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About This Workbook 

This workbook has been developed as a resource for participants. This workbook can be used 
during the training session to follow along with the instructor and take notes, as well as for 
reference after the module has ended. 
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Course Overview 

The Federal Highway Administration (FHWA) Highway Materials Engineering Course (HMEC) is a 
comprehensive multi-week training event that consists of eight content “modules” that provide 
students with the knowledge to develop materials specifications and guidance, make effective 
acceptance decisions, and design, construct, and maintain assets with a long service life. 
Modules range in duration for the number of days they take to complete. The modules are: 

 Module A: Quality Assurance 

 Module B: Soils and Foundations 

 Module C: Steel, Welding, and Coatings 

 Module D: Aggregates for Transportation Construction Projects 

 Module E: Mechanistic Empirical Pavement Design Guide 

 Module F: Asphalt Materials and Paving Mixtures 

 Module G: Portland Cement Concrete 

 Module H: Evaluating Recycled Materials for Beneficial Uses in Transportation 

 

Introduction 

Module E: Mechanistic Empirical Pavement Design Guide (MEPDG) is the fifth module in the 
HMEC. Although other modules and workshops are presented on this topic, Module E provides 
content that is specific to materials engineers. Participants will be given the information that 
they need to more proficiently and actively review agency- and consultant-generated pavement 
designs to ensure their alignment with the appropriate materials designs. Participants who do 
not normally review pavement design, or only perform a cursory review, will learn how to 
review pavement design with more knowledge of what they are looking at, and how the 
material design selected by the designer may impact the ultimate pavement service life. This 
was not done before the advent of the MEPDG approach. 
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Module E Overview 

Below is a visual overview of all of the lessons covered in this module: 
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Module Goals 

The goals for this module are as follows: 

 Explain the principles of the Mechanistic-Empirical Pavement Design Guide (MEPDG) 
approach and how it differs from empirical methods used in the past 

 Explain the interactions between various input parameters, materials properties, 
pavement layers, and design features as they relate to predicted pavement 
performance 

 Identify the material property inputs to the Pavement ME Design software and how to 
get them from the laboratory, material catalogs, or national sources of input values 

 Analyze the sensitivity of various materials inputs to understand their impact on 
predicted pavement performance 

 Describe the relationship between the Pavement ME Design software inputs and 
predicted performance and note any known limitations in the software prediction 
models, particularly those that relate to materials 

 Explain the difference between level 1, 2, and 3 inputs and their impact on the 
design/performance 

 

Learning Outcomes 

Lesson 1: Introduction 

 LO 1.1: List the basic factors required in designing a pavement structure 

 LO 1.2: Compare mixture design and pavement design related to materials in terms of 
predicted pavement performance 

 LO 1.3: Distinguish between empirical and mechanistic empirical design methods 

 LO 1.4: List the factors that may affect the predicted performance of pavements in 
Pavement ME Design 

 LO 1.5: Describe the steps of a Pavement ME Design analysis 

 LO 1.6: Describe the iterative design process used with Pavement ME Design software 

 LO 1.7: Describe the performance parameters analyzed by Pavement ME Design 
software 

 LO 1.8: Explain how pavement prediction models from Pavement ME Design are being 
incorporated into the evaluation of asphalt and concrete paving mixtures 

 LO 1.9: Using an example, identify important considerations for pavement design 
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Lesson 2: Project Level, Traffic, and Climate Inputs  

 LO 2.1: Explain the approach to setting appropriate performance thresholds in the 
Pavement ME Design software through consultation with the individual agency’s 
pavement policy 

 LO 2.2: Identify the approach for setting the trial pavement structure 

 LO 2.3: Explain why the Pavement ME Design offers input options to the user and 
provide examples of the differences between input levels 

 LO 2.4: Select traffic inputs that are commensurate with the roadway functional class 

 LO 2.5: List options for selecting weather stations and depth to groundwater table 

Lesson 3: Materials Inputs 

 LO 3.1: Identify the properties of unbound materials for use in pavement structural 
design  

 LO 3.2: Determine properties of untreated granular layers 

 LO 3.3: Determine properties of treated/stabilized base and subbase layers 

 LO 3.4: Identify properties required for different input levels for asphalt layers 

 LO 3.5: Identify properties required for different input levels for concrete layers  

 LO 3.6: Distinguish differing inputs and features of CRCP versus JPCP  

 LO 3.7: Define the materials properties for assessing the existing pavement as part of a 
rehabilitation pavement design 

 LO 3.8: Define design reliability 

 LO 3.9: Name five aspects of variability in the factors that affect pavement performance 

Lesson 4: Flexible Pavement Design 

 LO 4.1: Perform an evaluation of completed Pavement ME Design new flexible 
pavement designs 

 LO 4.2: Perform an evaluation of completed Pavement ME Design rehabilitation flexible 
pavement designs 

Lesson 5: Rigid Pavement Design 

 LO 5.1: Perform an evaluation of a completed Pavement ME Design new rigid pavement 
design 

 LO 5.2: Perform an evaluation of a completed Pavement ME Design rehabilitation rigid 
pavement design 

Lesson 6: Hot Topics 

 LO 6.1: Describe the challenges of pavement analysis and design 

 LO 6.2: Evaluate the limitations of the Pavement ME Design software for pavement 
design or rehabilitation 

 LO 6.3: Discuss emerging trends, new technology, and issues related to pavement design 
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ILT Instruction Icons 

 The following icons are used on the slides as a cue to the instructor and participants:  

 

Icon Icon Name Typical Use 

 

Timer  Call out the estimated time for the lesson  

 

Important 
Information 

 Call out important information. 

 
Q & A  Check for understanding or agreement. 

 Survey participants. 

 Solicit feedback. 

 

Breakout/Small 
Group Exercise 

 Break participants into groups. 

 Provide directions for exercise. 

 

Video/Sound  Show a video. 

 

Reference  Reference another document or resource. 

 

Links  Share a Web link for additional resources. 

 

Whiteboard  Draw or document something on a 
whiteboard or easel pad. 
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Icon Icon Name Typical Use 

 

Safety  Call out important safety information. 

 

Common Error  Call out a system or process that is often 
misused. 
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This continuum qualitatively summarizes pavement design practice as it exists today. Note the 

distance between the current practice and state-of-practice and between the state-of-practice 
and state-of-the-art. Most agencies (approximately 90%) currently use AASHTO-based empirical 
design procedures (72, 86, or 93). The state-of-practice is the most advanced practice being 

used by DOTs at this point (some use mechanistic empirical design). The state-of-the-art is 
where current research activities in pavement design are leading us.  
 

Recall the empirical design (such as the AASHTO 1993 version) is based on statistical models 
from road tests. Then, mechanistic empirical design includes the calculation of stresses/strains 
combined with empirical pavement performance models, like the MEPDG approach.  
 
Finally, a mechanistic design would include mechanistic-based pavement performance models 
and is the area in the continuum where researchers are pushing forward toward for the future 
of pavement design. 
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The AASHTO 1993 design is based on field measurements and observations taken from the 

AASHO Road Test, which were then used to create empirical models including statistical 
correlations. The AASHTO 1993 design further refined the statistical models and empirical 
measurements for use as inputs in the estimation of pavement performance and calculation of 

required pavement layer thicknesses. 
 
One of the major differences in the two approaches is how the traffic loads are characterized. 

The AASHTO 1993 design is still founded on the traffic loads originally modeled from the AASHO 
Road Test.  
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One of the major differences in design approach lies in how traffic loads are characterized. The 

ME approach only considers FHWA vehicle classes 4 and higher and relies on information such 
as truck speed, axle configuration, etc.  
 

ME design defaults are based on measurements from the FHWA long-term pavement 
performance field sections all across the United States. 
 

Structural responses (stresses, strains, and deflections) are mechanistically-calculated in ME 
design and are based on material properties, environmental conditions, and loading 
characteristics.  
 
There are two types of empirical models used in the MEPDG. One model predicts the distress 
directly (e.g., rutting model for flexible pavements, and faulting for rigid pavements). A second 
model predicts the damage, which is then calibrated against measured field distress (for 
example, fatigue cracking for flexible pavements and punch outs for continuously reinforced 
rigid pavements). 
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These sample pavement projects were selected from LTPP sections nearby or in each of these 

States and were intended to represent a range of pavement design types and truck traffic 
volumes. In this module, we will focus primarily on these types of pavement designs, although 
we will also explore the CRCP pavement later on in Lesson 5. 
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This slide shows both the new flexible and new rigid pavement types that can be analyzed in the 

Pavement ME Design software. The right side of the slide introduces the types of overlays (of 
existing flexible or existing rigid pavements) that can be analyzed in the software. 
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 The MEPDG Manual of Practice is currently still the 2008 version. 
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These values are based on the functional classification of the roadway. This table introduces the 

performance criteria (damage types) and the recommended terminal distress threshold values 
for flexible pavements and flexible overlays of existing flexible pavements.  
 

The threshold values increase as you go from an interstate type pavement down to a secondary 
roadway because you are willing to allow more damage to build up before you are in need of 
scheduling pavement repairs. Part of the reason is that vehicles travel much faster speeds on 

interstate facilities (so there is a safety element) and also, it costs both the users and the 
agencies much more $ to set up a work zone on an interstate to make pavement repairs, as 
opposed to on the lower functional class roadways. 
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Again, these values are based on the functional classification of the roadway. This table 

introduces the performance criteria (damage types) and the recommended terminal distress 
threshold values for rigid pavements, primarily faulting, percent of slabs transverse cracked, and 
ride quality (International Roughness Index, IRI). The same trend is noted here in terms of how 

the threshold values increase with the drop in roadway facility level. 
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Reliability is defined as the probability that the predicted performance indicator of the trial 
design will not exceed the design criteria within the design-analysis period.  
 
The table shows that not only will the level of reliability (out of 100%) change with a road’s 
functional classification but also with its location (urban versus rural).  
 
A good way to look at it is to show that 100% - the reliability selected = the risk that a designer 
is willing to take on a project not reaching its full design life. 
 
The trial design is evaluated for adequacy against user input performance criteria and reliability 
values through the prediction of distresses and smoothness. If the design does not meet the 
desired performance criteria at the specified reliability, it is revised and the evaluation process is 
repeated as necessary. 

 
For example, a design reliability of 90% represents the probability (9 out of 10 projects) that the 
mean faulting for the project will not exceed the faulting criteria. 
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Reliability can be selected as a lower value for pavements designed in rural locations since 
generally they carry less traffic volumes. However, it should be noted that high level reliability is 

also very conservative in design and tends to result in over-thick pavements. (See graph from 
the MEPDG Manual of Practice) 
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The AASHTOWare Pavement ME Design Software can be downloaded (with a license) from the 

AASHTO website and its various release versions are noted in the “News” section on the right-
hand side of the screen. 
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The AASHTOWare Pavement ME Design Software has six main data entry windows: General 

nputs, Performance Targets for Pavement Design, Trial Structure for Pavement, Traffic Inputs, 
limate Selection and Other Site Properties, and Materials Selection for Paved Layers. Each data 
ntry window provides space to enter data inputs. These will be covered in detail throughout 

essons 2 and 3. 

i
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The different parts of the General Information to the analysis tool include design life, type of 
pavement (flexible, rigid, composite), type of design (new versus rehabilitation), and key dates 

in the phases of the design. 
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The design life does not consider the potential for intermediate pavement light maintenance or 
repairs, nor preservation treatments, over the pavement’s service. 

 
Existing construction is defined as the last time the pavement underwent construction or major 
rehabilitation. 
 
Pavement construction is the date at which the final surface (either asphalt or concrete) will be 
placed. 
 
Traffic opening is the date at which the maintenance and protection of traffic (effectively, the 
work zone) will be taken up and traffic will be permitted on the final pavement surface. 
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New HMA Low Traffic – Washington 

 

New HMA High Traffic – Florida 
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WSDOT has for the past 40 years (or more) used the perpetual pavement concepts (50 year 
pavement designs) to design pavements. About 99 percent of our pavements crack from the top 

down. The beauty of this is for rehab the pavement tells us what is needed for mill and fill 
purposes. For most of our rehab jobs we simply core the cracks and find that normally a 0.15’ 
(1.8 inch) inlay is sufficient. We continue to get pavements with long life even on mill and fill 
projects and do not spend an enormous amount of time with pavement design for 
rehabilitation projects. 
 
The user can define when the base is constructed (in a new pavement section) as well as when 
the final surface pavement lift is completed, and finally when the traffic is permitted to 
commence on the new pavement (usually the same month as the final surface pavement lift 
was placed in the case of flexible pavements).  
 
The list of distresses are presented next and then the user must input the target distress 
threshold values in the Limit column. These values should not be exceeded by the predicted 
distresses or else the trial pavement structure or materials should be altered in an attempt to 

improve pavement performance and meet the design life. The final column is the Reliability 
level for the trial design and the value entered is reflective of the roadway’s functional class. 
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New JPCP High Traffic – Utah 
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Rehab HMA over HMA – Washington 

 

Rehab HMA over JPCP – Indiana 
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  New HMA Low Traffic – Washington 
 
 

 

New HMA High Traffic – Florida 
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This slide shows how to read an example of a plot generated from Pavement ME Design. Explain 
fail/pass concept.  

 
In order to verify whether the trial design will perform sufficiently over the intended design life 
(meaning, the life over which no major reconstruction or rehabilitation is required), there are 
plots generated automatically by the software that allow the user to look at the amount of 
specific distress predicted with pavement age. The plots of damage with time are generated for 
both the 50% reliability design level and for the specific reliability (anywhere between 80% and 
99%) level. The threshold value is indicated by a red flat line paralleling the X-axis. 
 
50% reliability means average performance. That means that half of the time, the expected 
performance is exceeded. 
  
In the case of the new flexible pavement subjected to low truck traffic volumes in Washington 
State, the total amount of rutting predicted did not exceed the threshold value of 0.5 in. This 
was both at the 50% reliability level and at the specified reliability level (85%). This means that 

the trial design has passed, with respect to rutting performance.  
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There are several considerations that go into the establishment of the trial design structure. The 

layer thickness is the actual factor that we are interested in inputting; however, it has to be 
selected keeping in mind its relationship to constructability in the field and the maximum size of 
aggregate selected for the mix design. 

 
The trial pavement structure cannot be selected in isolation; the asphalt or concrete mixture 
and construction specifications do play a part in pavement design and must be consulted when 

performing pavement design in the new Pavement ME Design software. There are issues to 
keep in mind such as the relationship between the concrete pavement thickness and the dowel 
bar diameter (to be sure there is sufficient cover above and below the dowel). Another example 
is the relationship between the maximum aggregate size and asphalt layer thickness. The 
asphalt layer must be thick enough to act as a unit: Thickness > 3 times the (Maximum 
Aggregate Size of HMA Mixture Used).  
 
Constructability is also a factor and some States (such as Pennsylvania) may have minimum 
layer thicknesses they will permit in design, similar to the previous AASHTO design approach. 
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The figures in the slide show what is the expectation in the software of typical pavement 
structural profiles and the way the load distribution is translated through a rigid versus flexible 
pavement. They also provide typical layer thicknesses for each layer. 

Reference: http://satheshkumar.puzl.com/puzl/files/727/26273/510e2a9031a1d.pdf  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

  

Module E: Mechanistic Empirical Pavement Design Guide Lesson 1

E1-43

http://satheshkumar.puzl.com/puzl/files/727/26273/510e2a9031a1d.pdf


Slide 30 

 

 

 

Lesson 1 Participant Workbook

E1-44



 

 

This slide shows the two new flexible pavement structural profiles. Point out the various layers 
and layer thicknesses. These are all based on LTPP field sections in the region. 
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This slide shows the new rigid pavement structural profile. Point out the various layers and layer 

thicknesses. These are all based on LTPP field sections in the region. 
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This slide shows the two AC overlay rehabilitated pavement structural profiles (one over existing 

asphalt, one over existing concrete). Point out the various layers and layer thicknesses. These 
are all based on LTPP field sections in the region. 
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The best quality inputs available for pavement sections were used to calibrate the Pavement ME 

Design and to determine the standard error of each prediction model. 
 
The hierarchical input concept or approach provides the designer with flexibility in obtaining the 

inputs for a design project based on the importance of the project and the available resources. 
  
In a way the numbering of the levels may confuse some of the participants because the Level 1 

is actually the most “accurate” input level. One way to explain this would be to tell participants 
to think of the levels in terms of a competition (so, #1 is the top, #2 is second-best, and #3 is last 
position).  
 
For many of the inputs, the default values are perfectly adequate, while project-specific inputs 
are highly desirable for some of the inputs. 
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Reliability is the probability that a given distress or IRI will not exceed a critical level.  

 
Higher traffic volumes may indicate that a higher reliability is desired, such as on a freeway 
versus a lower volume county arterial, thus, the functional classification of the roadway may 

sway the reliability in terms of the location and importance of the pavement being designed. 
This takes into consideration locations where the user delays and work zone costs are higher 
risk and higher cost. 

 
Designs with high reliability and strict design criteria will have a higher cost. 
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This slide presents the inputting of Level 3 asphalt materials inputs, demonstrated directly from 
the software, specifically the dynamic modulus. In the Level 3 input case, the dropdown menu 
brings the user to a screen for an asphalt mix where the aggregate percent passing is input for 

key sieves, as per the Witczak dynamic modulus equation, which we will cover in more depth in 
Lesson 4. 
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This slide presents the inputting of Level 1 asphalt materials inputs, demonstrated directly fro
the software. In the Level 1 input case, the dropdown menu brings the user to a screen for an 
asphalt mix where the laboratory data from the dynamic modulus test are input. The test data 
can be input for up to five temperature levels and up to six frequency levels. We will cover the 
dynamic modulus in more depth in Lesson 4. 
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Overview of each level of data for traffic parameters. 

  
The point here is to get a more detailed design that will withstand the known and projected 
types of traffic and loadings on a pavement. Level 1 inputs would be worth the investment to 

gather from weigh-in-motion (WIM) stations, etc., such as for the top three parameters listed in 
the table. For other inputs that may not be as influential in the pavement prediction models, 
and that are relatively consistent factors (e.g., tire pressure and spacing, truck wander, axle 

configuration), it is perhaps less important to attempt to measure these parameters in the field. 
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Overview of some levels of data for climate and other parameters. 

  
The point here is to that sensitivity analysis research was conducted by NCHRP 1-47 project and
indicated that some parameters are less influential on pavement performance predictions than 

others. The “Other Thermal Properties; conductivity, heat capacity” don’t have a large effect on 
predictions, and thus are kept at Level 3. NOTE: some input parameters that were deemed 
“sensitive” in the NCHRP 1-47A study may only be an artifact of the model, and not an intended

sensitive input factor. 
 
Overall, it is best for software users to follow the AASHTO MEPDG Manual of Practice. 
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Overview of some levels of data for material property parameters. 

The point here is to that sensitivity analysis research was conducted by NCHRP 1-47 project and 
indicated that some parameters are less influential on pavement performance predictions than 
others. Some parameters are just too expensive (test equipment, volume of material needed, 

personnel expertise required) or too time-intensive to consistently gather Level 1 inputs for and 
thus were calibrated and are generally used as Level 3 values (e.g., HMA CTE, HMA dynamic 
modulus, etc.). 
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Philosophy that the level of engineering effort should be consistent with the relative 

importance, size, and cost of the project. 
 
Consider:  

• Available data on the performance of pavements and mixes (through pavement management 
system); 
• Available traffic data from weigh-in-motion or other traffic data collection sources; and 

• Available funding/capital to collect Level 1 inputs as testing is expensive; if an agency wants 
Level 2 inputs, need to fund a research project to determine the correlations. 
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The Pavement ME Design looks at FHWA class 4 vehicles and larger. 

Traffic characterization consists of estimating the axle load distributions applied to the 
pavement structure (refer to subsection 8.1). The MEPDG does not use equivalent single axle 
loads (ESAL) and does not require the development of load equivalency factors.  

 
The axle-load spectra are obtained from processing WIM data.  
 

• Axle-load distributions (single, tandem, tridem, quads)  
• Axle-load configurations (axle spacing and wheelbase) 
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Traffic is most important for designs with higher volumes, and this is something for the 

participants to be aware of since it would also require closer attention to materials inputs. 
Consider, the approach in Superpave for selecting a mix design is currently based on ESALs. Ho
do we relate the two? A sliding scale may be used or some States have come up with materials 

catalogs. 
 
As stated, three hierarchical input levels are used in the traffic module.  

 
Levels 1 and 2 are based on AVC and WIM measurements, either segment specific or regional 
average values; whereas Level 3 inputs are based on nationally developed default distributions 
for truck class volumes and axle load distributions.  
 
The national default values (Level 3) are dependent on the functional classification of the 
roadway and vehicle count data to identify gross truck class distributions.  
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This is a screen capture of the various segments in the software where all of these different 
truck traffic inputs are entered. It is intended to generally introduce what the Pavement ME 

Design traffic input screens look like. 
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You are looking at a screen capture of key traffic inputs for low volume road sample project. The 
top box is the AADTT input section, which defines the volume annually of heavy vehicle classes, 
along with the percent of those trucks in the design lane and design direction. The number of 
lanes is also input in this screen, and it should be noted that in Pavement ME Design you are 
only analyzing a design in one direction, so the number of lanes are in one direction. The 

operational speed is also input in miles per hour. 
 
The second input box shows the Vehicle Class Distribution and Growth inputs. The distribution 

is the percentage of each of the FHWA’s nine heavy vehicle types (from buses which are Class 4 
to double trailers with the most axles are Class 13). The distribution shown is typical for a low 
volume rural road. You can see that the growth rate percentage of heavy trucks is then entered 
in the next column, followed by the type of growth (either None, Linear, or Compound). In this 
case, compound growth was selected which may be indicative of major land use changes in the 
area or significant development expected over the duration of the pavement’s design life 
period. 
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You are looking at a screen capture of key traffic inputs for high volume road sample project. 
The top box is the AADTT input section, which defines the volume annually of heavy vehicle 
classes, along with the percent of those trucks in the design lane and design direction. The 
number of lanes is also input in this screen, and it should be noted that in Pavement ME Design 
you are only analyzing a design in one direction, so the number of lanes are in one direction. 

The operational speed is also input in miles per hour. 
 
The second input box shows the Vehicle Class Distribution and Growth inputs. The distribution 

is the percentage of each of the FHWA’s nine heavy vehicle types (from buses which are Class 4 
to double trailers with the most axles are Class 13). The distribution shown is typical for a high 
volume freeway or major arterial. You can see that the growth rate percentage of heavy trucks 
is then entered in the next column, followed by the type of growth (either None, Linear, or 
Compound). In this case, linear growth was selected which may be indicative of steady 
population and economic growth expected over the duration of the pavement’s design life 
period. 
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The climate data inputs to the Pavement ME Design models will indirectly trigger the IRI 

(roughness) of the pavement; for example, any prolonged rainfall events or shallow 
groundwater table may cause faulting to occur in concrete pavements due to eroding of the 
base layer and this would impact the ride quality of the pavement. Something similar could 

happen in asphalt pavements but rutting or fatigue cracking might not exceed the threshold 
criteria for each of the individual distresses but the combination of both could increase the IRI 
to above its threshold level. 
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Think about how climate impacts material properties and pavement performance. 
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There are two options for identifying a weather station. 
 
Option A: Select a single specific weather station by name from given list. 
 

Option B: Interpolate climatic data for a location by selecting multiple by entering: 
 
• Latitude (degrees, minutes); 

• Longitude (degrees, minutes); and 
• Elevation (ft.). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

Lesson 1 Participant Workbook

E1-74



Slide 53 

 

 

 

This slide shows how the previous AASHTO 1993 guide considered the influence of climate with 

resilient modulus adjustments and drainage coefficients. Pavement ME Design uses the 
Enhanced Integrated Climatic Model (EICM) to provide more robust climate inputs for the 
pavement analysis.  

 
In the 1993 guide, seasonal adjustments to soil resilient modulus are made using the effective 
resilient modulus concept (ur tables). Drainage coefficient tables for unbound material layers 

are indicated with mi values for various drainage conditions (excellent to poor) and saturation 
levels (percent of time spent approaching saturation). 
 
Detailed climatic data are required for predicting pavement distress with the Pavement ME 
Design software and include data such as hourly temperature, precipitation, wind speed, 
relative humidity, and cloud cover. These data are used to predict the temperature and moisture 
content in each of the pavement layers, as well as provide some of the inputs to the site factor 
parameter for the smoothness prediction models.  
  
EICM is used to predict hourly temperature profile through the pavement structure based on 
historical hourly climatic data. 
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Climatic inputs are essentially used by the program to predict the temperature and moisture 

profiles in the pavement over the design life. Further, this prediction is used to determine the 
modulus of the pavement materials as they change over the design life. 
 
All of the climate data needed by the Pavement ME Design are available from weather stations,
generally located at airfields around the US. The Pavement ME Design has an extensive number
of weather stations embedded in its software for ease of use and implementation. 
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Humidity is provided by the EICM in monthly humidity measurements. Humidity affects 

concrete pavement in a few key ways: moisture warping, drying shrinkage, and initial crack 
width. 
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Precipitation is provided by the EICM in hourly humidity measurements. Precipitation is not 

modeled as influential in the Pavement ME Design software (although in reality, it does impact 
the HMA mixture performance sometimes significantly in the field). However, it does influence 
the subgrade moisture through the Thornthwaite moisture index (TMI). 
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To show the influence of climate on the properties of the materials. 
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Temperature variation hourly will influence the material properties and responses to loading. 

This is the essence of “climate loading” in a pavement that is the output provided by the EICM.  
 
Note that this picture is a temperature profile during the placement of an asphalt lift and not 

typical in service pavement temperatures.  
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This slide presents the temperature profile within a concrete pavement. The temperature in 

degrees Fahrenheit is shown on the X-axis and the depth down within the concrete pavement 
structure is shown on the Y-axis. Three different temperature schemata are shown that 
represent the distributions at three different times of day. The dark blue trend is at 5:00 a.m., 

the red trend is at 2:00 p.m., and the light blue trend is at 6:00 p.m.  
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For different methods of measuring the temperature profile, at varying levels of accuracy, the 

distribution of temperature through the pavement does vary somewhat in terms of its 
magnitude; however, the trends of how the temperature is represented through the depth of 
the pavement are relatively consistent. 
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The wind speed can affect the amount of heat transfer at the surface of the asphalt or concrete 

pavement. 
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The Enhanced Integrated Climatic Model (EICM) is the built-in model that converts raw climate 

data into “environmental loading,” which greatly influences in a composite manner each 
material’s mechanical responses. In the ICM module, the materials passing #200 and plasticity 
index (PI) directly influence the predicted IRI (roughness) in the results. Even when the 

Pavement ME Design users don't select the ICM, the software models will take those two values 
in order to predict the IRI. 
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This figure shows that there are greater temperature fluctuations near the surface of an asphalt 

layer as compare to further down in the layer. These temperature effects directly impact the 
modulus of the material. 
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Both daytime (positive) and nighttime (negative) thermal gradient probability distributions are 

obtained for each month in each year over the intended design life analyzed in the Pavement 
ME Design. 
  

At the critical times, the stresses are additive. However, one condition will typically predominate
the other. 
 

In addition, both temperature gradients (e.g., from a sudden intense rainfall in the middle of a 
hot sunny afternoon) and moisture gradients (e.g., dew or frost at the surface of a pavement in 
the mornings during certain seasons in certain locations) do cause rigid pavement to warp and 
curl. 
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There is a lot happening in the pavement structure over time. The Pavement ME Design models 

are capable of calculating the changes in moisture and temperature at critical locations over 
time and calculate the associated changes in materials properties. 
 

In addition to the annual cyclical changes in modulus for each of the pavement layer materials, 
there is also a change over time in the modulus with aging. The magnitude of the change in 
modulus depends on the material type and location. 

 
For example, a granular base modulus may decrease over time due to water infiltration and/or 
contamination of the base.  
 
The subgrade modulus will likely decrease over time due to consolidation, infiltration of 
groundwater or other drainage problems, etc.  
 
The asphalt modulus will increase over time due to stiffening through the aging process. 
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Relate the impact of climate loading on critical pavement responses (tensile strain at bottom of 

asphalt layer, compressive strain at top of subgrade layer). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Lesson 1 Participant Workbook

E1-90



Slide 67 

 

 

 

Introduction of sources of climate information for use as inputs to the Pavement ME Design. 

  
You can use FHWA LTPP database or ASU Soil Unit Map tool for finding soil types and properties 
per any location in the US and depth to GWT information, also potentially more detailed 

information in the US Soil Conservation or USGS databases or comparable. 
 
In the Pavement ME Design software, the seasonal average depth to GWT is not provided along 

with the climate data summary from the EICM and must be input by the user. However, the 
software does provide a default value of depth to GWT (5.34 ft.) for users.  
 
The NCHRP Project 1-47 Final Report was consulted to determine the extent of sensitivity of the 
depth to GWT on pavement performance predictions (Schwartz et al., 2011). Three 
groundwater table depths of two, seven, and 12 ft. were explored in the research report. The 
authors concluded that depth to GWT is considered insensitive for flexible, JPCP, and CRCP 
pavements. 
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Can use ASU Soil Unit Map tool for finding soil types and properties per any location in the US 
and depth to GWT information, also potentially more detailed information in the US Soil 

Conservation or USGS databases or comparable. 

Reference: http://nchrp923b.lab.asu.edu/ 
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The ASU soil unit map application provides input values for soil type, thickness, water table 
depth annual minimum, depth to bedrock, CBR, resilient modulus, gradation, liquid limit, plastic 
index, etc. These were gathered for the Florida sample pavement project. 
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Using provided scenario and given data sets, select the weather data set for the four 
overarching pavement project sites. This slide presents the latitude and longitude for each of 
the four sites, which we define as Olympia, Washington; Orlando, Florida; Salt Lake City, Utah; 
and, Indianapolis, Indiana. One can see from the individual screen captures from Pavement ME 
Design that the elevation is quite different in each of the four locations. The climate stations in 
the Pavement ME Design that are uploaded (along with all of the EICM climate input 
descriptors, which are not shown on the main input screens but can be requested via a “Climate 
Summary” tab on a separate page) and each one has been assigned its own five-digit numerical 
descriptor within the software itself.  
 
The depth to groundwater table input for the files comes from the ASU Soil Unit Map 
Application, but it should be noted that this may result in a more conservative design being 
required, due to the difference mentioned in the previous slide. 
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The support provided by the subgrade is represented differently in the Pavement ME Design 
software based on whether you are designing a flexible or rigid pavement. The layered elastic 
analysis (LEA) design analysis will need a resilient modulus (Mr) value for unbound material and 
soils in a flexible pavement. The resilient modulus is a measure of the stiffness of the unbound 
layer or sublayer.  
 
The finite element (FE) analysis will require a modulus of subgrade reaction (k) value for 
unbound materials in a rigid pavement. The k-value is a dynamic modulus of subgrade reaction 
for each month of the design analysis period for these layers. The effective k-value, therefore, 
essentially represents the compressibility of underlying layers (i.e., unbound base, subbase, and 
subgrade layers) upon which the upper-bound layers and existing hot mix asphalt (HMA) or 
Portland cement concrete (PCC) layer is constructed.  
 
There are different ways to get to a resilient modulus value and a k-value depending on what 
level of input you are using. 
______________________________________________________________________________
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The resilient modulus is a ratio of the deviator stress over the recoverable portion of the strain. 
 
Take a soil sample and place a load on it. We will look at how the stress-strain relationship 
develops. The sample will deform (strain) under the pressure of the load. The general stress-
strain curve will look like the one on the screen. When the load is removed, the sample will 
recover most of its original length. The length that is not recovered is referred to as the non-
recoverable strain or creep. 
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For new rigid pavements, there are only two levels of inputs for soils and unbound bases (Levels 
2 and 3). The design guide will convert the layer thicknesses and Mr to an effective modulus of 
subgrade reaction (k). The resilient modulus is converted to a k-value internally within the 
software for evaluating rigid pavements. The subgrade modulus is modeled as elastic springs in 
rigid pavements. The stiffness of the elastic springs is also called subgrade reaction.  
 
JULEA = Jacob Uzan Layered Elastic Analysis computational approach. 
 
The subgrade reaction may be determined in the following ways: 
 
• Provide resilient modulus inputs of the existing unbound sublayers, including the subgrade soil 
similar to new design. The Pavement ME Design software will back calculate an effective single 
dynamic modulus of subgrade reaction (k-value) for each month of the design analysis period 
for these layers. The effective k-value, therefore, essentially represents the compressibility of 
underlying layers (i.e., unbound base, subbase, and subgrade layers) upon which the upper-
bound layers and existing HMA or PCC layer is constructed. These monthly values will be used in 
design of the rehabilitation alternative. 
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• Measure the top of slab deflections with a falling weight deflectometer (FWD) and conduct a 
back-calculation process to establish the mean k-value during a given month. Enter this mean 
value and the month of testing into the DARWin-ME. This entered k-value will remain for that 
month throughout the analysis period, but the k-value for other months will vary according to 
moisture movement and frost depth in the pavement. 
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In unbound materials, these properties are predicted by the various models in the EICM. They 
are then used to adjust the resilient modulus of the soil accordingly throughout the life of the 
design pavement being analyzed. 
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The resilient modulus is most influential for the structural responses, consistent with pavement 
design theory. The soil-water characteristic curve is also sensitive for all but thermal cracking. 
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The SWCC is defined as the relationship between soil water content and soil matric suction. The 
water content refers to either the volumetric water content (ratio of volume of water to the 
volume of solids) or the degree of saturation (percentage of voids filled with water), depending 
upon the intended use of the SWCC relationship. For engineering purposes, the degree of 
saturation (percentage of voids filled with water) is commonly used. The soil suction 
corresponds to the matric suction (ua − uw), which is the difference between the pore-air 
pressure and the pore-water pressure. 
 
The model implemented in the Pavement ME Design software is represented as a sigmoidal 
function with four fitting parameters.  
 
Pavement ME incorporates the effects of environmental conditions such as precipitation and 
temperature in the determination of changes of unbound material properties during the life of 
the pavement structure. This model makes use of unsaturated soil principles, which in turn 
requires the input of the SWCC. 
 
To aid in the implementation of the MEPDG, an alternative way to determine the SWCC via 
laboratory testing, is a method that estimates or derives the SWCC based on well-known soil 
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index properties. The NCHRP 9-23A (RRD 347) project entitled "A National Catalog of Subgrade 
Soil-Water Characteristic Curve (SWCC) Default Inputs and Selected Soil Properties for Use with 
the ME-PDG" was carried out at Arizona State University in 2010. The objective of this project 
was the creation of a national database of pedologic soil families that reflected the input soil 
properties for subgrade materials needed in the implementation of the approved AASHTO 
MEPDG (Darter et al., 2006). The database focuses upon the soil water characteristic curve 
parameters, which are key parameters in the implementation of Level 1 environmental analysis 
as well as measured soil index properties needed in all hierarchical levels of the 
climatic/environmental engine of the guide, the “Enhanced Integrated Climatic Model (EICM).”  
 
To request this database: 
http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=3050 
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The subgrade material type and stiffness is most influential for the structural responses, 
consistent with pavement design theory. 
______________________________________________________________________________
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Consider what we’ve covered so far in this lesson and the impact different properties have on 
pavement performance. 
______________________________________________________________________________
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If you don’t have the modulus values, they can be entered by using the suggested values from 
the MEPDG Manual of Practice. These values can be taken from a State DOT materials catalog 
and from the Arizona State University interactive soil unit map application. 
 
The different MR values for different layers and pavement type in this Table reflect the stress-
dependent material properties.  
  
The inputs for soil resilient moduli can be variable in pavement design and have relatively high 
coefficients of variation, as described in NCHRP Research Results Digest 308. The resilient 
modulus tables in the MEPDG Manual of Practice (2008) presented the recommended resilient 
modulus at optimum moisture for each of the AASHTO soil classes.  
 
Different stiffness values are recommended for the same material, depending on the intended 
use of the material in the design of the pavement. For example, if a DOT plans to use an A-2-4 
soil (perhaps it is the local source for construction projects in an area) as a base layer for a 
pavement design, then the A-2-4 must pass (or be compacted to) a stiffness value of 32,000 psi 
in order to effectively dissipate the load stresses induced and protect the subgrade and perform 
reliably.  
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However, if the A-2-4 is being used as an embankment or subgrade layer in a rigid pavement, 
then it is in a position further down deep into the pavement’s layered system and will not need 
to be compacted or strengthened to the same level of stiffness as when it’s being used as a 
base. Instead, it would just need to pass with a modulus of 16,500psi. 
 
This table shows the recommended resilient modulus input at optimum density and moisture, 
but the standard deviation should also be considered when picking the most appropriate 
resilient modulus default value for your design. It should be noted that these values vary with 
pavement type (flexible versus rigid) for a number of reasons, such as the greater dependence 
on subgrade stiffness in the performance of rigid pavements versus flexible pavements (in 
which there are more layers above the subgrade which provide intermediate support and 
dissipation of stresses through the entire pavement system). 
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Thinking of your own State, answer the following questions. 
 
• What is a worst-case scenario from a soil’s perspective? 
• What types of variability in soil types or soil properties do you see in your State? 
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______________________________________________________________________________
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Point out the untreated granular layers properties that are entered into the software. 
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The resilient modulus is converted to a k-value internally within the software for evaluating rigid
pavements. The resilient modulus values at the time of construction for the same AASHTO soil 
classification are different under flexible and rigid pavements because stress-state under these 
pavements is different. Soils are stress-dependent and the resilient modulus will change with 
changing stress state.  
 
The resilient modulus for the unbound layers and foundation may also be estimated from the 
California bearing ratio (CBR) test (AASHTO T 193) or the R-value test (AASHTO T 190). 
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In this case, the Level 2 inputs come from correlations based on laboratory or field data, but are 
not specific to the project site per se. 
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Bedrock is most influential on rigid pavements because if bedrock is within 10 feet of the 
pavement’s surface, it will confine the material (subgrade) and will produce a higher k-value. 
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The sieve gradation can be input for each soil layer, as well as key properties like the liquid limit 
(LL), plasticity index (PI), and the soil water characteristic curve (SWCC).  
  
These values can be taken from a State DOT materials catalog and from the Arizona State 
University interactive soil unit map application. 
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Most of the soil or unbound material properties can be tested in the lab and have an AASHTO 
standard, with the exception of Poisson’s ratio. 
  
There are two options for test methods that yield the resilient modulus: 
(1) Regression coefficients k1, k2, k3 for the generalized constitutive model that defines resilient 
modulus as a function of stress state and regressed from laboratory resilient modulus tests. 
(2) Determine the average design resilient modulus for the expected in-place stress state from 
laboratory resilient modulus tests. 
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The base or subbase layer stiffness is the most sensitive parameter for JPCP faulting and 
cracking. The thickness of the subbase/base layer is also sensitive for both. This makes sense in 
that it is a jointed system. 
 
In the case of CRC pavements, the punchout model is the only one that is sensitive to base layer 
characteristics, specifically the stiffness and thickness. 
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Similar to the case of rigid pavements, the thickness and stiffness of the base layer are most 
influential on all of the structural-related distresses predicted. 
 
In areas where the program is not sensitive to certain inputs, default values are used. 
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Chemically-stabilized materials to choose from include soil cement, lime, cement, lime cement 
fly ash, and lime fly ash. 
 
It should be noted that a chemically stabilized soil is not the same as a soil treatment. A soil 
treatment is a modified soil, but will not exhibit the stiffness properties equivalent to a 
chemically stabilized soil. In the case of a soil treatment, the input should be the same as that of 
an untreated natural soil but with a higher modulus. 
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Strength of the treated subbase or base layer is the most influential input as described in the 
NCHRP RRD 372 report. Strength property can be input either as an elastic or a resilient 
modulus value.  
 
The distinction between stabilized or strengthened base layers is made in this screen. The 
consideration is important for establishing the layer structure for categorizing as a concrete 
base layer or unbound material in the MEPDG. 
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This table shows that there is more variability in terms of whether the treated base layer 
properties can be tested in the lab and have an AASHTO standard. No testing is required for 
Poisson’s ratio. 
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This table shows that most of the properties come from field testing using the falling weight 
deflectometer (FWD) to back calculate for the treated base layer modulus and have an AASHTO 
standard. No testing is required for Poisson’s ratio or unit weight. 
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This is helpful for a starting point when there is not existing information in a given State to start
doing trial designs. 
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This screen shows how a Florida project will be used to demonstrate the input of treated versus 
untreated base layers. The results will be covered later in Lesson 4. 
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It should be noted that an asphalt-treated base is not an option in Pavement ME Design 
software. A minimum of two unbound layers is necessary to model moisture and drainage in the 
software. Results will be shown later. 
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The general approach for determining design inputs for materials in the Pavement ME Design 
process for characterizing the paving materials and foundation should be consistent with the 
relative importance, size, and cost of the design project.  
  
Input Level 1 involves comprehensive laboratory tests. In contrast, Level 3 requires the designer 
to estimate the most appropriate design input value of the material property based on 
experience with little or no testing.  
 
Level 2 inputs come from typical values from the State DOT’s QA programs but should not be 
based on the minimum requirements in the specifications. It depends what the DOT 
specification can achieve and should represent typical values (from QA test samples) found for 
the materials in a particular State. They can also estimate through correlations with other 
material properties that are commonly measured in the laboratory or field.  
 
Regardless of the selected input level, the program runs the same analysis.  
 
Level 2 and 3 inputs come from routine construction projects in which the contractors are not 
known during the design process. The input parameters should be based strongly on the State 
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DOT’s standard specifications. Level 1 can be used for design-build projects in which the 
contractor and possibly the material sources may be known during the design process. 
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Test methods are available for all of the asphalt material properties except three: Poisson’s 
ratio, surface shortwave absorptivity, and coefficient of thermal contraction. 
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Field or lab test methods are available for all of the asphalt material properties except one: 
Poisson’s ratio. Testing is done either by using the falling weight deflectometer or by taking 
cores and bringing them back to the lab for testing. 
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Lab test methods are available for all of the asphalt binder properties. Testing can be done fo
existing asphalt layers by taking cores and bringing them back to the lab for binder extraction
and testing. 

r 
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Dynamic modulus is a key input to calculating pavement response. 
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Dynamic modulus and phase angle represent the stiffness of asphalt mix in response to a 
dynamic loading from standing traffic loading to highway speeds and at a range of temperatures 
experienced in the field. This material property addresses both fatigue cracking and rutting in 
flexible pavements. 
 
All asphaltic materials are highly sensitive to temperature and the rate of loading. Because 
asphalt is a viscoelastic-plastic material, the modulus of an asphalt mix may approach that of an 
unbound granular material at high temperatures and long loading rates (i.e., slow speed of 
passing vehicles). In contrast, at cold temperatures and very short load rates, the material will 
tend to behave in a pure elastic mode and have modulus values that approach that of PCC 
material. In the MEPDG, the methodology for asphaltic mixtures will take into account the range 
of temperatures expected in the design period. The use of an asphalt master curve is based on 
time-temperature superposition principles. 
 
Note that the higher the level of input, the more aggressive the testing program needs to be as 
described earlier. 
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The approach for Level 1 inputs is the development of a master curve and shift factors for each 
asphalt mixture used by an agency. Master curves involve time-temperature superposition. 
First, a standard reference temperature (usually 70 °F) is selected. Then, dynamic modulus tests 
at various temperatures are shifted with respect to time to form the master curve describing 
the time dependency of the material. The amount of shifting at each temperature required to 
form the master curve describes its temperature dependency.  
  
For the Level 2 and Level 3 analyses, the master curves are developed directly from the dynamic 
modulus predictive equation. The Witczak's predictive equation was originally developed 
through the NCHPR Project 1-47A. The original model was based on a non-linear regression 
analysis and incorporated mixture volumetrics and aggregate gradation to predict the dynamic 
modulus of mixtures. This model was later reformulated to include binder stiffness data (NCHRP 
1-40D). The dynamic modulus predictive equation is one of the most comprehensive mixture 
stiffness models available to the profession today. This model can predict the dynamic modulus 
of asphalt mixtures over a range of temperatures, rates of loading, and aging conditions from 
information that is readily available from material specifications or volumetric design of the 
mixture. Major inputs are bitumen viscosity, loading rate, mixture air void content, mixture 
effective bitumen content, and mixture aggregate gradation. 
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When an agency has limited or no testing capabilities, it is recommended that Level 2 and 3 
inputs are used, and these are provided as recommended values from the MEPDG Manual of 
Practice. 
 
For Level 2 and 3, the dynamic modulus could also come from representative samples of a 
material that meets the State DOT spec and was tested in the laboratory. The representative 
samples are a reflection of the State DOT’s specs (as taken from testing materials from the as-
built projects). 
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With those two variables known (stress and dynamic modulus of the asphalt layer), we can 
solve for the strain at critical locations in the pavement structure using the layered elastic 
analysis engine built into the software. 
 
LEA is founded on Hooke’s Law. 
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Same information for Level 2 and 3 inputs for dynamic modulus. 
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The thermal cracking indirect tension test (IDT) will test an asphalt specimen to determine at 
what temperature and load it will fail. This test is directly used in the thermal cracking 
predictions.  
 
Correlations between binder properties are used as an indirect Level 2 characterization of the 
materials. 
 
The design guide software computes the coefficient of thermal contraction, internally using the 
HMAC volumetric properties such as voids in the mineral aggregate (VMA) and the thermal 
contraction coefficient for the aggregates. 
 
Represents tensile strength of asphalt and low-temperature mix behavior and details of the 
testing include: 
  
• Tensile strength at 14 °F;  
• Creep compliance curves at –4, 14, and 32 °F; and 
• Coefficient of thermal contraction. 
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When an agency has limited or no testing capabilities, it is recommended that Level 2 and 3 
inputs are used and these are provided as recommended values from the MEPDG Manual of 
Practice. 
 
The MEPDG Manual of Practice provides the regression equations provided, and historical 
mixture data can be used in the equations or an agency can develop a materials catalog based 
on typical mixture data gathered over time. 
 
Tensile strength: You need to measure the following parameters to get the tensile strength—as-
constructed HMA air voids, as-constructed voids filled with asphalt, asphalt penetration at 77 °F, 
and asphalt viscosity temperature susceptibility (VTS) intercept.  
 
Equation: TS (psi) = 7416.712-114.016*Va-0.304*Va2-122.592*VFA+0.704*VFA2 +405.71*Log10 
(Pen77)-2039.296*log10 (A) 
 
Creep compliance: You need to define the following parameters to get the creep compliance of 
asphalt—time in months of expected age of the HMA, as-constructed HMA air voids, as-
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constructed voids filled with asphalt, asphalt penetration at 77 °F, and the temperature at which 
creep compliance is measured. 
 
Equation: D (t) = D1*tm 
Log(D1) = -8.524+0.01306*T+0.7957*log10(Va) +2.0103*log10(VFA)-1.923*log10(A) 
m = 1.1628-0.00185*T-0.04596*Va-0.00247*Pen77+0.001683*T*(Pen77)^0.4605 
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Difference between input Levels 1 and 2 is the number of test temperatures. Level 3 inputs are 
default values from the national calibration conducted under NCHRP Project 1-37. 
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• What are the sources of variability in asphalt sampling? 
• How do you think this variability will impact the inputs for asphalt in the Pavement ME Design
analysis? 
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Rotational viscometer: It addresses rutting potential of binders. It is used in calculation of A 
(regression intercept) and VTS (regression slope). Rotational viscosity is used to evaluate high 
temperature workability of binders. A rotational coaxial cylinder viscometer, such as the 
Brookfield apparatus, is used rather than a capillary viscometer. Some asphalt technologists 
refer to this measure as "Brookfield viscosity. “ 
 
Dynamic Shear Rheometer (DSR): This test method covers the determination of the dynamic 
shear modulus and phase angle of asphalt binder when tested in dynamic (oscillatory) shear 
using parallel plate test geometry. It addresses binder strength and resistance to shearing.  
 
Short-term binder aging: All binder data should be input after rolling thin film oven (RTFO) aging 
(versus pressure aging vessel, PAV, or original binder properties). Mix design or plant specimens 
information is made from RTFO aged as well. RTFO simulates aging in the construction process. 
Input levels for Binder and E* are related. For example, when Level 1 is selected for Modulus 
then the user has to fill in a matrix of E* values at a number of temperatures and load 
frequencies. To characterize the binder, when Level 1 is selected for E*, then G* and delta are 
necessary. 
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Level 1: Shear stiffness G* and phase angle (δ) at multiple temperatures at a frequency of ω = 
10 radians/sec 
Level 2: Same as Level 1 
Level 3: Default A-VTS viscosity temperature susceptibility parameters based on Superpave 
Performance Grade (PG) 
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Level 1 and 2 asphalt binder inputs require either Superpave or conventional asphalt binder test 
data. Level 3 requires the user to select a binder grade. 
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Asphalt concrete (AC) surface absorptivity: This dimensionless parameter defines the fraction of 
available solar energy absorbed by the pavement surface. 
 
Layer interface indicates the adhesion bonding of two layers at their interface.  
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A flowchart outlining the general process for a DOT to develop a Materials Inputs Catalog is 
presented in this slide. The process would start with some research into the types of inputs that 
would be sensitive for pavements in a particular state or in various regions of a state.  
 
The next step would be to collect data on these inputs and do some initial analysis to determine 
the accuracy of the input data collected. The preliminary analyses would be evaluated in terms 
of their performance predictions and possibly compare that with past field pavement 
performance history found in a state’s pavement management databases.  
 
In the event that trial designs using the developed material inputs catalog don't produce 
reasonable designs as compared to a DOT’s past experience, then additional steps should be 
taken to investigate whether the inconsistencies are stemming from materials inputs, or 
perhaps from traffic, environment, or other structural inputs that could be influencing the 
results. Examples of these additional steps could be additional quality review on the gathered 
material input data, performing local calibration (if not previously done), etc. After these steps 
are conducted (if necessary), the materials catalog can be developed for general use, but it 
should be mentioned that each project is unique and should be considered in the design phase 
and again prior to construction to ensure the materials assumed are still valid. 
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This screen shows the overall concepts behind the QRSS approach on potential applications 
connecting materials testing and acceptance to pavement design performance predictions.  
 
These come from the project NCHRP 9-22 Beta Testing and Validation of HMA PRS, in which the 
predicted performance (using Pavement ME Design models) of the as-designed mixture 
(designed by either the contractor or the State DOT) is compared to the predicted performance 
of the as-built mix (produced at the contractor’s plant during production). 
 
The lab tests can be run to determine the gradation, air voids, asphalt content, and specific 
gravities—or one can run the Dynamic Modulus test on the HMA instead of the gradation, 
which gives a more detailed assessment of the mixture’s performance potential at the mix 
design and production stage prior to construction. 
 
The advancement of the volumetrics-based procedure developed in NCHRP 9-22 led to the 
development of a field-based procedure in a follow-on NCHRP Project 9-22A Evaluation of the 
Quality-Related Specification Software (QRSS) Version 1.0.  
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It is an example of how risk and quality in the sampling process, as well as the impact of asphalt 
production properties, can affect pavement distress predictions. A field-based procedure (like 
that of NCHRP Project 9-22A) allows for the as-design mix was compared to the predicted 
performance of the as-built mix (sampled at the contractor’s plant during production, and 
considering in situ construction properties such as density). This approach can account for 
variability in the mixture since it is based on evaluating material in a lot-by-lot (and sublots) 
basis, as opposed to the averages used in the Pavement ME Design. 
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The asphalt layer’s dynamic modulus and thickness are most influential on the structurally 
based pavement distresses (rutting and fatigue cracking); however, the low-temperature 
properties (tensile strength, coefficient of thermal contraction, and creep compliance) are most 
sensitive for thermal cracking distress. 
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Mixture  Thermal  Strength 
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Lab test methods are available for nearly all of the concrete material properties. Estimates must 
be done for surface shortwave absorptivity, PCC zero-stress temperature, and cement type. 
Testing can be done for existing concrete layers by taking cores, bringing them back to the lab 
for testing. 
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The purpose of the screen is to introduce the test methods required for Level 1 inputs of 
existing concrete material properties for rehabilitation designs of existing rigid pavements.  
 
Lab test methods are available for nearly all of the existing concrete material properties. 
Estimates must be done for surface shortwave absorptivity. 
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 Thermal  
Conductivity Range 

0.2 to 2.0  
Btu/(ft)(hr)(°F) 

Heat  
Capacity Range 

0.1 to 0.50  
Btu/(lb)(°F) 
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Thermal conductivity typical values for concrete range from 0.2 to 2.0 Btu/ (ft) (hr) (°F). Use 
default value set in program: 1.25 Btu/ (ft) (hr) (°F). 
 
Heat capacity typical values for concrete range from 0.1 to 0.50 Btu/(lb)(°F).Use default value 
set in program: 0.28 BTU/lb.-°F 
 
It should be noted that the CTE values presented on this slide are uncorrected values. 
Therefore, it is recommended that the CTE values be corrected and that a recalibrated model 
should be used. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

  

Lesson 3 Participant Workbook

E3-102



Slide 63 

 

 

 

 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 3

E3-103



 

 

Aggregate  
Type  
(Coarse) 

Curing Method Cement Type 
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The main three inputs for the PCC mixes include the cement type, aggregate type, and curing 
method proposed.  
 
The cement type and coarse aggregate type will influence the CTE, as shown by a researcher at 
the University of Arkansas and FHWA. 
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•  Where do you foresee conflicts between the concrete mix specifications and the types of 
inputs required by Pavement ME Design? 
• What level of risk would result due to how the specifications versus the inputs compare? 
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Note that the 20-year/28-day value may be something that you do not have. It is a long-term 
data from some sort of field testing. If you do not have any information on your moduli after 20 
years in service, then the recommended values for the 20-year/28-day ratios are provided in the 
NCHRP 1-37A report Part 2 Design Inputs.  
 
Chapter 2 Material Characterization include: 
 

• For MOE, the max value for 20-year/28-day is 1.20. 
• For compressive strength, the max value for 20-year/28-day is 1.35. 

     • For MOR, the max value for 20-year/28-day is 1.20. 
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The variation should be represented by representative samples observed in the particular state 
DOT’s specification using average values from the field data. This is an important point in that 
specification value could be much lower than what has been constructed in the field and the 
materials engineers would need to know and give this information to the designers to do a 
longer-lasting pavement design. Unless a DOT has historical data, a designer would not know 
what values to use. Therefore the best avenue may be to use the minimum design strength. In a 
design-build situation, there would be more control over what the contractor is going to 
produce ahead of time, and the variation would be expected to be much lower in materials 
samples. 
 
The reality is that there is variation in concrete strength during construction (e.g., the Florida 
DOT concrete paving specs allow for a minimum 28-day compressive strength between 3,000 
and 4,400 psi), which is permitted within a specific range per each individual State’s 
specifications. For initial design, the user should be specifying the design strength, not using 
what the contractor actually provides, unless this is used to compute PRS pay factors or for 
forensic purposes.  
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This information gives participants values to start within the absence of testing equipment and
Level 1 inputs. 
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Tz = (Cc*0.59328*H*0.5*1000*1.8/(1.1*2400)+MMT) 
Where: 
Tz = PCC set temperature (allowable range: 70 to 212 °F) 
CC = Cementitious content, lb/yd3 

H = -0.0787+0.007*MMT-0.00003*MMT2 

MMT = Mean monthly temperature for month of construction, °F 
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 Sealant Type 
 

 

Erodibility Index 
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The design feature inputs for JPCP include key parameters such as the joint spacing, sealant 
type, presence of widened slab and dowels, shoulder ties, and erodibility index. 
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Level 3 inputs for rigid pavement PCC properties are shown. 
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 New JPCP_high traffic_Utah 
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The design properties for the sample pavement design project in Utah are shown and will be 
demonstrated as part of Lesson 5. 
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 Rehab_HMA over JPCP_high traffic_Indiana 
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One can see that the PCC properties are exactly the same as in the case of the new rigid 
pavement. A designer would have to access construction and plant records from the original 
PCC construction to get these inputs. FWD or other testing would be used to get a back 
calculation of the existing pavement’s modulus. 
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Rehab_HMA over JPCP_high traffic_Indiana 
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The principal concrete material properties that affect concrete pavement performance include 
MR, E, and thermal coefficient. 
 
Other sensitive factors include the thickness (which is a pavement design factor, not a materials 
factor). 
 
Notes on the high sensitivity of the coefficient of thermal expansion, and thermal conductivity: 
While the predicted pavement performance may be show high sensitivity to some of the 
parameters, those results should be considered with caution in that the models were calibrated 
using default values and the actual effects of those parameters on pavement performance are 
generally unknown.  
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The purpose of the screen is to gauge the participants’ post-requisite knowledge. This is a post-
knowledge multiple choice question given to the participants before the content is delivered. 
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These are the inputs that are most of interest to a pavement designer seeking input from a 
materials engineer in his/her agency. 
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Shoulder Type 
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Additional items include the shoulder type, percentage, and depth of steel in the slab, bar 
diameter, base/slab friction coefficient, and the crack spacing. 
 
Both JPCP and CRCP can have stabilized bases. The options are always the same as the ones for 
flex pavements: cement stabilized, lime cement fly ash, lime fly ash, lime stabilized, and soil 
cement stabilized. However, the base/slab friction coefficient is only an input for CRCP 
pavements and not for JPCP. 
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 New CRCP_high traffic_Utah 
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This section will be demonstrated as part of the Lesson 5 module. The base/slab friction 
coefficient varies by base type and the MEPDG MOP provides typical average values. This input 
is in fact only an input for the CRCP design and is not a base layer input for JPCP.  
 
The screen includes the table of ranges for the base/slab friction coefficient, which is an input 
option for base layer only with the CRCP design properties. 
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Both JPCP and CRCP have the same inputs for materials properties of the concrete mixtures. 
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The most sensitive factors are the thickness, coefficient of thermal expansion, and the modulus 
of rupture. 
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These are the inputs that are most of interest to a pavement designer seeking input from a 
materials engineer in his/her agency. 
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This is a performance-based specification program that was developed with the Pavement ME 
Design predictive models for concrete pavement distresses. 
 
The following are the key project objectives for FHWA:  
 
• Incorporating Mechanistic-Empirical Pavement Design Guide (MEPDG) models in jointed plain 
concrete pavement (JPCP) performance-related specifications (PRS).  
• Providing assistance to State highway agencies in developing and using Level 1 and Level 2 
PRS.  
• Developing a plan for State-wide implementation of PRS.  
______________________________________________________________________________
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This purpose of this screen is to transition to the section on material inputs for pavement 
rehabilitation and concept of reliability. 
______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________
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Rehabilitated pavements can feature either asphalt concrete (AC) or Portland cement concrete 
(PCC) overlays. 
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This presents the definition of existing asphalt material properties and conditions, as part of a 
rehabilitated flexible pavement design. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Dynamic Modulus 

Based on Gradation Inputs 

 
Based on |E*| Lab Test Data 

Binder Properties 
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Some laboratory tests (from AASHTO) allow for taking cores from the existing pavement and run 
an extraction to get the binder grade of the existing asphalt layer. 
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______________________________________________________________________________
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In theory, you’d want the amount before. The amount after should be 0% so that all damage is 
fixed prior to the placement of an overlay. However, it may depend on constructability issues 
and the maintenance budget. 
______________________________________________________________________________
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Pavement  

Condition  

Index 

http://www.paverteam.com/Project%20Management/Paverteam/Features.htm 

Pavement  

Management  

Database 

http://www.paver.colostate.edu/ 
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There are many potential sources of data for existing pavements when considering a 
rehabilitation design. Here are two examples of potential sources of data:  
  
One source is the data provided in pavement management database (such as the PaveView 
used by New Jersey DOT). Note that it is critical for you to be aware that there should be 
material quality checks performed on the information included in pavement management 
databases. 
 
Another source is the data provided by doing pavement condition index (such as the MicroPaver 
developed by USACE and used by many county and perhaps some State DOT transportation 
officials). 
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 Rehab_HMA over JPCP_Indiana 
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 Rehab_HMA over HMA_Washington 
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Design performance criteria and design reliability greatly affect the determination of an 
adequately-performing pavement. 
 
Reliability is the probability that the predicted performance indicator of the trial design will not 
exceed the design criteria within the design-analysis period. The design criteria and design 
reliability levels could be selected in balance with each other. A low level of distress should not 
be selected in conjunction with a high level of reliability because this may make it impossible or 
costly to obtain an adequate design. A designer may specify the desired level of reliability for 
each distress type and smoothness. 
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Reliability has been incorporated in the Pavement ME Design in a consistent and uniform 
fashion for all pavement types. A designer may specify the desired level of reliability for each 
distress type and smoothness. The level of design reliability could be based on the general 
consequence of reaching the terminal condition earlier than the design life. Design reliability 
levels selected may vary by distress type and IRI or may remain constant for each. Reliability 
could be selected based on the type of distress and the standard error of the distress prediction 
model. In all cases, engineering judgment and experience should be used when selecting a 
particular reliability value. Since reliability can significantly impact the pavement predictions, it 
is advisable that all stakeholders are consulted before selecting a value. 
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The Pavement ME Design has dual purposes, both as a pavement analysis tool to be used in 

academic exercises and as a pavement design tool for practitioners. Input for pavement analysis 
is project-specific, while inputs for pavement design would be primarily taken from the values 
from mix designs and what DOTs specify in their specifications. This is because when agencies 

design a pavement two years prior to construction, an agency doesn’t really don't know who 
the contractor is that will get the job and what specific mix design that the contractor will use in 
the JMF. Therefore, the inputs should be representative samples of an agency’s historic sample 

data that will reflect the strength of the DOT’s specification. 
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In this screen, the asphalt inputs required in the Pavement ME Design software are reviewed. 
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In this screen, the binder inputs required in the Pavement ME Design software are reviewed.  
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RRD 372 Sensitivity Tables (Flexible Pavements) 

Inputs affecting HMA pavements 

 

HMA Pavement Inputs Level of Sensitivity for Flexible Pavement Outputs 

Group Parameters 
HMA 

Rutting 

Total 

Rutting 

Alligator 

Cracking 

Longitudinal  

Cracking 

Thermal 

Cracking 

General Traffic opening month NS NS NS NS NS 

Volume VS VS VS VS NS 
Traffic 

Speed VS VS S S NS 

Climate 

Location VS S S S S 

Depth 

table 

to groundwater 
NS S NS NS NS 

Layer/General 
Surface shortwave 

absorptivity 
VS VS S VS NS 

Layer/HMA 

Thickness VS VS VS S NS 

Dynamic modulus S S S S NS 

Binder grade/stiffness VS S S S S 

Poisson’s ratio NS NS NS NS NS 

Thermal conductivity NS NS NS NS S 

Heat capacity NS NS NS NS S 

Creep compliance NS NS NS NS VS 

Tensile strength at 14°C NS NS NS NS VS 

Aggregate coefficient of 

thermal contraction 
NS NS NS NS VS 

Thickness S S S S NS 

Resilient modulus S S S VS NS 
Layer/Base 

(Subbase) Poisson’s ratio NS NS NS NS NS 

Soil-water 

curve 

characteristic 
NS NS NS NS NS 
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Permeability NS NS NS NS NS 

Compacted/uncompacted NS NS NS NS NS 

Layer/Subgrade 

Resilient modulus NS VS S S NS 

Poission’s ratio NS NS NS NS NS 

Soil-water characteristic 

curve 
S S S S NS 

Permeability NS NS NS NS NS 

Compacted/uncompacted NS NS NS NS NS 

HMA/HMA 

(Rehab) 

Milled AC thickness NS NS NS NS NS 

Existing AC thickness (after 

milling) 
S S S S NS 

Existing AC binder grade S S S S NS 

Pavement rating VS S VS VS NS 

Total rutting VS VS NS NS NS 

HMA/JPCP 

(Rehab) 

Existing PCC modulus of 

rupture 
NS NS NS NS NS 

Percent slaps 

cracked/repaired 
NS NS NS NS NS 

Monthly modulus of 

subgrade reaction 
NS NS NS NS NS 

Month for measuring 

modulus 
NS NS NS NS NS 

 

Very Sensitive Sensitive 
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The information is needed to consider the changes to materials inputs. 
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It should be noted that there are many important parameters that are important to HMA over 

JPCP rehab designs but did not show sensitivity because of current limitations in the Pavement 
ME Design models, such as: 
• Existing PCC modulus of rupture, 

• Percent slaps cracked/repaired, 
• Monthly modulus of subgrade reaction, and  
• Month for measuring modulus 

 
The same point applies to Milled AC Thickness, in HMA over HMA rehab designs. 
______________________________________________________________________________
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Suggested Alterations to Pavement Design (JPCP) 

Guidance for Modifying JPCP Trial Designs to Satisfy Performance Criteria (Taken from the 

AASHTO MEPDG Manual of Practice, 2008) 

 

Distress & IRI Modifications to Minimize or Eliminate 

Joint Crack Width  

 

 

 

Build JPCP to set at lower temperature (cool PCC, place cooler 
temperatures). 
Reduce drying shrinkage of PCC (increase aggregate size, 
decrease w/c ratio, decrease cement content). 

Decrease joint spacing. 
Reduce PCC coefficient of thermal expansion. 

Joint LTE  

 

 

 

Use mechanical load transfer 
Increase diameter of dowels. 

Reduce joint crack width (see 
recommendations). 
Increase aggregate size. 

devices (dowels). 

joint crack width 

Joint Faulting  

 

 

 

 

 

Increase slab thickness. 

Reduce joint width over analysis period. 

Increase erosion resistance of base (specific recommendations 
for each type of base). 
Minimize permanent curl/warp through curing procedures that 

eliminate built-in temperature gradient. 
PCC tied shoulder. 

Widened slab (by 1 to 2 ft.). 

Slab Cracking  

 

 

 

 

 

Increase slab thickness. 

Increase PCC strength. 

Minimize permanent curl/warp through curing procedures that 
eliminate built-in temperature gradient. 

PCC tied shoulder (separate placement or monolithic placement 
better). 
Widened slab (1 to 2 ft.). 

Use PCC with lower coefficient of thermal expansion. 

IRI JPCP  Require more stringent smoothness 
incentives. 

criteria and greater 
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This shows that for alligator (traditional fatigue) cracking or thermal cracking, there are at least 

four alterations that you can make to decrease the amount of each of these distresses.  
 
For alligator cracking, there are different recommendations regarding dynamic modulus 

(increasing versus decreasing it) based on the total HMA thickness (in terms of total asphalt 
thickness). For example, a designer would want the thin asphalt layers to have more flex in 
them (rather than behave more brittle). 
______________________________________________________________________________
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This shows that for rutting in the asphalt surface or total rutting in a flexible (new or overlay) 

pavement, there are at least four alterations that you can make to decrease the amount of each 
of these distresses. 
______________________________________________________________________________
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This shows that for IRI, longitudinal cracking, or reflection cracking in a flexible (new or overlay) 

pavement, there are at least two alterations that you can make to (a) improve rideability or (b) 
decrease the amount of each of these distresses. 
______________________________________________________________________________

______________________________________________________________________________
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Information needed to consider the changes to materials inputs: 

 
Design versus constructability: If you design without considering carefully whether the design is 
viable for the construction conditions, then its service life is doomed from the start, e.g., 

engineering judgment is as important as it ever was and the “push button, give me an answer” 
nature of the Pavement ME Design still requires the engineer to use good engineering common 
sense. Coordination with the construction engineers is key.  

 
The size of the State will influence the generation of a materials catalog, Statewide versus 
regionally. It also depends on the number of quarries and PG suppliers in the State. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Hundreds of trials would have to be run for each combination of thickness and material 

properties to try and determine the most economical pavement cross-section for a given 
location. However, it is critical that engineering judgment be used to perform reality checks on 
designs in that they are consistent with constructability requirements. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Poor construction quality results in greater variability in material properties and road 

performance.  
 
Variability in mix properties like E* exist in real life, but in Pavement ME Design, we can only 

model it by creating multiple runs changing one parameter at a time incrementally and noting 
the impacts on the distress predictions on the performance criteria. 
______________________________________________________________________________
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• Florida (New Flexible) – High Truck Volume 
 

4 in. 

4 in. 

8 in. 

Semi-infinite 
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations. 

 
The summary of materials input data (and other design input data) are presented following this 
slide. This screen reviews with participants the pavement structure and performance criteria 
used for an interstate (based on the recommended values from the MEPDG Manual of Practice), 
design life, and material layers for the Florida sample section. 
 
The DOT departmental policy should be used to select the performance criteria, as opposed to 
being limited to a very strict pre-set of values.  
 
For example, Indiana adopted a maximum IRI of 160 inch/mile because it is the State DOT 
policy. If a higher IRI value than this were permitted, then the pavement condition would be 
flagged as having potential safety issues. Some State DOTs have performance criteria for IRI and 
other distresses based on other reasons. Overall, the idea is that there is no general rule toward 
applying the performance criteria threshold. 
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______________________________________________________________________________
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations.  

 
This screen reviews the material properties for the asphalt surface layer for the Florida sample 
section. 
 
It should be noted that in Florida, most interstates would be required to have an open-graded 
friction course always placed as the surface layer. However, the ME Design software is not yet 
calibrated to fully predict for the majority of mixture types used for the top layer (commonly 
referred to as wearing courses) in flexible pavements. While the Pavement ME Design software 
was calibrated using a range of dense-graded surface mixes, it is not yet calibrated to fully 
reflect the performance for certain wearing courses such as stone matrix asphalt (SMA) and 
open-graded friction courses (OGFC). 
 
This should be a cautionary note to materials engineers and designers, a challenge of reflecting 
construction reality within the context of design modeling. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations. 

 
This screen reviews with participants the material properties for the asphalt surface layer for 
the Florida sample section—the Level 3 inputs properties for low-temperature performance and 
dynamic modulus, volumetric properties, etc. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________

______________________________________________________________________________ 
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations. 

 
This screen reviews the material properties for the unstabilized aggregate base layer for the 
Florida sample section. 
 
It should be noted that in Florida, oftentimes the DOT uses a limerock base, which has high 
strength and can account for the thinner asphalt sections. This is part of how FDOT optimizes 
costs in their flexible pavement designs. 
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations. 

 
This screen reviews the material properties for the subgrade layer for the Florida sample 
section. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

  

Lesson 4 Participant Workbook

E4-32



Slide 20 

 

 

 

 

 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 4

E4-33



 

 

Lesson 4 Participant Workbook

E4-34



Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 
including critical analysis of pavement performance and suggested design alterations. 
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______________________________________________________________________________
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Start Demonstration 

New Flexible Pavement Example 
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Select the AASHTO Ware Pavement ME Design icon to launch the software. Select OK. 
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Select New. 

 
This window will appear after the new icon is clicked on. 
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Select Design Type.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select New Pavement. 
______________________________________________________________________________

______________________________________________________________________________
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Select Pavement Type. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Flexible Pavement. 
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Select Design Life (Years). 
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Select 20 years from the Design Life field. 
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Select Base Construction Month. 
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Select October as the Base Construction Month. 
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Select 2014 from the Base Construction Year field. 
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In the same manner as for the base construction, change the dates for Pavement Construction 

and Traffic Opening. 
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Change the Performance Criteria thresholds.  
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Change the Performance Criteria thresholds.  
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Select Add Layer. 
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Start building your structure. 
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This window will pop up giving you the option to select the Layer Type 
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Select Flexible. 
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Select Default Asphalt concrete.xml. 
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Select OK. 
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Repeat the same process to add the remaining layers. Select Add Layer and choose Non-

stabilized Base.  
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Select A-1-b.xml and then select OK.  

 
Notes: On screen – AASHTOWare Pavement ME Design new project screen 
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We’ll add another layer. Select Add Layer. 
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Select Layer Type of Subgrade. Select A-6 as the material. Then, select OK to add this layer. 
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Now we can go back to each layer and adjust thicknesses and properties. 
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______________________________________________________________________________ 

Now we can input thickness and material properties for the first layer. First, we’ll change the 

Thickness to 4 inches. 
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Note the Thickness is now 4 inches.  

 
The mixture volumetrics will not be changed for this example.  
 

Select the Dynamic Modulus to input Level 3 values. Go to the next screen. 
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Now you can input Level 3 values for Dynamic Modulus.  

 
Next we are going to choose the Asphalt Binder. 
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Select PG70-22 from the Asphalt Binder list.  
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Select Creep Compliance to accept Level 3 default values. 
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Everything else is default for Layer 1. 
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Now we can input thickness and material properties for Layer 2. First select Layer 2; then we’l

change the Thickness to 4 inches by selecting Thickness. 

l 
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Now we can input thickness and material properties for Layer 2. First select Layer 2, then we’ll 

change the Thickness to 4 inches by selecting Thickness. 
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Select Dynamic Modulus to input Level 3 values. 
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Select Asphalt Binder to choose PG70-22. 

 
Everything else is default.  
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Select Layer 3.  
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Now we can input thickness and material properties for Layer 3. Change the Thickness to 8 

inches by selecting Thickness. 
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Select Resilient Modulus to accept Level 3 values. 
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Select Gradation and Other Engineering Properties to accept default values.  
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Select Layer 4. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Lesson 4 Participant Workbook

E4-78



Slide 62 

 

 

 

Select Resilient Modulus to accept Level 3 values. 
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Select Gradation and Other Engineering Properties to accept default values.  
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Select Traffic to input traffic data. 
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Change Traffic Data accordingly.  

 
Select Vehicle Class. 
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Adjust Distribution, Growth Rate, and Growth Function to represent high-traffic conditions. 
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Select Single Axle Distribution to turn it green (accepting default values). 
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Select the Other Axle Distributions to turn them green (accepting default values). 
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Select Climate. 
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Select Climate Station.  

 
Select FL for Florida. 
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Select Weather Station.  

 
Select Orlando. 
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Select Depth of Water Table. 
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Input 1 for Water Table Depth.  

 
Select outside of the Depth of Water Table window to accept the input. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Lesson 4 Participant Workbook

E4-90



Slide 74 

 

 

 

Select AC Layer Properties.  
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Select Layer Interface to check and accept default values.  
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Select Save.  

 
Then, name your project.  
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Select Run.  

 
Analysis progress will display on the right-hand side of the screen. 
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When the analysis is complete, the software will generate the output (PDF and Excel). 
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Perform an evaluation of Pavement ME Design new flexible pavement design and suggest 

design alterations based on material properties to consider and try when the pavement’s 
intended service life is not met. This screen capture shows what the Pavement ME Design 
software pulls up automatically in Excel or PDF format for users.  
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It can be clearly observed from the output table that every distress was exceeded except for the 

thermal cracking. 
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The failure parameters provided in the MEPDG Manual of Practice are provided for flexible 

pavements, to be used in defining terminal performance, for the major distresses included in 
the Pavement ME Design tool.  
 

It should be noted that for IRI, the minimum construction smoothness specifications can negate 
the starting point for IRI predictions at higher reliability levels. For example, Missouri requires a 
maximum IRI of 80 inches/mile for new asphalt and concrete pavement; therefore, we would 

never have an initial IRI over 100 as is shown in this design at 95% reliability. 
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It can be clearly observed from the output table that every distress was exceeded except for the

thermal cracking. 
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First we look at the original structure’s results, then the narration brings in the results from the 

new trial run. 
 
It can be clearly observed from the output table that the alligator and top-down fatigue cracking

performance improved, as did the IRI although to a lesser degree.  
 
However, when observing the effects of the change on rutting, the addition of a chemically 

stabilized material (CSM) layer did not appear to induce any major improvement in the 
resistance to rutting. 
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Software demonstration. Perform an evaluation of completed Pavement ME Design  new flexible

pavement designs, including critical analysis of pavement performance and suggested design 
alterations. 
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It can be clearly observed from the output table that no distresses exceeded the performance 

threshold criteria for the lower functional class roadway. It calls into question: Was the 
pavement overdesigned in some way? Can we optimize it better in terms of making a more 
cost-efficient design? 

 
How did we factor in variability in the materials used in the design? What if we tried to factor in 
material variability, even though design reliability is lower (85%)? 
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This table shows the results of two Trials on the Florida high-volume pavement with a cement-

stabilized base. 
 
The first trial altered the HMA top layer’s thickness from 4” to 6” and the effect was sufficient to 

reduce the rutting in the subgrade and HMA somewhat, as compared to the original. However, 
in doing so, there was a major increase in top-down fatigue cracking which resulted as a side 
effect of the improvement to rutting. 

 
The second trial altered the HMA top layer’s high-temperature binder grade from 70 to 76 and 
the effect was sufficient to reduce the rutting in the HMA somewhat, as compared to the 
original. 
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These plots show the rutting predicted for the Original structure as well as the two trials 

described in the previous slide. 
 
The plots indicate the Total rutting (black line), and rutting in each of the individual layers: 

subgrade (red line), base (blue line), and asphalt surface (green line). 
 
The results show that there is some change in rutting performance by increasing the thickness

or by increasing the high temperature grade of the asphalt surface layer. However, the 
improvement is not significant and indicates that other alterations to either the pavement’s 
materials or structure will be necessary to achieve the 20 year design life. 

, 
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This table shows the results of two Trials on the Washington low-volume pavement which was 

believed to be overdesigned and we were looking for ways to optimize the pavement structure 
while economizing at the same time. 
 

The first trial altered the HMA top layer’s thickness down to 4” and the effect was that there 
was a slight increase in rutting, mostly in the subgrade, as compared to the Original. 
 

The second trial altered the HMA top layer’s thickness down to 4” AND the granular base layer’s 
thickness down to 8” and the effect was nearly identical to that in Trial 1. 
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These plots show the rutting predicted for the Original structure as well as the two trials 

described in the previous slide. 
 
The plots indicate the Total rutting (black line), and rutting in each of the individual layers: 

subgrade (red line), base (blue line), and asphalt surface (green line). 
 
The results show that there is very little change in performance by slimming down the structure 

by several inches, thereby saving $$ and not at the expense of performance over the 20-year 
design life. In this way, we were able to optimize the pavement and save the Washington DOT 
money and materials resources. 
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement 

design, including critical analysis of pavement performance and suggested design alterations. 
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______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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This screen will remind participants where to get the subgrade-related information from in case 
those are not available (from previous testing). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement 

designs, including critical analysis of pavement performance and suggested design alterations. 
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______________________________________________________________________________
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement 

designs, including critical analysis of pavement performance and suggested design alterations. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement 

designs, including critical analysis of pavement performance and suggested design alterations. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs, 

including critical analysis of pavement performance and suggested design alterations. 
______________________________________________________________________________

______________________________________________________________________________
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It can be clearly observed from the output table that rutting and total cracking fail the 

performance criteria, but IRI, TC, and other cracking pass. Note that the total cracking is only 
predicted at 50% reliability and cannot be run at any higher level of reliability at this time. 
______________________________________________________________________________

______________________________________________________________________________
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The predicted rutting at 50% reliability does not exceed the performance criteria of 0.4 inches 

until about 12 years, which is a good performance for an overlay. However, at the 90% reliability 
level, the threshold is exceeded at six years, which is sooner than desired for going out to do 
further repairs. 

 
Predicted Total Rutting (Permanent Deformation): The rutting can be further studied in terms of 
the source, by observing the rutting at 50% reliability in each layer. This plot shows that the 

majority of rutting early on is in the subgrade (the red dashed trend) and that at about eight 
years of life, the instability rutting (rutting in the AC, shown by the green larger dashed trend) 
overtakes the rutting in the subgrade. 
 
Total Cracking (Reflective + Alligator): The reflective cracking model in the Pavement ME Design 
current version is a placeholder and will be replaced (estimated to be) in Summer 2015 It is only 
capable of predicting 50% reliability at this time. According to the figure, the cracking would 
reflect through for this pavement at year three and accumulate to about 22% lane area cracked. 
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This table shows the results of four Trials on the rehabilitation design for Washington high-

volume flexible pavement. 
 
The first trial altered the HMA top layer’s AC content to 10% and the effect was that there was a 

slight improvement in rutting but almost imperceptible, as compared to the Original. 
 
The second trial altered the HMA top layer’s AC content 10% and the air void content to 5% and 

the effect was nearly identical to that in Trial 1.  
 
The third trial increased the HMA top layer’s high temperature binder grade from a 58 to a 64 
and the effect was that there was a slight improvement in rutting, as compared to the original. 
 
The fourth trial increased the milling depth into the existing HMA pavement from 2” to 3” and 
the effect was negative and resulted in a slight increase in rutting and in IRI. 

______________________________________________________________________________

______________________________________________________________________________ 
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These plots show the rutting predicted for the original flexible pavement rehab structure as 

well as the two first trials described in the previous slide. 

The plots indicate the Total rutting (black line), and rutting in each of the individual layers: 
subgrade (red line), base (blue line), and asphalt surface (green line). 

The results show that there is very little change in performance by changing the binder content 
and by also decreasing the air voids. 
______________________________________________________________________________

______________________________________________________________________________
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These plots show the rutting predicted for the Original flexible pavement rehab structure as 

well as the second two trials described in a previous slide. 

The plots indicate the Total rutting (black line), and rutting in each of the individual layers: 
subgrade (red line), base (blue line), and asphalt surface (green line). 

The results show that there is very little change in performance by changing the binder high 
temperature grade (from 58 to 64) although a slight improvement was noticed in AC rutting. In 
terms of the increase in milling thickness in the existing AC prior to placement of the HMA 
overlay, increasing the milling depth by 1 inch did not appear to have any impact at all and may 
have slightly increased rutting in the AC. 
______________________________________________________________________________
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There are a number of rigid pavement types that can be evaluated in the Pavement ME Design 
software. 
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Arkansas DOT regionally has only four types of aggregates from quarries in its State. The table 
on the left shows the measured coefficient of thermal expansion (CTE) for mixes and cement 

paste. The results for the CTE of Portland cement concrete (PCC) mixture are a reflection of the 
change in coarse aggregate type. The results for the cement paste represent a combination of 
the effects of the cement type and fine aggregate (which in Arkansas consists also of fly ash and 
slag). The results in the table showed that the CTE doesn’t change with age for the four main 
types of aggregates in Arkansas. 
 
The second table (right) shows the same mixture constituents for the common concrete 
mixtures in Arkansas and observes the impacts of age on the measured Poisson’s ratio. The 
table shows that the Poisson’s ratio varies with aggregate type and indicates that the national 
default values may not be the best reflection of performance. This demonstrates the 
importance of doing laboratory testing for Level 2 or 3 inputs for local calibration. 
______________________________________________________________________________

______________________________________________________________________________
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The strength and modulus can be input at three different levels, as seen to the right (Level 3 at 

top, down to Level 1 requirements at the bottom). 
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The table on the left compares modulus of elasticity (in units of million psi) measured at the 

four key points in time with the mixture constituents showed in the previous example. 
 
The table on the right compares compressive strength (in units of psi) measured at the four key 

points in time with the mixture constituents showed in the previous example. 
 
For a Level 1 input of modulus of elasticity, the MEPDG requires the construction of a modulus 

gain curve to predict the modulus of elasticity at any age of concrete based on the regression 
model form. The regression model equation represented in the equation on the screen has 
three regression coefficients—α1, α2, α3—which are optimized using regression analysis. 
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The properties of the slab, joints, and interaction with substrate layers are defined in the 

software. 
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This screen highlights the input selections for shoulder type. 
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 JPCP 

CRCP 

Performance Verification 

Predicted distress < threshold criteria 

NO YES 

Final Design Modify Design 
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These categories are used for evaluating existing pavements in a rehabilitation design situation. 
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RRD 372 Sensitivity Tables (Rigid Pavements – JPCP) 

Inputs affecting JPCP pavements 

 

JPCP Inputs Level of Sensitivity for JPCP Distresses 

Groups Parameters Faulting Cracking 

Traffic Initial two-way AADTT VS VS 

Design lane width NS S 

Climate Climate VS S 

Design Feature Permanent curl/warp 

effective temp difference 

VS VS 

Joint spacing VS VS 

Sealant type NS NS 

Dowel diameter S NS 

Dowel spacing NS NS 

Edge Support VS S 

Erodibility index S NS 

PCC Base Interface NS NS 

Layer/General Surface shortwave 

absorptivity 

VS VS 

Layer/PCC PCC layer thickness VS VS 

Unit weight S S 

Poisson’s ratio S S 

Coefficient of thermal 

expansion 

VS VS 

Thermal conductivity S VS 

Heat capacity NS NS 

Cement type NS NS 
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Cementitious material S NS 

content 

Water/cement ratio S NS 

Aggregate type NS NS 

PCC zero-stress temperature S NS 

Reversible shrinkage NS NS 

Time to develop 50% of NS NS 

ultimate shrinkage 

Curing method NS NS 

28-day PCC modulus of S VS 

rupture 

28-day PCC compressive NS VS 

strength 

Layer/Subbase Granular base VS S 

(Base) material/stiffness 

Granular base thickness S S 

Poisson’s ratio NS NS 

Layer/Subgrade Subgrade material/stiffness S S 

Poisson’s ratio NS NS 

Compacted or uncompacted NS NS 

JPCP/HMA (Rehab) HMA milled thickness NS NS 

Pavement rating S S 

Monthly modulus of S S 

subgrade reaction measured 

Month for measuring S S 

modulus 

 

Very Sensitive Sensitive 
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This is the table from the NCHRP 1-47 (RRD 372) report that shows the information on the 

factors which are most sensitive for jointed rigid pavement performance. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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This is the table continued (from the NCHRP 1-47 (RRD 372) report) that shows more 

information on the factors which are most sensitive for jointed rigid pavement performance. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Suggested Alterations to Pavement Design (JPCP) 

Guidance for Modifying JPCP Trial Designs to Satisfy Performance Criteria (Taken from the 

AASHTO MEPDG Manual of Practice, 2008) 

 

Distress & IRI Modifications to Minimize or Eliminate 

Joint Crack Width  Build JPCP to set at lower temperature (cool PCC, place cooler 
temperatures). 

 Reduce drying shrinkage of PCC (increase aggregate size, 
decrease w/c ratio, decrease cement content). 

 Decrease joint spacing. 
 Reduce PCC coefficient of thermal expansion. 

Joint LTE  Use mechanical load transfer devices (dowels). 
 Increase diameter of dowels. 

 Reduce joint crack width (see joint crack width 
recommendations). 

 Increase aggregate size. 

Joint Faulting  Increase slab thickness. 

 Reduce joint width over analysis period. 

 Increase erosion resistance of base (specific recommendations 
for each type of base). 

 Minimize permanent curl/warp through curing procedures that 

eliminate built-in temperature gradient. 
 PCC tied shoulder. 

 Widened slab (by 1 to 2 ft). 

Slab Cracking  Increase slab thickness. 

 Increase PCC strength. 

 Minimize permanent curl/warp through curing procedures that 
eliminate built-in temperature gradient. 

 PCC tied shoulder (separate placement or monolithic placement 
better). 

 Widened slab (1 to 2 ft). 

 Use PCC with lower coefficient of thermal expansion. 

IRI JPCP  Require more stringent smoothness criteria and greater 
incentives. 
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The screen provides the following distresses: joint crack width, joint load transfer efficiency 

(LTE), and joint faulting, and at least four alterations that you can make to decrease the amount 
of each of these distresses. For example, increasing the diameter of dowels or providing tied 
shoulders and/or a widened slab are both options used effectively to reduce joint faulting. 

However, increasing the slab thickness is one example of an option that would not be effective 
in minimizing the amount of faulting at joints. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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This shows that for crack width in the jointed pavement surface there are at least four 

lterations that you can make to decrease the amount of each of these distresses.  a
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______________________________________________________________________________
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RRD 372 Sensitivity Tables (Rigid Pavements – CRCP) 

Inputs affecting CRCP pavements 

 

CRCP Inputs 
Level of Sensitivity for 

Distresses 

CRCP 

Groups Parameters 
Punch-

out 

Maximum 

Crack 

Width 

Minimum 

LTE 

Traffic Initial two-way AADTT VS S S 

Climate Climate S S S 

Design Feature 

Permanent curl/warp effective 

temperature difference 
VS NS NS 

Shoulder type S NS S 

Percent steel VS VS VS 

Bar diameter VS VS VS 

Steel depth NS S S 

Base/slab friction coefficient NS S NS 

Layer/General Surface shortwave absorptivity NS NS NS 

Layer/PCC 

PCC layer thickness VS S VS 

Unit weight S NS NS 

Poisson’s ratio S NS NS 

Coefficient of thermal expansion VS S S 

Thermal conductivity NS NS NS 

Heat capacity NS NS NS 

Cement type NS NS NS 

Cementitious material content S S S 

Water/cement ratio NS S S 
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Aggregate type NS NS NS 

Reversible shrinkage NS NS NS 

Curing method NS NS NS 

28-day PCC modulus of rupture VS VS VS 

Layer/Subbase 

(Base) 

Granular base material/stiffness S NS NS 

Granular base thickness S NS NS 

Poisson’s ratio NS NS NS 

Compacted or uncompacted NS NS NS 

Layer/Subgrade 

Subgrade material/stiffness S NS NS 

Poisson’s ratio NS NS NS 

Compacted or uncompacted NS NS NS 

 

Very Sensitive Sensitive 
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This is the table from the NCHRP 1-47 (RRD 372) report that shows the information on the 

factors which are most sensitive for continuously-reinforced rigid pavement performance. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This is the table continued (from the NCHRP 1-47 (RRD 372) report) that shows more 

information on the factors which are most sensitive for continuously-reinforced rigid pavement
performance. 

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Suggested Alterations to Pavement Design (CRCP) 

Guidance for Modifying CRCP Trial Designs to Satisfy Performance Criteria (Taken from the 

AASHTO MEPDG Manual of Practice, 2008) 

 

Distress & IRI Modifications to Minimize or Eliminate 

Crack width  Build CRCP to set at lower temperature (cool PCC, place cooler 
temperatures). 

 Reduce drying shrinkage of PCC (increase aggregate size, 
decrease w/c ratio, decrease cement content). 

 Increase percent longitudinal reinforcement. 
 Reduce depth of reinforcement (minimum depth 3.5 in). 

 Reduce PCC coefficient of thermal expansion. 

Crack LTE  Reduce crack width (see crack width recommendations). 

 Increase aggregate size. 

 Reduce depth of reinforcement. 

Punchouts  Increase slab thickness. 

 Increase percent longitudinal reinforcement. 
 Reduce crack width over analysis period. 

 Increase PCC strength. 
 Increase erosion resistance of base (specific recommendations 

for each type of base). 

 Minimize permanent curl/warp through curing procedures that 

eliminate built-in temperature gradient. 

 PCC tied shoulder or widened slab. 

IRI CRCP  Require more stringent smoothness criteria and greater 
incentives. 
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11 in. 

6 in. 

10 in. 

Semi-infinite 
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Start Demonstration 

New Rigid Pavement Example 
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Select the AASHTO Ware Pavement ME Design icon to launch the software. Select OK. 
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Select New.  

 
This window will appear after the new icon is clicked on. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Design Type and select New Pavement. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Pavement Type and select Jointed Plain Concrete Pavement. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Change Threshold Criteria and Reliability. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Add Layer to build the pavement structure.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select the appropriate base layer: A-1-b.xml. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select OK. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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______________________________________________________________________________
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______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Add Layer to add a subbase (A-1-b.xml).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select OK.  
______________________________________________________________________________
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______________________________________________________________________________
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Select Add Layer to add the subgrade (A-2-4.xml).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Subgrade as layer type. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select A-2-4.xml and select OK. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Now you can select each layer to adjust thicknesses and material properties. Select Layer 1 

(shown on the next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select each parameter to change its value when necessary. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Cement Type to select the appropriate material. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Type II (shown on next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows Type II selected. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Update Cementitious Material Content and Water to Cement Ratio. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Aggregate Type (shown on the next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Quartzite (shown on the next screen).  

 
It should be noted that the type of aggregate is for information purposes only, changing the 
input has no impact on the design. However, the type of coarse aggregate has a significant 

impact on the PCC CTE value.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows Quartzite selected. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select PCC Strength and Modulus.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Change Modulus of Rupture to 723.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Layer 2.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Adjust Layer Thickness (shown on the next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows the Layer Thickness that has been adjusted.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Resilient Modulus.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Accept default values as Level 3. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Gradation and Other Engineering Properties (shown on the next screen  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Lesson 5 Participant Workbook

E5-68



Slide 53 

 

 

 

Accept default values. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Layer 3 (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows Layer 3 selected. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Adjust Layer Thickness and leave other inputs as default. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Layer 4 and then accept default values. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select Traffic. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Adjust AADTT values. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Vehicle Class Distribution and Growth. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Adjust Distribution (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows Distribution that has been adjusted.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Double-click on each Axle Distribution under the Traffic to accept the default values.  

 
The icon next to each Distribution will turn green (shown on the next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows the green circles next to each distribution in the Traffic. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Climate. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Climate Station. Then select State/Province to select a State. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Utah. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Weather Station and select Salt Lake City. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select Depth of Water Table.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Input the new value of 25 feet (shown on the next screen). 

 
From NCHRP 1-37A Report: The water table represents the line below which soils are 
completely saturated. It is measured from the top of the subgrade. Water may seep upward 

from a high groundwater table due to capillary suction or vapor movements, or it may flow 
laterally from the pavement edges and side ditches. Therefore, adequate side ditches with flow 
lines beneath the pavement structure are necessary. 

 
The groundwater table depth is intended to be either the best estimate of the annual average 
depth or the seasonal average depth (a value for each of the four seasons of the year). At input 
Level 1, it could be determined from profile characterization borings prior to design. At input 
Level 3, an estimate of the annual average value or the seasonal averages can be provided. A 
potential source to obtain Level 3 estimates is the county soil reports produced by the National 
Resources Conservation Service.  
 
It is important to recognize that this parameter plays a significant role in the overall accuracy of 
the foundation/pavement moisture contents and hence, equilibrium modulus values. Every 
attempt should be made to characterize it as accurately as possible.  
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http://www.state.nj.us/transportation/eng/documents/RDM/sec10.shtm  
 

Road ditches are channels adjacent to the roadway used to intercept runoff and groundwater 
occurring from areas within and adjacent to the right-of-way and to carry this flow to drainage 
structures or to natural waterways.  
  
If water table is less than 5 feet below the top of the subgrade, then frost susceptibility is a 
concern. 
 
For example, if the ditch line is 6 feet, the water table is suppressed, therefore, even when the 
geotech report shows the water table as 2 feet, but because of the pavement is in fill section 
and the ditch line is 6 feet, then the water table depth should be 6 feet. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows the new value for Depth of Water Table (ft). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select JPCP Design Properties. 

 
It should be noted that the thickness depends on constructability. Contractors can construct 
only in 0.5-inch increments. Also, the size of the dowel bars should be designed based on local 

practices. JPCP that is 7 inches thick cannot use 1.5-inch dowel to negate the faulting failure. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select the small arrow next to PCC joint spacing to change it to 18 feet (shown on the next 

screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows PCC joint spacing of 18 feet. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

E5-91



Slide 75 

 

 

 

Select the small arrow next to Doweled Joints to change inputs (shown on the next screen).  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows the Doweled Joints inputs. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Select the small arrow next to Widened Slab to change inputs (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Select True (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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This screen shows that True has been selected. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Leave remaining values as default. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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Save the project by selecting Save. Select Run to run the analysis. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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______________________________________________________________________________
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Perform an evaluation of Pavement ME Design new rigid pavement design and suggest design 

alterations based on material properties, to consider and try when the pavement’s intended 
service life is not met. This screen capture shows what the Pavement ME Design software pulls 
up automatically in an Excel or PDF format for users. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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The purpose of the screen is to help participants interpret output from the new rigid pavement 

analysis (JPCP).  
 
The cracking predicted at reliability level (95%) failed the threshold at seven years; however, at 

50% reliability, it made it to 20 years. The IRI tracks closely with the cracking although because 
the faulting did not fail, the IRI threshold is exceeded much later than for the transverse 
cracking. 

 
In terms of the IRI, the minimum construction smoothness specifications can take precedence 
over the starting point recommended from the MEPDG Manual of Practice for a starting point 
for the IRI predictions at higher reliability levels, as in the case of flexible pavements. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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The purpose of the screen is to help participants interpret output from the new rigid pavement 

analysis (JPCP), beyond just the plots to introduce again the LTE and cumulative damage output. 
 
The cumulative damage (both bottom-up and top-down) can be observed in the output of the 

Pavement ME Design software, along with the load transfer efficiency of the dowels. There is 
relatively minor damage occurring from the bottom-up; however, there is a steady increase in 
damage over time from the top down. The load transfer efficiency remains very good over the 

life of the pavement (doesn’t dip below 90%), which is a positive performance factor for the 
trial design and may further explain the minimal impact of faulting. 
 
When comparing the top-down and bottom-up cracking trends, we can look back at rigid 
pavement behavior. Basically at nighttime, the bottom portion of the surface layer is hotter than 
the upper portion. This reduces the top-down FC life of the pavement. The opposite occurs 
during the day. In addition, it is very dry in Utah, and as a result, the shrinkage rate at the 
surface of the rigid pavement is much more pronounced than at the bottom of the pavement. 
This will also accelerate the development of fatigue cracks at the surface of the concrete 
pavement. 
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This table shows the results of three Trials on the new design for Utah high-volume rigid 

pavement 
 
The first trial decreased the rigid pavement joint spacing down to 14-ft and the effect was that 

there was improvement in all distresses, as compared to the Original. 
 
The second trial increased the JPCP thickness to 13 inches and the effect was more pronounce

in terms of reducing distresses.  
 
The third trial decreased the coefficient of thermal expansion CTE of the JPCP to 5.0 and the 
resulting impact on distresses is nearly identical to that of Trial 1 and improved performance.  

d 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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These plots show the percentage of slab cracking predicted for the Original JPCP pavement 

structure as well as the three trials described in the previous slide. 
 
The plots indicate the amount of slab cracking predicted at 50% reliability (black line), the 

threshold criteria for slab cracking (red line), and the amount of slab cracking predicted at the 
specified reliability of 95% (blue line). 
 

The results show that there is significant improvement in cracking by increasing the thickness of 
the JPCP layer. A modest improvement in cracking was observed with the use of a lower CTE 
value and shorter joint spacing. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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These plots show the amount of faulting (in inches) predicted for the Original JPCP pavement 

structure as well as the three trials described in a previous slide. 
 
The plots indicate the amount of faulting predicted at 50% reliability (black line), the threshold 

criteria for faulting (red line), and the amount of faulting predicted at the specified reliability of 
95% (blue line). 
 

The results show that there is a slight increase in faulting when the JPCP layer thickness 
increased. No change in performance was observed with the use of a lower CTE value or shorter 
joint spacing. 
______________________________________________________________________________
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The purpose of this screen is to introduce the optimization function available in the pavement 

ME design software. This is available for JPCP pavements only. 
 
The optimization was performed after changing the slab width to 13 feet first. The output was 

from using 8-inch PCC. The optimization function works by the user selecting a parameter to 
optimize on (a layer thickness) and a range of values (max and min) to calculate the pavement 
performance. The optimization ceases once all performance criteria are satisfied (all pass) 
______________________________________________________________________________

______________________________________________________________________________
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The purpose of the screen is to reintroduce the sample pavement project in order to set up the 
software demonstration. 
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The properties of the slab, joints, and interaction with substrate layers is defined in the software 
for the Utah sample CRCP pavement project. 

 
The only difference between the Utah sample project and this one is that the first 
demonstration was for a JPCP in Utah and this surface was simply switched to be a CRCP. 
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The purpose of the screen is to help participants interpret output from the new rigid pavement 

analysis (CRCP).  
 
The number of punchouts predicted at reliability level (95%) failed the threshold at 14 years; 

however, at 50% reliability, it made it to 20 years. The IRI tracks with the punchout trend, but 
the IRI threshold is not exceeded even at 95% reliability. 
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The purpose of the screen is to help participants interpret output from the new rigid pavement 

analysis (CRCP) beyond just the plots, to introduce again the LTE and predicted crack width 
output. 
 

The crack width can be observed in the output of the Pavement ME Design software. The 
average crack spacing computes at approximately 64 inches, and the crack width increases 
linearly from 5 millinches (mils) to a maximum of 30 mils over the course of 10 years and then 

stabilizes after 10 years of service life.  
 
The load transfer efficiency decreases linearly after the first two years of pavement life until it 
reaches a minimum level of 40% efficiency after 15 years in service.  
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This table shows the results of four Trials on the new design for Utah high-volume CRC rigid 

pavement 
 
The first trial increased the CRC’s reinforcement bar diameter to 0.75 inches and the effect was 

negative in that there was a marked increase in IRI and in the number of punchouts, as 
compared to the Original. 
 

The second trial increased the CRC thickness to 13 inches and the effect was more pronounced 
in terms of reducing distresses, as compared to the Original.  
 
The third trial changed from an Asphalt shoulder to a tied PCC separated shoulder and was 
sufficient in decreasing the number of punchouts and the IRI and improved performance. 
 
The fourth trial changed from a 6-inch non-stabilized base (A-1-b) to a 5-inch asphalt base. This 
change resulted in a significant reduction in terminal IRI and number of punchouts compared to 
the original design. 
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These plots show the number of punchouts predicted for the original CRCP pavement structure 

as well as the four trials described in a previous slide. 
 
The plots indicate the number of punchouts predicted at 50% reliability (black line), the 

threshold criteria for punchouts (red line), and the number of punchouts predicted at the 
specified reliability of 95% (blue line). 
 

The results show that there is significant improvement in decreasing the number of punchouts 
by increasing the thickness of the CRCP layer. A modest improvement in the number of 
punchouts was observed with the use of a tied PCC separated shoulder. However, the use of a 
larger reinforcement bar diameter (0.75”) actually made the punchout problem worse and 
increased the number of punchouts by about 30%. 
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These plots show the number of punchouts predicted for the original CRCP pavement structure 

as well as the four trials described in a previous slide. 
 
The plots indicate the number of punchouts predicted at 50% reliability (black line), the 

threshold criteria for punchouts (red line), and the number of punchouts predicted at the 
specified reliability of 95% (blue line). 
 

The results show that there is significant improvement in decreasing the number of punchouts 
by increasing the thickness of the CRCP layer. A modest improvement in the number of 
punchouts was observed with the use of a tied PCC separated shoulder. However, the use of a 
larger reinforcement bar diameter (0.75”) actually made the punchout problem worse and 
increased the number of punchouts by about 30%. Substituting 6 inches of the non-stabilized 
base (A-1-b) with a 5-inch asphalt layer significantly decreased the predicted number of 
punchouts.  
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The purpose of this screen is to transition to the section on pavement rehabilitation design of 

rigid pavements. 
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Select Project Type. Then, select AC over JPCP (shown on the next screen). 
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This screen shows the AC over JPCP pavement type selected. 
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Change Performance Criteria limit and reliability.  
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The reliability was changed from the default to a more suitable reliability value for a 

reeway/interstate, functionally classed roadway. It should be noted as well that the maximum 
eliability that one can place on AC total cracking (reflective + bottom-up) is 50% reliability, 
hich is a limitation of the software at this time with the placeholder reflective cracking model. 
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Select the Existing Construction month to change it. 
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Select Add Layer (shown on the next screen). 
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This screen shows the information that pops up when Add Layer is selected.  
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Select A-1-a.xml and then select OK. 
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Select Add Layer. 
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Select Layer Type to change it to Subgrade. 
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Select A-6.xml and Select OK. 
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Select Layer 1 (shown on the next screen). 
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Select Thickness to adjust it. Select the other properties to adjust them as well. 
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Select Asphalt Binder (shown on the next screen).  
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This screen shows the information that pops up when Asphalt Binder is selected.  
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Select 64-28 (shown on the next screen). 
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Select Layer 2. 
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Adjust Properties (shown on the next screen). 
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This screen shows the adjusted properties. 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

E5-145



Slide 120 

 

 

 

Select PCC Strength and Modulus (shown on the next screen 
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Update value to 700 psi (shown on the next screen). 
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Select Layer 3. 
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Adjust Layer Thickness. 
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Select Layer 4 (shown on the next screen). 
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Select Traffic (shown on the next screen). 
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Select AADTT (shown on the next screen). 
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Select Vehicle Class Distribution and Growth (shown on the next screen). 
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Select Adjust Distribution (%) (shown on the next screen).  
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Double-click on Single Axle Distribution to accept default values. 
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Double-click on the Other Distributions to accept default values (shown on the next screen). 
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Select Foundation Support (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

E5-157



Slide 132 

 

 

 

Select the small arrow next to Modulus of Subgrade Reaction (shown on the next screen). 

 
There are input options for directly inputting the falling weight deflectometer (FWD) 
backcalculated data for the existing pavement foundation support. This is something that can be 

used as part of a rehabilitation design. 
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Select JPCP Design Properties (shown on the next screen). 
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Select AC Layer Properties (shown on the next screen). 
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Select JPCP Rehabilitation (shown on the next screen). 
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Change values (shown on the next screen). 

 
One of the important inputs when describing the condition of an existing concrete prior to 
repair is to identify the percentage of cracks prior to repair and also the percentage of cracks 

still left after repairs have been made. This sets the appropriate starting point for the 
degradation rate used as part of the pavement performance prediction models. 
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Select Climate. 
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Select Climate Station (shown on the next screen). 
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Select State/Province (shown on the next screen). 
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Select IN. Then select Weather Station (shown on the next screen). 
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Select Indianapolis. 
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Select Depth of Water Table (shown on the next screen). 
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Lesson 5 Participant Workbook

E5-168



Slide 143 

 

 

 

Change value to 10 (shown on the next screen). 
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This screen shows the value as 10. 
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Save the project by selecting Save. Select Run to run the analysis. 
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The demonstration shows that the analysis is underway on the right-hand side of the screen, 

and as the software runs, each portion first turns from a red square to a yellow triangle to a 
green circle sequentially as it progresses fully through the analytical engine. 
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Analysis progress is shown on the right-hand side of the screen. 

 
When the analysis is complete, the software will generate the output (PDF and Excel). 
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The purpose of the screen is to help participants interpret output from the rehabilitated rigid 

pavement (JPCP) with a flexible overlay. 
 
The AASHTO Joint Task Force on Pavements has made the reflective cracking model as a top 

priority for implementation and improvement in the future versions of the Pavement ME Desig
software in the next coming years. 

n 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

E5-175



Slide 150 

 

 

 

The purpose of the screen is to introduce the analysis of a rigid (JPCP) overlay of an existing 

jointed rigid pavement. 
 
The schematic shows the structure, and the tables show the design features and traffic 

summary for the sample pavement project from Indiana. 
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The purpose of the screen is to help participants interpret output from the rehabilitated rigid 

pavement (JPCP) with a rigid (JPCP) overlay. 
 
The analysis predicted shows that although the faulting does not appear to be a problem, the

percent slabs cracked and smoothness are both exceeding the performance criteria at the 95
reliability level. 
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The purpose of the screen is to help participants interpret output from the rehabilitated rigid 

pavement analysis (JPCP) beyond just the plots, to introduce again the LTE and cumulative 
damage output. 
 

The cumulative damage (both bottom-up and top-down) can be observed in the output of the 
Pavement ME Design software, along with the load transfer efficiency of the dowels. There is 
relatively minor damage occurring from the top-down; however, there is a steady increase in 

damage over time from the bottom-up. The load transfer efficiency remains very good over the 
life of the pavement (doesn’t dip below 90%), which is a positive performance factor for the 
trial design and may further explain the minimal impact of faulting. 
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The purpose of the screen is to introduce the analysis of a rigid (CRCP) overlay of an existing 

jointed rigid pavement. 
 
The schematic shows the structure (including the thin asphalt lift used as a bond breaker 

between the existing JPCP and the CRCP OL), and the tables show the design features and traffic 
summary for the sample pavement project from Indiana. 
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The purpose of the screen is to help participants interpret output from the rehabilitated rigid 

pavement (CRCP) with a rigid (JPCP) overlay. 
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The purpose of the screen is to help participants interpret output from the rehabilitated rigid 

pavement analysis (CRCP), beyond just the plots, to introduce again the LTE and crack width. 
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Appendix A: Acronyms 

The following are acronyms referenced throughout the course that are important agencies or 
organizations: 

 

Acronym Proper Name 

AASHTO American Association of State Highway and Transportation 
Officials 

ACAA American Coal Ash Association 

ACI American Concrete Institute 

ACPA American Concrete Paving Association 

AI Asphalt Institute 

ASTM American Society for Testing and Materials 

AWS American Welding Society 

CFR Code of Federal Regulations 

DOT U.S. Department of Transportation 

EPA Environmental Protection Agency 

FHWA Federal Highway Administration 

NACE National Association of Corrosion Engineers 

NAPA National Asphalt Pavement Association 

NCAT National Center for Asphalt Technology 

NCHRP National Cooperative Highway Research Program 

NEPCOAT North East Protective Coating 

NHI National Highway Institute 

NRC National Recycling Coalition 
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Acronym Proper Name 

NRMCA National Ready Mixed Concrete Association 

NSA National Slag Association 

NSBA National Steel Bridge Alliance 

NTPEP National Transportation Product Evaluation Program 

OSHA Occupational Safety and Health Administration 

RCSC Research Council on Structural Connections 

SSPC Society for Protective Coatings 

TRB Transportation Research Board 

USGS U.S. Geological Survey 
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Appendix B: Resources 

Additional information regarding Module E can be found in the following sources. 
 

ME Design: http://me-design.com  
 

FHWA Design Guide Implementation Team: 

http://www.fhwa.dot.gov/pavement/dgit/dgitwork.cfm  
 

American Association of State Highway and Transportation Officials (AASHTO) Guide for 

Design of Pavement Structures, 4th Edition with 1998 Supplement, Washington, D.C., 

1993. 
 

American Association of State Highway and Transportation Officials (AASHTO) 

AASHTOWare™ Pavement ME Design, Version 2.0, January 2014. 
 

American Association of State Highway and Transportation Officials (AASHTO) 

Mechanistic‐Empirical Pavement Design Guide, Interim Edition: A Manual of Practice, 

Washington, D.C., 2008. 
 

American Association of State Highway and Transportation Officials (AASHTO) “Standard 

Specifications for Transportation Materials and Methods of Sampling and Testing” and 

AASHTO Provisional Standards, 33rd Edition, 2013. 
 

Applied Research Associates, Inc., Guide for Mechanistic‐Empirical Design of New and 

Rehabilitated Pavement Structures, National Cooperative Highway Research Program 

Project 1‐37A, Transportation Research Board, National Research Council, Washington, 

D.C., 2004,  http://onlinepubs.trb.org/onlinepubs/archive/mepdg/guide.htm. 
 

Schwartz, C., Li, R., Kim, S., Ceylan, H., and Gopalakrishnan, K., Sensitivity Evaluation of 

MEPDG Performance Prediction, National Cooperative Highway Research Program 

Research Results Digest, RRD 372, National Research Council, Washington, D.C., 2013. 
 

Zapata, C., Lopez, N., Cary, C., and Torres, G., Arizona State University Soil Unit Map 

Application®, Arizona State University, 2011, http://nchrp923b.lab.asu.edu/ 
 

American Society for Testing and Materials (ASTM) Annual Book of ASTM Standards, 

available from ASTM, West Conshohocken, PA, 2013. 

 

Federal Highway Administration, Design Guide Implementation Survey, U.S. Department of 

Transportation, Washington D.C., 2003, https://www.fhwa.dot.gov/Pavement/dgit/dgitsurvey.pdf. 

Florida Department of Transportation, Flexible and Rigid Pavement Design Manuals, 2008 

and 2009, Gainesville,  Florida,  http://www.dot.state.fl.us/rddesign/PM/publicationS.shtm. 
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Florida Department of Transportation, Standard Specifications for Road and Bridge 

Construction, 2010, 

http://www.dot.state.fl.us/specificationsoffice/Implemented/SpecBooks/2010BK.shtm. 
 

Indiana Department of Transportation, Section 400 Asphalt Pavements, Standard 

Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/4‐

2012.pdf. 
 

Indiana Department of Transportation, Section 500 Concrete Pavement, Standard 

Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/5‐

2012.pdf. 
 

Indiana Department of Transportation, Section 900 Materials Details, Standard 

Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/9‐

2012.pdf. 
 

Indiana Department of Transportation, MEPDG Pavement & Underdrain ‐ Design Elements, 

Chapter 304, Section 52, October 2013, 

http://www.in.gov/indot/design_manual/files/Ch52_2013.pdf. 
 

Hall, K.T., Darter, M.I., Khazanovich, L, and Hoerner, T.E. Validation for Guidelines for k‐

Value Selection and Concrete Pavement Performance Prediction. Report No. FHWA‐RD‐

96‐198. Federal Highway Administration: Washington, D.C., 1997. 
 

Larson, G. and Dempsey, B.J. Enhanced Integrated Climatic Model (version 2.0). University 

of Illinois at Urbana‐Champaign. Urbana, IL, 1997. 
 

McCarthy, L., Gudimettla, J., Crawford, G., Guercio, M., and D. Allen, “Impacts of 

Variability in Coefficient of Thermal Expansion on Predicted Concrete Pavement 

Performance”, Journal of Construction and Building Materials, Volume 93, 15 September 

2015, Pages 711–719. 
 

McCarthy, L. and Bennert, T., Comparing HMA Dynamic Modulus Measured by Axial 

Compression and IDT Methods, NCHRP Project 9‐22B Final Report, National Research 

Council, 2012,  http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP0922B_FR.pdf. 
 

Moulthrop, J., and Witzcak, M., A Performance‐Related Specification for Hot‐Mixed 

Asphalt. NCHRP Report 704, Transportation Research Board, National Research Council, 

Washington D.C., 2011. 
 

Moulthrop, J., James, M., Witczak, M., Jeong, M., McCarthy, L., and D. Mensching, Evaluation of the 

Quality Related Specification Software (QRSS) Version 1.0. NCHRP Project No. 9‐22A Final Report, 

Transportation Research Board, National Research Council, 2012This page was intentionally left blank 
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