pavement analysis. The goal for the workshop was to
communicate which input factors are important to the final pavement designs, so that agencies
can focus their research accordingly during the implementation process.



Sensitivity Analysisfor Flexible Pavement Design Using the
M echanistic-Empirical Pavement Design Guide

LESLIE MYERSMCCARTHY
JIANG LIANG
Villanova University

Over the last few years, transportation agencies have had the opportunity to use AASHTO’s
interim Mechanistic—-Empirical Pavement Design Guide (MEPDG) software. This software
allows users to assess the impacts of traffic, climate, materials properties, etc. on the predicted
pavement performance. Several transportation agencies have begun the process of implementing
the design process. However, many agencies are just starting the implementation process or are
waiting to see the results from other states. As such, the TRB Flexible Pavement Design
(AFD60) committee requested assistance from state agencies in collecting and disseminating
information and results related to sensitivity analysis of flexible pavement designs performed by
transportation agencies. A survey similar to the FHWA MEPDG survey used earlier in the
decade was circulated via electronic mail during the summer of 2009. The survey questions and
summary of responses are provided in this circular.

Overall, there were a total of 52 agencies that participated in the study, including 48 out
of the 50 U.S. states. The other agencies were District of Columbia Department of
Transportation, Puerto Rico, FHWA Federal Lands Division, and Ontario Ministry of
Transportation. A remarkable response rate of 98% was attained.

GENERAL QUESTIONS

Question 1 asked each agency about their level of involvement with the interim AASHTO
MEPDG (see Figure 1). Note that each agency was allowed to select all choices that were
applicable. Workshops or presentations have been attended in the last 5 years by 46 of the
agencies, comprising 53% of responses. Joint Task Force on Pavements or NCHRP panels were
participated in by 22 of the agencies, and 17 agencies have participated as a member of the Lead
State Group. Only a couple of agencies fall into the category of “heard the term, but knew very
little” about the interim AASHTO MEPDG.

Question 2 asked agencies what design procedure was currently being used for flexible
pavements in their state (see Figure 2). Each agency could select multiple answers. The design
procedure specified by AASHTO 1993 was used by 27 of the agencies, and AASHTO 1972 was
used by seven of the agencies. None of the agencies that participated in the survey used
AASHTO 1986. Individual state design procedures were used by nine of the agencies. A
combination of AASHTO and a state procedure was used by 12 agencies. A combination of
AASHTO 1972/86/93 and MEPDG procedure was used by six agencies. Only two agencies used
a combination of a state procedure and the MEPDG procedure.

2
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2%

a. Heard the term, but know little

mh. Attended workshops/presentations in last 5 years

Hc. Participated in JTFP or NCHRP panel

md. Participated as member of Lead State Group

FIGURE 1 Responsesto Survey Question 1.

Hma. AASHTO 1972
mh. AASHTO 1986
Hc. AASHTO 1993
Bd. Individual State design procedure

me. Combination of AASHTO & State
procedure

f. Combination of AASHTO 1972/86/93
and MEPDG procedure

mg. Combination of State procedure and
MEPDG procedure

FIGURE 2 Responsesto Survey Question 2.
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Question 3 asked whether the agency currently had an implementation plan in place for
MEPDG. The majority of the agencies (62%) did have a plan in place, while 38% of the agencies
did not already have an implementation plan.

Question 4 asked whether the agency currently had a local calibration plan in place for
MEPDG. About half of the agencies (54%) did, while 46% of respondents did not.

Question 5 asked how the agency would describe its receptiveness to adopting the
MEPDG (see Figure 3). A total of 13 agencies were completely in favor of adopting MEPDG. Of
the 59 total responses to the question, 32% were interested but still needed additional confidence
in accuracy of predictions, while 22% were interested but needed to identify appropriate
applications for its use. Eight agencies were neutral and wanted to see how other agencies were
implementing it before they invested their time and resources. Five agencies were not ready to
adopt MEPDG until it comes out as a complete AASHTO (postinterim) product. One agency
was not receptive to adopting MEPDG.

Question 6 queried agencies as to how they were currently using MEPDG (see Figure 4).
Agencies were able to select more than one response Of the 76 responses, 7% were using
MEPDG for routine flexible pavement designs, 17% were using MEPDG for a few unique
flexible pavement designs, 9% were using MEPDG for evaluating and setting calibration factors,
and 24% were using MEPDG for forensic or exploratory analysis purposes. A total of 36% of the
respondents were not using MEPDG for designs but were evaluating it for calibration factors,
analysis, etc. The study found that 8% of respondents were not using or evaluating MEPDG at
all.

2%

Ba. Yes, allforit

mh. Yes, interested but still need additional
confidence in accuracy of predictions

Hc.  Yes, interested but still need to identify
appropriate applications for its use

md. Neutral - want to see how other
agencies are implementing it before
investing our time/resources

Ee. No, notuntil it comes out as a
complete AASHTO (post-interim) product

f. No, not at all for it

FIGURE 3 Responsesto Survey Question 5.
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Ha. Using MEPDG for routine flexible
pavement designs

mb. Using MEPDG for a few unique flexible
pavement designs

mc.  Using MEPDG for evaluating and
setting calibration factors

md. Using MEPDG for forensic or
exploratory analysis purposes

He. Notusing MEPDG for designs, but
evaluating it for calibration factors, analysis,
etc.

f.  Notusing or evaluating MEPDG at all

FIGURE 4 Responsesto Survey Question 6.

Most agencies were collecting some sort of information for use in MEPDG, whether it
was collecting traffic data, geotech data, pavement management data, compiling materials
properties catalogs for typical asphalt mixes used in the state, or performing materials tests in
laboratories. Only six of the agencies were currently not collecting any data for use in MEPDG.
Question 7 showed that out of the 154 responses, 22% were compiling a materials properties
catalog for typical asphalt mixes used in the state, 21% were performing materials tests (dynamic
modulus, dynamic shear rheometer, indirect tensile test, etc.) in the laboratory, 21% were
collecting traffic data (specific sites, traffic data catalog, etc.), 17% were collecting geotech data
(specific sites, soils data catalog, etc.), and 15% were collecting pavement management data
(specific sites, pavement management system data catalog, etc.) for rehabilitation design in
MEPDG (see Figure 5).

In Question 8, agencies reported on how they were conducting implementation activities
for MEPDG (see Figure 6). Many agencies were doing multiple activities. Of the 88 total
responses, 22% of agencies were doing research and implementation activities internally, while
16% were doing these activities as a “pooled effort” with other agencies. About 38% of
responses indicated a joint effort between the agency and consultant or university contracts,
while 17% are completely contracting these activities out to consultants or a university. Florida
and Oklahoma Departments of Transportation (DOT) have research and implementation
activities conducted as a partnership between the agency and industry partners (i.e., paving
contractors, state Asphalt Paving Association, etc.). Alabama, Colorado, Florida, Kansas, and
Oregon reported that they also conduct research and implementation activities through
partnerships between agency, university, consultants, and industry.
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ma. Compiling materials properties "catalog"
for typical asphalt mixes used in your State

mbh. Performing materials tests (dynamic
modulus, DSR, Indirect Tensile test, etc.) in
laboratory

mc. Traffic data collection (specific sites, traffic
data "catalog", etc.)

Bmd. Geotech data collection (specific sites,
soils data "catalog”, etc.) or laboratory testing

me. Pavement management data collection
(specific sites, PMS data "catalog", etc.) for
rehab design in MEPDG

f.  Not currently collecting any data for use in
MEPDG

FIGURE 5 Responsesto Survey Question 7.

Ma. Research and implementation ectivities
done internally

mbh. Research and implementation activities
done as "pooled effort” with other agencies

Bc. Research and implementation activities
done internally at agency and contracted to
Consultants or University

Bd. Research and implementation activities
cantracted to Consultants or University

Me. Research and implementation activities
pertnership between agency and Industry
(Paving Contractors, State asphalt paving
association, etc.)

f.  Reseerch andimplementation activities
partnership between
agency, University/Consultants, and Industry

FIGURE 6 Responsesto Survey Question 8.
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PAVEMENT SPECIFIC QUESTIONS
Question 9

Agencies were asked to provide a brief description of what they have done in terms of hot-mix
asphalt (HMA) testing (mix, binder) for MEPDG. At the time of the query, 19% had not done
any HMA testing while 81% of respondents had various ongoing projects that included HMA
testing (see Table 1).

Detailed examples from states are summarized and presented in the following sections.

Colorado

Colorado DOT reported it is in the process of collecting values for resilient modulus, tensile
strength, creep compliance, effective asphalt content, air voids, aggregate specific gravity,
gradation, unit weight, and voids filled for mix properties on new HMA projects constructed in
2009. Colorado DOT planned on collecting data on the performance grade (PG), complex shear
modulus, phase angle, and Brookfield viscosity for binder properties on projects constructed in
2009. In addition, Colorado DOT is obtaining values for the backcalculated layer modulus,
resilient modulus, unit weight, asphalt content gradation, air voids, and asphalt cement content
on in-place HMA.

Georgia

Georgia DOT reported that it completed research work entitled Determination of Georgia DOT
Design Inputs for ME Pavement Design. The research objectives were to measure the dynamic
modulus of commonly used Superpave® (SP) and stone matrix asphalt (SMA) mixes, measure
the resilient modulus of typical soils and aggregate base course materials, compare measured
moduli with default MEPDG for a range of subgrade and aggregate base materials, and evaluate
the sensitivity of the MEPDG and Per ROAD Design Software to changes in HMA moduli. The
research conclusions were that the MEPDG Level 3 inputs for resilient modulus of soils and
aggregates tested were significantly higher than values obtained from test results, use of actual

TABLE 1 HMA Testing Practices of Responding Agencies

I mplementation Practice Agencies
Superpave mix design Alabama, Illinois
Varied research projects Alaska, New Hampshire, Oklahoma, South
Carolina, Wisconsin
Working with E* (dynamic modulus) information Arkansas, Connecticut, Hawaii, Idaho, Illinois,

Towa, Maine, Missouri, Nebraska, Nevada, New
Hampshire, New Jersey, New Mexico, North
Carolina, Oklahoma, Oregon, Virginia

Binder Testing Arkansas, Arizona
Mechanistic—empirical pavement design calibration California, South Dakota
Collecting mix property values on HMA and/or binder Colorado, Montana, New Jersey, Ohio,

Washington State, West Virginia, Wyoming

Characterizing paving mixes Kansas, Louisiana, Mississippi
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materials properties resulted in significantly greater structures being recommended than when
default values were used, and the dynamic modulus may not adequately capture the improved
performance experienced with polymer modified SP and SMA mixes. A design could not be
determined at 90% reliability for one of the scenarios of this study, revealing a limitation of the
software. National default values were used to compare a pavement structure designed using
MEPDG to the current Georgia DOT design method as part of a presentation. The structural
thickness derived from the AASHTO-state procedure is typical of in-service pavements in
Georgia experiencing high traffic volumes and high truck percentages with no significant
distresses. The structural thickness used in the last trial was approximately 67% greater than that
of the structural thickness derived from the AASHTO-state procedure and never satisfactorily
converged to a solution at the specified reliability (90% was used). Excessive rutting was being
predicted as the failure mechanism, but Georgia pavements rarely rut to failure.

Hawaii

About 80 lab prepared/lab-compacted mix specimens have been tested for dynamic modulus
(E*) and permanent deformation, including variations in air voids and asphalt content for two
gradations and three binder types. A few other tests were performed with plant mix and
laboratory-compacted specimens. Beam fatigue testing of unmodified and polymer-modified
asphalt (PMA) mixes have also been performed on several dozen specimens. Dynamic shear
rheometer (DSR) testing has been performed, including determination of dynamic shear moduls
(G*) and phase angle (0), as well as repeated creep-recovery tests for unmodified and polymer-
modified asphalts. Brookfield viscosity testing has also been performed. Software was developed
for development of master curves (outside MEPDG) to develop the inputs for MEPDG
simulations in some extreme cases of interest for research (such as mixes with very high air
voids, which have very low moduli at high temperatures and low frequencies). The software is
able to obtain the information to meet the requirements in MEPDG and still obtain the same
master curve. The software also has a module for permanent deformation analysis, which
automates the flow number determination (using an approach developed by their research), trims
the data above the flow number, computes the permanent-to-resilient strain ratio (€y/€) as a
function of number of cycles (N), and finally fits a power model to the resultant curve. The
results from the permanent deformation tests have then been used to alter some of the calibration
parameters for permanent deformation to account for some effects of interest, such as the use of
polymer-modified asphalt.

New Mexico

A research proposal has been submitted for next fiscal year. Since New Mexico DOT will soon
have the dynamic modulus testing equipment in fall 2009. Statewide soils will be catalogued by
resilient modulus. Statewide asphalt mixes will be catalogued for E*. A research project is
currently underway to develop the MEPDG database. A research proposal has been submitted to
look at endurance limits of asphalt.
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Oklahoma

Universities in Oklahoma are conducting research on dynamic modulus and binder properties.
They have two instrumented sections at National Center for Asphalt Technology evaluating
perpetual pavement concepts, and they are participating in pooled fund studies evaluating warm
mix asphalt, increased recycled HMA, and the use of shingles in asphalt. They also have an
instrumented section on I-35 evaluating minimal HMA thickness on an unbound aggregate base.

South Dakota

South Dakota Research Project on HMA and Subgrade Material: Mechanistic-Empirical
Pavement Design: Materials Testing of Resilient and Dynamic Modulus Study SD2008-10.
Project objectives include obtaining resilient modulus and dynamic modulus values for
construction materials on HMA paving projects through tests performed with a simple
performance tester (SPT) at South Dakota School of Mines and Technology (SDSM&T) to
correlate, calibrate, and validate these results from the new SPT through comparative analyses
with similar work performed at the UNR for the South Dakota DOT. Another objective is to
obtain resilient modulus and dynamic modulus values of construction materials through tests
performed with the SPT at SDSM&T on other HMA paving projects and typical soil types
around the state to validate resultant data relative to the criteria defined for mechanistic—
empirical pavement design processes and ultimate incorporation of the data into a mechanistic—
empirical pavement design database. The last objective is to gain an assessment, jointly with
South Dakota DOT Technical Implementation Group, on the possible need for acquisition of
SPT or other materials testing equipment by the department.

Utah

In Utah, a number of projects were tracked by their field performance and compared to predicted
performance. Local calibration factors were produced. All of these projects were in the category
of long-term pavement performance (LTPP) type materials. The agency also sought high-
modulus HMA and subgrade designs and predicted thin structure performance with the MEPDG.
These highly stiffened mixes were tested at the Western Superpave Center using controlled-
stress tests beginning with the initial stress set, so as to produce less than 50 microstrain. These
mixes produced very good resistance to fatigue. When installed in the field, all of the thin
pavement designs failed in fatigue and thermal cracking. This experience has made Utah DOT
uncertain about relying only on a stiffness model to predict fatigue performance. The agency also
contracted with a consultant to run a sensitivity analysis on binder stiffness, and found that
within a single grade and relatively insensitive to change in binder stiffness through one or even
two grades.

Question 10
In Question 10, agencies were asked whether the flexible pavement designs were sensitive to the

changes made in the software, as compared to the national defaults in the program, based on the
agency’s HMA testing results. Of the 52 agencies, 69% have not yet done sensitivity evaluation,
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while 31% had the evaluation done and reported a difference. Some extended responses have
been provided below as examples.

Hawaii

Hawaii DOT reported that in its experience, the guide was not sensitive to the use of polymer-
modified asphalt when only E* values from dynamic modulus testing were considered. Since
mixes prepared with polymer-modified asphalt have moduli that under some conditions are
lower than the moduli of mixes with unmodified asphalts, the unmodified mixes were predicted
to perform better. Based on their fatigue tests, the polymer-modified asphalt mixes also had
between 30 to 50% longer fatigue life than the unmodified mixes. Thus, it is also giving some
credit (conservatively) to polymer-modified asphalt mixes by adjusting the k; parameter in the
fatigue model.

Kentucky

They have performed some informal sensitivity studies considering the range of values for
asphalt mixture volumetric properties. Preliminarily, they have concluded that gradation
variations for base mixtures do not significantly affect pavement performance as predicted by
MEPDG. There is continuing evaluation on other volumetrics and properties of asphalt mixes
produced in Kentucky.

Missouri

Missouri DOT reported that its primary finding from in-service pavement section data used in
the local calibration study verified the suspected bias in the total rutting models. The model was
recalibrated to eliminate the bias to the extent possible. The dynamic modulus test results
confirmed the accuracy of the Witzcak correlation model using volumetrics, gradations, and
asphalt cement content. This led them to believe it may not have to perform comprehensive E*
testing on all of its mixes.

Montana

Generally, Montana’s pavement deterioration rate is slower than the rest of the nation. This
results in its local calibration factors predicting less pavement distress when compared to the
national default values.

New Jersey

Flexible pavement designs conducted with collected asphalt input properties were only found to
be significantly different with respect to top-down cracking. Pavement rutting and bottom-up
cracking were not found to be significantly different. Based on the MEPDG evaluations
conducted, thermal cracking has yet to be seen in any of the simulations conducted in MEPDG.
Precision analysis research was also conducted with respect to the dynamic modulus test. Eight
different laboratories tested six different samples, three samples of a 9.5-mm mix and three
samples of a 25-mm mix. Both mixes contained a PG 64-22 asphalt binder. Extremely large
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variations in the modulus values were found between the eight different laboratories. However,
only large differences in the top-down cracking were found in the MEPDG simulations, with
minor variations found in the rutting and bottom-up cracking.

Oregon

The research was performed on HMA mixtures without recycled asphalt pavement (RAP)
material. However, a large majority of Oregon DOT projects use 20% and up to 30% RAP in the
mixture. Therefore, the current direction has been to use the MEPDG defaults and perform the
design at Level 3.

Utah

Based on LTPP type projects, national standards were quite close to observed performance by
UDOT. When looking at highly stiffened mix designs, performance was well below national
standards. When observing mixes produced with elastomeric modifiers, pavements outperformed
nearly twice the national calibrated standards.

Washington Sate

Washington State DOT has conducted very detailed sensitivity analysis on structure thickness
design, material properties of all layers and soil, climate stations (national or statewide), and
traffic inputs. The results matched well with Washington State DOT expectations and indicated
that the MEPDG pavement distress models are reasonable.

Question 11

Question 11 asked whether the agency intended to incorporate the testing results into the
MEPDG software by modifying the material performance models. Many of the agencies
mentioned that it was difficult to estimate at the time and a more concrete answer would likely
depend on the results of current research. General statistics on this question include that 39% of
the agencies won’t modify material performance models, 29% reported that it’s too early to
decide, and 32% modified (or will modify) material performance. Some detailed answers to
Question 11 are shown below.

Hawaii

At this point, one of its major uses for the guide would be for analysis of alternatives (polymer-
modified asphalt versus unmodified mixes, asphalt-treated base versus recycled foamed asphalt
base, etc.). Although it is recognized that MEPDG is not calibrated for some of the previous
combinations, it is a tool that (with careful analysis of its inputs and calibration factors) can
provide estimates of potential differences between alternatives. It would also like to incorporate
other research results related to the permanent deformation of recycled materials as well as some
testing (dynamic modulus, permanent deformation, etc.) for mixes of RAP, foamed asphalt, and
cement.
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Mississippi

The calibration factors will be modified using the HMA test data. A consultant will be hired to
perform this task. Mississippi DOT is still gathering requisite construction and materials data for
the selected pavement management analysis sections being used for calibrating the performance
models.

New Jersey

The local calibration that was recently initiated will incorporate materials sampled at the asphalt
plant to help modify the material performance models. It is envisioned that different performance
models will most likely be required for asphalt materials containing a PG 64-22 and a PG 76-22.
This will most likely be the case NCHRP projects 9-30A (rutting) and 1-42A (top-down
cracking) are finalized and implemented in MEPDG.

Oregon

Oregon DOT is working toward better definition of mix properties by participating in a pooled-
fund study for the use of the SPT. Anticipated delivery of equipment is 2010 and it is also
collecting data on the binder grade of the production of HMA mixtures (including RAP), for
warm-mix asphalt, and some existing aged pavements.

Washington Sate

Washington State DOT calibrated the MEPDG flexible pavement portion in 2008 on Version 1.0
of the software, and the rigid pavement part in 2005 on Version 0.603 of the software. Both
calibrations were conducted for new pavement designs, but not for pavement rehabilitation.

Question 12

Question 12 asked the agencies what materials they typically use for flexible pavements and
provided the option to check multiple answers (see Figure 7). Of the 161 total responses, 30% of
respondents use dense-graded mixes with less than 20% RAP and 16% use dense graded mixes
with more than 20% RAP. About 14% use stone matrix asphalt and gap-graded mixes or
substitute gap-graded mixes, and the same percent use open-graded mixes. The survey revealed
that 26% use modified asphalt binders in any mix.

As an example, Arizona DOT is just finalizing their RAP specifications, which will allow
a maximum of 25% RAP. It may assign to RAP the same structural coefficient as used for new
asphalt concrete (AC). However, this process has not been finalized. Its rubber-modified AC mix
(known as AR-AC) is a gap-graded mix. Its widely used friction courses, regular mix (AR-AC),
and rubber-modified mix (AR-ACFC), are both open-graded. Its rubberized mixes (ARAC and
AR-ACFC) contain rubber-modified binders (virgin binder and about 20% crumb rubber hot-
mixed). It also uses the Terminal Blend (TR+) binders that are modified with a minimum of 8%
crumb rubber and 2% SBS polymer in regular dense-graded and open-graded mixes.

The last question queried agencies as to whether they would include the materials from
Question 12 in the MEPDG implementation plan. A total of 43 agencies responded affirmatively.
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Ha. Dense graded mixes with less than
20% RAP

mb. Dense graded mixes with more
than 20% RAP

Hc. Stone matrix asphalt and/or gap
graded mixes

Bd. Opengraded mixes

me. Modified asphalt binders in any
mix

FIGURE 7 Responsesto Survey Question 12.
SUMMARY

e Just about all states are receptive and have knowledge of MEPDG. However, only
62% have an implementation plan in place for it.

e A lot of agencies were interested in adopting MEPDG, (76%) but far less were
completely in favor of adopting it (22%).

e While almost every agency was collecting supplementary information for use in
MEPDG and logistically conducting research and implementation activities for MEPDG, 43% of
the agencies were not currently using MEPDG for designs.



Summary of Mechanistic-Empirical Pavement Design Guide
Regional User-Group M eetings

MICHAEL HEITZMAN
National Center for Asphalt Technology

In 2007, nine states in the north-central region proposed to meet and share their expertise,
challenges and accomplishments toward successful implementation of the Mechanistic—
Empirical Pavement Design Guide (MEPDG). FHWA'’s Design Guide Implementation Team
(DGIT) agreed to sponsor the meeting, and the National Center for Asphalt Technology (NCAT)
and the Concrete Preservations Technology (CPTech) Center facilitated the February 2008 2-day
event. Based on the success of the north-central meeting, FHWA’s DGIT sponsored four
additional regional meetings in late 2008 and early 2009 to cover the balance of the country.

All five meetings were planned independently, but a common agenda emerged. Each
meeting started with a general overview of individual states’ MEPDG implementation plans. The
second session examined general implementation issues, like “how to calibrate” the performance
models (empirical transfer functions) and “how to coordinate” the effort of multiple department
of transportation (DOT) offices. The third session allowed the participants to examine more
specific technical details regarding traffic and material inputs. The meeting ended with a
discussion of software limitations and regional challenges and opportunities.

The limitations, challenges, and opportunities identified by the participants were divided
into nine general topics:

Traffic—getting quality traffic data is a struggle for most agencies;
Materials—most states are building materials data libraries;
Climate—more climate files are needed to adequately cover each state;
Performance models—research efforts are underway to improve the models;

5. Rehabilitation—effort is needed to improve the use of falling weight deflectometer
(FWD) and pavement management system (PMS) data;

6. Pavement management—most PMS lack adequate data for MEPDG input;

7. Resources and training—support from management is essential, but varies;

8. Software—improve flexible design run time and access to output data; and

9. Sensitivity and reliability—share studies and improve the reliability approach.

=

Specific asphalt topics discussed at the regional meetings were building materials
databases, improving the performance models, and the need for better materials and flexible
pavement design expertise at the agency level.

Implementation of MEPDG will be slow for most states. Some are waiting for
AASHTO’s DARWin ME version before initiating their plans. It is clear that the agencies will
need to develop databases for the MEPDG inputs to successfully use it. The performance models
will continue to improve. Implementation of MEPDG for new construction will precede its use
for pavement rehabilitation.

14



Heitzman

Summary of MEPDG
Regional User-Group
Meetings

Michael Heitzman, NCAT
Tom Cackler, CPTech Ctr
Gary Crawford, FHWA DGIT

(e
TRS 2010 Werkshop 143 Pexitee Pavement Design Sensvily Analyeis win MEPDG T

A AVIAS GNERKITY

15
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Mexin

Workshop Schedule

» North-Central
— February 19-20, 2008, lowa
* North-East
= December 18-19, 2008, New Jersey
» North-West
—March 9-10, 2009, Oregon
» South-West
— March 23-24, 2009, Nevada
» South-East .
—March 25-26, 2009, Tennessee T

P

Common Agenda

« Day-1 1:00 PM - 8:00 PM
— General Implementation Plan Overviews
— General Technical Issues

» Day-2 8:00 AM-2:00 PM
— Detailed Technical Issues
— Closing and Future Direction
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Closing and Future Direction

» Regional challenges and barriers
+ |dentify specific MEPDG limitations and issues
* Need for regional pooled fund studies

Challenges, Limitations and Regional Studies

Topic NW | SW | NC | SE | NE
Traffic X | X | x| X
Materials X X | X | X | X
Climate X X
Performance Models X X | X | X

Rehabilitation X X | x| x| x
Pavement Management X X x X
Resources / Training X X | X | x| X
Software X | X | X[ X
Sensitivity / Reliability X | X | X | X

Challenges, Limitations and Regional Studies

Topic NW | SW | NC | SE | NE
Traffic X [ x| x| X

» Getting traffic data

+» Quality of traffic data

» Weigh-in-motion (WIM)
» Regional database

» Software interface

Challenges, Limitations and Regional Studies

Topic NW | SW|NC| SE |NE

Materials X X | x| x| x

+ Getting materials data
« Non-standard materials
* Recycled materials

» Regional database

» Test standardization
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Challenges, Limitations and Regional Studies

Topic NW | SW | NC | SE | NE

Climate X X

* \Verify the EICM
* More climate files ¥
« Better climate files - -

17

Challenges, Limitations and Regional Studies

Topic NW | SW|NC | SE | NE

Performance Models X x| x| X

* Improve HMA rutting model
* Improve HMA fatigue model
* Improve HMA T-crack model
» Model for thin HMA

» Calibration on regional data
* Other models

Challenges, Limitations and Regional Studies

Challenges, Limitations and Regional Studies

Topic NW | SW |NC| SE |NE

Topic NW | SW |NC | SE |NE

Rehabilitation X | X | x| x| X

Pavement Management X X X | X

* FWD input - back calculation g
» Reflective cracking models
» Using PMS data

+ Lack of performance data

* Modify PMS databases /
+ Improve PMS data collection f

+ Top-down cracking

+ Regional data for calibration
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Challenges, Limitations and Regional Studies

Topic NW | SW|NC | SE | NE

Resources / Training X | x| X | x| X

* Funding for implementation
* Funding for improvements
» Agency staff experience

* Training

» Regional collaboration

Challenges, Limitations and Regional Studies

Topic NW | SW|NC | SE | NE

Software X | X | X | X

*Flexible pavement run time
«Stress & strain output
*Access to software code

Challenges, Limitations and Regional
Studies

Topic NW | SW |NC | SE |NE

Sensitivity / Reliability X | X | X | X

+ Sharing sensitivity studies
» Improve the approach to reliability

\/Q

Challenges, Limitations and Regional Studies

Topic NW | SW | NC | SE | NE
Traffic X | x| x| X
Materials X | X | X | X | X
Climate X X
Performance Models X X | X | X

Rehabilitation X X | X | X | X
Pavement Management x| X X [ X
Resources [ Training X | X | X | X | X
Software X | X | x| X
Sensitivity / Reliability X X X | X
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Asphalt topics

+ Developing materials databases
- Mix properties with RAP
- Mixes with modified binders
- Lab performance measures (E*, FN)
* Improving performance models
- New construction (rutting, fatigue, T-cracking)
— Rehabilitation (reflective cracking)
* Resources / training
= HMA materials expertise
- Flexible pavement design expertise
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Proceedings of the
North-Central States
M-E PDG User Group Meeting

This document caplures the information shared by the nine
north-central States on M-E PDG implemeniation efforts.

The meeting was held in Ames, lowa on February 19-20, 2008.

Will be available through FHWA DGIT, NCAT, and CPTech Cir

‘E ot
0 AUBLRA CRAUBLAT

Summary

+ Implementation will be slow for most States

+ DARWin ME ver 2.0 January 2011

» States need data to use MEPDG

» Performance prediction models will continue
to improve

» Pavement rehabilitation implementation will
lag new construction implementation




Calibration of Rutting Models for

Hot-Mix Asphalt Structural and Mix Design
Update on NCHRP Project 9-30A

HAROLD VON QUINTUS
Applied Research Associates

his presentation includes an overview and comparison of different rut depth transfer

functions that were included in a modified version of the Mechanistic-Empirical Pavement
Design Guide (MEPDG) software identified as Version 9-30A, prepared under NCHRP project
9-30A. The presentation was grouped into four areas: (1) overview of the project objectives and
rut depth transfer functions, (2) comparison of predicted and measured rut depths using the
different transfer functions, (3) assessment and effectiveness of the transfer functions, and (4) a
summary of the observations and findings from the project. The five rut depth transfer functions
that were investigated and compared in the study included

1. MEPDG elastic vertical strain—temperature transfer function (included in Version 1.0
of MEPDG) and the NCHRP 1-40B mixture adjustment parameters based on mixture volumetric
properties;
2. WesTrack shear strain, shear stress transfer function;
3. Verstraeten deviator stress transfer function;
4. Asphalt Institute elastic vertical strain, deviator stress-temperature transfer function; and
5. Modified Leahy elastic vertical strain, deviator stress transfer function.

Three laboratory tests were used to determine the permanent deformation parameters and
inputs to the above transfer functions. These tests included: dynamic modulus test, confined
repeated load triaxial test, and the repeated load constant height shear test. Results from these
tests were used to determine the field adjusted values in terms of the exponents and coefficients
to the above transfer functions. The rut depths were predicted using the field calibrated values for
each transfer function. The assessment and effectiveness of the rut depth transfer functions were
determined from a benefit—cost analysis. A summary of the benefit—cost analysis was included in
the presentation for different threshold values of rut depths, reliability levels, and size of project.
The final part of the presentation was a listing and overview of the observations and findings
from the data, which included

1. Confined repeated load triaxial tests were recommended for the plastic vertical strain
and deviator stress based transfer functions.

2. Repeated load permanent deformation tests (both triaxial and shear tests) significantly
reduced the bias and error for the transfer functions, suggesting a benefit to conduct laboratory
tests. It was found that dynamic modulus testing by itself did not significantly reduce the bias
and error.

3. The shear and vertical strain—based transfer functions can be used with similar
accuracy after calibration.

4. All calibrated rut depth transfer functions were found to provide reasonably accurate
prediction of the measured rut depths and the evolution of rutting.

5. The benefit—cost analyses found that the reduced error based on repeated load tests
was cost effective, or the benefit exceeded the cost of testing.

20
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Update on NCHRP 9-30A

Harold L. Von Quintus, P.E.

TRB Annual Meeting
Session #143
January 10, 2010

ARRELYY
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NCHRP 9-30A
Calibration of Rutting Models
for HMA Structural & Mix
Design

ARASRIY.
]

Outline

1.Overview of Project & Rut Depth
Transfer Functions

2.Predicted & Measured Rut Depths

3.Assessment & Effectiveness of Transfer
Functions

4.Summary: Observations & Findings

Draft final report will be
submitted next month.

Project Objective

Recommend revisions to the HMA rut depth
transfer function in the MEPDG software.
% Short-term revisions.
EHFother rut depth transfer functions
HComputational methodology

* Longer-term revisions — Advanced mechanistic-
based prediction system.
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Rut Depth Transfer Functions from
Facilitated Workshop

. MEPDG—Elastic Strain/Temp. Equation

. NCHRP 1-40B Mix Adjustment Parameters

. WesTrack—Shear Strain & Stress Equation

. Verstraeten—Deviator Stress Equation

. Asphalt Institute—Elastic Strain & Deviator Stress
Equation (Original Leahy Equation)

6. Modified Leahy Model—Elastic Strain & Deviator

Stress Equation

W b b R e

MEPDG 9-
30A
Version

Biah
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MEPDG HMA Rut Depth
Transfer Functions:
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WesTrack Mod. Leahy
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Dynamic Modulus Testing

e ] i
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Data Interpretation: Predicted
and Measured Rut Depths

Calibration completed in accordance with the
NCHRP 1-40B Local Calibration Guide

P
ARACE] T
w

Repeated Load Testing
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Field Calibrated Values
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Summary of Benefit/Cost Analysis Mixture Assessment to Rutting
Trigger | Reliab. HMA Overlay Project @ (Good Futing Resatance ® Poor Ruting Besatance
Value, | Level, |small Project, | Medium Large Poly. (Good Rutting Resistance) — = Puly. (Poor Rutting Resstanca)
in. % <$1M  |Size Project | Project, $5M
R T 1 I
025 | 75 s -l | .
5 15 Poor Rutting 1
85 B/C>1.0 3% T~ % Resiszance
95 BIC>1.0 3¢ 2 | ‘g:@
' & 35 4+— Good Rutting
0.5 75 B/C>1.0 B/C=1.0 B/C=1.0 E g e s
% wr ||
95 £ 55
015 02 025 03 035 04 045 05 055 06
075 ;2 BIC>1.0 BIC>1.0 B/C>1.0 e e e T e
95
Summary Observations
1. Use confinement — important for plastic vertical
Su mma ry strain & deviator stress transfer functions,
. . : 2. Repeated load permanent deformation tests
Observation 5/ Findin gs and (vertical strain and shear strain) significantly
reduces bias and error.
F INna I Re po rt — Modulus differences alone do not adequately
explain differences in rutting.
3. Shear and vertical strain transfer functions can be
used with similar accuracy after calibration.
e -
ARALFT.
B
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Summary Observations

4. All calibrated rut depth transfer functions
were found to provide reasonably accurate
predictions of the measured rut depths
(evolution of rutting).

5. Benefit/Cost Analysis — The benefit of
reduced error for repeated load testing
exceeds the cost of testing.
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Sengitivity Analysis as Decision Support Tool for
Missouri Department of Transportation MEPDG I mplementation

JAGANNATH MALLELA
Applied Research Associates

JOHN DONAHUE
Missouri Department of Transportation

he general intent of this presentation is to overview the concepts of sensitivity analysis and

applications of the results in guiding decisions during state-specific implementation of
AASHTO’s interim Mechanistic—Empirical Pavement Design Guide (MEPDG). The results
from the sensitivity studies performed during the local calibration of the MEPDG models for the
Missouri Department of Transportation (DOT) are specifically referenced. The presentation
underscores the importance of sensitivity analysis as a decision support tool in locally calibrating
the MEPDG performance models and illustrates an approach for setting up a successful
sensitivity study. Results from the sensitivity analysis conducted for new jointed plain concrete
pavements and asphalt concrete pavements are presented. In addition, a discussion of how the
results were used by Missouri DOT was provided that included

e Assessing the quality of the prediction models and model deficiencies,

e Identifying factors that contribute most to the output variability,

e Assessing the impact of Missouri DOT—specific site and design inputs on key design
types and distress types of interest,

e Identifying the region in the space of input factors for which the model variation is
maximum, and

e Selecting the appropriate input level to characterize key inputs.
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Mallela and Donahue

SENSITIVITY ANALYSIS AS A
DECISION SUPPORT TOOL IN
MISSOURI DOT’s MEPDG
IMPLEMENTATION

89" Annual Meeting
Transportation Research Board
Washington DC

January 10, 2010

Jagannath Mallela, ARA, Inc. %
John Donahue, P.E., Missouri DOT
J ,INC.
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——
Definition

Sensitivity analysis is the study of how the variation
I_uncertalnty} in the output of a mathematical model can be

pportioned, ﬁualnameﬁy or quantitatively, to different
soun:es of variation in the input of a el

-Cacuci , 2005

+ARA o e

—
Application of Sensitivity Analysis

m Sensitivity analysis was used to identify
e Quality of the model definition

¢ Factors that mostly contribute to the output
vanability

¢ The region in the space of input factors for which
the model vanation is maximum

« Optimal - or instability - regions within the space of
factors for use in a subsequent calibration study

e |nteractions behween factors

+ ARA i
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e
MEPDG Model Sensitivity Studies—
Important Considerations

m Is it needed?
m How is it done?
m How to use results?

+Hm Wapandng thy By sin of Fonsaty

L
Is it Needed?

m Sensitivity is a part of model development

» Extensive sensitivity and model verification runs
performed during MEPDG development

m Sensitivity analysis still needed to verify
» Model behavior over local factor space
+ |dentify local calibration issues

#nm [T T S——
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MEPDG Sensitivity Analysis
Approach
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——
Parameters Selected for Analysis

m Site factors m Design/Maternials factors
* Climaie » HMA thickness (base
= Construction month only}
« Water table depth =« Asphalt binder type
o Subgrade type {surface layer only)
. =« Asphalt binder content {all

3
Toanlc layers)
e AC Jir voids at
ﬁ construction (all layers)

Important to consider parameter
interactions inasmuch as possible

T
?nm [ e B o g8 P

e —
Model Sensitivity—Global Models
3 ] 2\

AligatorCracking, percent
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Recap: Observations Needing
Further Action

m Alligator cracking

» Very sensitive when thickness is less than 10
inches; otherwise low sensitivity

m Rutting

# Thickness sensitivity not intuitive; highly sensitive
for HMA thickness less than 14 in

m Thermal cracking
* Not very sensitive to inputs

gtpered investigation of default inputsfunctions to determine
mpu more detalled dependency studies of models, local
calibration where performance data were available.

L
HMA Creep Compliance
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Model Sensitivity—Post Calibration
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—
Summary

m Sensitivity analysis was successfully used to

= Quality of the prediction models and model
deficiencies

» Factors that contribute most to the output varnability

= The region in the space of input factors for which
the model variation is maximum

» Selecting the appropnate input level to characterize
key inputs

m Other uses
« Design criteria and refiability levels
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New Jersey’s Effortsto Implement the
M echanistic-Empirical Pavement Design Guide

YUSUF MEHTA
Rowan University

THOMAS BENNERT
Rutgers University

he presentation provided an overview of the effort conducted by the State of New Jersey

towards implementation of the AASHTO Mechanistic-Empirical Pavement Design Guide
(MEPDG). New Jersey Department of Transportation is one of the lead states in implementing
MEPDG. Leading up to the implementation, Rutgers University conducted an extensive
evaluation of the materials in the state of New Jersey and developed a materials database. The
database included resilient modulus of subgrades and base—subbase materials. In addition, a
dynamic modulus database of mixtures was also developed. Rutgers University assisted in
conducting Design Guide Implementation Workshops. Beginning fall 2008, Rowan University
conducted Level 3 input verification of all distresses. Rowan University also calibrated and
validated the fatigue cracking model based on 29 field pavement sections in New Jersey. Then a
pavement catalog was developed in the form of a user-friendly Microsoft Access database. This
catalog will help to identify candidate pavement structures that will meet failure criteria during
the design life, based on MEDPG Level 3 inputs.
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New Jersey's Effort to Implement
the MEPDG

Yusuf Mehta, Ph.D., P.E.

Thomas Bennert, Ph.D.

Rutgers University

Implementing MEPDG in
New Jersey - Overview

= Materials Input Databases

v PCE
= MEPCHG Training Classes
DGIT Materials Input Class

« DHGIT Traffic Input Class

« In-hiniie Training for and Conduleants
* |nitiating Levcal Calibrathon sites (started Fall 200%)

« Primarity focusing on fexible rehabiiation first

= Asphalt ower asphait (5 Sites Selected)

« Asphalt over PCC (B Locations Planned for 2010)

39

MEPDG Materials Inputs — Unbound
Materials
¢ Resibent Modubus (M)
b+ Used to define the stress.state dependent properties of
urbound materials (subgrade soils and base/subbase
e
» Testing conducted i accordance with LTFF Test Protocol
P46

* Final results described as material specific cosfficents (k;, ks,
and k) i the MEPDG Resilient Modulues Equation

e (e, )
M, =kip,[—] [i+lJ
F, 5

N*a

Unbound Materials
* Subgrade Seils
+ Sampled 10 different subjrade soils prominent in Mew
Jersey
+ Compacted in lab to densities simulating field conditions
+ Tested at optemeam moistune content. optamam « 2%, and
optienam - 1%
* Base/Subbaze Aggregates
+ Sampled base (dense graded aggregate base course -
DGABC) and subbiase (bank run river graved — KIDOT 1-3)
from three difierent quarries
+ Sampled recycled concrete (RCA) and recyched azphalt
paverment (RAF) Trom two suppliers
+ Warsed pradation to determass ibusnce of MIDOT specifcaness
© Al condutibd CER, parmantibty Srehe 5o 10tk erisis]
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Resilient Modulus Prediction Evaluation

¢ Evaliated predaction =
SGUITIORL Il-unud!l’m.ﬂﬂ
LTFR data for baze/ssbh = -

spgregates and subprade z -nwt'-- ==
soils [ Tam and Vom Cluints, 1 -
00, FHWARD.0Z-051) T

-

Gangral by was :mﬁl.‘l;r

But found after shight local
calibratan P'r\l-ﬂiud valosi
rratched msasured valse:
wall for aggregates better
than subprade soils

E
i

oxbiEn Eeaallf il

HMA Materials Catalog

¥ Collected 12 plant produced miooet

-

from across state :‘g-:.nt

produced salected so ts of AP

mciaded

# Dymamis madeiug (E°) Setarmansd
usng modifed procedure with AMPT
(Enaguist whd Christenies TRR 191%;
Bannvert s Vo'iame TE

b Darssase prreraied o voe wel
F‘LIFDG (e dae gl g — "Lewsl
187

b Doawbass a'id widd 1 evabeata YWiinak
Frecicoos Eqmnon wad M Mods!
¢ Craep Complonce and Low Temp IDT
concipcted on selecoed surfice course
LTy
Asphalt binder propertes | e
:.nghlgmnmnﬂ] datermined for
‘IE,.P:“ stphalt binders suppled o
st

Dynamic Modulus Prediction Equations

-

By Pt (e 1 -~
=y -

LLE ] e RE ] B

= Both predicion eguabons
proviaed GO0 COMDANSoNL

= Wimczah slighfy better Fan
Hirsch at intermedate and
oW temps

= Hrgh Biber 8 highsr lemps

MEPDG Training
b May 1005 - hoated DGIT Teamn and
Mazwrials inpust Cowrze
b Annandess NJDOT aad eher consulancs
» Jung 2006 - herted sand condusted
rifracher clazs an Materak Inpue
Course
b Astendest NJDOT iad eher confulianti
* August 2007 - bosted DGIT Traffic
Inpaurts course
v Amandesr NJDOT pnd ghar sorsubants
r February 1009 - conducted Materials
Inpart Course at MIDOT
v Amendess NJDOT and M) FHWA
FEpTESENLIIES

1™ wse of HHA Matera's Catalog dering
OUTSE
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Regional Calibration of Distress Models

b T — ertabliahed tert pection
for HMA ower HMA
b llermiben seliedted
i P s cmbound mareny mdila
v R — §° TR i),
bl i
v Tralic dhin = portsbla WEANE for
diems paciac dic
L Dﬁﬂ-h—l—-mlll—

'ﬂ-umh!-ﬂ ¥
i casmae bries wma—ad =

¥ M0 = sxtablahing test sectons
for HMHA ovar PO
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Verification of asphalt
concrete performance
prediction using level 2 and
level 3 inputs

» To evaluate the accuracy of the
pav ment pe ormance
? ed in the state c?f Ne
rsey W|th level 2 and level 3

inputs

Measured and predicted performance for

25 sections

[Rrarpr— T P eialieses g = 9%y be DRy

Abpnred CUACEIRG (o b 35 L4l LOoCAtan T

Sensitivity Analysis and
Calibration of the
Alligator Cracking Model
Using Regional Data
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2 & il Numbar of data | Parcant of sections
Calibration sections Validation section bﬂ::nm';!:dﬂd podnts
___and predicted
mgs R;ﬁ;f;; Gireater than 15 % [ 7E
Route 23  (LTPP 1030) Route 15 M {LTPP 1003] 10 - 15% 6 5
Roube 139 W Route 64 5 5 -1t 14 11.7
Route 1-195 W (LTPP 0508) | Boute I-195 E (LTPP 1011) s 51 =3
Route 202 5 (LTPP 1033} Route 95 5 (LTPR 6057)
Route 35 5 Howte 70 W Percent Difference brtween Valus of Measured Data
Rouba 31 5 Route 31 5 maasured and predicted (% of alligates cracking)
Route 20 N Route 29 N
Route 33 5 Route 29 Groabes than 15 % 05k
Route 55 N (LTP? 1638) Route 55 5 (LTPP 1034)
Route 55 N (LTPP 1031) Route 9 5 10 = 15% 5]
Roul W Route 322 W
Route 49 W Rouke 70 E §-itn g-12
Route 20 E
a0 3 .
Design Limit Comparison with other Studies
25 Vabuaes Bafore Walses afver Calbraton
=i rlon
?H- Sample Size = 120 Sranes Ba |Be [Ba | € 2, Be | Ba | €0 | &
= Bata values:
L] =i, =094, -
f1s B0SL D% hmia MorthCarclia | 1 | 1 | 1 | @ 1 BERIRE
g (Muthad, ot al,
000
Rl ER— IR I RN E
} (®ang et 3 D007}
= 54 ‘ ‘ Witzerain N R ] 1 1 I l
(Halbwia 4 i 200K)
n~—— Waikngon R T
Average Measured Cracking  Avarage Pradicted Cracking Li 2 4L 00%)
Bl iy 1 I i ] [ 1 o) LT i l
{Dur Soady)
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NJDOT Pavement Catalog

» ACCESS program

b Inputs
v MajorfArterial Road
v County/RouteMilepost
» ESALs
v Diynamic Modulus

¢ BowundUnbound Liyers

» Qutputs
» Adligator Cracking
¢ Longitudinal Cracking
v Transverse Cracking
» AL Rutting
v IR1

o e s ﬂ‘

g

§
b
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Data

ivaLe (mtliora)

¥ Over 700 routes
¥ Oiver 34,500
combinations

» Failure Limit/year

Database Features

¢ User friendly
Database

» Help Screens
¥ Quick Results
¢ Easy to Add Data

¢ Printable Report

g kbad b 1k nalenr AL 0 Thes s s
Flilp= ST e Rud wiw@u bl {5

Amil= = 1=1 i
ERaly o Topuevsls Simgle Al Lo
AADT = Avessqe Ansvesl Dydy Tialfl { TowRurh
I + Trwl Fasae PALs Traaa)
iy drptm ks




Hawali’s Effortsto Implement the
M echanistic-Empirical Pavement Design Guide

ADRIAN R. ARCHILLA
University of Hawaii

his presentation includes an overview of several efforts directed to aid in the implementation

of the AASHTO Mechanistic—-Empirical Pavement Design Guide (MEPDG) in the state of
Hawaii. The presentation discusses a few issues with existing software designed for
manipulating traffic loading information (TRAFLOAD). An important problem identified is that
in some situations the derived number of axles per vehicle is erroneous. A summary of research
aimed at developing models for characterization of pavement material behavior, including
unbound materials and hot-mix asphalt (HMA), is provided. In addition, the presentation also
discusses some locally developed pavement management system (PMS) tools that could provide
useful information for the local calibration of the MEPDG.

Hawaii's efforts to implement
the MEPDG

TRE 89th Annual Meeting Werkshep:

Flexible Pavement Design Sensitivity Analysis with
Mechanistic-Empirical Pavement Design Guide

Dr. Adrian Ricardo Archilla
Azsociate Professor
University of Hawaii at Manoa
January 10, 2010
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of Transportation (HDOT) in cooperation with the
Federal Highway Administration (FHWA) is greatly
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= The contents of this presentation reflect the
presenter's views, who is responsible for the facts
and accuracy of the data presented herein

Main efforts to date

1. Traffic loading input
+ Dervalion of MAF_ALT. and rummber of 2088 per vehicle
2. Material characterization
o HALA Synamic moduiE model and permanent ceceTaton modes
+  Redlbent mOdulit MOJEE 100 TN Graned Lols 30 Imted (Raracenzalion
O S0XIE PO MAErE 35 BOME PR FUONELNE
3. Development of PMS lools with polential relevance
to M:F‘DG calilrraticn

Deveoprment of 3 Rindoricad sfruciural information datatate rom as-built
Pand and 3 softaane 1501 for i anayeh
Sofanne IoF Znakei of T IougRrEss asemanon iod e HOOT metwon

4 E‘mme basic training {at intreductony level)
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Traffic loading input

Options considered for traffic loading analysis
+ TrafLoad

— Advaniagas
* Wery rafional approdch for weighing obesrvationg based o8 wil
Bscumenled prodedured (NCHER -3, Repan L8]
* Sofaare i rew
— ConCems.
* Thé program B not akays e3sy bo i
* I rEQuUTEs A ByorpLgh undersanging oy e e of AVC and Wk
FIIGN LRI R
* AN PR whE BLIDECE

= OWwWn program
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Inconsistencies in Trafload results

T PR
i MEDLL

» |In some situations TrafLoad produces
unreasonable number of axles per vehicle

£, wis

i SR RSP AIM OUTPUT

;.'SIH' I T e =
- = b .00, 0. 06 =
. L e o=
3 R e S BT el
b R i et
n : h?‘ﬁ-\_ ! -
HE AL L me M
L -""I'
. = -  —]
: T -~ —— -
¥ —
5 e R

te, descriprionairection, wo i, strgleratie, ranoes_ranbo, trices rat o, eud.ratfo
e 3T 0. 37,0000,
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WIM data analysis

+ A program was developed to analyze the
WIM data directly and provide number of
axles per vehicle and ALS.

« MAF were derived separately

Number of axle types per truck
Station 3 — Queen Kaahumanu, Hawaii

Direction 1 - North

Vibicle | xg of
el beopi cledSingle | Tam desn| Tridem|Quad
e cuim e
4 |21 [1506] 0404 | 0000 [0000
5 peoggizom] 000 | 0.000 (0000
& 24550 | 1000 | 1000 | 0000 | 0000
3

E

332 |1516]| 0606 | 0394 |0000]
2415 12288 0702 | 0000 | 0000
23,653 1420 1783 | 0001 | 0000
10 1177 11.000] 1023 | 0977 |0.000
1] 3T 2162 0A4EF | 0514 |0.000
12 54 11.007| 1980 | 0020 | 0000
13 142 J1.007) 1002 | 1.021 |04021

Developed ALS for Sand Island Access Road,
Vehicle Class 9, Tandem Axle

w4

53§

Perconlage n losd renge
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Patterns were generally quite
Traffic Loading Tool similar

* Allows the comparison of monthly distributions :'_': e T N e ol [ =
(as obtained with TrafLoad) for a given WIM
slation with the help of 3D graphs.

Bucalaiilddn
T

Another traffic loading pattern
_

5 B N - GO Lo ! v s Tades

Main efforts to date

1. Traffic loading input
= Derivalicn of MAF, ALS. 203 nomiber of Jces par vahicls,
2. Material characterization
v HMA ST MODUILE MODE 3G DENTIrE SRAOrmalion Mmoo
¢ Fobllent Soduiud MOdes M T Graivtd B0l and TmBed charaierizaton
&F BOREE §RI0EE MAANE KD G078 RRUNFYED TSN
3. Development of PMS tools with potential relevance
to MEPDG calibration

of 3 higtorcad sinciural information database Tom as bult
PN 3l 3 pofware 00l Moe Bl Anades

Soltaare tor aNaVERE o Ihe rIUgnnES Iisematan for e =DOT netaen
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DYNAMIC MODULUS AND
PERMANENT DEFORMATION

Observed vs. Predicted |E*| in linear

scale - NCHRP 1-3TA

model

47

merwed 1| it

L
* One source of aggregats, L
« Two different gradations (Superpave 12.5 mm NMAS . y -'*.ﬁ' o
gradations) - K 4 5 ’
Thrae binders (one unmadified and two palymer modified i 2 s . et
binders) - P 1. et e
o | — Ppe—
Several combinations of air voids and asphalt content, % sl e :::
DM testing was performed at several temperatures and - . N
frequencies of loading (data for 54 specimens. producing faterey =
2447 data points. ) i
PD tests were performed at 54°C (close fo the highest A
termperatures for HMA in Hawali, ) 5
“
N -
Duserwnd [1°] ignl)
Observed versus fitted dynamic
modulus values - linear scale
DYNAMIC MODULUS MODEL i
e
adeiem
log,, |E 1= J,-J,'."_+J,! v_ﬂ'_'FE“’-ur +8.0 48D, +&D0,
N il 1 s | . ! r——
¢.+=;E_ﬁ;‘ﬂ:9¢=ﬂ.ﬁ.*#.Dn-mﬂ.a !". ‘EEEEE
1‘_'|n-1mn{r—:'d"—bkna-gn.-aa-uu.n.-.mi i Free] = . I. ::: :::
] * e —
“"m:"’q%i""r‘c” These resuss wil be e Wiy o
presented in the Z‘G_W
Amd A Dy, B=B+BD, co-mToA+E AAFT annual meeting.
: - | R T EE L amlae o
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Effect of binder type in the HMA Models for permanent deformation
Master Curve parameters k, and k,

& 10% T N
l&

199,0/k3) B + 23 Dparse® By oo+ B4 Do + P D+ B4 Dy
+ 1By logiVa) + B, bopiP e + By balVa) kol .

i Whene,

E Dmie = 1 MQracaton B and binder |8 POAE-18 AnE 2800 oiknwte,
Durwge = 1 Fgragdabon A and Dinder Is PGTI-XX and 2rmo othenvwiee.
Dgasx = 1 Fgradaton B ang binder is PGT0-XX and 2ero othenese.
Dy = U Fraoaton A ana pinderis PGT0-22 ane e oNerwEe,
Denz = ! FORAINIEA B A0S BINder 18 PGTO-22 3R 2800 oiTrwLe,
Ve = 3irvolds (% and
Prve= %cive Binder coment by volums (%),

Evaluation of mixture velumetrica effects under
ESTIMATED VS. OBSERVED k;, a given scenario through |[E*| alone

. v

e Pl LR

i“ o, * l‘ *

2 a4 T
i Nz =
;.. B < B e

TR O S - -
= -//

[T T B (Ao
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B oem s AN G5 Gal G4 Am 48 em
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Evaluation of mixture volumetrics effects under
a given scenario changing PD parameters

Sensitivity

» The sensitivity 10 mixture volumetrics through [E®]
alone is relatively low.

» However, when their effect on PD parameters are
also considered, the sensilivity is high.

= The guide does not appear to give encugh credit to
polymer madified mixes, unless calibration
parameters (FD and fatigue) are adjusted.

49

Main efforts to date

1. Traffic loading input
+ Demvalon of MAF, LT, and remhis of IT8S per mnics
2. Material characterization
o HLA gynamic moduius modsl and pemanent cedormation modes
4 HNLA ISR CAneE 90 PETANENT e mation MY LA oW
+ Resiiers POBUUS TODES T TNE [RANeT B0 3D IMNED CRHICHNTAIEN
of Coare graded materals and aMM rECATEd mateias
3. Development of PMS tools with potential relevance
to MEPDG calibration
. 0 PARIOREN BYUCRI B OIS ANBENEE O B8 BuT
Paes and a softaans food for 05 anaves
4 EORmEant fof ANAWLN OF e MOUgErElL INASTMaticn o M MOTT Setwon

Fine-Grained Soil Model

Archilla AR Dol

B, and Sandetr.
KS. [2007)
Esmmans of
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ALA KINOIKI RECLAMATION PROJECT

R

1l g

Rapcam Vb @)

e | |

]
e Firmes (pel]

Main efforts to date
1. Traffic loading input

Deerivation of MAF, ALT. 303 ramiDes of Jokes per wehicia,
2. Maternial characterization
& HALA yASTEC MOoUE Mdde 350 BT a0 SHATANSN ModdE
v Rasien maduLs mumruwmmw imBed characterizaton
of codns graded maserias a%d some meciaryed maleris

3. Development of PMS tools with potential relevance
to MEPDG calibration

Devalopryent of 3 NRDNCH SIS Inormancn dXahass Pom 36 Ul
piars 3nd 3 so'taare 100l for B3 anaiyes

Softadre b BAEYEE f (e FoUGNREES RDMRaDGN for e FOOT nEtaon

DISTRIBUTION OF PERIODS DETWEEN REHABILITATIONS OR
RECONSTRUCTIONS FOR ALL LANES FOR BIG I

Pavement inventory tool

i
i
|

= - [e——
—

I
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Main efforts to date Roughness Processing Tool
el
1. Traffic loading input == e . irnqm{&l:‘wn.ula
+ Demealion of MAF, ALT, 00 nurbés of A0t per nifich T £ | m:;?;ﬁml' :“!
2. Material characterization ==l E [ e | |!- sompare far differant
+ HNG dynamic moduis model and permanent cafoemation modes “HE= '~F ’ |l yRars
+ MEGINERE FOBULIE MODEE T BNE (EENET BOIE 0T TN CRAFACNATRION o H |
of Saie R malerDls 2o S0 FECiaiTad mteaE | gy ppre—— Dist i
3. Development of PMS tools with potential relevance L e o " Wil Gk i
to MEPDG calibration - — properly caliorated
+  Devenpment of 3 FHAACH $FUdiufal Inomalion datatae o 36 Bl - — - need for sErmed sorfechon
PUCE 00 3 softednd odlfor e anaNls | s -
+ Feteare Ior analyels of noughnass infomation for e HOOT metwon
Smoothing allows a hetter
comparison of series over time Series Correction
) e -
EF =
=. E
=2 | =205
e '-'*. R 1
: C— — = _'.-.; = | _.l -
{ —_ BT = ik g |
| — A e =  bS
a1 e "—_{ .
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Roughness Processing

iy P, gt Sy e o e A

i
]l

(i ‘|ll:1_1_!:|:|

(]
i
L]

Summary

« Significant progress has been achieved

» However, obtaining good quality data for

local calibration of deterioration models
is still challenging



Utah’s Effortsto Implement the

M echanistic-Empirical Pavement Design Guide
Asphalt Binder Uniformity Study

RAJ DONGRE
Dongré Laboratory Services, Inc.

In this study, the effect on pavement performance of day-to-day production uniformity of
asphalt binder supply during construction was determined. The latest available version (0.900,
August 2006) of the newly developed NCHRP project 1-37A, AASHTO’s Mechanistic—
Empirical Pavement Design Guide (MEPDG), was used for this purpose, and results are
described in this report. Utah Department of Transportation (DOT) engineers wanted to limit the
amount of performance grade (PG) variation of the asphalt binder supply during construction if
the results showed significant effects on predicted pavement performance. Two existing
pavement structures (weak and strong) were selected by Utah DOT for this study. Original
asphalt binder grades for each structure were recreated along with additional formulations that
simulated variation in grades. Two suppliers were asked to formulate six PG binders each, (three
each for strong and weak structures) giving a total of 12 asphalt binders. Aggregates from the
same quarry as the original aggregates were collected and hot-mix samples were compacted in
the gyratory compactor using the appropriate mix designs. From these compacted samples,
smaller simple performance test (SPT) specimens were cored and tested to obtain dynamic
modulus (E*) values for MEPDG analysis. Binder properties required for MEPDG were also
determined in the laboratory. Traffic and climate data was obtained from Utah DOT. A total of
366 different designs were analyzed to complete the MEPDG portion of this study. All levels of
MEPDG (Level 1, Level 2, and Level 3) were used in the analysis.

Analysis showed that PG uniformity of the asphalt binder supply does not show a
significant sensitivity to predicted performance of regular or value engineered pavements. This
finding is based on evaluation of all distresses predicted by MEPDG, such as, but not limited to,
rutting, fatigue and thermal cracking. Consequently there was no justification found to develop
limits on uniformity of PG of the asphalt binder supply. New hot-mix asphalt (HMA) mix-design
requirement cannot be justified for the within-PG variation of asphalt binder supply observed at
Utah DOT in the past 4 years.

53



54 Circular E-C155: Sensitivity Analyses for Flexible Pavement Design with the MEPDG

UTAH’s Efforts to Implement the

Acl-mowledgements

* Cameron Petersen — Retired UDOT
* Tim Biel - Ex UDOT

e Kevin VanFrank - UDOT
i ; Tt et » . rm VanFrank —
Asphalt Binder Uniformuty Study + Ray Bonaguist — AAT
Ray Dongre * Gregg Larson — MEPDG Support
Dongre Laboratory Services Inc.
QOutline Abphalt Binder Uniformity

* What is “Asphalt Binder Uniformity”'?
* Why Worry About it?
— Problem statement
* Approach — Use of MEPDG
— Materals and Methods
* Findings
* Implications and Implementation

* The day to day vanation in “true PG Grade™ of
production asphalt binder dunng a pavement
construction project (w.r.t nux-design)

* For Example: Project Binder: PG 64-28

* A PG 64-28 binder can have “true PG grade™ in
the range: PG 64.0-280 w PG699-339

* There 15 a 6°C range berween different climate

ZOMes
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Why Worry About It?

= Effect on Performance
* Value Engineered Pavements

Problem Statement

= UDOT wants to establish varaton limuts on the

project binder PG Grade wath respect o the
mix-design binder PG Grade.
* Vapation kimits shall be determined by
considering
— Sensinvity to performance
* Begulas UDOT Pavement Stmotmces
* Thickness seducton (Value Engaeecng)

55

Approach

* Use the New MEPDG Softwaze
= Lavel |
= Hot-Alx 5FT Dan
« Bipde: G Duta
* LowTamg Cemg 3 tecspesazases)
- Level 2
+ Mothlx Volumetss Iafo = Witsaak Model
« Bunder & Ban
* LowTemp Compk ! texp
= Level 3
* Motz Velumetes lafs = Witssak Medsl
« Binde: PG Grade

Approach......

* Use UDOT Performance Threshold Linuts

» Compute No. of Years (Life) to Reach
Threshold

* Deterrmune Acceptable Vananon m Life
* Deternune Binder Uneformuty Limts
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Interstate Pavements State Route Pavements
Strong Rehab Weak New Construction
Years o (in UDOT Units)
T e | e e
ng Fatu itudinal | Alligater Thermal
040 | 30 | 200 | &00 160 E] 130 Rutting m“ mhs?:‘n cracksis0of | iR
Vears to (in MEFDG Units) : U5 | 40 | 750 [ 0| T i T30
Fatigue Longitudinal Thermal cracks o (in MEPDG Un
Rutting CraokaB00 & Alligator % Rimi i) Fatgue Lung::;:lll e hl'i\lm TTACRE
T4 | 38| X | &R L] bl | B | Rutting CoackatSon i Alligator % Fmi iRi
TEin | d22.0] 2540 | oeed I FIi 730
Materials and Methods Strong vs. Weak Pavement
* Two Suppliers Load
* Six Specially Formulated Asphalt Binders I | |
- PG 64.1-3, PG 67-34, PG 69.9-34
— PG 64.1-28, PG 67-25, PG 69.9.28
* Two Mix Designs with 15% RAP
* Two Existing UDOT Pavement Structures “Strong”
Stron Pavement . “Weak"
- 1 Pavement
— Weak A
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Strong Pavement No. 1
Locaton: I15 450N to Hot Springs

Sravion 1250 1o 1333

.I'f : \"1
/ J 1 Rehab

N\ _'.;
Surface 5.94n Srredene
PCCP 9.0 in

Base/Cem Stab.  4.0in
SubBase A-1-a 4.0 in

a
TR
Subgrade Soll DX

Strong Pavement No. 2
Locauon: I15 450N to Hot Springs

Staen 1333 1o 1530

AT,

AN " Rehab

» \H: .i/‘_.
Surface 59in R
PCCP 9.0 in

Base/Cem Stab. 5.0in

Subbase 120in Al-a
R S AR
Subgrade Soil Alb %W}\‘ff}{

Weak Pavement No. 1
Location: SR36 Tooele to Mills Jn.

South End e RP 59
rai o
H New
“o XS A
Surface 8.0in e
Base 8.0 in 0 o8
SubBase 18.0 in =h
=] LI ryo e
Subgrade Soil AT6  DRDIDIDIDY
5000 kesi

Weak Pavement No. 2
Location: SR36 Tooele to Mills Jn.

RP 59 1o RP 65
P
\‘I New
II' \'-; ./l .'l
SN
Surface 8.0in ?- A
A 8.0 in
SubBase 18.0 in A

- l""l

Subgrade SOl are DAY
a5 k 1

2550 ksi
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Value Engineemlg

* Swong No. 1 and No. 2
=59,49 39 29 nches AC Surface

* Weak No. | and No, 2
—80,70,6.0 40 mches AC snsface

Testing Required

* MEPDG Level | Inputs
— Hot-Mix Asphale (AMPT)
* Adix Dhaaigns
# B* Ligstes ol l.:ﬂ.clﬂ? cﬂdp].l.ﬂt
* Westahier
= Bander Properces (D5R)
+ Lewel 1 2ed Lewel 2 Inzar
« MEPDG Analysis — Levels 1,2, and 3
= A total of 364 MEPDG analysas mas!
= A loz of Analyus Plony!

Low Temp. Creep Compliance

* InLevel l
— MEPDG requares [DT ar 4, 14, and 32 *F
— Tlhus project — Hor-Mix Shvers (05" X 0257 X 57
~ Uted BBR. (from bindes low temp PG grading’)
* InLevel2
= MEPDG requaces IDT ar only 14 °F
= This project = Horllix Skvens (05" X 0.257 X 57)
= Used BBR (from binde: low temp PG grading’)
* InLevel 3
= MEPDG uses defanlt Coeop Compliance Valaes at 4, 14, and

2+

l . J
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Supplier No, 1
PG B4 -34

1 4 F Masgsursd B3R & 14 F Beasured BBR
® 32 F - Werbures BER =4 F W-£ POG Datault
| =14 F M-EPDG Default -5~ 32 F M-E PDG Default | |

Low Temp. Strength

* Inall Levels
= MEPDG sequises IDT ar oxlyld °F
= This progect = Flot-Alix Slivers (0.5" X 0.25" X 57)
= Used BEBR (from bindes low temp PG grading!)
« Miha Marasteann from Unie. of MIN
* Compatison!!
= At l4¢cF
* Meavared BER Skrer Stwength = 123 pi

59

MEPDG Analysis

Results

Findi

* The vadation within six degrees of the PG
Grading system does not show a sigmificant
sensitvity to performance of regular or value
engineered pavements
- Rutting, Fatigue and Thermal Cracking

* The above statement iz based on

— M-E PDG analyeis of four UDOT pavement
stmctuges:
* 2 swong patement stmctuees - cehabs

* 2 oreak pacement SHNSTIEY — 08T CONLBCEON
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Years to 0.4 inch Rutting

g B B

Circular E-C155: Sensitivity Analyses for Flexible Pavement Design with the MEPDG

Sinclalr PG 4-28
Strong Rehab %1

SEM PO 84-24
‘Sirong Rehal 41

Years lo Fatigue Cracking
EsssEisisEs

Years to Thermal Cracking

55 0% 5558

Sinclair PG #4-23
Strong Rehabs 71

L] 1 2 3 L] L [ ]
PG Grade Difference, *C

4 45 4 a3 2 4 # 1 2 3 4 L
PG Grade Difference, *C
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Conclusions

+ MEPDG is not sensitive to within grade (6 °C) changes
in high temperatuze PG

* Reduction in HALA laver thickness (Value Enginescing)
is unaffected by within grade (6 °C) vagiation in high
temperatuce PG

Recommendations

Need local MEPDG calibsation values for Utah
Re-mn the 366 files (in barch mode!!) nsing new
calibrations

The analyeis database generated m this study may be
used as pact of sensitivity study needed to do local
calibrations

Based on thus Study

— No mstficaton to togger new HMA oux-desgn for the
within grade varnnen observed at UDOT m the pase four

hao il
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More Information on UDOT’s
MEPDG Implementation Efforts

* UDOT MEPDG User's Gude
— Report No. UT-09.11a: Draft User's Guide for
UDOT Mechanstic-Empinical Pavement Design |
* Calibration and Validation Studies
— Repost No. UT-09.11: Implementation of the
Mechanistic-Empizical Pavement Desiga Guide In
Utah: Validation, Calibzation, and Development of
the UDOT MEPDG User's Gude .
* Staff Traiming -- Pavement Design using
MEPDG



Virginia Mechanistic-Empirical Pavement Design Guide Research
Influence of Traffic and Materials Research

BRIAN DIEFENDERFER
Virginia Transportation Research Council

his presentation gives an overview of the research underway at the Virginia Transportation

Research Council related to traffic and materials inputs for use with the Mechanistic—
Empirical Pavement Design Guide (MEPDG). The presentation lists and shows examples of
those traffic and materials inputs that are considered significant with respect to the MEPDG-
predicted pavement conditions. Various methods to determine the significance of the inputs (by
statistical or practical consideration of the predicted pavement conditions) are discussed. Two
methods of calculating a normalized difference statistic are presented along with a brief
description of regression analyses that could serve as examples for statistical-based analysis.
Practical-based methods were suggested to include consideration of the time to failure as it
relates to the timing of pavement maintenance activities. The presentation discussed preliminary
findings in terms of a comparison of the predicted pavement condition to expected values based
on field experience. The need for local calibration was discussed as a future need.

(Editor’s Note: Virginia Transportation Research Council is now the Virginia Center for
Transportation Innovation and Research.)
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Virginia MEPDG Research:
Infiluence of Traffic & Materials Inputs

Brian Diefenderfer, PhD, PE January 10, 2010

L g g 4 R Vg S e 8 sy s
A PR A I e el

Presentation Outline

* Introduction to MEPDG jvery brief)

Description of current studies
— HMA materials inputs
~ Traffic inputs

Significance of different inputs
+ Some findings
« Next steps

Acknowledgements

+ Bryan Smith
— South Carolina DOT (former graduate student at
University of Virginia)
+ Alex Apeagyei & Stacey Diefenderfer
- Virginia Transportation Research Council
+ Mohamed Elfino, Trenton Clark, Affan
Habib, F. Hamlin Williams
= Virginia Department of Transportation

Introduction — MEPDG 101

- Analysis software
» Mechanistic and empirical
+ Mechanistic
- pavement response from environmental
and traffic loading
+ Empirical
— predicts pavement condition from

response to loading through distress
transfer functions
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VDOT MEPDG Input Studies

« HMA mixture and binder data
— default vs. mixture specific |E’|
—|G°] and & vs. PG binder grading
—influences from gradation, binder grade,

65

VDOT MEPDG Input Studies

+ Traffic data

— default vs, site specific

= axle-load spectra, monthly adjusiment factor,
class distribution factor, number of axles per

R . truck class
ggregate typ _ local WIM stations (level 1 data)
* B interstate
= T primary
« calibrated, ASTM Type 1
Binder Data HMA Mixture Data (1)
40508
== rd 43, 1 i RAR
1E=08 b IR, 1% AR Catalogue of E*
bk for typical
1E=07 4 lag = 10508 TR0, 10 R Wg':, e
:l!":m[ ml g mixtures i being
bingers 1E=085 < - H é developed
m B =
B | g  Fe
g ™ § 5
& psan |
1503 1 T®
1E+02 40 0.05+00
[i] 100 1.05-04 1.0E-00 1.0E+04 1.0E+08

Racuced Frequency (Hz)
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HMA Mixture Data (1) Traffic Inputs
50 00150 Default (TTC 1)
* 0%
40 omz % —inghe
!. 28% — s Tandem -
L £ ) l —Tridem/Guad
oot vl 3 E 20w \
g E 15%
20 b 0.0000 £ E .hn \
\ Flow Number 10%
Flow Number 1.0 h o / 00030 E é ey j'{\-\\:\— =,
results used to = ! - 3 v Q =
evaluate rutting - i
it 9 ' : : s = 5 1 2 o 4 W w0 70 e w0 1w
] 0 1000 1500 200 - B
Lead Cycle Ay Load, kips
Traffic Inputs A
Significance of Inputs
Statewide Average (interstate) g 3
30%
- Bl + Evaluating predicted distresses
E‘ .y — Tridem || — statistical vs. practical
g V. o + Other thoughts...
L 15% d
z / — definition of failure
§ % f - deterioration model variability
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Significance of Inputs Significance of Inputs

+ Statistical methods
- Normalized difference
« Tran and Hall (2007), TRR 2037 (2 papers)

= Statistical methods
- Normalized difference
« Smith and Diefendaer (paper 10-1288)

~traffic data - considers user-defined performance criteria
or definition of fallure
ND | |xdefauf.t = x-StSfﬂ‘WT‘dﬂ‘ - TGG . ¥ ) —¥.
xdefauh‘ ND =—de‘ﬂa::"——ﬂ.)(fﬂﬂ
it
* Xauran = Prediction using default traffic inputs pa
* Xomemee = Prediction using statewide traffic * X e = Prediction using default traffic inputs
inputs

* Xyap = Drediction using site-specific traffic inputs
* X = User-defined performance criteria

1111

|

Significance of Inputs

= Statistical methods

- considering deterioration model
variability
+ calculate normalized difference, including the:
user-defined performance criteria (UDPC)
« compare with the calculated coefficient of
variation of the distress prediction model
=8D rUDPC

- what indicates the inputs are statistically
different?

* ND = CoV, olhers?
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Significance of Inputs

+ Statistical methods
- regression analysis

: =
: .-Ji-m’-:imﬂ-::w?--c_:w._

= MES - 28950 = 006N = 5 26TH

e ]
B om = B i

-=—Defadt
= She 100050

2 “ 108 " =2 o8 m 83 47

Significance of Inputs

» Practical methods

= time to failure

= what difference in predicted time to falure
indicates the inputs are practically different?

—a few months, a year, more?

Where are we now?

+ Traffic inputs

- site-specific values (flexible pavement)

+ see paper 10-1228 “Analysis of Virginia-Specific
Traffic Data for Use with the MEPDG"

+ session 620, Wednesday 8AM
+ Materials inputs
—ongeing...
- evaluating the results of using different
input levels and materials data

Preliminary Findings

« Traffic inputs

- As compared to local experience
- rigid pavements
+ less predicted distress (high MOR)
—flexible pavements
+ more predicted rutting
* less predicted fatigue cracking
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Next Steps

* Local calibration

— current work shows where efforts are
needed for certain deterioration and
pavement types

disclaimer: may not be the same for everyone!
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Conclusion

TRENTON CLARK
Virginia Department of Transportation

his workshop’s mission was to inform the pavement engineering community on the

completed and on-going efforts related to assessing the sensitivity of the Mechanistic—
Empirical Pavement Design Guide (MEPDG). Specifically, the workshop was concerned with
those parameters that had an impact on flexible pavement analysis and design. Many
transportation agencies have been involved in various studies to look at particular parts of the
MEPDG, but much of this work had not been compiled into a single document. As such, a
workshop was proposed by the Flexible Pavement Design (AFD60) committee and approved by
TRB to look at the flexible pavement sensitivity analysis in the MEPDG. Once accepted, a
planning team was established to develop the workshop by collecting and disseminating the
work done by transportation agencies.

The workshop planning team had two primary goals:

1. Take a snapshot of the current implementation status of transportation agencies
through a questionnaire and reporting on workshops hosted by FHWA and

2. Invite transportation agencies based on their responses to the questionnaire to present
on a specific subject or overall research implementation effort.

Additionally, the planning team wanted to capture and present current NCHRP research
related to flexible pavement analysis and performance. Workshop Session 143, held in January
2010, met these goals by providing presentations on various efforts related to understanding the
sensitivity of flexible pavement performance using the MEPDG inputs.
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Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished schol-
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of the National Research Council.

The Transportation Research Board is one of six major divisions of the National Research Council. The
mission of the Transportation Research Board is to provide leadership in transportation innovation and
progress through research and information exchange, conducted within a setting that is objective, interdisci-
plinary, and multimodal. The Board’s varied activities annually engage about 7,000 engineers, scientists,
and other transportation researchers and practitioners from the public and private sectors and academia, all
of whom contribute their expertise in the public interest. The program is supported by state transportation
departments, federal agencies including the component administrations of the U.S. Department of
Transportation, and other organizations and individuals interested in the development of transportation.
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