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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. 
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Introduction 
 

LESLIE MYERS MCCARTHY 
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. 

T 
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Sensitivity Analysis for Flexible Pavement Design Using the 
Mechanistic–Empirical Pavement Design Guide 

 
LESLIE MYERS MCCARTHY 

JIANG LIANG 
Villanova University 

 
 

ver 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. 

O 
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FIGURE 1  Responses to Survey Question 1. 
 
 

 
 

FIGURE 2  Responses to 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. 
 
 

 
 

FIGURE 3  Responses to Survey Question 5. 
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FIGURE 4  Responses to 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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FIGURE 5  Responses to Survey Question 7. 
 
 

 
 

FIGURE 6  Responses to 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 
 

Implementation 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, 

Iowa, 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 

þÿ�S�e�n�s�i�t�i�v�i�t�y� �A�n�a�l�y�s�e�s� �f�o�r� �F�l�e�x�i�b�l�e� �P�a�v�e�m�e�n�t� �D�e�s�i�g�n� �w�i�t�h� �t�h�e� �M�e�c�h�a�n�i�s�t�i�c ��E�m�p�i�r�i�c�a�l� �P�a�v�e�m�e�n�t� �D�e�s�i�g�n� �G�u�i�d�e

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/22867


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

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 (δ), 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 (εp/εr) 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 k1 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 State 
 
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 State 
 
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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FIGURE 7  Responses to Survey Question 12. 
 
SUMMARY 
 

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

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

• 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. 
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Summary of Mechanistic–Empirical Pavement Design Guide 
Regional User-Group Meetings 

 
MICHAEL HEITZMAN 

National Center for Asphalt Technology 
 

 
n 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: 

 
1. Traffic—getting quality traffic data is a struggle for most agencies; 
2. Materials—most states are building materials data libraries; 
3. Climate—more climate files are needed to adequately cover each state; 
4. 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. 
 
 
 

I 
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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. 

T 
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Sensitivity Analysis as Decision Support Tool for 
Missouri Department of Transportation MEPDG Implementation 

 
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 
 

• Assessing the quality of the prediction models and model deficiencies, 
• Identifying factors that contribute most to the output variability, 
• Assessing the impact of Missouri DOT–specific site and design inputs on key design 

types and distress types of interest, 
• Identifying the region in the space of input factors for which the model variation is 

maximum, and 
• Selecting the appropriate input level to characterize key inputs. 
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New Jersey’s Efforts to Implement the  
Mechanistic–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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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. 
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Utah’s Efforts to Implement the 
Mechanistic–Empirical Pavement Design Guide 

Asphalt Binder Uniformity Study 
 

RAJ DONGRÉ 
Dongré Laboratory Services, Inc. 

 
 

n 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. 
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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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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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