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ABSTRACT: The primary objective of this study was to recommend one or more tools that highway 

agencies can use to ensure that there will be a sufficient return on investment when using polymer-

modified asphalts (PMAs) in dense-graded mixtures. A major part of this study was to conduct an 

internet survey to determine the following: (1) how highway agencies currently specify PMAs used 

in dense-graded mixtures; (2) the tools being used by highway agencies to ensure that there will be 

a sufficient return on investment when using PMA in these mixtures; and (3) how PMAs impact 

pavement performance. Forty-six States and the Ministry of Transportation Ontario provided 

responses. The survey revealed that a variety of asphalt binder specifications are currently being 

used with 53% of the respondents utilizing specifications incorporating the Multiple Stress Creep 

Recovery (MSCR) for high-temperature performance. The percent tonnage of dense-graded 

mixtures with PMA used by individual highway agencies ranged from 0 to 99% each year with five 

highway agencies reporting tonnages of 80% or greater. Most of the highway agencies use PMA to 

control a variety of pavement distresses with rutting or fatigue cracking being most prevalent. 

Ninety-one percent reported that overall pavement performance using PMA has met or exceeded 

expectations, yet only 25% have documented their experiences. An optimal tool was not identified 

by the survey because only a few highway agencies listed any tools and the tools they listed 

generally varied from agency to agency. Software that has been used includes the following:  

AASHTOWare® Pavement ME Design; PAVEXpres; FHWA RealCost; Caltrans CalME; and a 

Minnesota DOT developed software. The following three tools are illustrated in this paper: (1) 

AASHTOWare® Pavement ME Design combined with FHWA RealCost; (2) PAVEXpress; and (3) 

FlexPAVE™ combined with FHWA RealCost. 
 

KEYWORDS: Polymer modified asphalts, PMA, asphalt binder specifications, MSCR, LCCA, 

AASHTOWare® Pavement ME Design, PAVEXpress, FlexPAVE™. 
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1.0 Background 
 
This paper documents the findings of a National Asphalt Pavement Association (NAPA) 
study entitled, “Impacts of Polymer-Modified Asphalts (PMA) on Pavement Performance 
and Cost,” which was funded by the Federal Highway Administration (FHWA) and NAPA 
under a cooperative agreement. When this study was initiated in April 2018, NAPA 
reported while some States are only specifying PMA on highways with heavier traffic 
loads, other States were beginning to specify it for all dense-graded mixtures. Since the 
latter changes in specifications would usually increase initial pavement costs, it was felt 
that tools such as performance predictions provided by mechanistic-empirical analyses 
combined with life cycle cost analyses (LCCA) should be used to ensure that these 
increased costs will translate into better pavement performance and, hence, less 
applications of pavement preservation/rehabilitation strategies during pavement service 
life. The concern expressed by some industry members was that some highway agencies 
that have recently increased the amount of PMA being used, or were currently considering 
increasing it, have not used any tools to ensure that there will be a sufficient return on 
investment. 

2.0 Objectives of Internet Survey 

A major part of this study was to conduct an internet survey to determine the following: (1) 
how highway agencies currently specify PMAs used in dense-graded mixtures; (2) the 
tools being used by highway agencies to ensure that there will be a sufficient return on 
investment when using PMA in these mixtures; (3) how PMAs impact pavement 
performance; and (4) recommended tools that can assist agencies in measuring their return 
on investment when specifying PMA. 

3.0 Overview of the Internet Survey 

The internet survey was targeted at highway agencies utilizing PMA in dense-graded 
mixtures specified for pavement structural layers. The survey was limited to these mixtures 
because these mixtures are where recent changes in asphalt binder specifications have 
sometimes increased the amount of PMA being used. Furthermore, the intent of this survey 
was not to address the entire use of polymers in asphalt pavements since no concern was 
expressed about polymers being used in other applications including dense-graded 
mixtures used in thin non-structural layers for pavement preservation. In fact, there were 
no known concerns about how dense-graded mixtures containing PMA are being used 
when a highway agency is specifying its asphalt binders in accordance with either 
AASHTO M 320 (AASHTO, 2018) which is based on the original Superpave 
methodology, or Superpave Plus specifications which usually require adding an elastic 
recovery test to AASHTO M 320 to ensure that a polymer will be used when a modified 
asphalt binder is required. The concern was that some highway agencies have adopted new 
asphalt binder specifications that have increased the amount of PMA used in their dense-
graded mixtures without using tools to ensure that there will be a sufficient return on 
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investment. Note that the Asphalt Institute conducted a similar survey in 2005 and NAPA 
was interested in updating the information from that survey (Asphalt Institute, 2005).  

Although this survey presents a state of the practice on the use of PMA in dense-graded 
mixtures, it does not present a complete state of the practice, which would have required a 
much longer survey. To have as many agencies as possible participate, most questions 
were multiple choice, while the entire survey was designed to take less than five minutes to 
complete. Although the survey consisted of 16 questions, it was developed so additional 
analyses could be performed on a spreadsheet of the responses. 

 Originally, four groups were targeted by the survey: (1) U.S. States and Canadian 
provinces; (2) municipalities and other local public works; (3) toll road authorities; and (4) 
PMA suppliers. Since the responses from the latter three groups were very limited at 
seven, five and zero, respectively, it was decided to focus on the State highway agencies 
and the Canadian provinces responses. To have as many States as possible participate, 
those that did not initially respond to the survey were contacted by telephone. 

 Forty-six States and the Ministry of Transportation Ontario responded to the survey 
during the summer and fall of 2018. Some of them were also telephoned to clarify some of 
their responses.  

 When reviewing the results of this survey, it should be remembered that the survey was 
limited to the use of PMA in dense-graded mixtures specified for pavement structural 
layers, except for the final question where the highway agencies were asked to list all other 
applications where they utilize PMA. When a State is mentioned by name, it refers to its 
Department of Transportation. Since the Ministry of Transportation Ontario responded to 
this survey, the respondents as a group could not be referred to as “States,” so they are 
called “highway agencies.” 

4.0 Results of the Internet Survey 

4.1 Use of PMA 

The 47 highway agencies were asked if they use PMA in dense-graded mixtures, and if 
they do not use it, the reason why not. It was found that 45 of the 47 agencies (96%) use 
PMA in these mixtures. The two highway agencies that reported that they did not use it 
were Hawaii and Maryland. Hawaii reported that “we have not looked into the 
performance benefit vs. cost but may do so the future.” Hawaii did report that it uses PMA 
in open-graded friction courses and SMA. Maryland reported that it found that PMA “is 
generally not worth the cost except in surface mixtures.” Maryland did report that it used 
PMA in open-graded friction courses, Stone Matrix Asphalt (SMA), thin overlays for 
pavement preservation and for micro-surfacing. It was later found through verbal 
discussions that Maryland does use a PG 64E-22 with an elastomeric polymer modifier in 
its surface mixtures if needed. 
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4.2 Asphalt Binder Specifications 

The 45 highway agencies that used PMA based on the internet survey were asked how they 
currently specify asphalt binders that contain PMA. A summary of their responses is 
presented in Figure 1 and as follows: 

• Sixteen use AASHTO M 332 which utilizes the MSCR for high-temperature 
performance. Seven respondents (44%) stated that they use this specification only 
when they want to use a modified asphalt binder while the other nine (56%) stated 
that they apply this specification to all asphalt binders. 

• Fifteen use Superpave Plus which is AASHTO M 320 plus additional tests such as 
elastic recovery, ductility, or toughness and tenacity. 

• One uses grade bumping to require a PMA beyond the requirements of AASHTO 
M 320. 

• Three use AASHTO M 320 with no modifications (Original Superpave). 

• Ten use specifications that are generally combinations of the above four 
specifications. In other words, they employ more than one asphalt binder 
specification for PMA, which can vary from region to region or from pavement 
project to pavement project within a region. For example, a highway agency might 
use AASHTO M 332 in one region and Superpave Plus in another region. 

 

Figure 1. Asphalt binder specifications being used for PMA. 

  In conclusion, the survey showed that a variety of asphalt binder specifications are 
currently being used. Furthermore, New Mexico selected “Superpave Plus” but added the 
comment that it also does grade bumping. Alaska selected “AASHTO M 332 (MSCR)” but 
then revealed that it currently does not use it 100% of the time because it is in a transitional 
phase of changing its asphalt binder specifications.  

 It was found that six of the ten highway agencies that chose “Other” use the MSCR for 
high-temperature performance, but not 100% of the time. Two of the ten actually use the 
MSCR for high-temperature performance 100% of the time although they chose “Other” 
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because they wanted to show that they have their own unique specifications. Overall, 24 of 
the 45 highway agencies (53%) utilize the MSCR although seven of them do not use it 
100% of the time. 

 A literature review showed that Washington, D.C., and one of the four States that did 
not respond to this survey also use the MSCR. The other three States use AASHTO M 320 
(Asphalt Institute, 2018). Including these findings, and adding Maryland to the list of 
MSCR users since it does use a PG 64E-22 PMA, then 25 of 50 States (50%), Washington, 
D.C., and Ontario utilize the MSCR to some degree for specifying PMA. 

An Asphalt Institute survey revealed that prior to the development of the MSCR, 12 
States used AASHTO M 320 compared to three States today, while 38 States used 
Superpave Plus compared to 15 States today (Asphalt Institute, 2019). It is expected based 
on this finding that use of the MSCR will increase. 

 A list of the 26 MSCR users in the U.S. according to their User/Producer group is as 
follows:  

• North East Asphalt User/Producer Group (NEAUPG)—Connecticut, Delaware, 
Maine, Maryland, Massachusetts, New Jersey, New York, Pennsylvania, Rhode 
Island, Washington, D.C.; 

• Southeastern Asphalt User/Producer Group (SEAUPG)—Florida, Georgia, 
Louisiana, South Carolina, Tennessee, Virginia, West Virginia; 

• North Central Asphalt User/Producer Group (NCAUPG)—Iowa, Minnesota, 
Missouri, Nebraska, North Dakota, Wisconsin; 

• Rocky Mountain Asphalt User/Producer Group (RMAUPG)––Alaska, Nevada; and 

• Pacific Coast Conference on Asphalt Specifications (PCCAS)––Alaska, Nevada, 
Washington. 

4.3 Tools Being Used to Ensure That There Will Be a Sufficient Return on Investment 

Figure 1 showed that 27 of the 45 highway agencies no longer use only AASHTO M 320 
or Superpave Plus. Since it was known prior to this survey that use of some newer asphalt 
binder specifications adopted by highway agencies has increased the amount of PMA used, 
the 27 highway agencies were then asked to list all tools they have used to ensure that there 
is a sufficient return on investment when using a PMA; they were allowed to list multiple 
tools. Suggested tools were as follows: experimental test sections; FlexPAVETM; 
AASHTOWare® Pavement ME Design; LCCA Express; PAVEXpress; FHWA RealCost 
and any other pavement design software; LCCA; tests; and decision trees. This was the key 
question in regard to the primary objective of recommending one or more tools that 
highway agencies can use to ensure that there will be a sufficient return on investment 
when using PMAs in dense-graded mixtures. The results are presented in Figure 2. 

 Since three of the eight respondents decided to choose “Other” rather than “None” so 
they could provide comments, then 18 of the 27 highway agencies have not used any tools. 
Even so, nine of these 18 reported that they will increase the amount of PMA that they use 
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because of expected increases in pavement performance. The nine highway agencies that 
reported using at least one tool were California, Georgia, Louisiana, Maine, Minnesota, 
Missouri, Nevada, New Hampshire and South Carolina.  

 In conclusion, an optimal tool that could be recommended for use was not identified by 
the survey because very few highway agencies listed any tools, and the tools they listed 
generally varied from agency to agency. For example, some highway agencies have used 
experimental pavement test sections while others have used either AASHTOWare® 
Pavement ME Design or their own software. As presented by Figure 2, software that have 
been used are AASHTOWare® Pavement ME Design, PAVEXpress and FHWA 
RealCost. The additional software listed by the highway agencies that responded “Other” 
were Caltrans CalME and a Minnesota DOT developed software. 

 Three highway agencies responded to this survey that PMAs increase initial mixture 
costs by less than 8% which they believe is low compared to expected benefits. Thus, they 
use initial costs and engineering judgment to justify increasing their use of PMA. 

 
Figure 2. Tools that have been used by highway agencies to ensure that there 

will be a sufficient return on investment when using PMA. 

4.4 Traffic Levels 

The 27 highway agencies were also asked to list the design traffic levels where they use 
PMA, which would include all of the agencies that have increased their use of PMA in 
recent years by changing their asphalt binder specifications. The results are presented in 
Figure 3. One reason why all 27 highway agencies did not report using PMA at the highest 
design traffic level, 30 million equivalent standard axle loads (ESALs), is that some 
highway agencies, for example, Alaska, do not use this level. 

 Most of the 27 highway agencies reported using PMA at their highest design traffic 
level, but at what levels below this they use PMA varied significantly from agency to 
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agency. It appears that one reason for these differences might be that some highway 
agencies have more severe climates. In fact, a review of the responses from all 45 highway 
agencies showed that those using PMA at the lowest design traffic level, <0.3million 
ESALs, were generally those with colder climates, suggesting that preventing thermal 
cracking in all pavements without increasing rutting is a major concern. The highway 
agencies that reported using PMA at <0.3 million ESALs were Alaska, Minnesota, 
Nevada, New York, Vermont, Washington, Nebraska and Rhode Island, although 
Nebraska and Rhode Island did not report using PMA to prevent thermal cracking. A more 
detailed study on this topic is warranted. 

 

Figure 3. Design traffic levels where PMA is used. 

4.5 Pavement Layers 

All 45 highway agencies that used PMA based on the survey questionnaire were asked to 
report the asphalt pavement layers in which they use it. The results are presented in Table 
1. Overall, 45 agencies (100%) use PMA in surface layers; 34 agencies (76%) use PMA in 
binder layers; and 17 agencies (38%) use PMA in base layers. 

Table 1. Pavement layers where PMA is used. 
Specification Surface Binder Base 

AASHTO M 320 or  
Superpave Plus 

18 
Agencies 
(100%) 

16 
Agencies 

(89%) 

9 
Agencies 

(50%) 

Other Specifications and 
Combinations of 

Specifications 

27 
Agencies 
(100%) 

18 
Agencies 

(67%) 

8 
Agencies 

(30%) 

23

23

17

10

8

30 million ESALs

10 to <30 million ESALs

3 to <10 million ESALs

0.3 to <3 million ESALs

<0.3 million ESALs
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4.6 Percent Tonnage with PMA 

The highway agencies were asked what their average percent tonnage of dense-graded 
mixtures with PMA has been in the last three years. Thirty-three agencies responded to this 
question as presented in Table 2. The percent tonnage with PMA ranged from 5 to 99%, 
with six highway agencies reporting percent tonnages at 80% or greater. Since Hawaii 
reported that it does not use PMA in dense-graded mixtures, the overall range is 0 to 99%. 
The six highest users of PMA are presented in Table 3. They are regarded to be the most 
proactive highway agencies in regard to using PMA. 

Table 2. Percent ttonnage of PMA. 

% Tonnage Number of Highway 
Agencies 

5 to 20 11 
21 to 40 7 
41 to 60 9 
61 to 80 1 

81 to 100 5 

 
Table 3. Highest users of PMA. 

Highway Agency 
% 

Tonnage 
Asphalt Binder 

Specification 
Nevada 99 to 100 Superpave Plus and 

Montana > 90 AASHTO M 320 
Idaho 90 Superpave Plus 

Ontario 85 
MSCR, Extended 
BBR, and Double 

Nebraska 80 to 85 MSCR 

South Dakota 80 Superpave Plus 

 

4.7 Expectations Regarding Future Tonnage with PMA 

The 45 highway agencies were asked to give their expectations for the next 5 years 
concerning the amount of tonnage of PMA that they will use. Fifteen agencies (33.3%) 
reported that the amount will increase. The primary reasons are as follows: (1) realized or 
expected improved pavement performance; (2) increased funding; (3) increased pavement 
construction; (4) increased traffic levels; and (5) recent changes in their asphalt binder 
specifications will require more PMA. Twenty-seven agencies (60.0%) reported that the 
amount of PMA will remain approximately the same. The primary reasons are as follows: 
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(1) funding will be the same; (2) limited funding; (3) the amount of pavement construction 
will be approximately the same; and (4) some highway agencies already predominately use 
PMA. Three agencies (6.7%) reported that amount of PMA will decrease, the reasons for 
which are as follows: (1) a lack of funding; and (2) decreased pavement construction. 

4.8 Pavement Service Life 

The 45 highway agencies were asked to list their typical increase in pavement service life 
from using PMA. The results are presented in Figure 4. Only New Mexico chose greater 
than 10 years, primarily because of significant decreases in rutting, while no agency chose 
7 to 10 years. Only Ontario chose zero years, although it still plans to use PMA. To 
increase pavement service life, it now uses the MSCR, Extended Bending Beam 
Rheometer, a Double Edge Notched Tension test and has limits for ash content. As also 
shown by Figure 4, most pavement service lives have not been formally documented. 

 

Figure 4. Typical increases in pavement service life resulting from using PMA.  

 When asked whether their typical increase in pavement service life has met, exceeded, 
or has not met expectations; 40 of 44 highway agencies (91%) reported that overall 
pavement service life has met or exceeded expectations although only 11 of them (25%) 
have documented it. (One of the 45 highway agencies did not respond to this question.) 
The results are presented in Table 4. Reported increases in pavement service life due to 
PMA for the 11 documented experiences ranged from 0 to greater than 10 years, with the 
majority reporting 4 to 6 years followed by 1 to 3 years. 

 Since only 25% of the highway agencies have documented their pavement service lives, 
it appears that decisions in recent years to adopt new asphalt binder specifications that have 
sometimes increased the amount of PMA being used have largely been based on past 
observations of pavement service life in the field. This is supported by the finding that 
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many highway agencies have not used any tools to ensure that there will be a sufficient 
return on investment. 

Table 4. Pavement service life expectations using PMA. 

Documentation 
Met 

Expectations 
Exceeded 

Expectations 
Not Met 

Expectations 
Documented 7 3 1 

Undocumented 30 0 3 

4.9 Pavement Distresses Being Prevented 

The 45 highway agencies were asked to list the types of pavement distresses that they are 
trying to prevent by using PMA, and they were allowed to choose multiple distresses. As 
presented by Figure 5, most highway agencies use PMA to control rutting or fatigue 
cracking or both, although many of them also use it to control reflective cracking, shoving 
and corrugations, or thermal cracking, or combinations of these. A lesser number also use 
PMA to control block cracking, joint cracking, raveling, bleeding, or moisture damage, or 
combinations of these. The only additional pavement distress given by the agencies that 
chose “Other” was reduced rutting from studded-tire wear using a mixture with a high 
polymer content in Alaska. 

 
Figure 5. Pavement distresses that the highway agencies are trying to prevent 

by using PMA. 

 Twenty-three highway agencies included thermal cracking as one distress that they are 
trying to prevent using PMA, while Minnesota only chose thermal cracking. A question 
that arose from this was how does a polymer improve an asphalt binder’s resistance to 
thermal cracking when it is usually added to a soft asphalt binder to improve its high 
temperature properties. The low-temperature properties of the PMA are then attributed to 
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the soft asphalt binder that was used. However, since this softer asphalt binder is part of 
the PMA, then a highway agency can state that the PMA is providing both thermal 
cracking resistance and rutting resistance. Based on the survey, it appears that some 
highway agencies responded in this manner while others did not. 

4.10 Secondary Benefits of Using PMA 

The highway agencies were asked to list any secondary benefits by using a PMA, and they 
were allowed to choose multiple secondary benefits. The results are presented in Figure 6. 

 
Figure 6. Secondary benefits of using PMA. 

 Twenty-four highway agencies (53%) reported that they have obtained secondary benefits 
while 21 agencies (47%) responded “None.” The secondary benefits including those 
written under “Other” are as follows:  (1) less movement at edges during compaction; (2) 
less or no tender zone during compaction; (3) fewer joint problems; (4) easier compaction; 
(5) a smoother surface; and (6) a reduction in moisture damage. Illinois specifically stated 
that a PMA can help hold a stripped mix together and allow for the self-healing of 
pavement with tight cracks, while Caltrans reported that it allows for the recycling of 
materials that would normally go into landfills. No highway agency chose “less aggregate 
crushing” or “easier hand working.” One agency used this question to report that paving 
contractors in its State complain that mixtures with PMA are harder to work when placed. 
The responses for “Other” also showed how two highway agencies regarded the effects of 
PMA on reducing the susceptibility to moisture damage to be a secondary benefit but not a 
primary benefit. Two other highway agencies listed this as both a primary benefit in Figure 
5 and a secondary benefit in Figure 6. 
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4.11 Use of Ground Tire Rubber as a PMA 

Since ground tire rubber (GTR) is technically a type of polymer, the highway agencies 
were asked if they would allow GTR to be used by itself to formulate a PMA. This was an 
exploratory question not intended to comprehensively cover this topic. Twenty-four (53%) 
highway agencies reported “yes” while twenty-one (47%) reported “no.” Four highway 
agencies provided additional comments as follows. Arizona reported that in some 
situations, they specify PMA with styrene-butadiene-styrene (SBS) and GTR to replace 
their wet process crumb rubber modifier (CRM) binders, but still makes extensive use of 
its wet process CRM binders. Florida reported that modification can be with styrene-
butadiene-styrene (SBS), styrene-butadiene (SB) or GTR. Louisiana stated that it bumps 
grades based on traffic using polymer and allows crumb-rubber as a modifier. Tennessee 
reported that its specification allows the use of GTR on equal footing with SBS and 
styrene-butadiene rubber (SBR). However, it also believed it would be difficult for a GTR 
by itself to pass its percent recovery curve requirement, although if it did, it would be 
allowed. 

 Since roughly half of the highway agencies reported that they would allow PMA to be 
formulated using only GTR while the other half would not, an additional study is 
warranted to more thoroughly understand their rationale. Furthermore, the degree to which 
each highway agency is currently using GTR as a PMA, or as one component of a PMA, 
was not determined.  

4.12 Other Applications Where PMA Is Used 

At the end of the survey, all 47 highway agencies were asked to list other applications 
where they use PMA. The results are presented in Figure 7. The agencies that reported 
“Other” provided the following list of applications, some of which are covered by Figure 
7: gap-graded friction course; asphalt rubber gap graded mixture; bonded wearing course; 
unbonded asphalt wearing surface (Nova Chip); cape seals; cold-recycled base course; 
ultra-thin bonded wearing course; fog seals; crack seal material with rubberized asphalt; 
high performance thin overlay; and a bridge deck overlay where the binder is typically a 
PG 76E-28. 

5.0 Tools for Ensuring That There Will Be a Sufficient Return in Investment When 
Using PMA 

Since the primary objective of this study was to recommend one or more tools that will 
help ensure that there will be a sufficient return on investment when specifying a PMA, a 
literature review was also conducted to determine what tools are currently available for 
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highway agencies to do this, including tools currently being developed. These tools need to 
both predict pavement performance and include a LCCA such that any increases in initial 
costs resulting from using a PMA will translate into better pavement performance 
compared to unmodified asphalt binders, and hence, less applications of pavement 
preservation/rehabilitation strategies during pavement service life. 

 
Figure 7. Other applications Where PMA is used. 

5.1 Software 

Based on both the literature review and the internet survey, the software that was chosen to 
provide tools were the following: (1) AASHTOWare® Pavement ME Design; (2) 
PAVEXpress; (3) FlexPAVE™; and (4) FHWA RealCost. The following sections provide 
background information on them. The information on AASHTOWare® Pavement ME 
Design only considers asphalt pavements. 

5.1.1 AASHTOWare® Pavement ME Design  

AASHTOWare® Pavement ME Design is an analysis and design software for new and 
rehabilitated pavement structures based on mechanistic-empirical (ME) principles. This 
software calculates pavement responses in terms of stresses, strains, and deflections using 
layered elastic theory and various inputs. It uses incremental damages over time, transfer 
functions, regression models and an aging model to relate the following pavement 
distresses to the pavement responses: 

• Terminal International Roughness Index (Terminal IRI); 

• permanent deformation (rutting) in total pavement; 

• bottom-up fatigue cracking in the asphalt pavement layer, which is also referred to as 
alligator cracking; 
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• thermal cracking in the asphalt pavement layer; 

• top-down fatigue cracking in the asphalt pavement layer, which is also referred to as 
longitudinal cracking; 

• permanent deformation (rutting) in the asphalt pavement layer; and 

• total bottom-up cracking for overlays on asphalt pavements, which includes bottom-
up fatigue cracking, reflective cracking and estimated future cracks in the existing 
pavement. 

 An iterative process is utilized in the design (AASHTO, 2015): (1) A trial pavement 
structural design is entered into the software based on experience or provided by another 
design procedure such as the 1993 AASHTO Guide for the Design of Pavement Structures 
(AASHTO, 1993). (2) The software is used to predict the above distresses. (3) The 
distresses are compared to the design criteria, also called thresholds, and the trial pavement 
structural design is modified, if necessary, until the distresses satisfy the design criteria. 
Either recommended design criteria or criteria based on experience can be used. The 
software provides extensive reports and graphs to evaluate the trial pavement structural 
design and fine-tune the design if necessary. Since a highway agency must enter a trial 
pavement structural design to begin the process, AASHTOWare® Pavement ME Design is 
technically an analysis tool, which is used to find an acceptable pavement design. 

 The inputs used to calculate the stresses, strains, and deflections are the thicknesses of 
the pavement layers, material properties, loading characteristics and environmental 
conditions. Material properties include mechanical, volumetric and thermal properties. Full 
axle-load spectra are used rather than ESALs. Traffic inputs are truck traffic volume, 
volume adjustment factors, lane distributions, weight, and tire pressure. For environmental 
conditions, the Enhanced Integrated Climate Model (EICM) is used. The design period is 
also needed so that distresses can be predicted over time. For overlay designs, existing 
pavement evaluations are needed. 

 The software allows a highway agency to choose one of three hierarchical levels for 
most material properties and loading characteristics with Level 1 providing the highest 
accuracy and Level 3 providing the least. 

• Level 1: The inputs are directly measured using standardized laboratory or field tests. 

• Level 2: The inputs are estimated using limited test data or from known correlations 
between these inputs and the results from other tests. 

• Level 3: The inputs are best-estimates, expert values, regional averages or defaults. 

 An important feature of the software is that the highway agency takes design reliability 
into account, which is the probability that a predicted distress will not exceed the design 
criteria over the design period. Either recommended reliabilities or reliabilities based on 
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experience can be chosen by a highway agency, but to prevent costly designs, each 
reliability should consider the difficulty in meeting the design criterion. The Manual of 
Practice (AASHTO, 2015) states that a design criterion and its associated reliability need 
to be balanced. 

 An example output is presented in Table 5. The software provides the target and 
predicted distress at the specified reliability followed by the target and achieved reliability. 
One comment on this table is that the “specified reliability” mentioned at the top of 
columns 2 and 3 is the “target reliability” in column 4. If the achieved reliability is greater 
than the target reliability, then the pavement design passes in regard to that distress type. If 
not, then it fails and the highway agency must decide if it wants to re-design the pavement. 

 AASHTOWare® Pavement ME Design also provides distresses on a month-by-month 
basis over the entire design period, which can help a highway agency decide when and 
what pavement preservation/rehabilitation strategies it will need to use in the future, even 
when all design criteria are satisfied. 

Table 5. Example reliability summary for an asphalt pavement trial design. 

Distress Type 

Distress at 
Specified 

Reliability 
Reliability (%) 

Criterion 
Satisfied? 

Target Predicted Target Achieved Pass/Fail 

Terminal IRI (in/mile) 172.00 149.05 90.00 97.90 Pass 

Permanent deformation in 
total pavement (in)

0.75 0.46 90.00 100.00 Pass

Bottom-up fatigue cracking 
in asphalt layer 
(% lane area) 

25.00 1.56 90.00 100.00 Pass 

Thermal cracking in asphalt 
layer (ft/mile) 

1000.00 216.30 90.00 100.00 Pass 

Top-down fatigue cracking in 
asphalt layer (ft/mile) 

2000.00 2477.31 90.00 84.67 Fail 

Permanent deformation in 
asphalt layer (in) 

0.25 0.24 90.00 91.79 Pass 

5.1.2 PAVEXpress 

PAVEXpress is a free web-based pavement design tool for new and rehabilitated roadways 
and parking lot pavements. This tool utilizes the empirically-derived design equations from 
the 1993 AASHTO Guide for the Design of Pavement Structures where layer thicknesses 
are calculated from a required overall structural number (SN) that is calculated from 
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structural layer coefficients, allowable serviceability loss at the end of design life, ESALs, 
design reliability, subgrade resilient modulus, and drainage coefficients for the unbound 
layers (AASHTO, 1993; PAVExpress, 2019). The design period is also needed.  

 Recently, PAVEXpress added an optional mechanistic empirical (ME) analysis based 
on linear elastic layer theory. This analysis is capable of determining the service life of the 
designed pavement in terms of the numbers of wheel load repetitions to failure for both 
bottom-up fatigue cracking and rutting, but not predictions of them as a function of time 
that can be used to identify optimal times for pavement preservation/rehabilitation 
strategies. The required inputs are (1) the thicknesses of the pavement layers, (2) material 
properties, which are the modulus and Poisson’s ratio for each pavement layer, and (3) 
loading characteristics, which are traffic load, tire pressure, and locations of the traffic 
loads. It also provides the user, for convenience, five truck axle configurations and all 
required inputs for these configurations. PAVEXpress does not use any environmental 
inputs and it does not account for aging over time. The fatigue cracking and rutting lives of 
a pavement are at the temperature and aging condition chosen by the highway agency 
when measuring the moduli and Poisson’s ratios of the asphalt mixtures. Since 
PAVEXpress only allows a user to input a single modulus and Poisson’s ratio for each 
layer, if a highway agency wants to evaluate fatigue cracking at an intermediate 
temperature and rutting at a higher temperature, then it will have to run this part of the 
software twice: once for fatigue cracking performance and once for rutting performance. 

 When using the PAVEXpress ME analysis, a highway agency selects one of three 
models to determine the number of wheel load repetitions to fatigue cracking failure: (1) a 
model developed by Minnesota DOT; (2) a model used by PerRoad 3.5, which was 
developed at Auburn University; or (3) a generalized model whereby the highway agency 
can select its own model coefficients based on its research. All three models use the 
horizontal tensile strain at the bottom of the asphalt pavement layer to predict bottom-up 
fatigue cracking life. 

 A highway agency would then select one of two models to determine the number of 
wheel load repetitions to rutting failure: (1) a model published by the Asphalt Institute in 
1982, which is based on a maximum allowable rut depth of 0.5 in (12.7 mm); or (2) a 
generalized model whereby the highway agency can select its own model coefficients 
based on its research. Both models use the vertical compressive strain at the top of the 
subgrade to predict rutting life, which means that rutting life is based on the total amount 
of rutting in the pavement. The models do not give the amounts of rutting in each 
individual layer. 

 An integrated LCCA based on FHWA RealCost 2.5 can next be employed to first 
calculate the initial pavement cost, and then the cost over the entire service life of the 
pavement. A LCCA can be performed with or without using the optional ME analysis; 
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however, using the ME analysis allows a highway agency to take into consideration the 
number of wheel load repetitions to failure for both bottom-up fatigue cracking and rutting. 

5.1.3 FlexPAVE™ 

FlexPAVETM is a pavement performance prediction tool that uses a three-dimensional 
layered viscoelastic finite element program capable of performing a moving load analysis 
under realistic climatic conditions (Wang et al., 2018). Asphalt mixtures are characterized 
for three properties: (1) dynamic modulus to quantify the effect of loading and temperature 
on pavement response; (2) fatigue cracking damage; and (3) permanent deformation. 
Bottom–up fatigue cracking and rutting predictions are then modeled using these mixture 
properties, in situ pavement structure, traffic load, and climate conditions. For 
environmental conditions, FlexPAVETM uses the same Enhanced Integrated Climate 
Model (EICM) as AASHTOWare® Pavement ME Design. Fatigue cracking predictions 
are based on the simplified viscoelastic continuum damage model (S-VECD) while rutting 
predictions are based on the stress sweep rutting (SSR) shift model. Using FlexPAVE™ it 
is necessary to measure the modulus, fatigue cracking, and permanent deformation 
behaviors according to the methods prescribed by the FlexPAVE™ models. The outcomes 
from these measurements are then input to the FlexMAT program, which is an Excel-based 
data processing software that generates the necessary inputs for FlexPAVE™.  

 In many ways, FlexPAVETM mirrors the process used in AASHTOWare® Pavement 
ME Design. Performance predictions are made sequentially over time for a period of 10 to 
30 years depending on the user’s decision. The analysis is carried out on a month-by-
month basis accounting for differences in morning, mid-day and late-day temperature 
profiles during that month. The key difference is that FlexPAVETM uses a viscoelastic 
finite element analysis to predict pavement responses instead of layered elastic analysis. 
This means that the interactive effects of both loading speed and temperature with structure 
and each material are now directly considered in the pavement responses. FlexPAVETM 
also differs in terms of the models that are used to link these responses to damage and 
ultimately to fatigue cracking and rutting. 

 FlexPAVETM provides the following: (1) damage contours which indicate areas of high 
damage to low damage; (2) cumulative damage across the damage calculation zone for the 
period of analysis; and (3) the evolution of total rutting and rutting in the individual 
pavement layers. For rutting in an unbound layer, FlexPAVETM currently uses the same 
material model in AASHTOWare® Pavement ME Design.  

 As of this writing, the transfer function that relates damage to bottom-up fatigue 
cracking has not been extensively calibrated, but studies have provided the preliminary 
function given in Equation 1. For rutting, the results at this time can only be viewed as a 
qualitative estimate. FlexPAVETM predicts rutting in both bound and unbound layers, but 
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for the pavements that have been studied, the rutting predictions for the asphalt concrete 
layer have agreed with the measured total pavement rutting, but the pavements in these 
studies were sufficiently thick such that rutting in the unbound layers could be reasonably 
neglected. 
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FlexPAVETM provides a highway agency with quantified performance measures that 
allow it to directly compare materials in a given structure or different structures containing 
the same or different materials, and if necessary, adjust them to observe how these changes 
may affect the overall pavement life. 

5.1.4 FHWA RealCost 

This software was developed by the FHWA to support the application of LCCA in the 
pavement project-level decision-making process by comparing the relative economics of 
competing construction and rehabilitation design alternatives (FHWA, 2004). RealCost 
begins with a highway agency choosing project design alternatives that will accomplish the 
structural and performance objectives for a project. The highway agency then defines the 
schedule of initial and future activities involved in implementing each alternative. The 
costs of these activities are next estimated. Best practice LCCA calls for including not only 
direct highway agency costs such as those for construction or maintenance, but also costs 
to highway users resulting from work zone operations, such as delays, although the latter 
costs are an option in RealCost. 

 Since RealCost does not provide any pavement designs or pavement performance 
predictions, it cannot be used by itself to determine the return on investment when using a 
specific PMA. However, by combining it with a pavement performance prediction 
software, such as AASHTOWare® Pavement ME or FlexPAVE™, it will help highway 
agencies find the optimum design in terms of both the initial pavement cost and the cost 
over the entire service life of the pavement. The current version is RealCost 2.5. 

5.2 Tools to Evaluate Return on Investment 

Based on the software presented above, three options are available:  

1. Combine AASHTOWare® Pavement ME Design and FHWA RealCost, which can 
account for (a) terminal IRI, (b) permanent deformation (rutting) in total pavement, 
(c) bottom-up fatigue cracking, (d) thermal cracking, (e) top-down fatigue cracking, 
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(f) permanent deformation (rutting) in the asphalt pavement layer and (g) total 
bottom-up cracking for overlays on asphalt pavements. 

2. Use PAVEXpress, which can account for bottom-up fatigue cracking and rutting in 
total pavement.  

3. Combine FlexPAVE™ and FHWA RealCost, which accounts for bottom-up fatigue 
cracking and rutting in individual layers.  

To determine if specifying a PMA will provide a sufficient return on investment 
compared to an unmodified asphalt binder, a highway agency would choose one of the 
three above tools and then perform two analyses; one using each asphalt binder. The 
highway agency would then compare the two analyses and decide if the PMA provides a 
sufficient return on investment. 

5.2.1 Option One: AASHTOWare® Pavement ME Design Combined with FHWA RealCost 

The highway agency creates a single trial pavement structural design and performs two 
analyses: one using an unmodified asphalt binder and another using a PMA placed in the 
asphalt pavement layer where the highway agency wants to know if specifying a PMA will 
provide a sufficient return on investment, often the surface pavement layer. The highway 
agency then compares the achieved reliabilities to help determine this, which is usually 
followed by a LCCA. Several scenarios are possible, and several decisions might have to 
be made by a highway agency: 

• If all target reliabilities are met using both asphalt binders, then the PMA will have 
to provide higher achieved reliabilities to be a viable option, since PMAs have a 
higher purchase price. If it does have higher achieved reliabilities, LCCA would then 
be performed on the two options. If the PMA provides superior performance, another 
option would be to reduce the pavement layer thickness using the PMA and repeat 
the ME Design and LCCA for it. Alternatively, the pavement layer thicknesses for 
both asphalt binders could be adjusted so they just meet the target reliabilities and 
then the LCCA could be performed.   

• If the target reliabilities are only met using one asphalt binder, for example, by the 
PMA, then the highway agency will have to decide based on the achieved 
reliabilities whether the other asphalt binder is still a viable option. A LCCA could 
be performed to help determine this. If it is not a viable option, then the highway 
agency would use the satisfactory asphalt binder. Another option would be to change 
the pavement layer thickness or the mixture design for the inadequate asphalt binder 
to try to get satisfactory reliabilities for it. What will need to be changed will depend 
on what pavement distresses need to be reduced. If satisfactory performances are 
obtained, LCCA would then be performed to compare the two options.  

191



STUART, MOGAWER UNDERWOOD 

 
 

• If both asphalt binders do not meet the target reliabilities, then some aspect of the 
pavement structural design or the mixture design will have to be changed and the 
comparison repeated. 

The above examples show that a highway agency can use the achieved reliabilities to 
make some decisions as to what asphalt binder should be used or whether the pavement 
layer thickness or mixture design should be changed, but many decisions should also be 
based on using LCCA. A highway agency can use AASHTOWare® Pavement ME Design 
combined with FHWA RealCost in various ways. 

 To accurately evaluate the return of investment, it is recommended that Level 1 asphalt 
binder and mixture inputs be used. For asphalt binders, this is the PG and the Dynamic 
Shear Rheometer (DSR) complex moduli and phase angle data at 10 rad/sec and different 
temperatures. For asphalt mixtures, this is the dynamic moduli at different temperatures 
and frequencies, creep compliance, and tensile strength. A flow chart of this option is 
presented in Figure 8. 

 The distress prediction models/transfer functions in the AASHTOWare® Pavement 
ME Design were nationally calibrated using a large number of Long-Term Pavement 
Program (LTPP) pavement sections distributed throughout the U.S. Data from other 
Federal and State agency research projects were also included. Accordingly, the resulting 
distress prediction models do not necessarily represent materials specific to each highway 
agency. Hence, it is recommended that a highway agency conduct local calibrations of the 
models using the unmodified asphalt binder and the PMA. A step-by-step procedure for 
this is presented in AASHTO “Guide for the Local Calibration of the Mechanistic-
Empirical Pavement Design Guide” (AASHTO, 2010). 

Illustrative Example: 
To illustrate AASHTOWare® Pavement ME Design combined with FHWA RealCost, a 
hypothetical example is presented. In this example, a highway agency is addressing 
permanent deformation (rutting) and bottom-up fatigue cracking over 20 years. The agency 
typically specifies a PG 64S-28 unmodified asphalt binder and would like to estimate the 
return on investment if it specified a PG 64E-28, which is a PMA. Since this is a 
hypothetical example, the pavement structure tested by the FHWA during one of its 
Accelerated Loading Facility (ALF) experiments was used because the properties of this 
pavement structure were known (Gibson et al., 2012). The structure consisted of a 4-in. 
surface mixture; a 22-in. crushed stone base layer with a modulus of 22 ksi, and a prepared 
A-4 subgrade with a modulus of 6.4 ksi. However, the surface mixture used for the ALF 
experiments was changed so that the above two asphalt binders could be compared. An 
asphalt binder supplier in the U.S. provided the properties of the asphalt binders and 
mixtures needed to determine permanent deformation and bottom-up fatigue cracking 
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performances. These properties were the G* and δ of the asphalt binders and the dynamic 
moduli of the mixtures at various temperatures and frequencies. 

 
Figure 8. Flow chart for option 1: AASHTOWare® PavementME Design 

combined with FHWA RealCost. 

The same cross section, climate and traffic loading were used for both binders. A two-way 
average annual daily truck traffic (AADTT) of 4000 was used. The typical 90% of AADTT 
was used in the design lane and 50% trucks in design direction. The remaining traffic inputs 
were the default values. Since the focus of this example was on permanent deformation and 
bottom-up fatigue cracking, the default ME Design values were used for thermal cracking. 

Tables 6 and 7 present the outputs for the mixtures with the PG 64S-28 and PG 64E-
28 asphalt binders, respectively. These tables show that only the mixture with the PG 64E-
28 met the required criteria for total permanent deformation and both types of fatigue cracking. 
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Table 6. Reliability summary for the mixture with PG 64S-28. 

 

Since the mixture with the PG 64E-28 provided a benefit in terms of performance, 
LCCA were then performed using FHWA RealCost. The ME Design provides time versus 
distress charts which allow a highway agency to first decide when and what pavement 
preservation/rehabilitation strategies to implement. Figures 9 and 10 presents these charts 
for total rut depth and bottom-up fatigue cracking, respectively. Note that a highway 
agency must decide what strategies to employ based on these charts and its experiences, 
and must input construction costs, the cost of each strategy, and other costs such as 
highway user costs resulting from construction zone operations. In fact, each strategy that 
will next be presented is simply one option that can be used. 

Figure 9 shows that the mixture with the PG 64S-28 would fail in rutting at around 
year 16. Even so, this failure was not considered significant as by the end of the design 
pavement service life at year 20, the total rut depth was only 0.04 inches more than the 
failure criterion of 0.75 inch. Hence, it was decided not to include a pavement 
preservation/rehabilitation strategy for permanent deformation in the LCCA. On the other 
hand, Figure 10 shows that the mixture with the PG 64S-28 would start having bottom-up 
fatigue cracks around year 4 which would reach 10% around year 9. The pavement would 
then fail around year 16. Based on pavement preservation practices used in the northeast, a 
non-structural high-performance thin lift using a PMA was used at year 8 with the 
expectation that this would add a service life of 12 years. Thus, a mixture with a PMA was 
used to correct the deficiency of the mixture without PMA. 

Distress Type 

Distress at 
Specified 

Reliability 
Reliability (%) 

Criterion 
Satisfied? 

Target Predicted Target Achieved Pass/Fail 

Terminal IRI (in/mile) 172.00 170.41 90.00 90.79 Pass 

Permanent deformation in 
total pavement (in) 

0.75 0.79 90.00 81.64 Fail 

Bottom-up fatigue cracking 
in asphalt layer  
(% lane area) 

25.00 30.58 90.00 81.22 Fail 

Thermal cracking in asphalt 
layer (ft/mile) 

1000.00 216.40 90.00 100.00 Pass 

Top-down fatigue cracking 
in asphalt layer (ft/mile) 

2500.00 2811.36 90.00 86.88 Fail 

Permanent deformation in 
asphalt layer (in) 

0.25 0.11 90.00 100.00 Pass 
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Table 7. Reliability summary for the mixture with PG 64E-28. 

Distress Type 

Distress at 
Specified 

Reliability 
Reliability (%) Criterion 

Satisfied? 

Target Predicted Target Achieved Pass/Fail 

Terminal IRI (in/mile) 172.00 163.52 90.00 93.79 Pass 

Permanent deformation in 
total pavement (in) 

0.75 0.74 90.00 91.41 Pass 

Bottom-up fatigue cracking 
in asphalt layer 
(% lane area) 

25.00 20.18 90.00 95.01 Pass 

Thermal cracking in asphalt 
layer (ft/mile) 

1000.00 216.30 90.00 100.00 Pass 

Top-down fatigue cracking 
in asphalt layer (ft/mile) 

2500.00 2225.89 90.00 92.63 Pass 

Permanent deformation in 
asphalt layer (in) 

0.25 0.08 90.00 100.00 Pass 

 

Figures 9 and 10 show that the mixture with the PG 64E-28 passed both the total rut 
depth and bottom-up fatigue cracking criteria. Although bottom-up fatigue cracking would 
start around year 8, it would not reach 10% until around year 14. Based on pavement 
preservation practices used in the northeast, crack sealing was the preferred strategy. 

FHWA RealCost was used to compare the two alternatives over a 20-year pavement 
life. For each, two activities were included: (1) construction and its associated costs; and 
(2) the selected pavement preservation/rehabilitation strategy and its associated costs. The 
initial costs for construction were higher using the PG 64E-28 because of the higher 
purchase price of this asphalt binder. The work zone and material costs were significantly 
higher using the PG 64S-28 because placing a high-performance thin lift is more costly 
than cracking sealing. The results from RealCost are shown in Table 8. RealCost calculates 
deterministic present values for both agency costs and user costs and provides the 
alternative with the lower cost for each. As presented, the mixture with the PG 64E-28 
asphalt binder provided the lower costs which could be expected since the mixture with the 
PG 64S-28 asphalt binder did not pass the criterion for bottom-up fatigue cracking in Table 
6. 
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Figure 9. Total rut depth versus pavement age. 

 

Figure 10. Bottom-up fatigue cracking versus pavement age. 
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Table 8. FHWA RealCost results. 

Alternative: PG 64S-28 PG 64E-28 

Cost: Agency User Agency User 

Present 
Value: 

$6,300,000 $2,037,000 $6,107,000 $1,695,000 

     

Lower Present Value for Agency Cost PG 64E-28 

Lower Present Value for User Cost PG 64E-28 

 

5.2.2 Option 2: PAVEXpress 

PAVEXpress by itself can be used to determine if there will be a sufficient return on 
investment when using a PMA since it includes a LCCA based on FHWA RealCost. While 
a LCCA can be performed with or without using the optional ME analysis, the ME 
analysis must be performed to effectively evaluate the return on investment using a PMA. 
In other words, a highway agency must take into consideration the numbers of wheel load 
repetitions to failure for bottom-up fatigue cracking and rutting provided by the asphalt 
binders being compared.  

 The 1993 AASHTO Guide used by PAVEXpress employs structural layer coefficients 
(a1) which, for an asphalt pavement layer, is estimated from the elastic modulus of the 
asphalt mixture being used. Since this means that mixtures with different elastic moduli 
can provide different structural designs or overlay thicknesses, which can affect initial 
pavement costs, to evaluate the return on investment for a PMA, a highway agency should 
use structural layer coefficients that are computed from the elastic moduli of mixtures 
incorporating the asphalt binders being compared. A flow chart of this option is presented 
in Figure 11. 

 An alternative is to compare unmodified and PMA binders using the same structural 
design. For example, many highway agencies today might choose an overlay thickness and 
then want to know if using a PMA will provide a sufficient return on investment compared 
to using an unmodified asphalt binder. The highway agency would then start with the 
PAVEXpress ME analyses in Figure 11 and input the structural design and material 
properties. 

If performance is not satisfactory, a highway agency could change the pavement layer 
thickness or the mixture design and repeat the PAVEXpress ME analysis.  
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Figure 11. Flow chart for option 2: PAVEXpress. 

Illustrative Example 
To illustrate PAVEXpress, a hypothetical example similar to that used to illustrate 
AASHTOWare® Pavement ME Design combined with RealCost was used. For 
PAVEXpress, a 3-S2 truck configuration was used. Other configurations were explored; 
however, the same trend was observed in terms of the effect of the binder type. The 
loading was 5000 lb. Since the pavement structure was fixed, the example presented here 
starts with the PAVEXpress “ME Analyses” step in Figure 11. The dynamic modulus of 
each mixture at and 40°C and 10Hz was used as an input to calculate the number of wheel 
load repetitions to failure for total rutting using the PerRoad 3.5 model, while the dynamic 
modulus of each mixture at 20°C and 10Hz was used as an input to calculate the number of 
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wheel load repetitions to failure for bottom-up fatigue cracking using The Asphalt Institute 
model. 

The results are presented in Table 9. One problem presented by these results is that 
PAVEXpress does not give the time of failure which is needed to do LCCA. 
Hypothetically, for the rutting analysis, if the pavement design life requires 3 million 
ESALs over a 20-year period, or 150,000 ESALs per year, then based on the number of 
wheel load repetitions to failure in Table 9, both pavements would fail in rutting in less 
than 3 years. Furthermore, the wheel load that was used in the analysis was only 5000 lb 
compared to 9000 lb, which would be used for an ESAL. Based on this, the pavements 
could only be used for low volume roads with 0.3 million ESALs or less. Because of this, 
no LCCA were performed. To use the two mixtures, the pavement thickness would have to 
be increased. Note that these results were significantly different from those provided by 
AASHTOWare® Pavement ME Design. 

Table 9. Number of wheel load repetitions to failure using PAVEXpress. 

Distress PG 64S-28 PG 64E-28 

Rutting    410,674    443,509 
Bottom-up Fatigue Cracking 1,070,139 1,833,017 

5.2.3 Option Three: FlexPAVE™ combined with FHWA RealCost 

As with AASHTOWare® Pavement ME Design, the highway agency creates a single trial 
pavement structural design and performs two analyses: one using an unmodified asphalt 
binder and another using a PMA placed in the asphalt pavement layer where the highway 
agency wants to know if specifying a PMA will provide a sufficient return on investment. 
The highway agency then compares the performances provided by them, which is usually 
followed by a LCCA. The overall process is presented in Figure 12. As shown by Figure 
12, a highway agency has the option of redesigning the structure or materials based on 
either the predicted performances or the LCCA. As previously stated, it is necessary to 
measure the modulus, fatigue cracking, and permanent deformation behaviors according to 
the methods prescribed by the FlexPAVETM material models. The outcomes from these 
measurements are then input to the FlexMAT program, an Excel-based data processing 
software that generates the necessary inputs for FlexPAVE™.  

Illustrative Example 
To illustrate FlexPAVETM, a hypothetical example similar to that used to illustrate 
AASHTOWare® Pavement ME Design combined with RealCost was used. There were 
two differences. First, the loading used in FlexPAVETM consisted of a representative single 
axle, dual-tire configuration with a total load level of 9000 lb. Two million load repetitions 
were simulated that were evenly distributed over 20 years. Second, the two asphalt binders 
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evaluated using FlexPAVETM were a non-modified PG 70-22 binder and an SBS polymer-
modified PG 76-22 binder. These binders were used as part of the FHWA ALF experiment 
previously mentioned (Gibson et al., 2012). These mixtures were chosen because the 
modulus, fatigue cracking, and permanent deformation behaviors required by FlexPAVETM 
were available for them. 

 The results are presented in Figures 13 and 14. Since the rutting calibration for 
FlexPAVETM has not yet been completed, differences in rutting life are currently difficult 
to estimate. Based on the current calibrations and Figure 13, neither mixture would fail in 
rutting and no pavement rehabilitation strategies would be needed for either of them. Using 
a fatigue cracking threshold of 25%, Figure 14 shows that the mixture with the PG 76-22 
SBS would be expected to last nearly twice as long as the mixture with the PG 70-22. 

FHWA RealCost was used to compare the PG 70-22 and PG 76-22 SBS over a 
20-year pavement life. For each, two activities were included: (1) construction and its 
associated costs; and (2) the selected pavement preservation/rehabilitation strategies and 
their associated costs. Based on Figure 14, pavement rehabilitation strategies would be 
applied at 3 years using the PG 70-22 and at 5 years using the PG 76-22 SBS to keep less 
than 10% bottom-up fatigue cracking. As mentioned earlier, a pavement preservation 
strategy that is commonly used in the northeast is a non-structural high-performance thin 
lift using a PMA with the expectation of adding 12 years to the pavement service life. 
Hence, for the PG 70-22, the three activities were used: construction; a high-performance 
thin lift using a PMA at 3 years; and crack sealing at year 15. For the PG 76-22 SBS, two 
activities were used: construction and crack sealing starting at year 6. The initial costs for 
construction were higher using the PG 76-22 SBS because of the higher purchase price of 
this asphalt binder. The work zone and material costs were significantly higher using the 
PG 70-22 because placing a high-performance thin lift is more costly than cracking 
sealing. The results from RealCost are shown in Table 10. RealCost calculates 
deterministic present values for both agency costs and user costs and provides the 
alternative with the lower cost for each. As presented, the mixture with the PG 76-22 SBS 
asphalt binder provided the lower costs which could be expected since the mixture with the 
PG 70-22 asphalt binder showed a higher percentage of bottom-up fatigue cracking in 
Figure 14.   
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Figure 12. Flow chart for option 3: FlexPAVETM combined with FHWA RealCost. 
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Figure 13. Total rut depth verses pavement age. 

 

 

Figure 14. Bottom-up fatigue cracking versus pavement age. 
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Table 10. FHWA RealCost results. 

Alternative: PG 70-22  PG 76-22 SBS  

Cost: Agency User Agency User 

Present 
Value: 

$6,433,000 $2,028,000 $6,107,000 $1,707,000 

     

Lower Present Value for Agency Cost PG 76-22 SBS 

Lower Present Value for User Cost PG 76-22 SBS 

6.0 Project Summaries 

6.1 Internet Survey 

6.1.1 Use of PMA in Dense-Graded Mixtures 

• Forty-five of the 47 highway agencies (96%) reported using PMA in dense-graded 
mixtures, although it was later found that 46 agencies actually use it (98%). 

• The percent tonnage of dense-graded mixtures with PMA provided by the 47 
highway agencies ranged from 0 to 99% ,with six highway agencies reporting 
percent tonnages at 80% or greater. 

6.1.2 Asphalt Binder Specifications Being Used for PMA 

• Sixteen use AASHTO M 332 (MSCR). Some highway agencies test all asphalt 
binders using the MSCR while others only test modified asphalt binders including 
PMA. 

• Fifteen use Superpave Plus, which is AASHTO M 320 plus additional tests such as 
elastic recovery, ductility, or toughness and tenacity. 

• One uses Grade Bumping to require a PMA beyond the requirements of AASHTO M 
320. 

• Three use AASHTO M 320 (Original Superpave) with no modifications. 

• Ten use specifications, which are generally combinations of the above four 
specifications. In other words, they employ more than one asphalt binder 
specification for PMA, which can vary from region to region or from pavement 
project to pavement project within a region. For example, a highway agency might 
use AASHTO M 332 in one region and Superpave Plus in another region. 

From these data on asphalt binder specifications the following conclusions are drawn: 
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• A variety of asphalt binder specifications are being used with some highway 
agencies having specifications that vary from region to region or from pavement 
project to pavement project. 

• Twenty-four of the 45 highway agencies (53%) have specifications that utilize the 
MSCR. Including a literature review, it was found that 25 of 50 States, Washington, 
D.C., and Ontario utilize the MSCR to some degree for PMA. It is expected based on 
the results of this survey that use of the MSCR will increase. 

6.1.3 Primary Benefits of Using PMA 

• Most of the 45 highway agencies use PMA to control rutting or fatigue cracking or 
both, although many of them also use it to control reflective cracking, shoving and 
corrugations, or thermal cracking, or combinations of these distresses. 

• Some highway agencies also use it to control block cracking, joint cracking, 
raveling, bleeding, or moisture damage, or combinations of these distresses. Two 
highway agencies regarded the effects of PMA on moisture damage to be a 
secondary benefit rather than a primary benefit. 

6.1.4 Secondary Benefits of Using PMA 

The secondary benefits reported were as follows: 

• less movement at edges during compaction; 

• less or no tender zone during compaction; 

• fewer joint problems; 

• easier compaction; 

• a smoother surface and 

• reduction in moisture damage. 

6.1.5 Design Traffic Levels Associated with PMA Use 

• Most highway agencies that have adopted new asphalt binder specifications for PMA 
in recent years reported using PMA at their highest design traffic level. At traffic 
levels below this, PMA use varied significantly from agency to agency. 

• It is possible that one reason for these differences is that some highway agencies 
have more severe climates. In fact, the highway agencies that reported using PMA at 
the lowest design traffic level, <0.3 million ESALs, were generally those with colder 
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climates, indicating that preventing thermal cracking in all pavements without 
increasing rutting is a primary concern.  

6.1.6 Pavement Layers Associated with PMA Use 

PMA use reported in pavement layers was as follows: 

• Forty-five of 45 highway agencies (100%) use PMA in surface layers. 

• Thirty-four of 45 highway agencies (76%) use PMA in binder layers. 

• Seventeen of 45 highway agencies (38%) use PMA in base layers. 

6.1.7 Performance of PMA 

Reported PMA performance was as follows: 

• Forty of 44 highway agencies (91%) reported that overall pavement performance has 
met or exceeded expectations, although only 11 highway agencies (25%) have 
documented their experiences. 

• Increases in pavement life due to PMA for the 11 documented experiences ranged 
from 0 to greater than 10 years, with the majority reporting 4 to 6 years followed by 
1 to 3 years. 

6.1.8 Use of PMA in Dense-Graded Mixtures in the Next Five Years 

Projected use of PMA in the future was as follows: 

• Fifteen highway agencies reported that it will increase. 

• Twenty-seven highway agencies reported that it will remain approximately the same. 

• Three highway agencies reported that it will decrease. 

6.1.9 Return on Investment 

• Decisions in recent years to adopt new asphalt binder specifications that have 
sometimes increased the amount of PMA being used have often not included using 
tools to ensure that there will be a sufficient return on investment. 

• Only 11 of the 44 highway agencies (25%) have documented their pavement service 
lives where PMA has been used, yet most highway agencies reported that their 
pavement service lives have met expectations. It appears that decisions in recent 
years to increase the use of PMA have largely been based on past observations of 
performance in the field. This is supported by the finding that many highway 
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agencies have not used any tools to ensure that there will be a sufficient return on 
investment.  

• A few highway agencies reported that PMA increases mixture initial costs by less 
than 8%, which they believe is low compared to expected benefits.  

6.1.10 Tools to Ensure That There Will Be a Sufficient Return on Investment When Using 
PMA 

• An optimal tool that can be used to ensure that there will be a sufficient return on 
investment when using PMA in dense-graded mixtures was not identified by the 
survey. The reason is that very few highway agencies listed any tools and the tools 
they listed generally varied from agency to agency. 

• Tools that have been used by some highway agencies are experimental pavement test 
sections, AASHTOWare® Pavement ME Design, PAVEXpress, FHWA RealCost, 
Caltrans CalME and Minnesota DOT developed software. However, no existing tool 
completely captures all of the reported benefits of using PMA. The difficulty in 
developing tools that can completely capture all reported benefits is shown by the 
following: (1) the complexity involved in trying to combine all reported benefits; (2) 
no economic analyses have ever been performed for many of the reported benefits; 
and (3) many of the reported benefits, for example, reductions in reflective cracking 
or shoving, can only be quantified for a particular mixture through time-consuming 
studies. 

6.1.11 Other applications for PMA 

At the end of the survey, highway agencies reported using PMA in the following 
applications: 

• thin overlays for pavement preservation; 
• micro-surfacing 
• stone matrix asphalt (SMA); 
• porous, gap-graded, or open-graded friction courses; 
• seal coats; 
• chip seals; 
• crack sealants; 
• slurry seals; 
• fog seals; 
• cape seals; 
• Nova Chip; and 
• specialized mixtures for bridge deck overlays. 
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6.2 Tools to Ensure That There Will Be a Sufficient Return on Investment When Using 
PMA 

Three tools were presented in this paper: (1) AASHTOWare® Pavement ME Design 
combined with FHWA RealCost which accounts for (a) terminal IRI, (b) permanent 
deformation (rutting) in total pavement, (c) bottom-up fatigue cracking, (d) thermal 
cracking, (e) top-down fatigue cracking, (f) permanent deformation (rutting) in the asphalt 
pavement layer, and (g) total bottom-up cracking for overlays on asphalt pavements; (2) 
PAVEXpress accounts for bottom-up fatigue cracking and rutting in total pavement; and 
(3) FlexPAVE™ combined with FHWA RealCost, which accounts for bottom-up fatigue 
cracking and rutting in individual layers. 

7.0 Recommendations 

It is recommended that highways agencies try the three tools that are illustrated in this 
paper. 

While the survey did not address this, it is well documented that many state highway 
agencies, the Federal Highway Administration, trade organizations, polymer suppliers, and 
other organizations have shown the beneficial effects of using PMA through laboratory 
research studies. It is likely that these studies and the positive experiences of neighboring 
highway agencies have contributed to increased PMA use, It is recommended that future 
laboratory research studies on PMA include performance prediction models and LCCA in 
a comprehensive analysis. 
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9.0 Discussion 

FUJIE ZHOU:  As always, great work and presentation! I agree that PMA mixes can 
improve rutting resistance. Do you think that PMA mixtures can always help improve 
cracking resistance when designed following current volumetric mix design? Several years 
ago NCAT test track had two 5-inch-thick test sections, one with PG 67-22 and the other 
with PG 76-22.  The section with PG 76-22 actually fatigued earlier than the one with PG 
64-22. 

WALAA MOGAWER:  Thanks, Fujie. So, in terms of how these binders can improve the 
performance, I highly recommend using a balanced mix design and select the proper test to 
evaluate your material. In my experience they do improve cracking resistance based on 
laboratory testing, but this was for specific polymer that we were using. I don’t know what 
other polymers will do in terms of cracking.  

THOMAS BENNERT:  Following up with Fujie's question - I agree that we have seen 
similar conditions with volumetric design in New Jersey.  Mixtures designed dry may not 
see the benefits of PMA. Greater benefit of PMA is witnessed with balanced mixture 
design, where higher asphalt contents can provide significant improvements in fatigue 
cracking with no detriment to rutting. 
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WALAA MOGAWER:  Thanks, Tom. I totally agree with your statement.   

JOHN D’ANGELO:  Very good work, but I have some questions on the responses from 
the states and the modeling. The DOTs say that they mostly use PMA for rutting, but then 
they use the mix in OGFC and thin PP overlays.  This seems very inconsistent.  Also, for 
bottom-up fatigue wouldn't the PMA have to be in the base? 

WALAA MOGAWER:  Yes, these are good questions, John.  

The study centered around surface mixtures where the layer could be regarded as a 
structural layer. So, they are using PMA to reduce rutting in these layers but also cracking. 
Why they use it in other applications was not asked. For example, in open-graded 
mixtures, they may be using it to control aging. Years ago, some States said that when an 
open-graded mixture starts failing, it fails very quickly compared to a dense-graded 
mixture, so they are not prepared for this.   

I suspect that they are using PMA in surface layers to help prevent cracks in this layer from 
either high deflections or cracks in lower layers propagating upward.     

KATIE HASLETT:  Thanks for the presentation. Can you provide more detail on your 
LCCA and what level of inputs you considered (e.g., did you account for added vehicle 
time and cost for the different rehabilitation/maintenance scenarios)? Assuming that the 
unmodified and PMA resulted in different distress versus time performance curves, the 
recommended timing and type of maintenance and rehabilitation treatment will vary. As a 
result, the impact on traffic and associated cost will vary with different M&R treatments 
(crack sealant versus thin overlay), which may impact your return on investment. 

WALAA MOGAWER:  We tried to keep everything consistent between the two mixes, 
the polymer modified and the conventional mix (non-modified). We just provided an 
illustrated example to show our concept.  

So, you are absolutely right. We tried to keep everything consistent between the two 
mixes, the polymer modified and the conventional mix (the non-modified). But the 
strategy is, yes, you are absolutely right. So, it could make a difference, whatever the 
agency decides to use. So, this was just an illustrated example to show the concept. But 
this is just a concept. So, I agree with you that with different strategies you could have 
ended up with a different net present worth. So, yeah, that’s an excellent question. Thanks.  

JOHN D’ANGELO:  Walaa, good to talk to you again. I am concerned that most of the 
states say they are using it for rutting, but then thin lifts and open graded friction courses 
do not address rutting at all. So I just don’t see how that concept can be used. You have to 
have a thicker layer to have rut resistance.  

WALAA MOGAWER:  This study was mainly done for surface layers, not for pavement 
preservation. One of the questions we did ask was in what other applications do you use 
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PMA, and that is when some said they use it for open graded or for thin lifts. But the focus 
of the study was on surface mixtures, structural layers, not pavement preservation. So, 
even though they don’t use it in the surface layers, they might be using it for pavement 
preservation strategies.  

JOHN D’ANGELO:  It was just confusing the way you presented it. I guess I’ll have to go 
back to the paper and look at it in more detail.  

WALAA MOGAWER:  Okay. Thanks, John.   

FRANK FEE:  Are any of the states using their pavement condition surveys for 
determining their real time performance? 

WALAA MOGAWER:  My answer, based on the responses we received, is no; but I think 
they’re working on it. So, at this point the majority did not have documented field 
performance or pavement management data that we could use.  

IMAD AL-QADI: Excellent presentation. AASHTOWare uses elastic method in analysis 
(although sublayers are used), and we know the PMA is highly viscoelastic. How much do 
you trust the outcome of AASHTOWare, especially for rutting?   

WALAA MOGAWER:  That’s a good point, and it’s hard to say. We were just presenting 
a concept of using a performance prediction tool and a cost analysis tool. So, whatever an 
agency or an entity trusts or feels comfortable with, they can use. So, if someone is not 
comfortable with the model of rutting prediction in the ME, they can use something else.  

MOHAMED ELKASHEF:  Thank you, Dr. Walaa! Nice to see you again virtually today. 
We need more of these surveys. It is interesting to see that agencies across the U.S. are 
using polymer modifications for a variety of reasons without documenting actual 
performance. 

WALAA MOGAWER:  Thanks, Mohamed. That’s a good comment. So, maybe our 
efforts today will help us do it again.  

QIANG LUO:  After their service life, when we recycle unmodified and PMA pavement, 
did the RAPs between these two show a difference on PAP loading, and can we put that 
back into the formulations? 

WALAA MOGAWER:  I’m not sure that the question is clear to me. Can you re-phrase 
your question? 

QIANG LUO:  Basically, after we use it, we want to recycle it, right? Is there a difference 
between modified and unmodified, so we can put it back when we want to recycle it? 
Previous people said we can put 15% in there. Is there a difference between unmodified, 
that could we put probably put 20%, PMA only 15%, or the other way?  Because in that 
way you will have a cost profile, right?  
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WALAA MOGAWER:  Right. I mean, again, there will be differences, even with the 
conventional RAP that is unmodified. There is a difference, depending on the source. So, 
yes, with polymer modified the properties of that RAP will be different. So, my guess is 
that they will be different. That will have to do with controlling the RAP and how we store 
it, and so forth. But, yes, there will be differences in the properties because one has a 
polymer, and one doesn’t. And it could be that the rate of aging of two binders is different, 
so my best guess is that they will be different.  

QIANG LUO:  By your guess, which one will be cheaper and we can put more back into 
the formulation?   

WALAA MOGAWER:  Again, I don’t know because I would say to characterize both of 
them first before you decide which one to use more of. So, because its polymer modified 
does not mean it will be better. Maybe the conventional one has been aged for less years 
than the polymer modified. So, I would say to characterize the RAP. It makes sense to 
think of the polymer modified as a better quality. But I would say characterize both RAPs 
before you decide which one, you’d use more of. 

QIANG LUO:  Okay. Thank you.  

WALAA MOGAWER:  You’re welcome.  

FRANK FEE:  Before we build a model, let’s get some real-time performance, if it’s 
available.  

WALAA MOGAWER:  I totally agree, Frank.  

GREGORY HARDER:  Nice job, as always, Walaa. New York State DOT has gone 
exclusively to the use of PMA for all lifts, except for temporary pavements and truing and 
leveling courses. They made this change based on their pavement management system, and 
they found that they only needed 6 to 9 months of life extension to pay for the polymer; 
and they are clearly getting much more life extension than that   

WALAA MOGAWER:  Excellent. Thanks, Greg.  

J.P. PLANCHE:  Excellent presentation. Have you considered the AI Von Quintus study 
on PMA field performance survey?  How do your conclusions compare with this older 
study?  

WALAA MOGAWER:  I think you’re referring to the Asphalt Institute study that was 
done many years ago. So, we looked at the report, and they were fortunate enough to 
compare between actual field studies. I think the end conclusions of both studies were 
similar in a way.  
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GALE PAGE: Florida DOT pavement condition survey data has shown improved 
performance of pavements following the implementation of a number of improvements, 
which include Superpave mix design, contractor field monitoring of air voids, percent 
within limits specifications, and implementation of PMA which were implemented during 
a similar time period. This has been presented at AAPT and TRB. The percent deficient 
pavements had decreased significantly with these improvements.   
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