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ABSTRACT

Current pavement design based on the AASHTO Design Guide uses an empirical approach from the
results of the AASHO Road Test conducted in 1958. To address some of the limitations of the original
design guide, AASHTO developed a new guide: Mechanistic Empirical Pavement Design Guide
(MEPDG). This guide combines the mechanistic and empirical methodology by making use of
calculations of pavement responses such as stress, strains, and deformations using site specific inputs
from climate, material, and traffic properties. With the new guide, various implementation challenges
need to be overcome by agencies wanting to facilitate its use. In this respect, the MEPDG is currently
undergoing several validation and calibration research studies, which are in the areas of materials, climate
and traffic characteristics. It is anticipated that the findings from the various research studies will facilitate
the implementaion of the MEPDG nationwide. This study summarizes the challenges that are likely to
impede implementation of the MEPDG within the Northwest Region and how these can be overcome.
The study also investigates the effects of climate variables on the predicted pavement performance
indicators and, in addition, evaluates the adequacy of using interpolated climate data on pavement
performance in the state of Wyoming.
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EXECUTIVE SUMMARY

The empirical pavement design methods available to pavement engineers have many limitations
associated with them that have resulted in some pavements meeting design requirements and others not
meeting the requirements. The new Mechanistic-Empirical Design Guide was then introduced to account
for these limitations. This development was the result of research by the National Cooperative Highway
Research Program (NCHRP) under sponsorship of AASHTO (Khazanovich, Yut, Husein, Turgeon, &
Burnham 2008). The mechanistic-empirical design approach provides more information about the
development of pavement distresses during the design life of the pavement. From this information,
pavement engineers can decide on when and how to go about the maintenance of pavements while still
meeting the requirements of its users (Petry, Han, & Ge 2007).

It is envisaged the Mechanistic-Empirical Pavement Design Guide (MEPDG) will provide significant
benefits over the 1993 AASHTO Pavement Design Guide. Some of these benefits are: the implementation
of performance prediction of transverse cracking, faulting and smoothness for jointed plain concrete
pavements, the addition of climate inputs, better characterization of traffic loading inputs, more
sophisticated structural modeling capabilities, and the ability to model real-world changes in material
properties. These benefits will allow for achieving cost effective new and rehabilitated pavement designs
(Coree 2005). The MEPDG utilizes a user friendly software interface that uses an integrated analysis
approach to predict pavement behavior over the design life of the pavement. The MEPDG software
accounts for the interaction between traffic, climate, and materials used in the pavement structure. The
ultimate goal of an accurately predicted long-run evaluation of the pavement and determination of the
subsequent pavement design can be achieved by using the MEPDG (Rabab'ah & Liang 2007).

With the new guide, various implementation challenges need to be overcome by agencies wanting to
facilitate its use. In this respect, the MEPDG is currently undergoing several validation and calibration
research studies in the areas of materials, climate, and traffic characteristics. It is anticipated that the
findings from the various research studies will facilitate the implementaion of the MEPDG nationwide.
This study summarizes the challenges that are likely to impede implementation of the MEPDG within the
Northwest Region and how these can be overcome. The study also investigates the effects of climate
variables on the predicted pavement performance indicators and, in addition, evaluates the adequacy of
using interpolated climate data on pavement performance in the state of Wyoming.






1. INTRODUCTION

1.1 Background

The current design methodology of highway pavements carried out by most state departments of
transportation is based on the empirical methodology. This methodology makes use of the statistical
modeling of pavement performance (Dzotepe & Ksaibati 2010). In the future, it is envisaged that
pavement design methodology guides will be based on a Mechanistic-Empirical approach. This
methodology uses computations of pavement responses such as stresses, strains, and deformations and
then adjusts accordingly based on performance models from the empirical approach. The ultimate goal
for the future is to have pavement designed on a mechanistic approach only (AASHTO 2008).

The empirical design of pavements came about as a result of the AASHO Road Test in 1958
(AASHTO, 2008). Pavement design parameters created by AASHO from the road test included
pavement serviceability, supporting value of the sub-grade, quantity of the predicted traffic, quality of
the construction materials, and climate. The empirical design equations obtained by regression
analysis were based on the conditions at the AASHO Road Test site in which multiple surfacing
sections were tested with loaded trucks. By 1972, the AASHTO Interim Guide for the Design of
Pavement Structures was published (AASHTO 2008). The design guide was rationally based on the
experience of pavement engineers and their knowledge of how to avoid structural failures (AASHTO
2008). The equations contained in the AASHTO Guide predict a design pavement structural number
for flexible pavements and design slab thickness for rigid pavements (Stires, 2009). But the Design
Guide had several limitations because it was based on the AASHTO Road Test, which only included
one climate, one sub-grade, two years duration, limited cross sections and 1950s materials, traffic
volumes, specifications, and construction methods. As a result of the limitations posed by the guide, a
dilemma on how to progress beyond the AASHTO Road Test limits came about (AASHTO 2008).

The AASHTO Guide, which was updated in 1986 and 1993, included improvements to the material
input parameters and inclusion of additional input parameters that allowed for design reliability
(AASHTO 2008). But the use of the updated design guide still produces conservative designs that are
not optimally cost effective. A survey conducted in 2003 showed that three DOTSs used the 1972
design guide, two used the 1986 guide, 26 used the 1993 guide, and 17 used their own agency’s design
guide or a combination of the AASHTO and agency’s guides (Wagner 2007). In the mid 1990s,
AASHTO initiated research for a new guide to pavement design with the objective to develop a design
methodology that utilized mechanistic-based models and databases relevant to the current state of
knowledge of highway performance. This became known as the Mechanistic-Empirical approach to
pavement design, with the results documented in the NCHRP 1-37A project report (AASHTO 2008).
Figure 1.1 shows the Mechanistic-Empirical design process in a basic flow chart. Further
documentation of the new methodology appears in the Mechanistic-Empirical Pavement Design
Guide: A Manual of Practice, Interim Edition (AASHTO 2008).
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Figure 1.1 M-E Design Process (Wagner 2007).

The Mechanistic-Empirical design process contains more than 100 total inputs with 35 or more for
flexible pavement and 25 or more for PCC. This can be compared with the 1993 AASHTO Guide,
which contains 5 inputs for flexible pavement and 10 inputs for rigid pavements (AASHTO 2008).
The MEPDG design methodology, which is based on software-generated pavement responses of
stresses, strains, and deformations, are computed using detailed traffic loading, material properties,
and environmental data, which are then used to compute incremental damage over time. Material
factors come from modulus values and thermal properties of the specific materials while climate
factors are based on site-specific climate considerations.

The Mechanistic-Empirical design process currently uses 800 or more weather sites incorporated into
the software to narrow these factors to the specific site, while the AASHTO Guide uses extrapolation
from the road test site in Ottawa, Illinois. Traffic inputs will come from locally collected data and will
consist of the number of axles by type and weight as ESALSs will no longer be used. With the
MEPDG, the output of the analysis software is a prediction of the distresses and smoothness against
set reliability targets and so it is anticipated that a more reliable design will be created and there will
no longer be a dependence on extrapolation of empirical relationships. It will also allow for
calibration nationally, regionally, or to local performance data for materials, climate, and traffic
(Wagner 2007). Even though many DOTSs are currently using the Mechanistic-Empirical design
process, it is yet to be approved by AASHTO as a design guide.

The MEPDG is expected to come with its own peculiar problems due to its extensive data inputs.
These problems are coming from the lack of ability to collect the desired input data and research. It is
in these critical inputs in which the desired performance models are created; for example, the
Integrated Climatic Model (ICM) for climate factors uses temperature and moisture inputs to run the
model. For the Mechanistic-Empirical performance models of pavement materials, inputs come from
modulus values, thermal properties, and strength properties (AASHTO 2008). It is in this regard that
more time and equipment are needed by the various DOTSs in order to collect the necessary data
needed to create the required inputs.



Also, calibration and sensitivity efforts are an ongoing process. DOTSs in the northwest states are
currently looking at various ways of successfully implementing the MEPDG by which different levels
of implementation have been reached. Some DOTSs have documented various obstacles hindering this
effort while others are undertaking research and calibration to local conditions. By consulting with the
DOTs in the northwest states, the specific problems being encountered by different DOTSs could be
identified. These problems will then be summarized with the goal of determining the necessary
equipment and/or research that is needed. In addition, where necessary, recommendations will be
made for needed regional research. It is through these recommendations that the facilitation of the
implementation of the MEPDG throughout the MPC region will be performed in order to fulfill the
goal of complete implementation of the mechanistic-empirical pavement design process.

1.2 Problem Statement

Even though the survey conducted suggests that most DOTs use the current edition of the AASHTO
Pavement Design Guide published in 1993, its reliability is still questionable. The guide is based on
methodology from the AASHTO Road Test conducted from 1958 to 1961. Though a number of
changes have been made to the guide from its initial publication as an interim guide in 1974 to later
editions, the changes have not significantly altered the original methods of pavement design, which are
based on empirical regression techniques relating to material and traffic characteristics and
performance measures. Despite all these, the current AASHTO Pavement Design Guide does not
provide performance of prediction of pavements. (Coree 2005).

The M-E Pavement Design Guide is envisaged to bring about a lot of improvement in pavement
design, which makes it superior to the existing AASHTO Design Guide. Among the improvements
that the new guide is likely to offer include the use of mechanistic-empirical pavement design
procedures, the implementation of performance prediction of transverse cracking, faulting, and
smoothness for jointed plain concrete pavements, the addition of climate inputs, better characterization
of traffic loading inputs, more sophisticated structural modeling capabilities, and the ability to model
real-world changes in material properties. For DOTS to transition to the M-E Design Guide, they need
to have a detailed implementation and training strategy in place. Since the new guide lends itself to the
use of local pavement design input parameters, these must also be determined based on their effects on
pavement performance (Coree 2005). It is in this regard that, at the Mountain-Plains Consortium
(MPC) Pavement Research Workshop in Denver, Colorado, in March 2008, a roadmap for future
pavement-related research studies was laid out.

During the workshop, it was concluded that one of the top priorities for the region will be the
implementation of the MEPDG. The represented agencies at the workshop included WYDOT, CDOT,
SDDOT, NDDOT, SDLTAP, FHWA, Colorado State University, North Dakota State University,
South Dakota State University, University of Utah, and University of Wyoming. It was determined
that there were currently some issues regarding the smooth implementation of the new MEPDG. A
follow-up to this meeting was a Northwest User Group meeting held at Oregon State University in
Corvallis on March 9-10, 2009, to discuss participating states’ implementation plans, and progress, as
well as technical and other related issues with the implementation of the MEPDG. The attending
states included Alaska, Idaho, Montana, North Dakota, Oregon, South Dakota, Washington, and
Wyoming. Currently, as with any other state trying to implement the MEPDG, research is being
undertaken in order to get the required level and reliability of inputs for the software.



Currently, the MEPDG has weather stations from all over the country embedded in the program.
Sixteen of these are located in Wyoming. It is believed that these stations are not enough to carry out
day-to-day pavement design activities, and so their effect and adequacy needs to be determined in
addition to other factors that will facilitate the implementation of the MEPDG.

1.3 Objectives

There are three main objectives for this study. First, to study and determine the level of
implementation of the MEPDG by DOTSs in the northwest states and identify obstacles that are likely
to impede these efforts. The second, investigate the effect of weather parameters on pavement
performance in Wyoming. Third, determine whether the weather stations in the MEPDG are adequate
for pavement design and performance.

1.4 Report Organization

Section 2 of this thesis is the literature review, which looks at a general overview of the MEPDG.
Section 3 focuses on the national and regional implementation of the MEPDG, which looks at the
efforts and changes being made at these levels by DOTSs and other agencies to successfully implement
the MEPDG. The section also discusses the challenges and limitations that are likely to impede
implementation efforts. Section 4 describes the data collection process. Section 5 evaluates the output
pavement performance distresses from the MEPDG runs and the statistical analysis used to evaluate
the results. Section 6 presents the conclusions and recommendations of the study.



2. LITERATURE REVIEW

2.1 Background

Until recently, the empirical pavement design methods were the only pavement design choices
available to pavement engineers. But there are many limitations associated with the empirical method
that have resulted in some pavements meeting design requirements and others not meeting the
requirements. The new Mechanistic-Empirical Design Guide was then introduced to account for the
limitations. The development of the new pavement design procedure was the result of research by the
National Cooperative Highway Research Program (NCHRP) under sponsorship of AASHTO
(Khazanovich, Yut, Husein, Turgeon & Burnham 2008). The mechanistic-empirical design approach
provides more information about the development of pavement distresses during the design life of the
pavement. From this information, pavement engineers can decide on when and how to go about the
maintenance of pavements while still meeting the requirements of its users (Petry, Han & Ge 2007).

The Mechanistic-Empirical Pavement Design Guide (MEPDG) provides significant benefits over the
1993 AASHTO Pavement Design Guide. Some of these benefits are: the implementation of
performance prediction of transverse cracking, faulting, and smoothness for jointed plain concrete
pavements, the addition of climate inputs, better characterization of traffic loading inputs, more
sophisticated structural modeling capabilities, and the ability to model real-world changes in material
properties. These benefits will allow for achieving cost effective new and rehabilitated pavement
designs (Coree 2005). The MEPDG utilizes a user-friendly software interface that uses an integrated
analysis approach to predict pavement behavior over the design life of the pavement. The MEPDG
software accounts for the interaction among traffic, climate, and materials used in the pavement
structure. The ultimate goal of an accurately predicted long-run evaluation of the pavement and
determination of the subsequent pavement design can be achieved by using the MEPDG (Rabab'ah &
Liang 2007).

The MEPDG is also a significant improvement in pavement performance prediction methodology. It
is mechanistic because the model uses stresses, strains, and deformations in the pavement that have
been calculated from real-world pavement response models to predict its performance. It is also
empirical because pavement performance is predicted from lab-developed performance models that
are adjusted according to observed performance in the field in order to reflect the differences between
the predicted and actual field performance (Muthadi & Kim 2007). For Hot Mix Asphalt (HMA)
pavements, the performance indicators are longitudinal cracking, alligator cracking, transverse
cracking, and rutting. For Joint Plain Concrete Pavements (JPCP), the performance indicators are
joints faulting and load-related transverse cracking. The functional performance for all pavements is
defined by a measure of smoothness called the International Roughness Index (IRI). The performance
models used are calibrated using limited national databases. As a result, it is necessary for these
models to be calibrated locally by taking into account local materials, traffic, and environmental
conditions (Muthadi & Kim 2007). A well-calibrated prediction model can result in reliable pavement
designs and enable precise maintenance plans for agencies (Kang & Adams 2007).

The concept of mechanistic-empirical design is to employ the fundamental pavement responses under
repeated traffic loadings. These calculations consist of stresses, strains, and deflections in a pavement
structure. Pavement responses are related to distresses in the field as well as performance using
existing empirical relationships. The design process starts with a trial design and through many
iterations ends with predicted distresses that meet requirements based on the desired level of statistical
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reliability as defined by the user (Daniel & Chehab 2007). As it may be, the MEPDG is not at the
point where this goal is achieved seamlessly, and its implementation is an ongoing endeavor (Dzotepe
& Ksaibati 2010).

2.2 MEPDG Design Process

The general design process of highway pavement either being new or reconstructed, using the
MEPDG requires an iterative approach with control in the hands of the pavement engineer. This
procedure introduces a significant change from the previous pavement desigh methodologies as the
process requires extensive information generation and collection. In this approach, the designer must
first select and perform a trial design to determine if it meets the performance demands and criteria
specified by the user. The process using the MEPDG for pavement design can thus be summarized in
the following steps:

I.  the trial design for the specified location based on traffic, climate, and material conditions.

ii.  Define the pavement layer arrangement such as HMA and other underlying material
properties.

iii.  Establish the necessary criteria for acceptable performance at the end of the design period
(acceptable levels of the different cracking types, rutting, International Roughness Index (IRI),
etc.).

iv.  Select the desired level of reliability for each of the performance criteria.

V.  Process inputs to gather monthly data for traffic, material, and climate inputs needed in the
design evaluations of the entire design life.

vi.  Compute the structural responses (stress, strain, etc.) using the finite element or layered elastic
analysis program for each damage calculation throughout the design period.

vii.  Calculate the accumulated damages at each month for the entire design life.

viii.  Predict vital distresses like cracking and rutting on a month-by-month basis of the design
period using the calibrated mechanistic-empirical performance models provided in the
MEPDG.

iX. Predict the smoothness as a function of the initial IRI, distresses over time, and site factors at
the end of each month.

X.  Evaluate the expected performance of the trial design at the given reliability level for
adequacy.

Xi.  If trial design does not meet the performance criteria, modify the design and repeat steps 5 to
10 until the criteria are met. Options for adjustments to the design include modification to the
layer thickness, adding layers, or altering the materials. The final decision lies in making
engineering and lifecycle cost analysis for alternatives (NCHRP 2004).



2.3 MEPDG Performance Indicators

For Hot Mix Asphalt (HMA) pavements, the performance indicators are longitudinal cracking,
alligator cracking, transverse cracking, and rutting. For JPCP structures, the performance indicators
are mean joint faulting and load related transverse slab cracking. The IRI defines the smoothness
measure of pavements.

2.3.1 Alligator Cracking (Bottom-Up Cracking)

Alligator cracking is computed as percent cracking of total lane in the MEPDG. This distress type is
usually due to repeated loading causing cracks that begin at the bottom of the HMA layer and then
spread up to the surface of the pavement. The bending of the HMA layer results in tensile stresses and
strains developing cracks at the bottom of the layer (Stires 2009). A number of reasons have been
associated with increase in alligator cracking; among these are higher wheel loads and tire pressures,
inadequate HMA layers for the predicted magnitude and repetitions of the loading, or weaknesses in
base layers resulting from high moisture contents, soft spots, or poor compaction issues (NCHRP
2004).

2.3.2 Longitudinal Cracking (Surface-down Fatigue Cracking)

Longitudinal cracking starts from the surface of the pavement due to stresses and strains developing at
the surface of the pavement as a result of the tension generated from wheel loadings. These stresses
and strains tend to create and spread longitudinal cracking in the HMA pavement. Due to this cracking
phenomenon, it is also referred to as surface down fatigue cracking. In most instances, the aging of the
HMA layer tends to create stiffness in the layer, which worsens the effect. A shearing effect is induced
in the layer from the tire contact pressure which combines with the tension from the loading resulting
in cracking. This distress is calculated as feet of cracking per mile in the MEPDG (NCHRP 2004).

2.3.3 Transverse Cracking (Thermal Cracking)

Transverse cracking is computed as feet of cracking per mile in the MEPDG and is a non-load-related
cracking mechanism also referred to as thermal cracking. They tend to appear on the surface and are
usually perpendicular to the pavement centerline. These cracks originate as a result of asphalt
hardening, seasonal and daily temperature differences, or exposure to consistent cold weather
conditions (NCHRP 2004).

2.3.4 Rutting

Rutting is computed in the MEPDG in inches and appears as a permanent deformation occurring along
the wheel paths. It is caused by a vertical depression in any or all of the pavement layers. This
depression could be as a result of traffic loading, poor compaction of any of the layers during
construction stage, or the shearing of the pavement caused by the traffic wheel loading (AASHTO
2008).



2.3.5 International Roughness Index (IRI)

This pavement performance indictor is used to determine the functional serviceability of the pavement
design. The MEPDG predicts the IRl by means of an empirical function combining the other
performance indicators. It is usually used as an industry standard for pavement smoothness and
measured in inches per mile (NCHRP 2004).

2.4 Performance Prediction Equations for Flexible Pavements

The MEPDG methodology for flexible pavement designs uses the Jacob Uzan Layered Elastic
Analysis (JULEA) program, which involves the MEPDG dividing the layers of the pavement structure
into sublayers where the JULEA program then calculates the critical responses in each sublayer
(AASHTO 2008). The equations for predicting flexible performance distresses in the MEPDG are
included in Appendix Al.

2.5 Design Criteria and Reliability

The results obtained for the MEPDG analysis for the performance indicators is checked against the
user-specified design criteria or threshold limits. These threshold limits can be nationally or locally
established by the state DOTs. The comparison is to help determine how well the particular pavement
will perform throughout its design life. The general criteria set is that interstate projects require more
stringent design or thresholds values when compared with secondary and primary roads. Evaluating
the specified threshold limits against the performance prediction outputs from the design helps
establish the acceptability or adjustment of the trial design. During the design analysis of the
pavement, the point where the performance indicators exceed the specified ranges during the design
life, the pavement would need reconstruction or rehabilitation. Table 2.1 shows the recommended
design criteria limits provided by the MEPDG that are specified as defaults in the software. State
DOTs can, however, adjust these values based on their local conditions.

Table 2.1 Recommended Threshold Design Values (AASHTO 2008)

Performance Criteria Maximum Value at End of Design Life
Interstate: 10% lane area
Alligator Cracking (HMA) Secondary: 35% lane area

Primary: 20% lane area
Interstate: 0.40 in
Rutting (HMA) Others: (<45mph): 0.65 in
Primary: 0.50 in
Interstate: 500 ft/mi
Transverse Cracking (HMA) Secondary: 700 ft/mile
Primary: 700 ft/mile
Interstate: 0.15 in
Mean Joint Faulting (JPCP) Secondary: 0.25 in
Primary: 0.20 in
Interstate: 10%
Secondary: 20%
Primary: 15%
Interstate: 160 in/mi
IRI (All Pavements) Secondary: 200 in/mi
Primary: 200 in/mi

Percent Transverse Slab
Cracking (JPCP)
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In order to account for the variability in the output performance indicators, the MEPDG uses statistical
design reliability. The LTPP database was used for calibrating the reliability of the distress models.
The definition of reliability within the MEPDG is the reliability of the design and it is the probability
that the performance of the pavement predicted for that particular design will be satisfactory over the
time period under consideration (Khazanovich, Wojtkiewicz & Velasquez 2007). In other words, the
pavement performance indicators such as cracking and rutting will not exceed the design criteria
established over the design analysis period. As with any process, to create and analyze the given
design, there are many sources of variation that can occur in the prediction such as:
I. Traffic loading estimation errors.
ii. Climate fluctuation that the EICM (Enhanced Integrated Climate Model) may miss.
iii. Variation in layer thickness, material property, and subgrade characteristics throughout the
project.
iv. Differences in the designed and actually built materials and other layer properties
v. Limitations and errors in the prediction models.
vi. Measurement errors.
vii. Human errors that may occur along the way (Khazanovich, Wojtkiewicz & Velasquez
2007).

The level of reliability for each of the performance indicators can be adjusted individually or can be
the same value, and its computation is dependent on the standard error of the distress predicted for
which the designer is free to adjust if the desired level of reliability is not reached after the design
analysis. Designs that have strict criteria and reliability will attract higher cost. Continuous use and
experience with the MEPDG will enable agencies to develop and calibrate design criteria and design
reliability values for various pavement designs if not already in place. Table 2.2 is the design
reliability for different roadway classifications recommended by AASHTO.

Table 2.2 Reliability Levels Roadway Classifications (AASHTO 2008)

Level of Reliability
Functional Classification
Urban Rural
Interstate/Freeways 95 95
Principal Arterials 90 85
Collectors 80 75
Local 75 70

2.6 Calibration

The definition of the use of the word calibration in the MEPDG means to reduce the total error
between the measured and predicted distresses by varying the appropriate model coefficients (Muthadi
& Kim 2007). In general, there are three important steps involved in the process of calibrating the
MEPDG to local materials and conditions. The first step is to perform verification runs on pavement
sections using the calibration factors from the national calibration effort under the NCHRP 1-37A
project. Step two involves the process of calibrating the model coefficients to eliminate bias and
reduce standard error between the predicted and measured distresses. Once this is accomplished and
the standard error is within the acceptable level set by the user, the third step is performed. Validation
is the third step and it is used to check if the models are reasonable for performance predictions. The
validation process determines if the factors are adequate and appropriate for the construction,
materials, climate, traffic, and other conditions that may be encountered within the system. This is



done by selecting a number of independent pavement sections that were not used in the local
calibration effort and testing those (Muthadi & Kim 2007).

2.7 MEPDG Inputs

The main categories of the input variables for the MEPDG for the evaluation of pavement distresses
are traffic, materials, and climate. These are based on a hierarchical input level that provides flexibility
in determining which required inputs to use. The hierarchical level defines three levels of input for
traffic and material. Climate is fixed and does not have a hierarchical input level. It is input from a
climate database already installed in the software. Level 1 input provides the most accurate and least
amount of uncertainty in data. They require site-specific and laboratory data or results of actual field
testing. Level 2 inputs provide intermediate accuracy of data while level 3 inputs provide the lowest
accuracy of data and are input as default values in the MEPDG.

2.7.1 Traffic Data

The MEPDG traffic input criteria does not incorporate equivalent single-axle loads (ESALS) as is the
case in the current design guide, but instead were developed around axle load spectra. It is through
axle load spectra that the unique traffic loadings of a given site are characterized. It is by means of
these loading characteristics and pavement responses that the resulting damages can be computed.
Full axle load spectra traffic inputs are used for estimating the magnitude, configuration, and
frequency of traffic loads (Wang, Li, Hall, Nguyen, Gong & Hou 2007). The benefit of load
distributions is that they provide a more direct and rational approach for the analysis and design of
pavement structures. The approach estimates the effects of actual traffic on pavement response and
distress. Until complete use of mechanistic-empirical design methods are fully implemented, it is
anticipated that the use of ESALSs will continue to be applied by pavement engineers in pavement
design and rehabilitation for some time (Haider, Harichandran & Dwaikat 2007). The problem occurs
in the transition between solely utilizing ESALS to only using axle load spectra. A possible solution is
characterizing axle load spectra as a bimodal (two distinct peaks) mixture distribution and using its
parameters to approximate ESALSs. Dr. Haider and his colleagues have observed that axle load spectra
can be reasonably described as a mix of two normal distributions. By developing closed-form
solutions to estimate the parameters of the mixed distribution, traffic levels in terms of ESALS can
then be estimated from the axle load spectra from a specific site (Haider, Harichandran & Dwaikat
2007). Itis in the linkage between ESALSs (empirical) and axle load spectra (mechanistic) in which
the implementation of the MEPDG is being moved along. Type, weight, and number of axles are the
criteria in which axle loads need to be estimated. The data gathered to follow the criteria should be
site-specific and if that is not possible, site-related, regional, or agency-wide traffic data need to be
substituted. The MEPDG software includes default axle load spectra and other traffic parameters if no
other sources of traffic data can be obtained.

To fully benefit from the MEPDG it is important to characterize pavement traffic loads using detailed
traffic data including axle load spectra. This traffic data should be specific to the project area, and if
that is not possible, default data will have to be used. Generally, there is noticeable difference between
the default traffic inputs included in the MEPDG and the regional traffic data collected in terms of axle
load spectra. Volume and type of trucks along with axle load spectra are the main influences for
predicting pavement performance. There are also main input factors that do not have significant
influence on pavement performance predictions such as axle spacing and hourly volume adjustment
factors (Swan, Tardif, Hajek & Hein 2007). The software used in the MEPDG looks at each axle load
individually then estimates the stresses and strains imposed on the pavement structure by each axle
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load. The stresses and strains are related to pavement damage and the damage is then accumulated.
Finally, a report of the total damage caused by all axle loads is created. Throughout the whole process,
the calculations take into account the climatic conditions of the pavement structure. That is the
temperature of the asphalt concrete layers along with the moisture content of the unbound material
layers and subgrade. The calculations performed make up the mechanistic side of the guide, whereas
the relation of the stresses and strains to pavement damage is the empirical part (Swan, Tardif, Hajek
& Hein 2007). The data that are required to run the traffic analysis in the MEPDG are: Average
Annual Daily Truck Traffic (AADTT) data, vehicle classification, axle load distribution and number
of axles per truck. When weigh-in-motion (WIM) sites are close to the project site, these data can be
used in a Level 1 analysis (Muthadi & Kim 2007).

Hierarchal Approach to Traffic Inputs

Based on the different pavement needs and the availability of traffic input data, the MEPDG
accommodates three levels of input data that are progressively more reliable and accurate. The quality
of the data in terms of reliability and accuracy, not detail, makes up the difference in the hierarchal
input levels. In other words, the same amount and type of data are used in every level but level
selection is based on the quality of the data. The hierarchal input levels are as follows:

i.  Level 1-The input data are gathered from direct and project-specific measurements. This
level represents the greatest knowledge of the input parameters for the specific job. In
particular, the input data are site-specific truck volumes for individual truck types and the axle
load spectra is project site specific.

ii.  Level 2—The input data come from regional data such as measured regional values that
encompass the project but are not site specific. For traffic data, estimated classified truck
volumes are used. These estimations come from volumes gathered on sections with similar
traffic characteristics to those of the current project.

iii.  Level 3—These data are based on best estimation data or default values. These data are based
on global or agency-wide default values such as the median value from a group of similar
projects. For example, this data may come from an agency-published look-up table of
averages for classified truck volumes.

It is recommended by the MEPDG to use the best available data regardless of the overall input level.
That is, it is possible for Level 1 inputs to be classified truck volumes and Level 2 data to be axle
configuration and Level 3 inputs to be axle load. This is solely based on the quality of each individual
piece of data and where it fits best in the hierarchal scheme (Swan, Tardif, Hajek & Hein 2007).

Traffic Elements

Traffic input data in the MEPDG are usually entered for the base year. The base year is the year the
pavement is expected to open to traffic. Within the MEPDG software, there is a provision for future
growth in truck volumes after the base year. Table 2.3 shows the input variables required to complete
the traffic analysis in the MEPDG and are defined in the subsequent paragraph.

i.  Truck Volume and Highway Parameters. Truck volume is calculated by multiplying the
Average Annual Daily Traffic (AADT) volume by the percent of heavy trucks of FHWA class
4 or higher. The result is the Average Annual Daily Truck Traffic (AADTT), but site-specific
AADTT data are usually available through an agency.

ii.  Monthly Traffic Volume Adjustment Factors. These factors are used to distribute the
AADTT volume over the 12 months in a year. Once the monthly traffic volume adjustment
11



factors have been created, they are assumed to be the same for the design life. Monthly traffic
volume adjustment factors are used if there is significant monthly variation in truck volumes
that affect pavement performance. This variation is most likely due to seasonal traffic such as
summer or winter traffic.

Table 2.3 MEPDG Traffic Inputs

Site-Specific Traffic Inputs

e Initial Two-Way Average Annual Daily
Truck Traffic (AADTT)

Percent Trucks in Design Lane

Percent Trucks in Design Direction
Operational Speed

Truck Traffic Growth

WIM Traffic Data

Axle Load Distribution

Normalized Truck Volume Distribution
Axle Load Configurations

Monthly Distribution Factors

Hourly Distribution Factors

Other Inputs e Tire Pressure

Dual Tire Spacing

e Lateral Wander of Axle Loads

Vi.

Vii.

Vehicle Classification Distribution. The MEPDG uses the FHWA scheme of classifying
heavy vehicles as shown in Table 2.4. Ten different vehicle classes are used (classes 4 to 13).
The subsequent three light vehicle classes (classes 1 to 3, motorcycle, passenger car and pick-
up) are not used in the MEPDG.

Hourly Traffic Volume Adjustment Factors. Hourly traffic adjustment factors are expressed
as a percentage of the AADT volumes during each hour of the day. These factors apply to all
vehicle classes and are constant throughout the design life of the pavement system. These
factors can be adjusted and customized by the user, but virtually no effect on the predicted
pavement performance is seen with the current version of the MEPDG software.

Axle Load Distribution Factors. The distribution of the number of axles by load range is the
definition of axle load spectra. An axle load spectrum distribution is referred as axle load
distribution factors in the MEPDG. The MEPDG software allows the user to put in a different
set of axle load distribution factors for each vehicle class and each month.

Traffic Growth Factors. In anticipation of truck volume growth after a road has opened is
expressed in traffic growth factors. These factors are applied to individual vehicle classes.
Axle load distributions are assumed constant with time and no growth factors are applied to
them. The MEPDG also had no provision for reduction in truck volume.

Number of Axles per Truck. For each class, the number of axles per truck by axle type is

required. The axle type is single, tandem, tridem, and quad. The number of axles per truck has
a significant influence on the predicted pavement performance.
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viii.  Lateral Traffic Wander. Lateral traffic wander is defined as a lateral distribution of truck tire
imprints across the pavement. Traffic wander plays an important role in the prediction of
distresses associated with rutting. Default values for traffic wander are recommended unless
quality data are available on a regional or local basis. Traffic wander data may be hard to
gather and quantify so default values are highly recommended.

Table 2.4 FWHA System of Vehicle Classification (Source: www.fhwa.dot.gov)

Vehicle . .
Class Vehicle Type Description
All vehicles manufactured as traditional passenger-carrying
buses with two axles and six tires or three or more axles.
This category includes only traditional buses (including
4 Buses s . .
school buses) functioning as passenger-carrying vehicles.
Modified buses should be considered to be a truck and
should be appropriately classified.
Two-Axle, Six-Tire, All vehlcles ona single frame including tru_cks, camping and
5 . ! recreational vehicles, motor homes, etc., with two axles and
Single-Unit Trucks
dual rear wheels.
6 Three-Axle Single- All vehicles on a single frame including trucks, camping and
Unit Trucks recreational vehicles, motor homes, etc., with three axles.
7 Fpur or Mpre Axle All trucks on a single frame with four or more axles.
Single-Unit Trucks
8 Four or Fewer Axle All vehicles with four or fewer axles consisting of two units,
Single-Trailer Trucks | one of which is a tractor or straight truck power unit.
Five-Axle Single- All five-axle vehicles consisting of two units, one of which
9 ; . . .
Trailer Trucks is a tractor or straight truck power unit.
10 Six or More Axle All vehicles with six or more axles consisting of two units,
Single-Trailer Trucks | one of which is a tractor or straight truck power unit.
. All vehicles with five or fewer axles consisting of three or
Five or fewer Axle . s )
11 . . more units, one of which is a tractor or straight truck power
Multi-Trailer Trucks unit
12 Six-Axle Multi- All six-axle vehicles consisting of three or more units, one
Trailer Trucks of which is a tractor or straight truck power unit.
All vehicles with seven or more axles consisting of three or
Seven or More Axle : e .
13 . . more units, one of which is a tractor or straight truck power
Multi-Trailer Trucks unit

iXx.  Axle Configuration. The MEPDG software allows the user to enter two types of axle spacing.
The first is axle spacing within the axle group and it is defined as the average spacing between
individual axles within the axle group. For example, the average spacing for all tridem axles
for all vehicle types. Separate entries for tandem, tridem, and quad axles are required. The
second possibility is axle spacing between major axle groups. This is defined as the spacing
between the steering axle and the first subsequent axle. Axle spacing between the major axle
groups is required for short, medium, and long trucks. Axle configuration has a marginal
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effect on pavement performance predicted by the MEPDG and is at the discretion of the user
to pick default values or use measured values.

Within the MEPDG there are several traffic input factors that may not have significant influence on
the predicted pavement performance. As a result, sensitivity to these elements should be further
investigated to gain a better understanding of their impact on predicted pavement performance (Swan,
Tardif, Hajek & Hein 2007).

2.7.2 Climate/Environment and EICM

Climate and the surrounding environment (weather) play an important role in pavement performance.
It can exert significant influences on the pavement structure, especially where seasonal changes are
large. Changes in temperature, precipitation, and frost depth can drastically affect pavement
performance. The MEPDG requires these inputs to be locally calibrated. As a result, these climate
conditions are needed to be observed and correlated to pavement performance. One climatic factor
that greatly influences pavement material properties is moisture, which can affect properties such as
stiffness and strength and therefore needs to be examined. The MEPDG fully considers the influences
of the climate and surrounding environment on pavement performance. This is achieved through a
climatic modeling tool embedded into the MEPDG software called the Enhanced Integrated Climate
Model (EICM), The EICM is a one-dimensional coupled heat and moisture flow model initially
developed by the FHWA and adapted for use in the MEPDG, for which purpose is to predict and
simulate the behavioral and characteristic changes in pavement and unbound materials related to
environmental conditions over the service life of the pavement system (NCHRP 2008). The EICM
requires two major types of input. Groundwater table depth is one input that is manually entered into
the EICM. The other input is weather-related information, which is primarily obtained from weather
stations close to the project. The five weather-related parameters used in the EICM include sunshine,
rainfall, wind speed, air temperature, and relative humidity. These data are collected on an hourly basis
from the designated weather stations (Wang, Li, Hall, Nguyen, Gong & Hou 2007). The data
collected in the United States may come from the National Climatic Data Center (NCDC), National
Oceanic and Atmospheric Association (NOAA) or other reliable sources. To simplify the input of such
numerous data, the MEPDG software contains a climatic database that provides hourly data from 851
weather stations across the United States.

2.7.2.1 Virtual Weather Stations

For a specific location, where there are no weather data available, the Integrated Climatic Model
(ICM) is able to create a virtual weather station by interpolating the climatic data from neighboring
weather stations. To generate a virtual climate file for a project location, the user has to input the
longitude and latitude of the project, the elevation, and the depth of the water table. (Velasquez, et al.
2009). The software will then automatically select six weather stations closest to the location of the
project. The number of weather stations selected is used to create a virtual weather station for the
project location. Multiple weather stations are recommended due to the possibility of missing data and
errors in the database for a single station, which may cause the software to hang or crash in the
climatic module. It is also recommended that the weather stations selected to create the virtual station
have similar elevations, if possible, although temperatures are adjusted for elevation differences
(AASHTO 2008). In areas of wide-range climatic differences, AASHTO recommends that highway
agencies divide such areas into similar climatic zones (approximately the same ambient temperature
and moisture) and then identify representative weather stations for each of these zones (AASHTO
2008). Virtual weather stations generation for the MEPDG is further discussed in Section 4.

14



2.7.3 Material Data

The MEPDG requires the use of material properties of the pavement layers to create a mechanistic
analysis of the pavement responses. The parameters used in the MEPDG greatly outnumber those
used by the 1993 AASHTO Guide. In fact, the 1993 AASHTO Guide material property factors only
included structural layer coefficients, layer drainage coefficients and the subgrade resilient modulus.
It has been found that these parameters are insufficient to portray the complex material behaviors that
occur in pavement structures. Some of these complex behaviors include stress-dependent stiffness in
unbound materials along with time- and temperature-dependent responses of asphalt mixes (Rabab'ah
& Liang 2007). With the implementation of the MEPDG underway, it is important to understand the
performance of pavement materials under differing conditions. Better and more accurate simulations
of different pavement distress levels can be achieved when a complete spectrum of a material’s
performance under altering conditions are entered into the design method (Petry, Han & Ge 2007). In
the MEPDG, a drainable base layer must be included in design. It is through this layer that water that
has entered the pavement must be removed. The layer needs to maintain optimal thickness and
structural capacity while having optimal permeability (Rabab'ah & Liang 2007). The effectiveness of
permeable bases in actual service is an ongoing process and more field monitoring, evaluation, and
research is needed to satisfy the needs of the MEPDG. In the design of pavements, the MEPDG
requires the dynamic modulus for asphalt mixtures and the resilient modulus for unbound materials.
These properties are dependent upon changes, seasonal or otherwise, in temperature and moisture
content. The MEPDG considers these changes in the pavement structure and subgrade over the design
life of the pavement and predicts them by use of the EICM and adjusts material properties according
to that particular environmental condition (Rabab'ah & Liang 2007). The user has two options within
the EICM for adjusting the resilient modulus for each design period. The first option is that the user
can provide the resilient modulus for each design period. The second option is to provide the resilient
modulus for the optimum moisture content. When choosing the second option, the EICM in the
MEPDG software would predict the seasonal variation of the moisture content in any unbound layers
(Rabab'ah & Liang 2007).

2.7.3.1 Resilient Modulus and Unbound Layers

One material characteristic used in the MEPDG is the resilient modulus, which provides a way for
evaluating dynamic response and fatigue behavior of a pavement under vehicle loading. This material
property and the test methods to obtain it have become an accepted standard approach for pavement
engineers. The results of resilient modulus testing along with other properties of the materials are
used to calibrate the design parameters used in the MEPDG (Petry, Han, & Ge, 2007). The resilient
modulus of unbound materials is not a constant stiffness property. Rather, it is highly dependent on
factors like state of stress, soil structures and water content (Rabab'ah & Liang, 2007). Generally, a
soil with the same dry density that has higher water content yields a lower resilient modulus. One of
the considerations found within the broad range MEPDG in the materials section is the
characterization of unbound materials. Unbound materials consist of base, subbase(s) and subgrade.
All play a vital role in a pavement system and the base layer is where the unbound materials start. The
base layer is placed immediately under the surface course and above the subbase(s). The base layer is
designed to distribute the load from the pavement course to the underlying subbase(s) and subgrade
layers. In order to prevent failure in the layers below and handle the stresses in the base itself, the base
layer thickness and quality must be sufficient. Proper characterization of the materials used in the base
layer and subsequent layers used in pavement design is a very important task. By means of the
MEPDG, these material properties can be adequately characterized (Hill, Yohannes, & Khazanovich,
Toward A Unified Mechanistic Approach For Modeling Tests Of Unbound Materials, 2007).
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2.7.3.2 Hierrchal Approach to Material Inputs

The MEPDG uses various models to estimate pavement performances from material properties that
are measured or predicted. Depending on the available information and the desired reliability,
different levels of analysis are available in the MEPDG’s hierarchal approach. The MEPDG hierarchal
levels are based off design and analysis options and are classified into three levels. The three levels are
based on accuracy, reliability, state-of-knowledge, and available data. Level 3 is the lowest level of the
hierarchy and uses predicted material properties and have the lowest degree of reliability. Level 1 is
on top of the hierarchy and uses lab or field measured values for material properties, resulting in the
highest extent of reliability in the design and analysis of a pavement (Daniel & Chehab 2007). The
MEPDG also uses a hierarchal approach to characterize materials. The resilient modulus at optimum
moisture content is a desired property found by the MEPDG. The MEPDG hierarchy consists of three
levels with different inputs based on the data available to the user. The overall objective of the three
levels is to calculate or estimate the resilient modulus depending on what data have been collected.

A Level 1 input requires the use of lab testing of the resilient modulus as an input. If no resilient
modulus lab test data are available, the MEPDG will calculate the resilient modulus using other
properties in a Level 2 approach. These properties generally are the California Bearing Ratio (CBR)
and/or the Dynamic Cone Penetrometer indexes obtained through standard AASHTO or NCHRP
testing methods. Finally, the Level 3 analysis will estimate the resilient modulus at optimum water
content based on the material classification (Hill, Yohannes & Khazanovich 2007). The three levels in
the hierarchal approach are expounded on in the following list:

i.  Level 1 input requires the highest quality of data. The data is collected from direct testing of
the actual material. The desired data for Level 1 designs are the resilient modulus. The
resilient modulus values of base, subbase, subgrade, and bedrock are determined from direct
testing. The recommended test to obtain the resilient modulus is through the repeated tri-axial
test. The standard testing procedure can be followed by using the NCHRP 1-28 A method or
the AASHTO T307 method (Rabab'ah & Liang 2007).

ii.  Level 2 designs are used when direct lab test results are not available but other test results are.
Although lab test results for the resilient modulus are the preferable source of data, the
resilient modulus can be obtained using correlations. These correlations may be between the
resilient modulus and physical properties of the material such as dry unit weight, Atterberg
limits, and specific gravity or between resilient modulus and strength properties such as the
CBR, DCP, or unconfined compressive strength. All of the physical and strength properties
can be obtained by following standard NCHRP or AASHTO procedures (Rabab'ah & Liang
2007). As with any correlations, having them locally calibrated is desired.

iii.  Level 3 design is typically used for lower volume roads because it uses the lowest level of data
accuracy. In this level, the resilient modulus for the optimum moisture content of the material
is estimated based on the classification of the material. The ICM then adjusts the resilient
modulus for the seasonal effects of the climate (Rabab'ah & Liang, 2007).

Along with the hierarchal approach, the MEPDG recommends the use of available correlation
relationships when using inputs to calculate or estimate the resilient modulus. It is highly encouraged
that locally calibrated models be developed to make these calibrations more site-specific. This is
where one of the problems is found. It is time consuming and expensive to develop locally calibrated
correlation models. Whether it be lack of equipment, manpower, or money, locally calibrated models
are hard to create. The other problem involves figuring out how to create these models. The answer is
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to create a unified model for tests of unbound materials. More time, money, and research are being
applied to achieving this goal, and a unified approach to creating locally calibrated correlation models
is underway (Hill, Yohannes & Khazanovich 2007). All the inputs required for the material side of the
MEPDG are extensive and better shown in tabular form. Kelvin Wang and his colleagues have
created a tabular summary of the material inputs, which can be seen in Table 2.5 (Wang, Li, Hall,
Nguyen, Gong & Hou 2007).

2.8 Section Summary

The MEPDG provides a useful tool for pavement performance predictions by taking into account
elements from traffic, climate, and material data. By doing so, a more extensive and complete view of
pavement performance is created. Through the use of the Enhanced Integrated Climate Model, the
needed environmental adjustments are made to the predictions. The use of the hierarchal approach
method to pavement design allows the MEPDG to be customizable based on the available data and the
desired needs of the designer. There are challenges and opportunities for the MEPDG due to its
extensive data inputs. These would have to be overcome in order to derive the full benefits of the new
guide while progress is made on its implementation.
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Table 2.5 Major Material Input Considerations (Wang et al., 2007)

Materials Category

Material Inputs Required

Materials inputs required for critical
response computations

Additional materials inputs required for
distress/transfer functions

Additional materials inputs required for
climatic modeling

Hot-Mix Asphalt Materials  (this
covers surface, binder, base and
subbase courses)

* Time-temperature dependent dynamic
modulus (E*) of HMA mixture.
* Poisson's ratio.

« Tensile strength, creep compliance,
coefficient of thermal expansion

* Surface shortwave absorptivity (only
required for surface course), thermal
conductivity, and heat capacity of HMA.
* Asphalt binder viscosity (stiffness)
characterization to account for aging.

PCC Materials (this covers surface
layer only)

« Static modulus of elasticity (E) adjusted
with time.

* Poisson's Ratio

* Unit Weight

* Coefficient of thermal expansion

* Modulus of rupture, split tensile strength,
compressive strength, cement type, cement
content, water-to-cement (w/c) ratio,
ultimate shrinkage, amount of reversible
shrinkage.

* Surface shortwave absorptivity, thermal
conductivity, and heat capacity of PCC.

Chemically Stabilized Materials
(this covers lean concrete, cement
treated, soil cement, lime-cement-
fly ash, lime-fly ash, and lime
stabilized layers)

» Elastic modulus (E) for high quality lean
concrete, cement treated material, soil
cement, and lime-cement-fly ash.

* Resilient modulus (Mr) for lime stabilized
soil.

* Poisson's Ratio.

* Unit weight.

* Minimum resilient modulus (used in
flexible design), modulus of rupture (used
in flexible design), base erodibility (for
rigid design).

* Thermal conductivity and heat capacity of
PCC.

Unbound Base/ Subbase and
Subgrade Materials

* Seasonally adjusted resilient modulus
(Mr).

* Poisson's Ratio.

* Unit weight.

* Coefficient of lateral pressure.

* Gradation parameters and base erodibility
(for rigid design).

* Plasticity index, gradation parameters,
effective grain sizes, specific gravity,
saturated hydraulic conductivity, optimum
moisture contents, parameters to define the
soil water characteristic curve.

Recycled Concrete Materials -
Fractured PCC Slabs

* Resilient Modulus (Mr).
* Poisson's Ratio.

*Base erodibility (for rigid design).

» Thermal conductivity and heat capacity.

Recycled hot asphalt mix (central
plant processed)

Treated same as hot-mix asphalt surface course.

Recycled cold asphalt mix (central
plant or on-grade)

Treated same as hot-mix asphalt surface course.

Cold recycled asphalt pavement
(used as aggregate)

Treated same as granular materials with no moisture sensitivity

Bedrock

* Elastic modulus (E)
* Poisson's Ratio.
* Unit weight.

None.

None.
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3. REGIONAL IMPLEMENTATION OF MEPDG

3.1 Background

With the introduction of the new Mechanistic-Empirical Pavement Design, state DOTS’ reaction to
implementing it has been met with mixed reactions (Stires 2009). The large volume of input data
required for the MEPDG, data collection, and testing will bring about a significant challenge and
require an immense amount of time and resources from DOTSs. It has been suggested that in order to
take advantage of the huge benefits that the MEPDG brings, by way of local calibration and
hierarchical input levels, a complete overhaul of current pavement design practices are necessary.
While some DOTs seem to have taken immediate implementing steps, such as developing testing
programs for material properties and traffic data, others claim they have already locally calibrated the
current version of the software. Others suggest that it will be more prudent to wait for the release of
the final version of the software before undertaking any implementation efforts. During the earlier
stages of the release of the MEPDG, two groups were created to facilitate implementation efforts. One
of the groups was the Design Guide Implementation Team (DGIT). This group was created by the
FHWA to inform, educate, and assist all DOTs and other interested agencies and institutions about the
new guide. Another group that was formed to promote the growth of the MEPDG and develop short-
and long-term implementation plans was the Lead States Group. This group was formed in
conjunction with AASHTO, NCHRP, and FHWA, and comprised of representatives from state DOTs
that had early interest in the MEPDG (Stires 2009). In the Northwest Region, there are currently
ongoing efforts to implement and put the MEPDG into full use for pavement design activities. As
different DOTs will have different strategies for implementation, it will be useful to study some of the
lead states’ approach to implementation and what lessons can be learned. The Northwest Regions’
implementation efforts have first been geared toward the formation of a user group attending various
meetings to discuss the MEPDG. Implementation efforts of the various DOTS in the region are
discussed in the subsequent sections.

3.2 User Group Meeting

A Northwest States” MEPDG User Group meeting held at Oregon State University in Corvallis,
Oregon, on March 9-10, 2009, discussed participating states’ implementation plans progress, technical
issues related to the MEPDG, and the future direction of the MEPDG. The states in the region that
attended the meeting included Alaska, Idaho, Montana, North Dakota, Oregon, South Dakota,
Washington, and Wyoming. At least one representative from each participating state’s department of
transportation was present at the meeting. In order to allow for the participation of other interested
groups in the meeting, a teleconference network was setup. Session one was a general overview and
national update, along with state specific implementation plans and progress. The other session
discussed general technical issues relating to the MEPDG and was presented by the states. In all, the
meeting focused on the DOTSs’ implementation plans and some specific technical issues. It concluded
with focused discussion on the future direction of the MEPDG. Each representative for the DOTs gave
a presentation on behalf of the respective state’s DOT about their implementation plans and progress
so far on the MEPDG.
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3.2.1 National Implementation Plan

At the national implementation level, plans are far advanced to release DARWin M-E version 2.0.
This effort involved 19 states and the FHWA and was initiated in February 2009. The changes
associated with this new MEPDG software are Computation Methodology, appearance (changes in
data input screens) and distress transfer function and/or distress mechanism. It has been suggested that
even though these changes are proposed, AASHTO will decide what final changes will be made.
Presently, ongoing studies associated with version the DARWiIn-ME 2.0 include: NCHRP 9-30A —
Calibration of Rutting Models for HMA Structural and Mix Design, NCHRP 9-41 — Reflection
Cracking of HMA Overlays, NCHRP 9-42 — Top-Down Cracking of HMA, and NCHRP 9-38, 9-44,
9-44A — Application of the Endurance Limit for HMA mixes. It has been recommended that the
implementation of the MEPDG should be an integral part of the day-to-day design practice as well as
the validation and calibration of distress transfer functions to local conditions, materials, and policies.
At the national implementation level, four critical elements have been identified as key steps to a
successful implementation program: A champion to lead the implementation effort and program,
communication, training, and adequate funding. It has also been recommended that, to integrate the
MEPDG into daily pavement activities, the following should in addition to the above considered: set
up implementation committee and communications plan, confirm default input values and set up input
libraries (traffic and material inputs), complete concurrent designs with the MEPDG, verify
reasonableness of final designs, and begin training in the use of MEPDG software. With a lot of
unknowns associated with the MEPDG, one major issue that has been identified that may hinder
implementation efforts is training. There are currently two National Highway Institute (NHI) training
courses: NHI Course 131064 — Introduction to M-E Pavement Design and NHI Course 131109 —
Analysis of New and Rehabilitated Pavement Performance with MEPDG Software. It is suggested that
DOTs plan for future updates of the MEPDG since the guide is ongoing. To prepare for such updates
it is useful to maintain a calibration-validation database along with input libraries; monitor the test
sections, input parameters and update the database, and verify local calibration or agency-specific
factors for future MEPDG versions. Currently, there is a calibration-validation database being
developed under NCHRP Project 9-30 and enhanced under NCHRP 9-30A. This will provide features
to store and manage data for calibrating M-E-based methods at the national level.

3.2.2 Regional Implementation Plan

Montana is the only state among the northwest states that has completed its implementation program
at the moment while the rest are either in the process or will initiate their implementation plan in the
near future (Dzotepe & Ksaibati 2010). In the subsequent sections are summary implementation plans
and strategies for state DOTSs within the region. These plans and strategies were presented during the
user group meeting.

3.2.2.1 Washington DOT

Presently, the Washington Department of Transportation (WSDOT) uses the 1993 AASHTO Guide
for Design of Pavement Structures as their design tool. It has been making many efforts on the
MEPDG implementation. They have concentrated two of their main efforts on data preparation and
calibration-validation. Areas in the data preparation have included traffic, material properties, and
pavement performance. They have both concrete and flexible pavement sites constructed for
calibration-validation efforts. During their implementation efforts of the MEPDG, WSDOT came out
with some major findings. They concluded that the MEPDG was an advanced tool for pavement
design and evaluation and that calibration was required prior to its implementation. The next concern
was that the concrete pavement calibration results needed to be adjusted before use and that the
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calibration was a continual process along with implementation. WSDOT has already calibrated the
distress models for new flexible pavement to its conditions, except the IRl model. They were also of
the opinion that local agencies needed to balance the input accuracy and the costs and that they will
continue to monitor future works related to the MEPDG. WSDOT has also created some future works
that will begin soon. These include refining the calibration results for doweled JPCP slabs and
Superpave, testing, and calibrating rehab models for HMA overlay on HMA and HMA overlay on
PCCP; and preparing specific designs on high traffic roads, weak soil support, and mountain passes.
Part of WSDOT’s implementation plan is to develop a user guide, prepare sample files for typical
designs, and train pavement designers (Dzotepe & Ksaibati 2010).

3.2.2.2 Oregon DOT

The Oregon Department of Transportation (ODOT) plans to have full implementation of the MEPDG
by 2012. They are currently working closely with Oregon State University (OSU) researchers to help
with the implementation process. In that respect, research was completed by OSU pertaining to back
calculation software and it was recommended that EVERCALC be utilized for this process. OSU also
performed research on AC Dynamic Modulus and Axle Load Spectra, and they are still researching
traffic lane instrumentation. OSU, in addition, has an ongoing research project for perpetual pavement
instrumentation as well as M-E pavement design inputs on I-5 and US-97. Design input research
includes material characterization, climate data, and calibration. They have outlined some of their
future research in the areas of HMA density, open-graded HMA, Recycled Asphalt Pavement (RAP)
mixtures, Recycled Asphalt Shingle (RAS) mixtures, and the Asphalt Mixture Performance Tester
(AMPT) pool fund study. As the current researches are going on, ODOT plans to start having staff use
the MEPDG for pavement design on some of its interstate projects. They plan to use the interim guide
of the MEPDG in addition to their own pavement design guide until full implementation is realized. It
is their intention that, during this time, individual agreements with the contractors will be made to
decide what guide will be utilized and how it will be used.

3.2.2.3 South Dakota DOT

The South Dakota Department of Transportation (SDDOT) started their implementation process in
2005 with their research project called SD2005-01. The objective of the project was to identify the
requirements and resources that will be needed for SDDOT to implement the MEPDG and develop a
plan. These objectives were met by means of:
i.  Conducting sensitivity analysis

ii.  Recommending input levels

iii.  Determining resource requirements

iv.  Identifying calibration requirements

v.  Developing an implementation plan

SDDOT’s current implementation plan is a result of the previous research. There are three main
aspects of the current plan. First, create an MEPDG Implementation team called the SDDOT
Transportation Implementation Group (SDDOT TIG). This team will consist of 12 SDDOT
representatives, one FHWA representative, and two industry representatives. The industry
representatives are from the South Dakota Concrete Pavement Association and the Dakota Asphalt
Pavement Association. The second aspect is the development of a communication plan, which has
been completed by SDDOT. Finally, the third aspect involves MEPDG training. This was completed
in the fall of 2008. SDDOT wants to review and appraise the MEPDG software relative to its
performance for South Dakota soils, materials, climate, traffic, and other considerations. This will be
accomplished through the following active research projects:
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i.  SD2008-10, with Lance Roberts from the South Dakota School of Mines and Technology to
determine resilient modulus and dynamic modulus values for soils and asphalt mixes typically
used in South Dakota

ii.  M-E/PDG design, validation testing, and monitoring through the Asphalt Research
Consortium (ARC) with Peter Sebaaly from the University of Nevada Reno

iil. SD2008-03, with Peter Sebaaly from the University of Nevada Reno, to evaluate warm mix in
South Dakota

iv.  Evaluate Coefficient of Thermal Expansion in SDDOT’s concrete lab and develop a database
based on SDDOT’s concrete mixes

SDDOT has created a short-term, mid-term, and long-term implementation plan. In these stages, they
hope to move toward full implementation after the next four years. Table 3.1 displays these termed
plans and the associated goals.

Table 3.6 SDOT Implementation Term Plans

Short-Term e Review inputs’ significance using MEPDG Version 1.0
(1-3 years) e  Assess training needs and begin training
e Begin database compilation using non-project specific data
e Review recommendations for model calibration
Mid-Term e Conduct preliminary calibration of models
(2-4 years) e Acquire new equipment as needs define
e Train personnel in new testing requirements
e Begin using MEPDG alongside existing pavement design
procedure
e Develop MEPDG documentation and guidelines
e Calibrate and validate models
e Determine any further data collection needs
Long-Term e Move towards full implementation of MEPDG
(> 4 years) o Develop a design catalog for standard designs

3.2.2.4 Wyoming DOT

The Wyoming Department of Transportation’s (WYDOT) pavement design is housed within the
materials program and is centralized. This has enhanced effective communications between the
pavement engineers who are also the materials engineers. As a result of the program being
centralized, there is a small staff, which means training and implementation should be fairly easy.
However, because of the small staff, difficulties arise in calibration and input development. That is,
the centralized operation doesn’t have district advice from the various regions in the state. WYDOT
feels the MEPDG would be utilized well for high-volume roads in the state such as 1-80, but the 1993
AASHTO guide is adequate for other roads. This has led to the desire to implement the MEPDG
because the 1993 AASHTO guide just kept adding pavement thickness to 1-80. The strategy WYDOT
wants to adopt is to get a program that is implementable in a reasonable amount of time. In this
respect, they started an implementation plan in 2006, but that was largely focused on the materials side
of the MEPDG and was later shelved. It was found that this plan was too aggressive at the time and so
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WYDOT created new implementation goals. These goals involved finding a good funding source and
adopting a program that will be usable and implementable by 2011. WYDOT wants to use existing
information wherever possible and reduce the level of inputs. They had begun working with Applied
Research Associates (ARA) to get the experience desired to run the program. It was their desire to
utilize ARA because they are also working with the neighboring states that have a more aggressive
implementation plan. WYDOT narrowed things down to focus on primary design and rehab
alternatives. They are going to utilize existing sites for calibration and focus on level 2 and level 3
inputs. One goal is to create a Wyoming Specific Design Manual that focuses on the inputs.
Eventually, WYDOT wants to implement it for all pavement designs. WYDOT is in more of a
rehabilitation mode rather than new construction mode. Most projects in Wyoming involve widening
and/or overlays. This is a weaker area in the guide but it is where WYDOT wants to focus.
Challenges faced by WYDOT are in climate data, traffic inputs, and materials inputs. For climate
inputs, there are not enough existing weather stations, so interpolation is going to have to suffice.
WYDOT has good count and classification data for the traffic inputs, but there is a limited number
(only nine) of weigh in motion (WIM) sites in the state. The result is limited WIM coverage because
most of them are on high traffic routes such as 1-80 and 1-25. In the materials area, correlation of the
R-Value to Mg and back-calculations from FWD will pose a challenge. Furthermore, the properties of
existing HMA layers are not sufficient and there is not much existing data for concrete inputs. Finally,
the challenges with calibration-validation involve few granular base sites, no superpave mixture sites,
and no dowelled PCCP sites.

3.2.3 Regional Research Needs

It is obvious that the future adoption of the MEPDG will have considerable effects on data collection,
material testing, and pavement design procedures. The mechanistic-empirical procedures upon which
the guide is based will require greater quantity and quality of input data in the following four major
categories: traffic, material characterization, environmental variables, and historical pavement
performance (Schwartz, Charles W. 2007). Input data requirements for the MEPDG are much more
extensive than for the current AASHTO Design Guide procedure. Although some of the data for the
MEPDG is similar to those for the AASHTO Guide (e.g., annual average daily truck traffic, vehicle
class distributions, subgrade resilient modulus, concrete modulus of rupture and modulus), much is
significantly different and/or much more detailed input information is required (e.g., axle load
distributions by axle type, asphalt concrete dynamic modulus, thermo-hydraulic properties for
unbound materials, etc.).

Due to the extensive data requirements for the MEPDG, there is currently a lot of ongoing research
into different areas of the guide in order to facilitate the implementation of the MEPDG in the
northwest states’ DOTs. Most DOTS in the region are currently concentrating their research efforts in
the areas of traffic, climate, materials, and pavement response and distress models (pavement
performance). Calibration and validation of the MEPDG to local conditions, which are agency
specific, are also areas most of the agencies are looking into. Research studies being undertaken at the
national level are mostly associated with the prediction models of the MEPDG and with version 2.0 of
DARWIN-ME. These include NCHRP 9-30A — Calibration of Rutting Models for HMA Structural and
Mix Design, NCHRP 9-41 — Reflection Cracking of HMA Overlays, NCHRP 9-42 — Top-Down
Cracking of HMA, and NCHRP 9-44A — Application of the Endurance Limit for HMA mixes. This
report classifies the MEPDG research needs into national and regional categories. These are discussed
in detail in the following sections.
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3.2.3.1 Traffic Data Characteristics

Traffic characteristics are one of the major inputs of the MEPDG and are expected to require
significant attention. The current AASHTO Pavement Design Guide requires traffic data in ESALS as
a major design input. The MEPDG traffic criteria have been developed around axle load spectra,
which are a valuable dataset that can be used for traffic inputs within the MEPDG. It is through axle
load spectra that the unique traffic loadings of a given site are characterized. By means of these
loading characteristics, pavement responses and resulting damages can be computed. Full axle load
spectra are used for estimating the magnitude, configuration, and frequency of traffic loads (Wang, Li,
Hall, Nguyen, Gong & Hou 2007). The benefit of load distributions is that they provide a more direct
and rational approach for the analysis and design of pavement structures. The approach estimates the
effects of actual traffic on pavement response and distress.

Currently in the Northwest Region, ODOT, in collaboration with Oregon State University is
concentrating its research efforts mostly in the area of the axle load spectra before going on to other
areas. Consequently, OSU recently completed research on WIM sites throughout Oregon and is how
working on traffic lane instrumentation. The other area of traffic characteristics is traffic data
collection, which is being undertaken by WSDOT. As part of the research, WSDOT is working on
traffic data preparation, axle load spectra development, and sensitivity analysis. The underlying
objective for both WSDOT and OSU in undertaking this research is how best to collect realistic traffic
data for use in the MEPDG. Data sources may include site-specific data from Average Vehicle Counts
(AVC) and WIM stations and default data from the FHWA LTPP program and the MEPDG software.
The traffic data should be made up of the following elements if possible: truck volume and highway
parameters, monthly traffic volume adjustment factors, vehicle classification distribution, hourly
traffic volume adjustment factors, axle load distribution factors, traffic growth factors, number of axles
per truck, lateral traffic wander, and the axle configuration.

3.2.3.2 Climate/Environment Factors

Climate and the surrounding environment (weather) play an important role in pavement performance
and thus have a major impact on the pavement’s long term performance. It can exert significant
influences on the pavement structure, especially where seasonal changes are large. These factors
include precipitation, temperature, and free-thaw cycles together. Changes in temperature,
precipitation and frost depth can drastically affect pavement performance. The behavior of layers in
the pavement system is affected by climatic factors (Johanneck, Luke and Lev Khazanovich 2009) and
the MEPDG requires these inputs to be locally calibrated. As a result, these climate conditions need to
be observed and correlated to pavement performance. One climatic factor that greatly influences
pavement material properties is moisture, which can affect properties such as stiffness and strength
and therefore needs to be examined. A preliminary conclusion deduced from research conducted in
Illinois on the effects of climate change on rigid pavements in that state indicate that this may change
slab thickness by 1.5 inches. The Idaho Department of Transportation and the University of Idaho
have also been researching the environmental variation effects in the MEPDG design. They are
developing seasonal shift factors for various regions and are trying to implement these shift functions
into the MEPDG process to predict the accumulated seasonal damage. From this research, they are
developing a software package called WINFLEX, which is a mechanistic-empirical overlay design
software for Idaho.
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3.2.3.3 Materials Characterization

Material characterization for the mechanistic-empirical design procedure is significantly more
fundamental and extensive than in the current empirically-based AASHTO Design Guide. The
MEPDG requires the use of material properties of the pavement layers to create a mechanistic analysis
of the pavement responses. It is therefore imperative that databases or libraries of typical material
property inputs must be developed. Due to the extensive nature of the material inputs, a great deal of
research is being performed on pavement materials’ characterization of the MEPDG at the moment.
One of the current researches in this area is how to run pavement rehabilitation using FWD back
calculations. The Oregon DOT and OSU are undertaking this study for which their current
recommendation for this research is to utilize EVERCALC as the software program for back
calculations. ODOT is researching MEPDG modeling of composite pavements such as HMA overlays
on top of CRCP, JPCP, or rubblized PCC. Other future research that OSU/ODOT plans to undertake
includes HMA density, open graded HMA, RAP mixtures, RAS mixtures and AMPT pool fund study.
SDDOQT, on the other hand, is currently undertaking research on how to determine Resilient Modulus
and Dynamic Modulus Values for soils and asphalt mixes typically used in South Dakota. Also, in
collaboration with Peter Sebaaly from the University of Nevada Reno, SDDOT is undertaking
validation testing and monitoring through the Asphalt Research Consortium (ARC). SDDOT is also
seeking to evaluate the coefficient of thermal expansion and develop a database based on the DOT’s
concrete mixes. In addition to this, they are seeking to evaluate warm mixes as applied to the MEPDG.
Other areas of research into pavement materials being undertaken include characterization of asphalt
mixtures with RAP to see the influence of RAP on MEPDG models and how to how to characterize
wearing surfaces such as SMA, OGFC, and rubber-modified surfaces. Alaska DOT is also currently
studying how to characterize non-standard materials, soils, and unbound materials.

3.2.3.4 Pavement Performance

Pavement performance data are required for local calibration and validation of the MEPDG procedure
and is mainly associated with pavement distresses. These include fatigue cracking (alligator and
longitudinal), rutting, and roughness. Accurate records of historical pavement performance, which
most cases is within an agency’s PMS, is therefore a necessity. The MEPDG does not provide a design
thickness but it uses mechanistic-empirical numerical models to analyze input data for traffic, climate,
material, and proposed structure and then estimates the damage accumulation over the service life of
the pavement. The pavement performance predictions within the MEPDG are made in terms of the
distresses that are often evaluated to determine rehabilitation and reconstruction needs in HMA
pavements (Hoegh, Khazanovich & Jensen 2009).

3.2.3.5 Calibration and Validation

Calibration and validation is a very significant step in the MEPDG. This will enable DOTSs to adapt the
software to the suit local environment. Currently, the MEPDG includes empirical distress models that
have been calibrated using a national database. Most of the data used for the national calibration were
obtained from the Long Term Pavement Performance (LTPP). It is therefore necessary that calibration
of the MEPDG models be undertaken using local pavement condition data (Souliman, Manlouk &
Zapata 2009). In order to successfully calibrate and validate the MEPDG procedure to local
conditions, pavement performance data are required. The process involves the replacement of the
national calibration coefficients in the empirical distress prediction models with values more suited to
local conditions. The calibration process usually requires the selection and identification of a set of
experimental pavement sections for which the MEPDG inputs such as traffic, environment, and
material properties can be well quantified and for which a history of pavement performance data such
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as rutting, fatigue cracking, and roughness are available. All of the above mentioned pavement
distresses need to be calibrated to local conditions. Studies have shown that local calibration of the
MEPDG procedures can be very beneficial in improving pavement performance predictions for local
conditions. A well calibrated prediction model results in a reliable pavement design and enables
precise maintenance plans for state highway agencies. The process, however, requires a significant
amount of effort to perform (Schwartz 2007).

3.2.4 Challenges and Limitations to Implementation Efforts

With the ongoing efforts of trying to adapt the MEPDG, there are many challenges and opportunities
that have arisen in the implementation of the MEPDG. One of the major challenges is the
participation or “buy-in” of the agencies to eventually make the MEPDG a tool for routine production
work. This includes the agency as a whole to accept and embrace the change brought about by the
MEPDG and also the staff, including but not limited to, administrators, regional officers, designers,
engineers, material specialists, etc. Following the “buy-in” by agencies come effective
implementation plans. These include responsibilities, timelines, and gathering and allocating
resources such as people, equipment, training, etc. Also involved in an effective implementation plan
is the calibration tasks and schedule to allow for more localized use of the MEPDG. Another challenge
in the implementation of the MEPDG is developing the criteria to warrant implementation. This may
include objectively based performance indicators (rutting, cracking, etc.), a committee to oversee and
steer the use of the MEPDG, an audit process, and update and improvement assessments (Haas, Tighe,
Dore & Hein 2007).

Although the above named challenges are important to the implementation of the MEPDG, they are
still overlooked at the DOTSs by the biggest challenge and opportunity facing many agencies, which
are calibration and validation. There is a need for actual calibration and validation models for all
aspects of the MEPDG. Calibration or adjustment factors for the IRI and distresses (rutting, cracking,
etc) are needed. Two key aspects are critical to a successful rutting model calibration: data and
method. Regarding data, existing in-field information only provides total rut depth, which could not
meet the requirement of permanent deformation in each structural layer by the MEPDG. Concerning
method, existing work either fails to address calibration factors from a holistic perspective by only
focusing on individual sections separately or ignores variability inherent in those factors. In this study,
layer-wise permanent deformation from instrumented pavement under accelerated pavement testing
serves to accommodate the model’s calibration. A systematic calibration procedure is established,
which globally optimizes all available information across all test sections. Through simulation and
numerical optimization, optimal calibration shift factors for three typical flexible pavement materials,
asphalt mixture, unbound granular base, and fine grain soil are obtained as 0.60, 0.49, and 0.84,
respectively (Hong & Chen 2008). This implies that the uncalibrated MEPDG is biased toward over
prediction of rut depth. It is further suggested that a more rational result for each calibrated factor is to
introduce an appropriate distribution to characterize its uncaptured variability (Hong & Chen 2008).
Databases of local and regional material and subgrade properties along with climatic or environmental
conditions are necessary. Moreover, guidelines for the calibration and validation procedures are going
to be needed. Finally, data collection is a must for the calibration effort. This includes traffic data
(axle load spectra, volume variations, lane distribution, etc.) and climate and moisture data for the
EICM. With these challenges come opportunities, mainly the opportunity to create a new level of
advanced pavement design that is based on the best science and engineering available. In other words,
designing and constructing the most cost effective, longest lasting roadways that are of the highest
level of reliability (Haas, Tighe, Dore & Hein 2007). During the Northwest MEPDG User Group
Meeting, it was also evident that the challenges in implementing the MEPDG are numerous. As part of
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the challenges already enumerated, the following were also highlighted as some of the obstacles to
implementation:

i.  Cost of the software through AASHTO Darwin M-E is a big issue for the participating states.
The states may be able to afford the software but consultants, city, and counties may not be
able to purchase it.

ii.  Acquiring field performance data to calibrate, e.g., top-down or bottom-up AC fatigue
cracking identification.

iii.  Lack of and the creation of a design catalog.

iv.  Communicating to industry about MEPDG and future changes.

v.  Posting or web hosting discussions and presentations from other regions.

vi.  Sharing calibration information from other states in the region.

The user group also came up with the following limitations associated with the MEPDG:

i.  Studded tire/mechanical wear and IRI prediction for PCC (WSDOT)

ii.  Longitudinal cracking prediction on concrete pavement (WSDOT)

iii.  Field definition of top-down and bottom-up fatigue cracking

iv.  Rehabilitation and back calculation

v.  Use of geotextiles (Wyoming)

vi.  Low volume roads
vii.  Aggregate base rutting is too high, which forces more AC (ldaho)
viii.  Thermal cracking model prediction (SDDOT)

ix.  Non-standard materials (FDR, foamed asphalt, RAP, OGFC)

X.  Thin AC surfacing and predicted distresses

3.2.5 Benefits of Implementing the MEPDG

Ongoing research suggests that MEPDG, if successfully implemented, is anticipated to achieve a more
reliable design (Wagner), which provides significant potential benefits over the 1993 AASHTO guide
in achieving cost-effective pavement designs and rehabilitation strategies (Coree, Ceylan &
Harrington 2005). A very important aspect of the MEPDG is its user-oriented computational software
program, which uses an integrated approach for predicting pavement condition over the design life by
accounting for the interaction of traffic, climate, and pavement structure, and also allows for
evaluating design variability and reliability. The software will also serve as a forensic tool for
analyzing the condition of existing pavements and pinpointing deficiencies in past designs (Coree,
Ceylan & Harrington 2005). The MEPDG will allow pavement engineers and designers to make
better-informed decisions and take cost-effective advantage of new materials and features. The
adoption of the MEPDG will significantly improve pavement material testing, design procedures, and,
most importantly, data collection (Schwartz 2007). The design guide will, in addition, allow for
calibration to national, regional, or local performance data for materials, climate, and traffic (Wagner)
thereby allowing agencies the greatest possible flexibility for applying and calibrating the design
procedures to their local conditions (Schwartz 2007). Despite the significant benefits associated with
the implementation of the MEPDG, its extensive data requirements from traffic, material, and climate
inputs, however, pose some challenges. A number of further research areas have also been identified
for the MEPDG at the national, regional, and local levels, which when successfully completed, will
facilitate its implementation. It was therefore the objective of this study to identify further research
needs that are considered very important and necessary to facilitate the implementation of the
MEPDG. Consequently, at the Northwest States MEPDG User Group meeting, held March 9-10 in
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Oregon, the main national research areas of the MEPDG identified included: NCHRP 9-30A —
Calibration of Rutting Models for HMA Structural and Mix Design, NCHRP 9-41 — Reflection
Cracking of HMA Overlays, NCHRP 9-42 — Top-Down Cracking of HMA, and NCHRP 9-38, 9-44,
9-44A — Application of the Endurance Limit for HMA mixes. Most of these research efforts are being
undertaken under the National Cooperative Highway Research Program (NCHRP). Other research
areas also being undertaken at the national level include the recommendation on the rehabilitation of
both flexible and rigid pavements, the coefficient of thermal expansion, and the effects of geogrids and
geotextiles, which can generate considerable cost savings in highway pavement construction. Further
research areas at the regional level are concentrating on traffic, material and climate characteristics,
and pavement performance. At the local level, the main area of research has to do with the calibration
of the MEPDG models to local conditions. National and regional research studies and calibration
efforts being undertaken by most DOTSs in the northwest region are discussed in the subsequent
sections. In the meantime, four critical elements have been identified as the key steps to a successful
implementation of the MEPDG in the northwest states:

i. A champion to lead the implementation effort and program

ii.  Communication

iii.  Training

iv.  Adequate funding
It is recommended that agencies seeking to implement the MEPDG should seriously consider these
critical elements as well as monitor the progress of the above mentioned ongoing further researches
(Northwest States User Group Meeting). Other activities also noted and recommended that were
considered necessary for an effective integration of the MEPDG in practice included:

i.  Setting up an implementation committee and communications plan
ii.  Confirmation of default input values and set-up of input libraries (traffic and material inputs)
iii.  Completion of concurrent designs with the MEPDG
iv.  Verification of reasonableness of final designs
v.  Training in the use of MEPDG software

Also noted, of particular importance to the application of the MEPDG to local conditions, was the
calibration and validation of the guide, which is a continuous process. To assist in overcoming these
challenges, it was recommended that agencies should:

i.  Plan for and monitor future works related to updates and improvements of the MEPDG on a
continuous basis.
ii.  Maintain a calibration-validation database along with input libraries.
iii.  Periodically monitor test sections, input parameters, and update the database.
iv.  Verify local calibration or agency-specific factors for future MEPDG versions.

The current calibration-validation database being developed under NCHRP Project 9-30 and being
enhanced under NCHRP 9-30A provides features to store and manage data for calibrating
mechanistic-empirical-based methods at the national level (Northwest States User Group Meeting).

At the user group meeting, it was evident that training may be one of the major issues in the
facilitation of the MEPDG at the moment. For this, two National Highway Institute (NHI) training
courses are currently available in the MEPDG, and it is recommended that agencies assist and
encourage not only their pavement designers but other personnel from the areas of traffic, materials,
and Pavement Management Systems (PMS) to attend these courses (Dzotepe & Ksaibati 2010). These
courses include:
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i.  NHI Course 131064 — Introduction to Mechanistic Empirical Pavement Design
ii.  NHI Course 131109 — Analysis of New and Rehabilitated Pavement Performance with

MEPDG Software

It is envisaged that the MEPDG will continue to be updated with new research areas being developed
as time goes by, and that it will take considerable time before it becomes an accepted design guide,
hence it is extremely important that agencies plan and monitor future works related to updates and
improvements of the MEPDG on a continuous basis. The results will be that agencies can effectively
calibrate and validate the MEPDG to suit their local conditions.

3.3 Section Summary

This section outlined the regional and the national implementation efforts of the MEPDG, which
focused on some selected northwest states DOTSs and the research areas these DOTSs are concentrating
on in order to facilitate implementation efforts. The section summarizes the various concerns and
contributions raised by selected DOTSs in the region during a presentation at the user group meeting.
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4. DATA COLLECTION

4.1 Introduction

To simulate pavement performance distresses using the MEPDG software, it was necessary to use
input parameters that reflected Wyoming local conditions as much as possible. Therefore, in this study
the design input data required were obtained from the Wyoming Department of Transportation
(WYDOT), where available. It was not possible to obtain project-specific design data for all the inputs
and so in areas where actual data could not be obtained from WYDOT, default values embedded in the
MEPDG software were used. As mentioned in Section 2, the user has the option of determining the
level of analysis in the MEPDG. A level 3 analysis uses more default values while a level 2 analysis
uses an intermediate level of accuracy. This level is recommended when appropriate tests are not
available for a level 1 analysis. Inputs would typically be user defined from an agency database or
derived values from a limited testing program. The level 1 analysis requires the highest level of
accuracy and would usually be determined from laboratory testing or site data collection. This level
would typically be used in heavy traffic areas or where early pavement failure would result in
significant safety issues or economic consequences. The selection of the analysis level determines the
required input values from the user. Generally, running the MEPDG requires data to be entered into
four main sections of the software, as shown in Appendix A1, with other input data screens.

4.2 Design Inputs

Input data in the MPEDG is grouped into traffic, material, and climate. These are further sub-grouped
into the different specific parameters that supplied by the user (See Appendix A2). For this research
study, where project-specific input data were not available, defaults values embedded in the MEPDG
have been used to run the simulations.

4.2.1 Traffic Input Data
The traffic input data in the MEPDG can be simplified, as shown in the Table 4.1. The AADTT used
in this study can be said to be level 1, as this was obtained from the WYDOT Pavement Management

System (PMS) included in Appendix B. This corresponded to the type of pavement selected from the
PMS.
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Table 4.7 Traffic Input Data

e Initial Two Way Average Annual Daily
Truck Traffic (AADTT)

Percent Trucks in Design Lane

Percent Trucks in Design Direction
Operational Speed

Truck Traffic Growth

Site Specific Traffic Inputs

Axle Load Distribution

Normalized Truck Volume Distribution
Axle Load Configurations

Monthly Distribution Factors

Hourly Distribution Factors

WIM Traffic Data

Dual Tire Spacing
Other Inputs e Tire Pressure
e Lateral Wander of Axle Loads

The other traffic parameter that can be considered as site specific is the operational speed. This has
been selected based on the section and the location considered. All other input parameters for traffic
have been left as default values in the MEPDG. This applies to all the different road classes considered
for this research. The MEPDG allows for traffic input to be either entered directly as AADTT or can
be calculated using the AADTT calculator shown in Appendix A2, where the Average Annual Daily
Traffic (AADT) and percentage of heavy vehicles using class 4 and higher are multiplied. The traffic
data in the PMS were that of an AADT and so had to be converted into AADTT as required by the
MEPDG. Other traffic parameters, such as the traffic volume adjustment, axle load distribution factor,
and general traffic inputs, can also be assessed from the traffic input screen or individually from the
main MEPDG screen included in Appendix A2. The user may adjust the monthly truck distribution
factors if such data are available; but for this study, no data were available from WYDOT and so the
defaults in the MEPDG were used as the input data. The current default is set to 1.00 for all months
and truck classes. The study also used default values for the axle load factors since this data could not
be obtained from the DOT.

4.2.2 Pavement Material Data

The typical pavement cross sections for the different classes of road used for this study were derived
from the WYDOT PMS. This study considered only flexible pavement structure. Information
extracted from the PMS used in developing the typical cross sections included road classification
system, route number, pavement type and depth, and base type and depth.

4.2.2.1 Primary System

For the primary road system, all the pavement types with designation G2 (standard PM pavement with
plant mix wearing course) were extracted from the PMS. Pavement designations are included in
Appendix B1. A graph of base type versus base and pavement depth shown in Appendix B2, was
plotted. It was determined from the graph and also using highest occurring frequency (modal value)
from the PMS that the most occurring pavement structure for primary system has a pavement depth
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(HMA) layer of 4in and an aggregate base of 4in. In Wyoming, most of the aggregate base is crushed
gravel and subgrades are typically A3 classification. Based on this information, a typical route (PR23)
section located in Laramie on Third Street was selected from the PMS with its corresponding AADT
and used for the MEPDG simulations. The typical cross section is shown in Figure 4.1.

2" Asphalt Concrete

2" Asphalt Concrete

4" Crushed Gravel

Subgrade (A-3)

Figure 4.1 Typical primary road cross section.

4.2.2.2 Secondary System

For the secondary system, the same procedure was followed to develop the typical cross section. It
was determined using the modal value from the PMS that the most occurring pavement structure for
secondary systems in Wyoming has a pavement depth (HMA) layer of 4 inches and an aggregate base
of 6 inches. Using this information, a typical route (S109) section located at Bosler Junction,
Wheatland, was selected from the PMS with its corresponding AADT. The cross section is shown in
Figure 4.2. An extract of the secondary road classification is included in Appendix B3.

2" Asphalt Concrete

2" Asphalt Concrete

6" Crushed Gravel

Subgrade (A-3)

Figure 4.2 Typical secondary road cross section.
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4.2.2.3 Interstate System

For the interstate system, a graph of base type versus base and pavement depth is shown in Appendix
B4. This showed that most of the interstate flexible pavements have a 6-inch HMA layer and 6-inch
asphalt permeable base layer (most common base layer). Based on this information, a typical route (I-
80) section located at Table Rock was selected from the PMS with its corresponding AADT for the
MEPDG analysis. The cross section is shown in Figure 4.3.

3" Asphalt Concrete

3" Asphalt Concrete

6" Asphalt Permeable Base

Subgrade (A-3)

Figure 4.3 Typical Interstate 80 cross section.

4.2.2.4 Binder Grades

Data on the binder grades for the different classes of road was obtained from WYDOT. According to
WYDOT, the binder grade selection for flexible pavements is based on the traffic, climate, depth of
layer, and existing distresses, which results in PG58-28 for most secondary systems and lower lifts on
primary systems. PG64-22 is mostly used on overlays for secondary systems and primary while PG64-
28 is used on upper lifts of most primary roads and lower lifts of interstates. PG70-28 is used on some
high truck primary routes and upper lifts of 1-25 and 1-90 and PG76-28 on upper lifts of 1-80. Binder
grades used by the DOT are included in Appendix B5. The MEPDG asphalt binder grade selection
screen in Appendix Al allows the user to select how the asphalt properties are determined. From the
input screen, three methods are available, namely:

e Superpave binder grade
e Conventional viscosity grade
e Conventional penetration grade

For this study, the superpave binder grade method has been used. With the superpave grading, the user
selects a PG grade from a list supplied by the MEPDG software. The superpave binder grades used in
Wyoming as already discussed and, as such, used for this study include:

PG58-28

PG64-22

PG64-28

PG70-28

PG76-28

PG52-28 (not part of WYDOT binder date included in Appendix B4 but also considered for
this study).
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For the conventional viscosity grading, the user selects a viscosity grade (e.g., AC 10) from a list of
six grades supplied by the software while the penetration grade requires the user to select from a list of
five penetration grades (e.g., Pen 85-100) for the asphalt binder. The volumetric properties screen
allows for the input of percent binder content, percent air voids, and total unit weight. In this screen,
the thermal conductivity, heat capacity of the asphalt as well as the poisons ratio and reference
temperature can all be edited. As no data were available on these parameters, they have been left as
default values.

The strength properties input screen for the unbound materials allows for editing the R-value, CBR,
modulus, and the layer coefficient. For this study, the R-values of unbound materials have been used
where applicable. Since the strength of subgrade materials in Wyoming is known, the input of this
value has been given a level 2. All other properties of unbound layer are the MEPDG default values.
Depending on the R-value entered, the software calculates the modulus. The EICM input for the
unbound layer has to do with the gradation of the material. The mean or the range can be selected
whereby the material gradation data can be imported from a database or can be entered. Other
properties of the unbound material are automatically calculated. The MEPDG allows for the input of
the mix coefficient of thermal contraction (in/in/F) or allows the software to compute it automatically
by providing the mixture VMA (%) and the aggregate coefficient of thermal expansion.

4.3 Climate Data

Information on the climate for this research has been collected from the Water Resource and Data
System (WRDS) and compared to the ones already in the MEPDG. Table 4.8 shows all the weather
stations with hourly data that are available in the MEPDG Version 1.1 software for the State of
Wyoming.

Table 4.8 Weather Station Locations in Wyoming

Weather Station Latitu_de Longitl_Jde Elevation '\AA\?ZﬁZEfef

(deg.mins) | (deg.mins) (ft) Data

A | Big Piney — Marbleton Airport 42.35 -110.07 6947 96

B | Buffalo, Johnson County Airport 44.23 -106.43 4913 91

C | Casper, Natrona County Int’l Airport 42.54 -106.28 5351 116

D | Cheyenne Airport 41.10 -104.49 6128 116

E | Douglas, Converse County Airport 42.48 -105.23 4921 80

F | Evanston, Evan-Uinta Co Burns FLD AP 41.16 -111.02 7143 79

G | Gillette-Campbell Co. Airport 44.20 -105.32 4332 92

H | Greybull, South Big Horn County Airport 4431 -108.05 3910 89

I | Lander, Hunt Field Airport 42.49 -108.44 5560 111

J | Laramie Regional Airport 41.19 -105.40 7271 65

K | Rawlins Municipal Airport 41.49 -107.12 6739 65

L | Riverton Regional Airport 43.04 -108.28 5573 116

M | Rock Springs — Sweetwater Co Airport 41.35 -109.04 6763 58

N | Sheridan County Airport 44.46 -106.59 3945 111

O | Torrington Municipal Airport 42.04 -104.09 4193 93 (M1)

P | Worland Municipal Airport 43.58 -107.57 4174 63
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Figure 4.4 shows the relative locations of these stations with respect to each other. Five additional
weather stations were identified from the data collected that were not part of the ones already
embedded in the MEPDG. These include Cody, Pinedale, Yellowstone Lake, Jackson Hole, and
Torrington, as shown in Figure 4.5.
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Figure 4.5 Weather station locations obtained from WRDS. (Source: Google Maps)
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4.3.1 Virtual Weather Stations Generation

As noted in Section 2, in areas or locations where there are no weather station data, the MEPDG
allows the user to create a virtual weather station of the location by means of the Integrated Climatic
Model (ICM). The input screen for creating a virtual station is shown in Figure 4.6. The virtual station
is created by interpolating climate data from neighboring climate stations.

As observed in Figure 4.6, the location (coordinates) of the weather station, the elevation, and the
annual average depth of the water table should be provided to generate a new climatic file. The
interpolation may be done based on all the available neighboring stations or by selecting only stations
that have similar elevations.

f Environment/Climatic @

4235 Latitude (degrees. minutes)
W Longitude (degrees. minutes)
6347 Elevation (ft)

[~ Seasonal
Depth of water table (ft) |

Annual average |100

" Chmatic data for a specific weather station.
* Interpolate climatic data for given location

Note; Ground water table depth is a positive
number measured from the pavement suiface.
0.0 mites BIG PINEY, WY - BIG PINEY-MARBLETON ARPT Lat 4235 Lon -110.07 Ele. 6347 Months: 96 (C)
72.0 miles LANDER, WY - HUNT FIELD AIRPORT Lat 4249 Lon -108.44 Ele. 5560 Months: 111 (C)
87.5 miles ROCK SPRINGS. WY - RCK SRINGS-SWETWTER CO APT Lat 41.35 Lon -109.04 Ele. 6763 Months: 58 [C)
90.0 miles RIVERTON, WY - RIVERTON REGIONAL AIRPORT Lat 43.04 Lon -108.28 Ele. 5573 Months: 116 (C)
102.4 miles EVANSTON, WY - EVAN-UINTA CO BURNS FLD AP Lat 41.16 Lon -111.02 Ele. 7143 Months: 79 (C)
104.5 miles LOGAN. UT - LOGAN-CACHE AIRPORT Lat 41.47 Lon -111.51 Ele. 4447 Months: 88 (C)

R R ER

Select stations for generating interpolated chmatic files.  The best interpolation occurs by selecting
Generate stations that are geographically close in differing directions. A station without missing any data is
denoted (Clomplete. (M#) denotes missing month.
Cancel Press the Generale button after selecting deswed weather stations and inputing Elevation
and Depth of Water Table. Missing data for 3 given station will be interpolated from
complete stations.

Figure 4.6 Virtual weather station interpolation screen.

4.3 Section Summary

This section presented the data collection and identified the different MEPDG inputs. The AADT,
from which the AADTT was calculated, was obtained from the WYDOT Pavement Management
System. The typical pavement cross sections for all the different road classes used were also
developed from the PMS. Climate data obtained from WRDS identified four other stations that are not
part of the ones already embedded within the MEPDG climate files. Where data could not be obtained
or were unavailable, default values within the MEPDG were used to run the simulations.
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5. DATA ANALYSIS

5.1 Introduction

The MEPDG makes use of all the input parameters of traffic, materials, and climate data to generate
the pavement performance distresses for the selected design life of the pavement structure, as well as
the annual climate statistics as output results. Both the performance distresses and the climate statistics
output results have been generated for interstate, primary, and secondary road systems. Each of the
output performance results have been analyzed using the actual weather stations, virtual stations
generated from interpolation of all available neighboring stations, and also by interpolation using
similar elevations of +/- 500 ft difference. The actual output results generated are compared with
results generated by the virtual stations to determine how these values vary from the actual.

5.2 Annual Climate Statistics

The summary weather parameters generated are the mean annual temperature, rainfall, freezing index,
and average annual number of freeze/thaw cycles.

Table 5.9 shows the annual climatic statistics for the actual weather stations in Wyoming.

Table 5.9 Annual Climate Statistics for Actual Stations

Annual Climate Statistics
Yyeather Mean 1 Mean | creesing Annual | Elevation
annual air an_nual . on. ft)
Name temperature | rainfall mSex ( _F Number of (
CF): (in): ays): Freeze/Thaw
Cycles:
Big Piney 37.19 12.15 2439.19 149 6947
Buffalo 46.79 11.9 874.26 123 4913
Casper 46.26 10.4 986.09 118 5351
Cheyenne 46.86 13.26 793.33 117 6128
Douglas 46.61 11.86 1068.48 135 4921
Evanston 42.29 10.49 1325.58 98 7143
Gillette 47.11 12.85 949.71 124 4332
Greybull 46.2 5.27 1569.36 118 3910
Lander 45.8 11.42 1187.27 124 5560
Laramie 41.96 8.82 1314.61 146 7271
Rawlins 43.95 9.07 1162.02 120 6739
Riverton 45.2 8.46 1315.33 121 5573
Rock Springs 43.95 7.94 1253.8 111 6763
Sheridan 45.92 13.85 1110.34 140 3945
Worland 45.54 9.69 1452.64 127 4193

37



5.3 Performance Distresses

The MEPDG software’s structural response model and transfer functions are able to compute the
pavement distresses which are analyzed throughout the pavement’s design life. For HMA pavements,
the critical performance distresses evaluated are longitudinal cracking, alligator cracking, transverse
cracking, rutting, and the International Roughness Index (IRI), which defines the overall smoothness
measure of pavements. This research investigated the response performance distress of typical sections
of three classes of road system: interstate, primary and secondary. The performance distresses of each
system are presented in the subsequent sections.

5.3.1 Interstate System

For the interstate system, a section of 1-80 was used with a typical cross section selected from the
WYDOT PMS. Six different binder grade combinations were used to simulate pavement distresses to
determine to what extent the particular climate used in the analysis would affect the distresses. In this
analysis, only the weather station at Big Piney was used. A typical flexible pavement cross section that
was derived from the PMS was assumed for the I1-80 location at Table Rock at mile post 145.5 — 153.8
ft. and having a design life of 20 years. Tables 5.2 and 5.3 show the general traffic input and the
limiting value for the distresses and reliabilities, respectively. It is against the limiting criteria and
reliability in Table 5.3 that all the performance distress results have been measured.

Table 5.10 General Traffic Inputs

Initial two-way AADTT: 2738
Number of lanes in design direction: 2
Percent of trucks in design direction (%): 50
Percent of trucks in design lane (%): 95
Operational speed (mph): 75

Table 5.11 Design Limiting Values

Performance Criteria Limit | Reliability
Initial IR1 (in/mi) 75

Terminal IRI (in/mi) 190 90
AC Surface Down Cracking (Long. Cracking) (ft/mile): | 2000 90
AC Bottom Up Cracking (Alligator Cracking) (%): 25 90
AC Thermal Fracture (Transverse Cracking) (ft/mi): 1000 90
Permanent Deformation (AC Only) (in): 0.25 90
Permanent Deformation (Total Pavement) (in): 0.75 90

5.3.1.1 Performance Distresses for Different Binder Types

Table 5.4 shows a summary result of the performance distresses for different pavement binder grades
using weather data for Big Piney Station. Detailed performance results for the different binder types
are included in Appendix C1. The figures in bold italics indicate that the distress did not meet the
design criteria specified in Table 5.4 and therefore failed. For the AC deformation, failure shown for
Type 2 and 3 was a result of the design not meeting the reliability limit since the distress values did
not exceed the design criteria.
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Table 5.12 Predicted Pavement Distresses Using Different Binder Types at Big Piney
Pavement Composition Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Layer 1 — Top Lift (3in) | PG76-28 | PG52-28 | PG52-22 | PG58-22 | PG64-22 | PG70-22

'('\,,)"’}ﬁ‘;rz‘BOttom Lift | pGes-28 | PG52-28 | PGB2-22 | PG58-22 | PGE8-22 | PG58-22
Layer 3— ATB (6in) PG64-28 | PG52-28 | PG52-22 | PG58-22 | PG58-22 | PG58-22

Layer 4 — Subgrade

(A3)

Terminal IRI (in/mi) 123.3 124.8 127.2 126 125.5 125.2
Longitudinal Cracking 01 41 26 0.6 0.2 0.1
(Ft/mil ) ) ) ) ) )
Alligator Cracking (%) 0.1 0.1 0.1 0.1 0.1 0.1
(Tf[f‘rrr‘]si;’erse Cracking 15951 | 1288.4 | 1696.9 | 17789 | 17913 1812
AC Deformation (in) 0.1 0.19 0.17 0.13 0.12 0.11
Total Pavement 0.24 0.34 0.32 0.28 0.26 0.25

Deformation (in)

Figure 5.7 to 5.4 indicate that the binder grade used in the pavement construction does play a
significant part in the prediction of the pavement performance distresses except for the alligator
cracking shown in Figure 5.4. As expected in Figure 5.1, the terminal rutting is lowest for PG76-28
and highest for PG52-22. These are the highest and lowest binder grades, respectively. It would have
been expected that the IRI for PG52-28 would be higher for PG64-22 and PG70-22 as these are of a
higher grade, but this is not the case. This gives the indication that the IRl may be dependent on the
lower bound of the asphalt grade. Generally, the IRI is directly related to the initial IRI, SF (site
factor), FC (fatigue cracking), TC (transverse cracking), and RD (average rut depth). Any of the binder
properties that cause an increase in any of these parameters is highly likely to cause an increase in the
IRI. The site factor (SF) is directly related to the age of the pavement, which is a function of PI
(percent plasticity index of the soil), average annual precipitation, and the average annual freezing
index.
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Figure 5.7 Binder grade vs. terminal IRl — Big Piney.

In the longitudinal cracking shown in Figure 5-2, it is expected that the lowest binder grade PG52-22
should show the most cracks, but the most longitudinal cracks tends to be associated with PG52-28.
Since the upper bounds of the asphalts are the same, it therefore indicates that the difference in the
longitudinal cracking must be due to the lower bounds in the binder grades. PG52-28, being a higher
grade than PG52-22, may tend to be stiffer and so exhibits more cracks than PG52-22. But generally,
the trend in the longitudinal cracking in considering the different grade is as expected.
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Figure 5.8 Binder grade vs. longitudinal cracking — Big Piney.

Figure 5.3 shows a plot of alligator cracking, AC rutting, and total rutting versus the different binder
grades. The alligator cracking is unaffected by the binder grade as it can be observed that the extent of
alligator cracking experienced by the pavement is unchanged irrespective of the binder type. This may
be due to the fact that alligator cracking is a load-related cracking that is assumed to initiate at the
bottom of the HMA layer and then propagate to the top with continued traffic. The alligator cracking
model is also nationally calibrated and so it is essential that it be locally calibrated so as to exhibit
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reliable results. The trend shown for the AC and total pavement rutting are as expected with respect to
the binder grades except for PG52-28 and PG52-22. The PG52-28 exhibits a higher AC and total
pavement rutting than PG 52-22 even though this is of a lower grade of the two; being stiffer asphalt at
the low end exhibits more cracks than PG52-22, which happens to be the lower grade.
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0.25
0.2

0.15 @ Alligator Cracking (%)
0.1 - & AC Rutting (in)

0.05 - u Total Rutting (in)

Binder Grading

Figure 5.9 Binder grade vs. alligator cracking/rutting — Big Piney.

Figure 5.4 shows a plot of the transverse cracking model. Transverse cracking is a non-load related-
cracking, which is highly dependent on the cooling cycle experienced by the pavement. PG52-28 and
PG76-28 exhibit a lower transverse cracking than the other grades because these two grades have a
higher low end range and so tend to resist this distress type better than the others. The PG76-28
exhibits a higher transverse cracking even though it is a higher grade than the PG52-28. This is due the
fact that, as a higher grade binder, it is also a stiffer one and so may be more susceptible to transverse
cracking. As observed, the other grades have a lower low end range and so exhibit higher transverse
cracking. All the binder grades, however, did not pass for the transverse cracking analysis even though
the PG52-28 performs better when compared with the other binders.
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Figure 5.10 Binder grade vs. transverse cracking — Big Piney.
5.3.1.2 Climate Analysis

Two binder grades, PG52-28 and PG76-28, were used to run the MEPDG software for all the available
weather stations in Wyoming. Tables 5.5 and 5.6 show the results obtained for the pavement
performance distresses using PG52-28 and PG76-28, respectively, and Figures 5.5 to 5.10 show a
graphical plot of the distresses. Clearly, it can be seen that the environment or climate in which the
pavement structure is constructed has a significant impact on the future performance of the pavement.
For the binder grade PG52-28, all the distresses passed for each climatic zone except for the transverse
cracking and HMA permanent rutting. The transverse cracking passed for some weather stations and
failed for others. It was significantly high for Big Piney, Greybull, and Worland. It was also observed
to be too low for the Evanston and Rock Springs weather stations. The permanent rutting in the HMA
layer failed for all the weather stations except for Laramie. For the terminal IRI, the differences are not
too significant. For the longitudinal cracking, Greybull and Worland weather stations showed
significantly high values.

42



Table 5.13 Summary of Performance Distresses Using PG52-28

Distress Predicted

AC AC AC
Weather - Surface Bottom Thermal Permanent Permane_nt
Stati Terminal Down Up . Deformation
ation . . Fracture | Deformation
Name IRI Cracking | Cracking (Total
o X (Transverse | (AC Only)
(in/mi) (Long. | (Alligator . S Pavement)
. : Cracking) (in): C L.
Cracking) | Cracking) (ft/mi): (in):
(ft/mile): (%): '
Big Piney 124.8 4.1 0.1 1288.4 0.19 0.34
Buffalo 120.3 10.3 0.2 697.2 0.24 0.38
Casper 121.5 10 0.2 861 0.24 0.39
Cheyenne 114.3 2.3 0.1 154.8 0.19 0.34
Douglas 121.8 14.3 0.2 747.5 0.26 0.41
Evanston 112.5 3.5 0.1 3.1 0.18 0.32
Gillette 122.0 12 0.2 776.9 0.25 0.4
Greybull 126.0 815 0.2 1051 0.34 0.48
Lander 121.3 19.5 0.2 530.5 0.28 0.43
Laramie 117.7 3.1 0.1 780.5 0.17 0.31
Rawlins 117.5 7.3 0.1 588.1 0.2 0.34
Riverton 121.2 17.9 0.2 716.9 0.26 0.41
Rock Springs | 113.6 11.1 0.1 57.7 0.22 0.36
Sheridan 123.4 154 0.2 740.1 0.28 0.43
Worland 129.9 72.2 0.2 1294.8 0.35 0.5
MAX 129.9 81.5 0.2 1294.8 0.35 0.5
MIN 112.5 2.3 0.1 3.1 0.17 0.31
Range 174 79.2 0.1 1291.7 0.18 0.19

For the binder grade PG76-28, all the distresses passed for each climatic zone except for the transverse
cracking as noted in Table 5-6. The transverse cracking passed for only Evanston and Rock Springs

and failed for all the other weather stations. In general, the number of stations failing the transverse

cracking was higher in the PG76-28 than the PG 52-28. This may be attributed to polymers found in

higher grade asphalts, which tended to stiffen higher grade asphalts, thereby making the mix

susceptible to transverse cracking. The higher grade asphalts are also able to significantly resist HMA
permanent rutting. The permanent rutting in the HMA layer failed for all the weather stations except
for Laramie for the PG52-28, but passed for all stations for the PG76-28. It is noted that in as much as
the climate affects the pavement performance, so also does the quality of the binder used. The alligator

cracking shown for PG76-28, however, tends to be unaffected by the changes in the climatic

conditions.
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Table 5.14 Summary of Performance Distresses Using PG76-28

Distress Predicted

AC AC AC
Weather - Surface Bottom Thermal Permanent Permanept
: Terminal Down Up . Deformation
Station : . Fracture | Deformation
IRI Cracking | Cracking (Total
Name o X (Transverse | (AC Only)
(in/mi) (Long. | (Alligator X . Pavement)
. ; Cracking) (in) -
Cracking) | Cracking) (ft/mi) (in)
(ft/mile) (%)

Big Piney 123.3 0.1 0.1 1595.1 0.1 0.24
Buffalo 118.3 0.3 0.1 1114 0.12 0.25
Casper 119.6 0.3 0.1 1289.9 0.12 0.25
Cheyenne 115.1 0.1 0.1 774.3 0.1 0.24
Douglas 118.9 0.4 0.1 1106.8 0.13 0.26
Evanston 109.1 0.1 0.1 45.3 0.1 0.23
Gillette 119.4 0.3 0.1 1164.1 0.12 0.26
Greybull 122.4 2.6 0.1 1567.9 0.16 0.29
Lander 119.4 0.5 0.1 1085.9 0.14 0.28
Laramie 117.3 0.1 0.1 1172.8 0.09 0.22
Rawlins 116.8 0.2 0.1 1049.7 0.1 0.23
Riverton 119.5 0.6 0.1 1231.2 0.13 0.27
Rock Springs | 112.9 0.4 0.1 556.9 0.11 0.24
Sheridan 120.9 0.3 0.1 1220.7 0.13 0.28

Worland 124.7 1.8 0.1 1642.3 0.16 0.3

MAX 124.7 2.6 0.1 1642.3 0.16 0.3
MIN 109.1 0.1 0.1 45.3 0.09 0.22
Range 15.6 2.5 0 1597 0.07 0.08

The terminal IRI plot in Figure 5.5 is as expected with the lower grade binder showing more of the
distress type than the higher grade. For both grades, Greybull and Worland exhibit the highest of the
distress. The trend is also as expected for the longitudinal cracking shown in Figure 5.6 with Greybull
and Worland again showing significantly high plots for the lower grade binder. Comparing the two
binder grades, the difference in the longitudinal cracking between the two is highly observed. This is

because the PG76-28 is a superior binder compared with the PG52-28.
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Figure 5.11 International roughness index values for various weather stations.
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Figure 5.12 Longitudinal cracking values for various weather stations.

As noted previously, the PG76-28, being a superior grade, tends to contain polymers and so makes the
asphalt mix stiffer. Figure 5.7 shows a plot of the transverse cracking. Due to the stiffness experienced
in the higher grade, it is noted that this type of cracking is higher in the higher grade asphalt. This is
the only pavement distress type where this trend tends to occur. As already noted, Evanston exhibits a
significantly low transverse cracking for both asphalt grade types.
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Figure 5.13 Transverse cracking values for various weather stations.

Figure 5.8 is a plot of the alligator cracking. The distress is unaffected by the higher grade asphalt
irrespective of the climate but tends to show some changes for the lower grade. These changes are
however insignificant as the values obtained for the PG52-28 range between 0.1 and 0.2% for all the
available weather stations. Stations with relatively higher elevations indicated 0.1% and lower
elevations exhibited 0.2%.
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Figure 5.14 Alligator cracking values for various weather stations.

The trends shown for the HMA and total pavement rutting shown in Figures 5.9 and 5.10,
respectively, are as expected with the higher grade asphalt exhibiting less of the distress type than the
lower grade one. Greybull and Worland, however, show relatively higher distress values compared
with the other stations. The differences in the two grades for both distresses are markedly observed.
This may be because the stiffness in the higher grade is helping to prevent excessive rutting in the
pavement layers.
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Figure 5.15 HMA rutting values for various weather stations.
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Figure 5.16 Total pavement feformation at various weather stations.

5.3.1.3 Virtual Climate Analysis

In areas where there is a deficiency in weather stations, the MEPDG allows for the creation of a virtual
weather station to compensate for such. This is done by interpolation in the software from a group of
known stations that are presented to the engineer, which are deemed to be in close proximity to the
area in question. To create the virtual stations for the above known stations, the actual latitudes,
longitude, and elevations were entered in the MEPDG Version 1.1. The software then presented a set
of six known stations close to the known coordinates. All stations were selected except the one that
showed the actual station data and coordinates for the interpolation as recommended by the MEPDG.
This was classified as the first set of interpolation using all possible MEPDG stations. A second set of
interpolation was carried out where only stations with similar elevations of +/- 500 ft were selected
from the lot and used for the interpolation. The results of both interpolations were analyzed. Table 5.7
is the pavement performance values generated when using virtual stations. Comparing this table with
that of the actual stations shown in Table 5.5, it was noted that all the distresses passed except for
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transverse cracking and the HMA layer rutting. The number of stations passing in both is similar
except for some that passed for the actual failed, for the virtual, and vice versa. For the HMA rutting,
only the Laramie station passed for both the actual and virtual. Detailed tables of the differences are
included in Appendix D1.

Table 5.15 Pavement Performance —Virtual Station Using All Generated Stations (PG52-28)

Pavement Distress Predicted
AC AC AC
Weather _ Surface Bottom Thermal Permanent Permane_nt
; Terminal Down Up . Deformation
Station . . Fracture Deformation
IRI Cracking | Cracking (Total
Name o X (Transverse | (AC Only)
(in/mi) (Long. | (Alligator . . Pavement)
. : Cracking) (in) .
Cracking) | Cracking) (ft/mi) (in)
(ft/mile) (%)

Big Piney 121.1 4.6 0.1 826.7 0.21 0.36
Buffalo 127.1 5.7 0.1 1496.6 0.22 0.37
Casper 120.6 9.8 0.2 711.3 0.24 0.39
Cheyenne 122.1 18 0.1 1117.7 0.18 0.33
Douglas 119.4 7 0.2 649.9 0.23 0.37
Evanston 117.2 2.5 0.1 339.8 0.19 0.34
Gillette 119.1 7.6 0.2 516.8 0.24 0.39
Greybull 124.3 10.8 0.2 1032.1 0.26 0.41

Lander 120.6 15.6 0.2 672.4 0.25 0.4
Laramie 119.3 1 0.1 864 0.16 0.31
Rawlins 120.2 3.5 0.1 826 0.2 0.34
Riverton 121.2 16.3 0.2 584.8 0.27 0.42
Rock Springs | 119.5 6.3 0.1 751.6 0.21 0.35

Sheridan 126.2 12.3 0.2 1405.7 0.25 0.4
Worland 119.6 20.5 0.2 401.6 0.28 0.43
MAX 127.1 20.5 0.2 1496.6 0.28 0.43
MIN 117.2 1 0.1 339.8 0.16 0.31
Range 9.9 19.5 0.1 1156.8 0.12 0.12

Table 5.8 shows the annual climate statistics for the virtual weather stations using interpolation of all
the neighboring actual weather stations. No large significant difference was observed between this and
the actual shown in Table 5.1 except for the freezing index where some considerable differences were
noted. Detailed differences are highlighted in Appendix D2.

48



Table 5.16 Climate Statistics Using All Neighboring Stations

Annual Climate Statistics

Weather Mean | Mean . Average
Station annual air | annual .Freez'[,‘g Annual
Name temperature | rainfall mSex (_F' Number of

CF): (in): ays): Freeze/Thaw
Cycles:
Big Piney 40.9 11.68 1655.95 134
Buffalo 43.06 12.8 1459.03 154
Casper 45.47 10.7 1124.28 131
Cheyenne 43.7 13.32 1233.91 144
Douglas 47.04 11.33 887.24 121
Evanston 40.54 14.13 1676.79 116
Gillette 47.05 12.75 875.94 119
Greybull 47.26 12.46 1006.47 116
Lander 45.02 8.82 1312.4 131
Laramie 41.44 12.94 1398.28 146
Rawlins 41.73 10.94 1486.62 136
Riverton 45.13 11.28 1268.94 138
Rock Springs 41.31 9.25 1609.43 130
Sheridan 48.15 10.9 872.54 111
Worland 47.39 9.87 1080.04 114
MAX 48.15 14.13 1676.79 154
MIN 40.9 8.82 872.54 111
Range 7.25 5.31 804.25 43

Table 5.9 shows the pavement distresses generated using virtual stations generated by interpolation
using neighboring stations that are similar in heights, considering a +/- 500 ft difference. This was also
based on the input screen shown in Appendix Al but selecting only the stations falling within the
above elevation range. It can also be noted from the table that all the distresses passed except for
transverse cracking and the HMA layer rutting. All the stations failed for the HMA rutting while there

was equal proportion of pass and fail on the transverse cracking.
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Table 5.17 Pavement Distresses Using Similar Elevations (PG52-28)

Distress Predicted

AC AC AC
Weather _ Surface Bottom Thermal Permanent Permane_nt
: Terminal Down Up . Deformation
Station : . Fracture | Deformation
IRI Cracking | Cracking (Total
Name Lo . (Transverse | (AC Only)
(in/mi) (Long. | (Alligator X . Pavement)
. . Cracking) (in) :
Cracking) | Cracking) (ft/mi) (in)
(ft/mile) (%)

Big Piney 112 55 0.1 4.6 0.19 0.33
Buffalo 120.6 7.3 0.2 809.5 0.22 0.37
Casper 120.8 94 0.2 735.6 0.24 0.39
Cheyenne 115.5 1.9 0.1 382.1 0.18 0.32
Douglas 120.3 10.3 0.2 724.1 0.24 0.39
Evanston 122.2 9 0.1 1072.4 0.21 0.35
Gillette 119.4 9.6 0.2 530.2 0.24 0.39
Greybull 125.8 24.3 0.2 1024.3 0.29 0.45
Lander 121.2 18.2 0.2 702.7 0.26 0.41
Laramie 118.3 5.8 0.1 775.7 0.19 0.33
Rawlins 112.5 53 0.1 99.4 0.19 0.32
Riverton 121.3 19.3 0.2 537.5 0.28 0.43
Rock Springs | 120.1 4.9 0.1 986.4 0.18 0.32
Sheridan 126.4 15.6 0.2 14114 0.25 0.4
Worland 125.2 325 0.2 1059.7 0.29 0.44
MAX 126.4 325 0.2 1411.4 0.29 0.45
MIN 112 4.9 0.1 4.6 0.18 0.32
Range 144 27.6 0.1 1406.8 0.11 0.13

The climate statistics shown in Table 5.10 have been generated for virtual weather stations

interpolated using similar elevations. A detailed table of differences has been included in Appendix

D2. Similar tables have been produced for the primary and secondary systems highlighting the
significant differences between the data obtained using interpolation based on all the neighboring

stations and that using similar elevations. These are included in Appendix D3 and D4, respectively. A
statistical analysis of the data obtained for the different classes of road has been carried out and are
presented in the subsequent sections. The variability in all the climate variables is minimal except for

the freezing index.
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Table 5.18 Climate Statistics Using Similar Elevations

Annual Climate Statistics
Weather Mean Mean Freezing AA\:]er:ng
Station Name | annualair -\ annual 0 (°F- | Number of
temperature ral_nfall days): Ereeze/Thaw

CF): (in): Y |

Cycles:
Big Piney 43.29 8.03 1238.36 117
Buffalo 45.98 10.98 1028.5 138
Casper 45.36 10.73 1146.45 138
Cheyenne 46.81 12.74 877.67 157
Douglas 47.26 10.56 885.43 128
Evanston 38.84 7.84 2098.26 144
Gillette 47.01 12.2 897.47 123
Greybull 46.13 11.78 1175.34 150
Lander 45.2 8.4 1315.33 121
Laramie 42.2 7.98 1390.44 152
Rawlins 43.92 7.91 1128.66 138
Riverton 45.8 11.36 1187.27 124
Rock Springs 40.77 8.04 1660.99 137
Sheridan 46.61 9.43 1180.55 116
Worland 45.27 8.15 1432.15 133
MAX 47.26 10.56 2098.26 157
MIN 38.84 7.84 897.47 116
Range 8.42 2.72 1200.79 41

5.4 Statistical Analysis
The statistical analysis performed on the output data sort to investigate two things:

1. To determine if there is a difference between the interpolated values and the actual values of
the pavement distresses and annual climate statistics using bootstrapping.

2. Where there are observed differences between interpolated and actual values for the distresses,
use p-values calculations to determine how they correlated with the annual climate factors as
regressor variables. These regressor variables are further defined in the subsequent section.

For the bootstrap confidence intervals, when it was observed that zero was within the interval, it was
concluded that there was no significant difference between interpolated and actual values, and for the
p-values calculations, values less than 0.05 are deemed to be significant or important in predicting the
pavement distress type. Since one of the objectives of this study was to investigate how climate
impacted pavement performance, it was imperative that the annual climate variables be used as the
regressor variables in the regression model for the p-values calculations. This analysis has been
applied to all the different classes of road analyzed in this study. The following section explains the
regression model and terms used in the p-values determination.
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5.4.1 Regression Models for P-values Calculations

In all cases, the data set considered the actual, interpolated using all generated neighboring stations,
and interpolated using stations that are similar in elevations. Two scenarios were analyzed using the
bootstrap and p-values calculations. Scenario 1 was between the actual and interpolated using all
neighboring stations and Scenario 2 was between actual values and interpolated values using similar
heights. This was applied to the actual differences between interpolated and actual distress values and
also on the percentage change between interpolated and actual.

The general model developed to explain observed differences from the bootstrapping:

Yi = o + f1Xin + foXiz +f3Xiz +BaXis + &
E{Y} = o+ P1Xy + BoXo +f3Xs +4X4
Where:

Y = response variable (pavement performance distresses as defined in section below).
X1, Xa, X3, X4 = predictor variables (annual climate variables as defined in section below).

5.4.1.1 Explanation of Regression terms

In this analysis, the response variables (Y) are the pavement distresses: International Roughness Index
(IRI), Transverse Cracking (TC), Alligator Cracking (AC), Longitudinal Cracking (LC), AC Rutting
(ACR), and Total Rutting (TR), the predictor variables (X) are Annual Rainfall (AR), Annual
Temperature (AT), Freezing Index (FI), and Freeze/Thaw Cycle (FT). Based on the general regression
model, a total of 12 regression models were developed:

International Roughness Index (IRI)
AIRI 5 = fo + P1AAR.; + PoAATy o + PoAFL 5 + PuAF Ty,
AIR[l_g = ﬂo + ﬁ]_AARl_g, + ﬁzAAT1_3 + ﬁ3AFIl_3 + ,B4AFT1_3

Where:

AIRI;., = Difference/Percent Change between virtual IRI-2 and actual IRI-1
AIRI, 3 = Difference/Percent Change between virtual IRI-3 and actual IRI-1
AAR;, = Difference/Percent Change between virtual AR-2 and actual AR-1
4A4R; 3= Difference/Percent Change between virtual AR-3 and actual AR-1
AAT, , = Difference/Percent Change between virtual AT-2 and actual AT-1
AAT, 3 = Difference/Percent Change between virtual AT-3 and actual AT-1
AFI,., = Difference/Percent Change between virtual FI-2 and actual FI-1
AFT, 3= Difference/Percent Change between virtual FI-3 and actual FI-1
AFT, , = Difference/Percent Change between virtual FT-2 and actual FT-1
AFT,.3 = Difference/Percent Change between virtual FT-3 and actual FT-1

The designations 1, 2, and 3 represent actual, interpolated based on all stations and interpolated based
on stations with similar elevations, respectively. (See tables in Appendix D).
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Transverse Cracking (TC)
ATCr2= o + PrAdAR1; + Pod AT 5 + PsAFL1 + fsdF Ty,
ATCyr3= Po + prdAR 3 + PodAT 3+ P3AF 3 + PudF T3

Where:
ATC,., = Difference/Percent Change virtual TC-2 and actual TC-1
ATC,; = Difference/Percent Change between virtual TC-3 and actual TC-1
All other terms as defined for the IRI.
Alligator Cracking (AC)
AAC12= Po + PrAAR 2 + BoAAT 2+ PsAFT 5 + BaAFT:
AACy 3= Po + PrAAR 5 + Pod ATy 5 + BAFL 5 + PiAF Ty 5

Where:
AAC;., = Difference/Percent Change between virtual AC-2 and actual AC-1
AAC,.; = Difference/Percent Change between virtual AC-3 and actual AC-1
All other terms as defined for the IRI.
Longitudinal Cracking (LC)
ALCyrp = Po + prdAR1p + PoAAT o + P3AF 5 + PuAFT:
ALCy5= o + PrdARy5 + PoAAT 5+ PaAFl 5 + PBaAFTys

Where:
ALC,., = Difference/Percent Change between virtual LC-2 and actual LC-1
ALC,.3 = Difference/Percent Change between virtual LC-3 and actual LC-1
All other terms as defined for the IRI.
AC Rutting (ACR)
AACRy, = fo + PrdARy 5 + PoAAT1 5 + BAFL 5 + BaAF T
AACRy3=Po + PrdARy 3 + BoAATy 5+ BoAFI 5 + BaAF Ty 5

Where:

AACR., = Difference/Percent Change between virtual ACR-2 and actual ACR-1
AACR 3 = Difference/Percent Change between virtual ACR-3 and actual ACR-1
All other terms as defined for the IRI.
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Total Rutting (TR)
ATR12= Po + PrAdARy 2 + odAT1 5 + BAF T 5 + BudF T,
ATR1.3= Po + PrA4AR1 3 + PoAAT 3+ PaAFI 3 + BadF Ty 3

Where:

ATR., = Difference/Percent Change between virtual TR-2 and actual TR-1
ATRy.; = Difference/Percent Change between TR-3 and actual TR-1

All other terms as defined for the IRI.

5.4.1.2 Coefficient of Multiple Determination (R? and Adjusted R?)

In analyzing the p-values calculations to determine the level of significance that the climate regressors
have on the response distress variables, the coefficient of multiple determination (R?) and the adjusted
coefficient of multiple determination (Adjusted R?) will also be analyzed for models that show
significance in overall p-values but not for individual regressor p-values. The R? value for a regression
analysis measures the proportionate reduction of the total variation in the response variable Y
associated with the use of a set of predictor variables X. The value of the R? is between 0 and 1. The
more the value approaches 1, the better the response Y observations tend to fall directly on the fitted
regression model. However, a large value of R? does not necessarily imply that the fitted regression
model is a useful one since large X variables will increase the R* value, hence the use of the adjusted
R? value, which tends to adjust for the number of predictor X variables (Kutner, Nachtsheim & Neter
2004). The adjusted R? is always smaller than the R?as it tends to penalize for an excess number of
predictor variables that do not contribute to the explanatory power of the regression model. For poorly
fitting models, the adjusted R2 value could even become negative.

5.4.1.3 Coefficient of Correlation

The coefficient of correlation is a measure of the association between the response variable Y and the
predictor variables X. It is given by the equation r = +/- (R%. The value of r is between -1 and 1
(Kutner, Nachtsheim & Neter 2004).

5.4.2 Interstate System

One data set considered the difference between the actual and the two methods of interpolation while
the other used the percentage change between the actual and the interpolated values.

5.4.2.1 Confidence Intervals and P-values Calculations on Differences

Table 5.11 shows the bootstrap confidence intervals and the mean on the actual differences between
virtual distresses and actual distresses. All the terms are as defined previously. Distresses that show no
significant difference between the virtual and the actual are shown in bold and so are statistically
equal. The IRI, AC, and TC all show no significant difference between the actual and virtual values.
All the other distress types, however, show significant differences.
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Table 5.19 Confidence Intervals for Performance Parameters using Differences

Performance 95% Confidence Intervals
Distress Mean
Lower Bound | Upper Bound
AIRT, -0.6517 -2.9135 1.7868
AIRI; 3 0.3984 -2.0667 2.9602
ALCy., 10.7875 2.3532 22.2867
ALCy3 6.9787 0.0467 16.6338
AAC;., 0.0067 0 0.02
AAC3 0 0 0
ATC,, -125.227 -362.04 116.2707
ATCy3 -38.8147 -318.838 249.5932
AACRy, 0.0174 0.0047 0.032
AACRy3 0.0133 0.0007 0.0253
ATR;, 0.0154 0.0027 0.03
ATR; 3 0.0133 0.002 0.0253

For the annual climate statistics shown in Table 5.12, it is noted that statistically, there is no significant
difference between actual and virtual stations for all the annual climate parameters irrespective of the
method of interpolation used. It was however observed that the range of confidence interval for the
Freezing Index (FI) based on both methods of interpolation is significantly high as was also observed
for the Transverse Cracking (TC) in Table 5.11 previously.

Table 5.20 Confidence Intervals for Climate Statistics using Differences

Climate 95% Confidence Intervals
. Mean
Variable
Lower Bound | Upper Bound

AAR;., -1.0537 -2.4248 0.1747
AAR;3 0.7607 -0.6861 1.9921
AAT, 0.432 -0.6074 1.4147
AAT3 0.069 -1.0428 0.9927
AFIy, -11.3319 -191.232 176.0283
AFI 3 12.2038 -178.339 235.6568
AFTy, -4.6217 -13.1333 4.0667
AFTy3 -9.6439 -20.3333 0.8000

Table 5.13 shows the p-values calculation using the differences between interpolated and actual and
based on the regression models from the previous section. Individual and overall p-values less than
0.05 are shown in bold and indicate importance or significance in predicting the pavement distress. All
the terms in the table are as previously defined. As noted, only the Annual Temperature (AAT;.p) IS
significant for predicting the Total Rutting (ATR;.,). All the others do not show any significance in
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predicting any of the distresses but the overall p-value for AIRI,., regression is marginally significant
but it is very significant for the models of AIRI,.; and ATCy 5. These also show significant R? and
adjusted R?. The coefficient of correlation calculation for these two models is also significantly high
implying some degree of correlation among the predictor climate variables. Further statistical analysis
using the correlation matrix method confirms that there is a high degree of multi-collinearity among
the regressor climate variables: freezing index, annual temperature and freeze/thaw cycle. The Annual
Temperature ((AAT..3) and Freezing Index (AFIy.3) are significant in predicting the AC Rutting
(AACR;.3). Results for interpolation using similar elevation show high significance in p-values than
for that using all the available stations for interpolation.

Table 5.21 P-Values Calculations Using Differences

Performance P-Values Overall R? Adjusted

Parameter P-values R?
AAR AAT1, | AFI, | AFT1

AIRI;., 0.756 0.865 | 0.489 | 0.948 | 0.0445 | 0.5925 0.4295
ATCy. 0.796 0.437 | 0.867 | 0.476 | 0.0871 | 0.5257 0.336
AAC;, 0.632 0.682 | 0.787 | 0.772 | 0.6217 | 0.2137 -0.1008
ALCy., 0.2405 | 0.1364 | 0.0842 | 0.3323 | 0.0567 | 0.5699 0.3978
AACRy, 0.7829 | 0.0729 | 0.1239 | 0.0756 | 0.1955 | 0.4257 0.196
ATR, 0.8076 0.044 | 0.0729 | 0.0579 | 0.1344 | 0.4752 0.2652

Performance P-Values Overall R? Adjusted

Parameter P-values R?
AARl.g AAT1.3 AF11.3 AFT1.3

AIRI 5 0.348 0.827 0.119 | 0.778 | 0.0017 | 0.7975 0.7165
ATCy3 0.945 0.564 0.446 | 0.624 | 0.0043 | 0.7535 0.6549
AAC,3 na na na na na na na
ALCy3 0.7234 0.079 | 0.0595 | 0.988 | 0.0584 | 0.5669 0.3937
AACR 3 0.3198 | 0.0169 | 0.0225 | 0.3698 | 0.1262 | 0.4829 0.2761
ATR 5 0.0664 | 0.1884 | 0.2598 | 0.3561 | 0.3304 0.344 0.0816

Table 5.14 was derived after further statistical analysis to eliminate the multi-collinearity in the
predictor climate variables. And by using model selection method, further regression analysis was
done to determine the significance in the p-values after the elimination of the multi-collinearity.
Except the alligator cracking which is a load related distress, one or more of the climate variables
showed high significance in predicting the pavement performance parameters. The major ones were
the AT and the FI as noted in Table 5.14 for the interstate system.
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Table 5.22 Significant Climate Variables for Interstate System
Performance | P-Values O\\I/ZE!SP_ R? Adjusted R?
Parameter

AAR;, AAT, AFIy, AFTy,
AIRI;, - - 0.00096 - 0.00096 | 0.5806 | 0.5484
ATCy, - 0.00489 - - 0.00489 | 0.4684 | 0.4275
AAC, 0.632 0.682 0.787 0.772 0.6217 0.2137 | -0.1008
ALCy, - 0.0374 0.0127 - 0.0200 0.479 | 0.3921
AACR; ., - 0.0380 0.0464 0.0639 0.09946 | 0.4211 | 0.2632
ATR; - 0.0306 0.0420 0.0373 0.0625 0.4719 | 0.3279
Eg:;?]:g:z?ce P-Values O\\I/ZEQSP' R? Adjusted R?

AAR; 3 AAT 3 AFIy3 AFTy3
AIRI; 3 - - 0.000018 - 0.000018 | 0.7683 | 0.7505
ATCy.3 - - 0.000039 - 0.000039 0.74 0.72
AACy3 na na na na na na na
ALCy3 - 0.00283 | 0.00209 - 0.007239 | 0.5602 | 0.4869
AACR3 0.1392 0.0183 0.0166 - 0.0862 0.4373 | 0.2839
ATR;.3 0.0665 0.0236 0.0193 - 0.1128 0.4063 | 0.2444

5.4.2.2 Confidence Intervals and P-values Calculations Using Percentage Change

The same analysis was carried out based on the percentage change between the pavement performance
parameters generated by actual weather stations and that by virtual stations to determine the mean and
confidence intervals shown in Table 5.15. The values shown in bold indicate that there is no
significant difference in mean between interpolated and actual values. This indication is, however,
more prominent for values obtained by similar elevations. For the annual climate statistics shown in
Table 5.16, all the climate parameters show no significant difference except for annual rainfall and
freeze/thaw cycle.
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Table 5.23 Confidence Intervals on Percentage Change

Performance Mean 95% Confidence Intervals
Parameter Lower Bound | Upper Bound
AIRIy., 0.0066 -0.0125 0.0254
AIRIy.3 -0.0025 -0.0238 0.0186
ALCy, -0.363 -0.497 -0.2258
ALCy3 -0.0198 -0.2734 0.2943
AAC;, -0.0334 -0.1 0
AAC;3 0 0 0
ATCy, 8.5862 0.1123 23.3871
ATCy3 23.9423 -0.1283 71.108
AACRy, -0.0561 -0.10334 -0.0141
AACR;3 -0.0415 -0.0888 0.0094
ATRy, -0.0324 -0.0639 -0.0027
ATRy3 -0.0301 -0.0585 0.0002
Table 5.24 Confidence Interval Using Percentage Change
CIir_na_te . 95% Confidence Intervals
Statistics Lower Bound | Upper Bound
AAR;, 0.166 0.0049 0.3704
AAR; 3 -0.0143 -0.1662 0.1973
AAT, -0.0083 -0.0304 0.0163
AAT3 -0.0005 -0.0238 0.0273
AFIy, 0.0637 -0.0847 0.2222
AFIy3 0.0315 -0.0905 0.1561
AFTy, 0.0473 -0.0218 0.1147
AFTy3 0.0926 0.0035 0.1833

Table 5.17 is the p-values table based on using the percentage change of the mean between
interpolated and actual values. The regression model for the AIRI;., shows a significant overall p-value
with no individual p-value being significant. The model also indicates a large R as well as a
significant coefficient of correlation value. The ALCy., model, as noted, is highly influenced by the
AAR;.,, AATy.,, and AFTy,. This is also reflected in the overall p-values and R? value. The AIRI; 3
model indicates that the AAR;.3 and AFI, 3 are significant in predicting the IRI. The R? value for this
model is larger than that for the AIRI;.,, hence the model using the interpolation based on similar
heights is highly correlated than the model based on the all, interpolation method.
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Table 5.25 P-Values Calculations Using Percentage Change

Performance P-Values Overall P- Rz | Adjusted
Parameter values R?
AAR1> | AAT, | AFl, | AFT1,
AIRI, 0.1918 | 0.688 | 0.0535 | 0.3857 0.0097 0.7077 | 0.5907
ATCq, 0.893 0.934 0.951 0.59 0.8555 0.1148 | -0.2393
AAC, 0.2751 | 0.2682 | 0.0667 | 0.3833 0.1937 0.427 0.1978
ALC1 0.0099 | 0.0287 | 0.843 | 0.0112 0.0056 0.7397 0.6356
AACR1., 0.229 0.1201 | 0.9509 | 0.0577 0.1152 0.4939 0.2915
ATR1. 0.6012 | 0.1063 | 0.5647 | 0.1323 0.1569 0.4555 0.2376
Performance P-Values Overall P- Rz | Adjusted
Parameter values R?
AAR13 | AAT3 | AFl3 | AFT13
AIRI 3 0.0449 | 0.7746 | 0.0122 | 0.2005 0.0003 0.8609 | 0.8052
ATCq3 0.995 0.295 0.251 0.275 0.0718 0.5461 0.3646
AACy3 na na na na na na na
ALC13 0.6785 | 0.0491 | 0.0659 | 0.8773 0.1022 0.5079 0.3110
AACR3 0.6633 0.128 | 0.2034 | 0.7697 0.4246 0.2979 0.0171
ATR 3 0.2977 | 0.1213 | 0.1222 | 0.8332 0.472 0.2766 | -0.0127

5.4.3 Primary System

Table 5.18 shows the confidence intervals calculated for the primary road using the differences
between actual and interpolated stations. All the distresses show no significant difference using at least
one of the two types of interpolation, except the rutting models that show significant difference using
both methods of interpolation. For most of the models generated in Table 5.19, the significance in
their overall p-values is also reflected in their respective high R? and adjusted R? values. It can also be
noted that most of the results in Table 5.19 give significantly higher p-values for interpolation using

similar elevations than for the one using all the neighboring stations.
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Table 5.26 Confidence Intervals on Differences

Performance Mean 95% Confidence Intervals
Parameter Lower Bound | Upper Bound
AIRI, -1.6114 -4.1935 0.5467
AIRI; 3 0.2738 -3.1335 3.7537
ALCy, -1.233 -19.735 17.6017
ALCy3 12.2246 -7.8683 30.6683
AACy, 0.4048 -0.0133 1.2267
AACy 3 0.4435 0.0133 1.2468
ATCy, -239.473 -508.4488 -30.7918
ATCy3 -54.6112 -426.6638 332.022
AACRy, 0.008 0.002 0.0147
AACRy 3 0.006 0.0013 0.0107
ATRy, 0.0086 0.0013 0.016
ATRy3 0.0086 0.002 0.0154

Table 5.27 P-Values Calculations on Differences for Primary System

Performance P-Values Overall P- | o Adjusted
Parameter values R?
AAR1, | AAT, AFli, | AFT.,
AIRI 0.12 0.23 0.114 0.439 0.0721 0.5458 0.3641
ATCy, 0.328 0.516 0.283 0.849 0.3512 0.3333 0.0666
AAC, 0.533 0.151 0.281 0.128 0.4201 0.3 0.02
ALCy, 0.00006 | 0.8958 | 0.4642 | 0.0064 0.0003 0.8595 0.8033
AACR., 0.6204 | 0.0256 | 0.0312 | 0.0673 0.0794 0.5357 0.35
ATR1. 0.1791 | 0.0015 0.008 | 0.0368 0.0031 0.7711 0.6795
o o | A
AAR13 | AAT3 AFIi3 AFT13
AIRI 5 0.453 0.829 0.113 0.375 0.00004 0.9065 0.8691
ATCy5 0.815 0.368 0.428 0.59 0.0002 0.8762 0.8267
AAC13 0.848 0.607 0.665 0.506 0.9115 0.0864 -0.2791
ALCy3 0.0021 | 0.6032 | 0.3071 | 0.2067 0.0056 0.74 0.636
AACR3 0.9842 | 0.0518 | 0.0851 | 0.1086 0.1416 0.4687 0.2562
ATR13 0.0857 | 0.0097 | 0.0034 | 0.4535 0.0084 0.7163 0.6029
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Table 5.20 was derived by carrying out a model selection method to determine and drop variables as a
result of high multi-collinearity. The table shows the climate variables that are of most significance or
importance in predicting the pavement performance. None of the climate variables are significant in
predicting the alligator cracking because it is a load-related distress. In the primary system also, the
annual temperature and freezing index are the most common climate variables for predicting the
pavement performance.

Table 5.28 Significant Climate Variables for Primary System

e ot [ [
AAR AAT, AFI, AFT»
AIRI, ., - - 0.0218 - 0.02181 0.3429 0.2924
ATCy, - - 0.0582 - 0.05819 0.2492 0.1914
AACq, 0.533 0.151 0.281 0.128 0.4201 0.3 0.02
ALC1 0.00002 - - 0.00104 | 0.00005 0.8076 0.7755
AACRy, - 0.0205 0.0199 0.0410 0.03689 0.5236 0.3937
ATR, - 0.00255 0.00102 0.02071 | 0.002105 0.7233 0.6479
Performance P-Values Overall P- R? Adjusted
Parameter values R?
AAR 3 AAT 3 AFIy 3 AFTq3
AIRI 5 0.0295 - 0.000003 - 0.000002 0.8972 0.8801
ATCq3 - 0.000001 - - 0.000001 0.8507 0.8392
AACq; 0.848 0.607 0.665 0.506 0.9115 0.0864 -0.2791
ALCq3 0.0003 - - - 0.0003 0.6561 0.6296
AACRy 3 - 0.01352 0.01542 0.0679 0.0645 0.4687 0.3238
ATR 5 0.02934 | 0.00904 0.00215 - 0.0033 0.6991 0.617

Table 5.21, on the other hand, is the bootstrap confidence interval based on the percentage change
values. Here also many of the performance distress parameters indicate no significant difference. All
values resulting from interpolation using similar heights show no difference except for the total
pavement rutting that show significant differences for both methods of interpolation. Table 5.22 shows
the results of the p-values calculation using the percentage change values. The overall p-values are
large for ALCy.5, AIRI;.3 ATCy.5 ALCy.3 and ATRy.5. The R? and adjusted R* values also reflect large
values, indicating a significant relation between pavement performance and climate variables.
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Table 5.29 Confidence Interval Using Percentage Change

Performance Mean 95% Confidence Intervals
Parameter Lower Bound | Upper Bound
AIRIy, 0.0143 -0.004 0.0377
AIRI; 3 -0.0006 -0.0291 0.0289
ALCy, 0.0139 -0.0391 0.0741
ALCy3 -0.0281 -0.0816 0.0365
AAC;., -0.0674 -0.193 0.0162
AAC;3 -0.0951 -0.2179 -0.0136
ATCy, 0.7323 0.0188 2.0498
ATCy3 0.6697 -0.138 2.1466
AACRy, -0.0464 -0.0852 -0.0039
AACRy3 0.0197 0 -0.0404
ATR;, -0.0255 -0.0482 -0.0036
ATRy3 -0.0259 -0.0487 -0.0022

Table 5.30 P-Values Calculations Using Percentage Change

Performance P-Values Overall P- 2 Adjusted
R 2
Parameter Values R
AARl.z AAT]_.Z AFI]_.Q AFT]_.Q
AIRI; ., 0.652 0.896 0.818 0.454 0.2136 0.413 0.1782
ATCq., 0.891 0.928 0.946 0.589 0.8682 0.1087 -0.2478
AAC1, 0.2661 0.2433 0.3698 0.6077 0.3539 0.332 0.0647
ALCq., 0.000154 | 0.009136 | 0.067929 | 0.077858 | 0.000016 0.9223 0.8913
AACR. 0.8234 0.262 0.6072 0.2951 0.3595 0.3292 0.0608
ATR., 0.8081 0.4571 0.4731 0.6066 0.3139 0.3528 0.09387
Performance P-Values Overall P- R? Adjusted
Parameter values R?
AAR1.3 AAT1.3 AFI]_.g AFTl.g
AIRI; 3 0.0694 0.7722 0.0107 0.9431 0.0000084 0.9317 0.9043
ATCq3 0.976 0.361 0.241 0.294 0.04853 0.5846 0.4184
AAC3 0.0582 0.0761 0.0577 0.7057 0.1877 0.4314 0.2039
ALCq3 0.0283 0.3755 0.8249 0.4897 0.006292 0.7333 0.6267
AACR;3 0.9644 0.0675 0.1851 0.1994 0.0887 0.5237 0.3331
ATR 3 0.1744 0.1342 0.0333 0.6092 0.04899 0.5837 0.4172
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5.4.4 Secondary System

Table 5.23 shows the mean and confidence interval raw differences for performance distresses
generated using actual weather stations and that use interpolations. Most of the distresses in the table
show statistical equivalence, be it using all the neighboring stations for interpolation or selecting only
stations that have similar elevations.

Table 5.31 Confidence Interval on Differences

Performance 95% Confidence Intervals
Parameter Mean
Lower Bound | Upper Bound
AIRT, -2.6096 -5.0467 -0.4532
AIRI 3 -0.4464 -3.9668 3.274
ALCy., -8.4634 -27.2733 1.6133
ALCy3 1.4914 -0.3002 3.2533
AAC;., -0.0134 -0.04 0
AACy 3 0 0 0
ATCy. -243.029 -529.758 -6.5047
ATC,3 -86.3897 -493.741 319.2743
AACRy, 0.004 0 0.08
AACRy3 0.0033 0.0013 0.006
ATR;, -0.00002 -0.0093 0.0073
ATRy3 0.0033 -0.0007 0.0073

Table 5.24 shows the p-values calculated from the regression analysis using the differences generated
for the weather stations and pavement distresses for actual and interpolated weather stations for the
secondary road system. Where overall p-values are observed to be significant but not in the individual
regressor p-values, there exist high multi-collinearity among the regressor variables. Further statistical
analysis was carried out to produce Table 5.25.
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Table 5.32 P-values on Differences for Secondary System

Regression Analysis

Performance P-Values Overall ) Adjusted
R 2
Parameter P-values R
AAR1, | AAT1, | AFl, | AFT1,
AIRIy, 0.1764 | 0.4126 | 0.1741 | 0.6298 | 0.0688 0.5505 0.3708
ATCy 0.366 0.814 | 0.428 | 0.883 0.3452 0.3364 0.0709
AACy, 0.847 0.436 | 0.581 | 0.383 0.8815 0.1022 -0.257
ALC1.» 0.99 0.436 | 0.568 | 0.435 0.9186 0.0824 -0.2846
AACR;., 0.3314 | 0.076 | 0.161 | 0.0629 | 0.1528 0.4589 0.2425
ATR;, 0.85 0.142 | 0.127 | 0.186 0.1845 0.4337 0.2072
Performance P-Values Overall 2 Adjusted
R 2
Parameter P-values R
AAR13 | AAT13 | AFl; 3 | AFT4
AIRI; 5 0.739 0.402 | 0.323 | 0.642 | 0.00008 0.8914 0.848
ATCy.3 0.691 0.265 | 0.544 | 0.645 0.0001 0.8782 0.8295
AAC3 na na na na na na na
ALCy.3 0.0313 | 0.4247 | 0.3009 | 0.6916 | 0.1203 0.4887 0.2842
AACR; 3 0.3618 | 0.1604 | 0.0884 | 0.1036 | 0.1235 0.4856 0.2798
ATRy3 0.0246 | 0.0008 | 0.0002 | 0.4336 | 0.0004 0.8485 0.7878

Table 5.25 shows the variables that have the most effect in predicting the performance parameter.
These variables were determined after multi-collinearity had been determined and removed. The
resulting climate variables were obtained by using the method of model selection. As noted from the
table, annual temperature and freezing index are the two climate parameters that are common in
predicting the performance parameter, except for the alligator cracking. In Table 5.26, the mean and
confidence intervals are based on the percentage change between distresses from actual stations and
that based on interpolated stations. Distresses based on similar elevation interpolation show more

statistical equivalence than those based on interpolation using all the neighboring stations.
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Table 5.33 Significant Climate Variables for Secondary System

Ezlt;?]:rerlz?ce P-Values Overall P- R Adjuzsted
AARy, | AAT:, AFl., | AFT,, | Vvalues R
AIRI ., - - 0.0093 - 0.0093 0.4169 0.3721
ATCy, - - 0.0455 - 0.04547 0.2735 0.2176
AAC, 0.847 0.436 0.581 0.383 0.8815 0.1022 -0.257
ALCq, 0.99 0.436 0.568 0.435 0.9186 0.0824 -0.2846
AACR1.» - 0.0290 0.0351 0.0837 0.1164 0.4025 0.2396
ATR1. - - 0.0497 - 0.0497 0.2648 0.2082
Performance P-Values Overall P- R? Adjusted
Parameter AARLs AATL3 AFl,5 AFT., | Values R?
AIRI; 3 - 0.0000003 - - 0.0000003 | 0.8748 0.8652
ATCy5 - 0.0000008 - - 0.0000008 | 0.8554 0.8443
AAC; na na na na na na na
ALCq3 0.0102 - - - 0.01024 0.4091 0.3637
AACR3 - - - 0.0620 0.0620 0.2429 0.1846
ATR13 0.0066 0.0006 0.0001 - 0.0001 0.8384 0.7943

Table 5.34 Confidence Interval on Percentage Change

Performance Mean 95% Confidence Intervals
Parameter Lower Bound | Upper Bound
AIRI, 0.0226 0.0039 0.0446
AIRIy 3 0.0051 -0.0242 0.0343
ALC,, 0.1719 -0.0294 0.5357
ALCy3 -0.0278 -0.0639 0.0107
AAC, 0.0666 0 0.2
AAC3 0 0 0
ATCy, 0.9622 0.0188 2.7158
ATC4 1.0421 -0.1208 3.0841
AACR, -0.0521 -0.1156 0.0111
AACR 3 -0.0568 -0.1017 -0.0167
ATR, 0.0018 -0.0275 0.0392
ATR 3 -0.0124 -0.0286 0.0039
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Table 5.27 shows p-values calculated from regression analysis using the percentage change generated
for the weather stations and pavement distresses using actual and interpolated weather stations. Only
the AT indicates significance in the prediction of the ACR. There is also a significant overall p-value
with a high R? value, but the adjusted R? is marginal. The IRI in the second part of Table 5.27 has a
high overall p-value, but none of the individual explanatory variables show any significance in
predicting the IRI. The corresponding R? and adjusted R? values indicate a high degree of goodness of
fit from the variables. As stated in the previous section, this may be due to the high degree of
correlation among the explanatory variables.

Table 5.35 P-values Using Percentage Change

Performance P-Values Overall Adjusted

Parameter P-values R?
AAR1, | AAT1, | AFl, | AFT

AIRIy., 0.857 0.758 | 0.956 | 0.436 0.1681 0.4464 | 0.2249
ATCy, 0.884 0.939 | 0.947 | 0.599 0.8662 0.1097 | -0.2464
AAC,, 0.538 1.000 | 0.654 | 0.459 0.9428 0.0677 | -0.3053

ALCy, 0.621 0.917 0.59 0.47 0.96 0.0556 -0.3222
AACRy., 0.6361 | 0.0056 | 0.0918 | 0.2209 0.025 0.6411 0.4976
ATR1. 0.591 0.896 0.996 | 0.413 0.4573 0.2832 -0.0036
Performance P-Values Overall 2 Adjusted
Parameter P-values R R?
AAR13 | AAT13 | AFl13 | AFT13
AIRI 5 0.383 0.279 0.128 0.85 0.00008 0.8927 0.8498
ATCy3 0.987 0.343 0.241 | 0.287 0.0517 0.5787 0.4101
AAC; na na na na na na na
ALCy3 0.242 0.565 0.829 | 0.867 0.1656 0.4483 0.2277
AACR3 0.1687 0.17 0.0731 | 0.0334 0.149 0.4622 0.247
ATR 3 0.507 0.482 0.149 | 0.735 0.1243 0.4848 0.2787

5.5 Summary of Statistical Analysis

Using the bootstrapping on the differences, it was observed that for the interstate system the IR,
alligator cracking and transverse cracking showed no significant difference using any of the
interpolation methods. The other distresses did, however, show some differences even though the
range was minimal. On using the percentage difference, all the distresses showed no significant
change except for the transverse cracking, AC, and total rutting, which showed significant difference
for the interpolation using all the stations. On the climate, no significant difference was noted for the
climate variables for both data sets except for annual rainfall and freeze/thaw in the percentage change
data set. For the p-values calculations based on the differences, only the models for the IRI and the
transverse cracking were deemed to be a good fit having a significant R? and adjusted R? values. Using
the percentage data set, the IRI for both methods of interpolation and the longitudinal cracking are
good fits. The IRI using interpolation by similar elevations showed a better fit.
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For the primary system, using bootstrapping, the IRI, longitudinal cracking, alligator cracking, and
transverse cracking all showed no significant difference using the data set based on the differences. On
using the percentage data set, the AC rutting was included in the above. All these were based on both
methods of interpolation, but for the transverse cracking and AC rutting, these were based on
interpolation based on the similar elevations. P-values calculations based on the differences and
percentage change data showed more correlation in the distress models using similar elevations for the
interpolation. For the secondary system, the bootstrapping for both data sets showed no significant
difference between actual and interpolated distresses, except for the IRI, transverse cracking and the
AC rutting, which showed significant difference based on the interpolation using all the stations. On
examination for the p-values calculations, the distress models based on the interpolation using similar
elevations showed significant correlation with regressors than based on the other interpolation. In all
three classes of road system considered, more of the distress data from interpolation based on similar
weather station elevation showed no significant difference and correlated better with regressors than
for the ones based on interpolation using all the weather stations. The IRI is highly correlated with
regressors than the other distresses irrespective of the dataset based on the interpolation by similar
heights. The correlation is highest in the primary system than for the secondary and interstate. On the
basis of the bootstrapping, the secondary system shows no significant difference for all the distresses
based on the interpolation using similar elevations. It can be concluded that virtual stations based on
similar elevations offer better results than for interpolation based on using all the weather stations.

5.6 Section Summary

In this section, the effect of different binder grade and climate factors on pavement performance was
discussed. The results indicated that the binder grade used and the climate in which the pavement is
constructed do play a significant role its performance. The section also discussed and analyzed the
pavement performance distresses for the different classes of road system in Wyoming using actual
weather data and virtual weather data from interpolation. A statistical analysis using a bootstrap
sampling method was performed to investigate the adequacy of using interpolated weather data to
determine pavement distresses. A regression model was developed using the performance distresses as
response variables and the annual climate variables as regressors from which p-values calculation was
also performed to determine how a specific annual climate variable affected the pavement distresses.
Observations from the bootstrapping and p-values calculations indicated higher significance in using
interpolated values by similar elevations than for using all the available neighboring weather stations.
It should, however, be noted that in running the MEPDG analysis for the different classes of road, the
interstate system kept indicating an on-screen error in the run analysis, which was not observed for the
primary and secondary systems. This was attributed to the asphalt permeable base that was present in
the interstate system but not in the primary and secondary.

67



68



6. CONCLUSIONS AND RECOMMENDATIONS

To satisfy the objectives of this research study, a general study of literature and presentations by
various DOTs on the MEPDG was carried out to determine the level of implementation in the
northwestern states. This literature search identified obstacles to the implementation efforts and how
these could be overcome. Second, MEPDG simulations were conducted using MEPDG software
version 1.1 to analyze how the different climate regions of Wyoming impacted MEPDG pavement
performance. Finally, this study used virtual weather stations created by the MEPDG from
interpolation using two different methods to investigate and statistically analyze its adequacy on
pavement design and performance in the state of Wyoming. The analysis was carried out for interstate,
primary, and secondary road classification systems.

6.1 Conclusions

Having reviewed current literature on the MEPDG, presentations by various states departments of
transportation, and the observations from the climate analysis, the following conclusions can be
drawn:
1. The implementation of the Mechanistic Empirical Pavement Design Guide (MEPDG) will
create more reliable and cost-effective designs and rehabilitation strategies over the traditional
AASHTO guide.

2. The user-oriented computational software program that comes with the MEPDG can predict
pavement conditions over time and thereby help engineers make informed decisions.

3. Adoption of the MEPDG will significantly improve material testing, design procedures, and,
most importantly, data collection.

4. Implementing the MEPDG will require significant amount of time and resources and so
adequate resources should be made available for its implementation.

5. The MEPDG will allow DOTSs flexibility to apply and calibrate design procedures to suit local
conditions and thereby achieve more reliable designs.

6. Five additional weather stations with complete weather data were identified for inclusion into
the MEPDG in the State of Wyoming.

7. The variability between actual and virtual climate information was minimal except for the
freezing index where higher variations were observed.

8. The variability in performance parameters at the different locations was minimal except for
transverse cracking. Transverse was therefore identified to be more sensitive to weather data.

9. The transverse cracking model showed failure for all locations except for Evanston and Rock
Springs, which had the two lowest freeze/thaw cycles.

10. The alligator cracking was not affected by the binder grade nor the location. This is because
this is a load-related distress and the load was held consistent in this study.

11. All the pavement performance parameters improved by improving the asphalt grade except for
the transverse cracking. The transverse cracking model needs to be calibrated.
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12.

13.

14.

6.2

For all three functional classes of roads, there were higher correlations of performance
parameters when using weather interpolated data based on similar elevations.

Performance parameters for the secondary classification were more statistically correlated
than for the primary and interstate.

The MEPDG simulation runs on interstate continually indicated errors, which were attributed
to the presence of the asphalt permeable base. Such error was not experienced in the primary
and secondary systems.

Recommendations

Agencies should plan for and monitor future works related to updates and improvements of
the MEPDG and the national and regional levels on a continuous basis.

It is important that the MEPDG software be calibrated and validated to suit local conditions,
and so it is imperative that agencies develop and maintain a continuous calibration-validation
database along with input libraries (traffic and material inputs).

Construct test sections and periodically monitor them for input parameters and update the
database.

The five newly identified weather stations should be added to the MEPDG climate database in
the State of Wyoming.

Climate data close to the proposed project site should be used for pavement design and
analysis. Where no weather data is available and interpolations are required, this should be
done based on using climate stations with similar elevations to the project site.
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APPENDIX Al: FLEXIBLE PAVEMENT PERFORMANCE
PREDICTION EQUATIONS

The prediction equations for flexible pavement distresses have been taken from the Mechanistic-
Empirical Pavement Design Guide, A Manual of Practice, Interim Edition (AASHTO July 2008) and
show the computational steps used in the MEPDG to calculate the distresses. The equations have been
nationally calibrated using field data from the LTPP data and indicate what calibration coefficients
need to be changed to perform local calibration of the distress predictions. The procedure for
computing rutting or plastic vertical deformation, in HMA layers is as shown in the equation. The total
rutting of the pavement structure is summation of the permanent vertical deformation in each layer.
Apama)y= Epama) huma = .31rkz5r(HMA)10k”nk"ﬂ”Tk3TB3T
Where:
Apnma) = Accumulated permanent or plastic vertical deformation in the HMA layer, in
eprmay =Accumulated permanent or axial strain in the HMA layer/sublayer, in/in
huma = Thickness of the HMA layer/sublayer, in.
&= Resilient or elastic strain calculated by the structural response model at the mid-depth of each
HMA sublayer, in/in.,
n = Number of axle load repetitions
T = Mix or pavement temperature, °F
k, = Depth confinement factor,
Kir, or. 3r = Global field calibration parameters (from the NCHRP 1-40D recalibration;
kir = -3.35412, ko = 0.4791, k3, = 1.5606)
Pur. 2. 3r = Local or mixture field calibration constants; for the global calibration,
These constants were all set to 1.0
k, = (C, + C,D)0.328196°
C1=-0.1039(Hpma) 2 + 2.4868Hma — 17.342
C, = 0.0172(Huma) * — 1.7330H4ma + 27.428

Where:
D = Depth below surface, in
Huma = Total HMA thickness, in

£ _{g}ﬁ
Ap(soil) = Bs1ks1Exhs0i1 {S_}e n

Where:

Apsoity = Permanent or plastic deformation for the layer/sublayer, in

n = number of axle load applications

&0 = Intercept determined from laboratory repeated load permanent deformation tests, in/in

& = Resilient strain imposed in laboratory test to obtain material properties &, €, and p, in/in

&y = Average vertical resilient or elastic strain in the layer/sublayer and calculated by the structural
response model, in/in

hsoit = Thickness of the unbound layer/sublayer, in

ks1= Global calibration coefficients; ks1 = 1.673 for granular materials and 1.35 for fine grained
materials
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g51= Local calibration constant for the rutting in the unbound layers; the local calibration constant was
set to 1.0 for the global calibration effort.

LogP = -0.61119 — 0.017638(W,)

|

p=10"{ G

alM,I?l
agM.,l«)g

Co= Ln{ } = 0.0075
W, = Water content, %

M, = Resilient modulus of the unbound later or sublayer, psi

a1 o = Regression constants; a; = 0.15 and ag = 20.0

b1, o = Regressions constants; b; = 0.0 and bg = 0.0

Load Related Cracking

There are two types of load related cracking predicted by the MEPDG,; these are the alligator cracking
and longitudinal cracking. It is assumed that alligator cracks are initiated at the bottom of the HMA
layer and propagate to the surface with continued traffic, while the longitudinal cracks initiate at the
surface of the pavement (AASHTO 2008). For both cracking models, the procedure for computing the
allowable number of axle-load applications needed for the incremental damage index is shown using
the following equations:

Nt_pma = ke (C)(Cy)PBrr (e0)¥r2Prz (Epyp 0)krsbrs
Where:
Ntnma = Allowable number of axle load applications for a flexible pavement and HMA overlays
& = Tensile strain at critical locations and calculated by the structural response model in/in
Enxma = Dynamic modulus of the HMA measured in compression, psi
k1, k2, Kis = Global field calibration parameters (from the NCHRP 1-40D recalibration; K¢ = 0.007566,
kep=-3.9492, kss= - 1.281).
P 2,13 = Local or mixture field calibration constants; for the global calibration, these constants were
all set to 1.0.

C =10

M = 4.84{L - 0.69}

Vat+ Vpe
Where:
Ve = Effective asphalt content by volume, %
. = Percent air voids in the HMA mixture
Cy = Thickness term, dependent on type of cracking

For bottom up or alligator cracking
1
0.003602

14¢(11.02-3.49Hyp14)

H 0.000398+

For top down or longitudinal cracking
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1
Ch= 12.00
0.01+
15.676-2.81Hpp4)

14el

Where:
Huma = Total HMA thickness, in
The area of alligator cracking and length of longitudinal cracking are calculated from the total damage
over time. The relationship used to predict the amount of alligator on the basis of area is as given in
the equation below (AASHTO, 2008).

DI = S(4DD)mipr = X (7-2—)

Nf_gma

jmlpT

Where:

n = Actual number of axle load applications within a specific time period

j = Axle load interval

m = Axle load type (single, tandem, tridem, quad, or special axle configuration)

| = Truck type using the truck classification groups included in the MEPDG

p = Month

T = Median temperature for the five temperature intervals or quintiles used to subdivide each month,
°F.

FCaunom = (55) ( i )
Bottom 60/ \1+4e(C1C3+C1C3)Log(DIgottom*100)

Where:

FCaottom = Area of alligator cracking that initiates at the bottom of the HMA layers, % of total lane
area.

Dlgottom = Cumulative damage index at the bottom of the HMA layers

C.. 2, 4= Transfer function regression constants; C, = 6,000; C; =1.00 and C, = 1.00

c.=-2C,

C", = - 2.40874 — 39.748(1+Hma) 2*°

Where:

Huma = Total HMA thickness, in

14¢€1- C2109(DITop))

Where:

FCrop = Length of longitudinal cracks that initiate at the top of the HMA layer, ft/mi
Dlyo, = Cumulative damage index near the top of the HMA surface

C1, 2, 4= Transfer function regression constants; C; =7.00; C, = 3.5; C, = 1,000

Non-Load Related Cracking — Transverse Cracking

The transverse cracking is as a result of the cooling cycle experienced by the pavement. The amount of
this type of crack propagation predicted in the MEPDG uses the Paris law of crack propagation
(AASHTO 2008).

AC = A(AK)"
Where:
AC = Change in the crack depth due to a cooling cycle
AK = Change in the stress intensity factor due to a cooling cycle
A, n = Fracture parameters for the HMA mixture

A= 1Oktﬂt(4.389—2.52Log(EHMAamn))
Where:
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1
n=0.38 [1 + E]
ki = Coefficient determined through global calibration for each input level (Level 1 =5.0; Level 2 =
1.5; and Level 3 =3.0)
Enma — HMA indirect tensile modulus, psi
om = Mixture tensile strength, psi
m = the m-value derived from the direct tensile creep compliance curve measured in the laboratory
f: = Local or mixture calibration factor
The stress intensity factor K, is given by the equation
K = 6;,[0.45 + 1.99(C0)**]
Where:
otip = Far-field stress from pavement response model at the depth of crack tip, psi
Co = Current crack length, ft
The degree of transverse cracking is predicted by

e s [Ltoa )
= Bn g og Hunia

Where;
TC = Observed amount of thermal cracking, ft/mi
Pu = Regression coefficient determined through global calibration (400)
N[z] = Standard normal distribution evaluated at [z]
aq = Standard deviation of the log of the depth of cracks in the pavement (0.769), in
Cqy = Crack depth, in
Huma = Thickness of HMA layers, in
IRI Computation
The equation embedded in the MEPDG for the prediction of IRI is as given below. The equation
applies to new HMA pavements and HMA overlays of Flexible pavements.
IRI = IRl + 0.0150(SF) + 0.400(FCrota) + 0.0080(TC) + 40.0(RD)

Where:

IRI, = Initial IR after construction, in/mi

SF = Site factor (equation given below)

FCroar = Area of fatigue cracking (combined alligator, longitudinal and reflection cracking in the
wheel path), percent of total lane area. All load related cracks are combined on an area basis
— length of cracks is multiplied by 1ft to convert length into an area basis.

TC = Length of transverse cracking (including the reflection of transverse cracks in existing HMA

pavements), ft/mi
RD = Average rut depth, in.
SF = Age [0.02003(PI + 1) + 0.007947(Precip + 1) + 0.000636(F! + 1)]

Where:

Age = Pavement age, yr

PI = Percent plasticity index of the soil

FI = Average annual freezing index, °F days

Precip = Average annual precipitation or rainfall, in
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APPENDIX A2: MEPDG DATA INPUT SCREENS
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Figure A2.1 Main MEPDG Data Input Screen
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Project Name: IPtqeet 1-80_52-28_BigPiney.dgp

Description:

Design Life (vears) IN v’

Base/Subgrade
o i [Pt

=] eur fo006 =]

Pavement
Construction Month; |September =] year [2006 |

monte 7" [Detober <] Year [2006 <]

~ Type of Design

New P
’> * Flexible Pavement

¢~ Jointed Plain Concrete
Pavement (JPCP)

¢~ Continuously Reinforced
Concrete Pavement [CRCP)

=y

€ Jointed Plain

Concrete Pavement JPCP)

~ Overlay

" Asphalt Concrete Overlay

" PCC Overlay

=

el

X Cancel |

Figure A2.2 General Information Screen (1-80)

Project Name:
Iritial IAT (in/mi)
Performance Criteria

Project |:80_52:28_BigPiney,dg

[@ Rigid Pavement & Flmd:lePavgmmtl

Reliability

|90

[90

{90

{90

6

{30

% Terminal IRl (in/mile) [150
AC Surface Down Cracking 2000
4 Long, Cracking (ft/mi) '
AL Bottom Lp Cracking 26
¥ Aligator Cracking (%) |
[ AC Thermal Fracture (it/mi) 1000
Chemically Stabilized 25
 Fogoe Praciretsy. !
¥ Petmanent Delormation - Total Pavement (in) l°~75
¥ Peimanent Detarmation - AC Only (in) l025

{90

v ok |

X Cancel |

Figure A2.3 Analysis Parameter Screen (1-80)
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Two-way annual average daily traffic (AADT): I

Percent of heavy vehicles (Class 4 or higher): I

oK Cancel |

Figure A2.4 AADTT Calculator

Designliefearst  [20 .|

Opening Date: [October. 2008
Initial two-way AADTT: =l ||
Number of lanes in design direction: 2]
Percent of trucks in design direction (%} [so0
Percent of tiucks in design lane (%} [ss0
Operational speed (mph} 5

Traffic Volume Adjustment: [ Edit |
Adde load distribution factor: [ Edit |

General Tralfic Inputs [ Edw l

Traffic Growth  [Compound, 4% 2

& Impot/Export I

v 0K | X cancel |

Figure A2.5 Traffic Input Screen (1-80)
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~ Load Monthly Adustment Factors (MAF)
" Level 1: Site Specific - MAF
& Level 3: Defaulk MAF

(& Load MAF From File |

&l Expot MAF to File I

t Factors

~ Monthly Adjust

B 5 & 7 8 9 10

Ciass | Class |Class
11 12 13

1.00 1.00
100 100
100 100
100 1.00
100 100
1.00 1.00
100 100
100 100
1.00 1.00
100 100
100 100
100 1.00
0K §| X Concel |

Figure A2.6 Truck Traffic monthly adjustment input screen (MEPDG default)

AADTT distribution by vehicle class

S

- Load Default Distribution -

e

Monthly Adjustment | Vehicle Class Distribution | [ Hourly Distiibution | [0 Traffic Growth Factors |

Monthy Adustment [ Vehicle Class Distribution | [ Hourly Distibution | I Traffic Growth Factors |

e e [Q% " Level1; Sits Specific Distibution

s [ B

Class 7 [05— @ € Level 2 Regionial Distribution

ceen gb | |
CEa & Level 3: Defaul Distibution

et o w @ Load Defout Distibuion |

csto 4 G oy

U i

O e

Class13  [08 (| Ib

Total 100.0 Note: AADDT distribution must total 100%.

 OK

X Concel |

Figure A2.7 AADTT distribution by vehicle class screen (1-80)
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ks

[ Monthly Adustment | [ Vekicle Class Distiibution [ Hourly Distribution | [ Traffic Growth Factors |
Hourly truck traffic distribution by period beginning:

Miduoht 23 Nen [53

1:00 am Iz3— 1:00 pm lia—

2:00 am ’23_' 2:00 pm Ing—

30am 23 30Wem [53

4:00 am [23— 4:00 pm [45_

§00am [23  S00pm [g5

6:00 am ,50— 6:00 pm [45_

7:00 am lﬁ—ﬁ_ 7:00 pm ITE—

800am 50 80em [31

2Waifso  Esmamiar Note: The houtly

1000am 55 1000em 37 distribution must total 100%

11:00am [53 11:uopm|'31_ Total  |1000

v Ok | X cencel |

Figure A2.8 Hourly Truck Traffic Distribution Input Screen (MEPDG Defaults)

[ Manthly Adjustment | [ Vehicle Class Distibution | [0 Hourly Distribution [ Traffic Growith Factors |

Opering Date: [Oowber 2006 aorr: 7@ .|
Design Life (vears): [zu— _I % Traffic Design Direction: |50

% Traffic Design Lane: ISS

I Vehicle-class specific traffic growth

- Default Growth Function
" No Growth
" Linear Growth
" Compound Growth

Default growth rate (%) |4

View Growth Plots

Note: Vehicle-class distribition factors are needed to view the effects of traffic growth.

v 0K | X Concel |

Figure A2.9 Traffic Growth Factor Input Screen (MEPDG Defaults)
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- Axle Load Distribution- E FEETR 1 View- e Tives
" Level 1: Site Specific -—I (" Curnulative Distribution @ Single Axle
€ Level 2 Reaional | vl & Distibuti " Tandem Axle
& Level 3: Default - - " Tridem Axle
B Open AvleFie I W View Flot l  QuadAde
- Axle Factors by Axle Type
Season | Veh.Class | Total 3000 4000 5000
arary 4 W00 16 0% 2a
sy S 0000 1005 132642
oy 6 000 24T 17 a4
aoary 7 10000214 0S5 e
sty 8 o000 s sy 1e
January 9 10000 174 137 284
druary 1010000 38 126 2%
Jaowary 11 1000 3ss et s
doosry 12 {000 868 22 4w
brary 1310000 g8 &7 381
7 = ] 0 ey i Y e
VK | X cace |

Figure A2.10 Axle Load Distribution Factors Input Screen (MEPDG Default)

‘General Traffic Inputs

- Lateral Traffic Wandet
Mean wheel location (inches from the lane marking}):
Traffic wander standard deviation (in):

Design lane width (ft): (Note: This is not siab width)

3 Number Axdes/Truck | ] Axle Configuration | ] Wheelbase |

| oQuaa |
Class 4 IG)
Class 5 0
Class 6 0

Class 7 0 i
Class 9 IG)
Class 10 0
Class 11 0
Class 12 0
Class 13 0
 OK | X cancel |

Figure A2.11 Number of Axles per Truck Input Screen (MEPDG Default)
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Lateral Tralfic Wander
Meoan wheel location [inches trom the lane marking) |18
Traffic wander standard deviation (in): flo—
Design lane width (it} (Note. This iz not slab width) ﬁz—

Number Axles/T ok Axle Configuration | [T Wheelbase |
Average axle width [edge-to-edge I'a'_'
- ft): J s

outside dimensions,

Dual tire spacing (in). |12

Tire Pressure (psi) 120
[ Axle Spacing (in)

Tandem axle: [516
Tridem axle: |49'2
Quad axle. |49~2

° OK | X cancel |

Figure A2.12 Axle Configuration Input Screen (MEPDG Defaults)

r ne . ~inp
* Lateral Traffic Wander
Mean wheel location (inches from the lane marking) s
Traffic wander standard deviation (in): fio
Design lane width (Rt} (Note: This is not slab width) fz

Number Axles/Truck | [ Axle Configuration [ Wheelbase |

Wheelbase distribution information for JPCP top-down cracking. The wheelbase
refers to the spacing between the steering and the first device axle of the
truck-tractors or heavy single units.

Short Medium Long
Average Axle Spacing (ft) rn? {15 [18
Percent of trucks (%) [330 [330 [340
« 0k | X cCancel |

Figure A2.13 Truck Wheelbase Input Screen (MEPDG Defaults)
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Structure

Surface short-wave absorptivity:  |0.85
-~ Layers

Layer

sl

Insert Delete |

Subgrade A3 Semiinfinit |

Thicknes | Interface

Edit |

Opening Date: [October, 2008 DesignLite pearst 20 .. | VK | X cance |

Figure A2.14 Pavement Structure Input Screen (1-80)

(ﬂsp’holi‘ Mataorial Propertios

|

Lovet =] ‘ Azphalt material tupe:  |Acphalt concrete

Layer thickness (in): |3

£ Asphalt Mix | [T Asphalt Binder | [0 Asphatt General |

Aggregate Gradation
Cumulative % Retained 3/4 inch sieve: ID

Cumulative % Retained 3/8 inch sieve: 128
Cumulative % Retained #4 sieve: EG]

= Passing #200 sieve ls

<’ OK | € cancel | [Z€] view HMA Plots

Figure A2.15 Asphalt Mix Input Screen (I-80)
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Fm' . —— - i ﬁ 5

Lovet [ =] ‘ Asphalt material type: |Asphalt conciete |

Layer thickness (in): |3

[ Asphatt Mix [T Asphalt Binder | [ Asphall General |
Options
= Supeipave binder grading
T Coanventional viscasity grade
7 Conventional penetrstion grade

High Low Temp ("C) =
Temp (°C)| 10 -16 -22 -28 -3a a0 ~an
52
as
64
T0
76
8z
A |11.8400 VIS 14.0120

« OK | 2 concer | [2E] Viewnmaronw |

Figure A2.16 Asphalt Binder Selection Input Screen (1-80)

pe

Asphalt material type: |Asphalt concrete ~|

Layer thickness (in): [3

Level I3 vl ‘

Asphalt Mix | [0 Asphalt Binder [ Azphalt General |

General Poisson's A atio

Feletonce temperature (F7). Ia L 'e’:.’e.ﬁ'... Poisson's voﬂo
_ Poisson's ratio; ID. 35
Gravimelic Properties (Mix Design)

Binder content by weight(%]): ' Parameter a: l

O ptinum binder content l—
[OBLC) (xy Parameter b l
D eszign air voids used t
zelect OBC | (x; & |

- Volumetic Properties as Built = %
Effective binder content (%] |4-75
Thermal
Al volde (X): a ST, [os7
alt
Total unit waight (pet) 145 lawm“;_.‘!w“"" 623
« 0K | € cancel | le View HMA Plots |

Figure A2.17 Asphalt General Properties Input Screen (1-80)
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a3

Unbound
Material
[ Strength Propertias | B 1CM |

- Input Level
7 Level
s Level 2:
T Level 3
Paizzon's ratio |DA35
Coafficient of lateral o5
prossure Koo I >

- Material Property
7 Modulus (pai)
< CcBR '
~ A -Value |42
7 Layer Coellicient - al |
€ Hanetation e [y l
7 Based upon Pl and Gradation
waﬁw.uibﬂl Calculate > ]

> Thicknesstink [12 1 Last layer

“Analys

iz Type
1EM Caloulated Modulus
O ICM Inputs |
User Input Modulus
7 Seasonal input (design value)

€ R wative value (desian value)
AAGHT O Classitioation |
Unified Classification |
Modulus (caleutated) (psil. [

RZBRTTT € cancet |

Figure A2.18 Strength Properties Input Screen for Unbound Materials

Unbound

poipesirtanll] P =] Thicknessiin) [12 T~ Last layer
[ Stength Propeties D 1CM |
s N8 Lt mEupoul @ Import | 7 Update |
0.001mm LiGuic Limit (LL)
0.002mn R A
[0 0200w Index Properties from Sieve Analysis
0 s2 [5¢ Passing #200

2100, 56 Pazsing #40 !
o » % Passiog #4 :
L D10 (mm) E
__&L 760 (D20 Orm) -
#30 =
2 o
16 o g
#10 asa
. EEEE |
sac——1653
358" 96 6
=S a7 1
1" 98 6
(=S a9 2

997
2972 :
3
312" 999

" OK

xw]
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Figure A2.19 EICM Inputs for Unbound Materials

" Level 1
" Level 2 Average tensile strength at 14 °F [psi): |819.38
* Level 3
Loading Creep Compliance (1/psi)
Time |Tiow Temp (CF) | Mid Temp (F)
1 5.03501e-008 1.004e-007
- - 2 | 567638e-008 | 1.20981e-007 |
@ Impor 5 | 6.655129e-008 | 1.54799e-007 3.155072-007
Export 10 | 7.49854e-008 | 1.8653e-007 4.35402e-007
20 | 8.45371e-008 | 2.24765e-007 | 6.00859e-007
S0 | 9.90561e-008 | 287595e-007 | 9.19786e-007
100 | 1.11674e-007 | 3.46547e-007 | 1.26931e-006

IV Compute mix coefficient of thermal contraction.

Mixture VMA (%) |B75

Aggregate coefficient of thermal contraction: Se-006 '
Mix coefficient of thermal contraction (in/n/ F) l

e E

Figure A2.20 Input Screen for Thermal Cracking (MEPDG Default)
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APPENDIX B1: PAVEMENT DATABASE SURFACE/BASE
TYPE DESIGNATIONS

Pavement Database Surface/Base Type Designations
The following designations were defined for use in the pavement management system.
Pavements:

Gl: Standard PM Pavement with chip seal.

G2: Standard PM Pavement with plant mix wearing course.

G3: PM overlay of PCC pavement, no crack and seat.

G4: PM overlay of crack & seated PCC pavement.

G5: Plain jointed PCC pavement with PM inlay in driving lane.

G6:  Standard PM Pavement with microsurfacing (DL or Full-width).
J1: Plain jointed full width PCC pavement.

J2: Dowel jointed full width PCC pavement.

J3: Plain jointed PCC pavement with PM pavement shoulders.

J4. Dowel jointed PCC pavement with PM pavement shoulders.

J5: PM pavement with PCC pavement inlay in driving lane.

J6: Dowel retrofitted Plain Jointed PCC pavement with PM pavement shoulders.

J7: Dowel retrofitted Plain Jointed full width PCC pavement.
K1: Plain jointed PCC pavement overlay (whitetop) over PM pavement
K2: Dowel jointed PCC pavement overlay (whitetop) over PM pavement

Bases:

AG:  Aggregate base or rubblized cement treated base
PM:  Plant mix treated base

CT: Cement treated base

AP:  Asphalt treated permeable base

UP: Untreated permeable base

PC: Cracked and seated PCC pavement base

LT: Lime Stabilized Subgrade
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APPENDIX B2: EXTRACT FROM PRIMARY ROAD PMS
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svs | ro | Bec |enp | PAY [LAST_| aap [ gsa | PAVE | BASE [ BASE_
Tem L ute | mp~ | mp~ | ELTY | REHA | 70 0 | _DEP | _TYP | DEPT

PE B TH E H
P | 10 0 237 | G2 | 1987 | 1120 | 303 4 AG 6
P | 10 | 1122 | 1159 | G2 | 1989 | 1827 | 195 4 AG 6
P | 10 | 8493|8559 | G2 | 1988 | 3750 | 311 4 AG 6
P | 10 | 8559 | 87.16 | G2 | 1987 | 4193 | 412 5 AG 6
P | 10 | 1183|1209 | G2 | 1999 | 1985 | 392 5 AG 6
P | 10 | 1209 | 1272 | G2 | 2001 | 1900 | 392 4 AG 6
P | 10 | 1272 | 132 | G2 | 1998 | 1925 | 392 4 PM 7
P | 10 | 132 | 136 | G2 | 2002 | 1925 | 392 4 PM 6
P | 10 | 136 | 1393 | G2 | 2000 | 1973 | 392 5 PM 6
P | 10 | 1393 | 1425 | G2 | 1986 | 2760 | 397 2 AG 5
P | 10 | 1425 | 1468 | G2 | 1982 | 3130 | 427 4 AG 4
P | 10 | 1468 | 148 | G2 | 1977 | 3630 | 468 2 PM 6
P | 10 | 148 | 151 | G2 | 1998 | 4902 | 488 4 AG 9
P | 10 | 151 | 1543 | G2 | 1989 | 9993 | 666 5 AG 4
P | 10 | 1551 | 1588 | G2 | 1973 | 4330 | 370 4 AG 4
P | 13 0 | 1147 | G2 | 1983 | 7330 | 378 7 AG 6
P | 13 | 1.618 | 2.867 | G2 | 1995 | 3530 | 625 4 PM 7
P | 13 | 2867 | 471 | G2 | 1995 | 1350 | 629 4 AG 11
P | 13 | 1113|1153 | G2 | 1987 | 995 | 191 6 AG 4
P | 14 | 5704|6297 | G2 | 1993 | 737 | 232 4 AG 17
P | 16 | 96.96 | 99.02 | G2 | 1990 | 2948 | 218 6 AG 4
P | 20 | 4722 | 5437 | G2 | 1990 | 360 | 150 6 AG 4
P | 20 | 8002|8111 | G2 | 1997 | 4513 | 305 4 PM 9
P | 20 | 8111|8232 | G2 | 2002 | 3170 | 337 7 AG 7
P | 20 | 9087 | 1041 | G2 | 1994 | 4381 | 465 4 PM 5
P | 20 | 1041|1051 | G2 | 2007 | 7418 | 459 | 10 AG 5
P | 20 |109.7 | 119.1 | G2 | 1986 | 2018 | 540 7 AG 4
P | 21 | 0768 | 2286 | G2 | 1997 | 3003 | 442 4 AG 8
P | 21 | 386 | 4431 | G2 | 2003 | 905 | 571 6 AG 4
P | 21 | 796 | 88 G2 | 1989 | 1255 | 637 5 AG 8
P | 21 | 88 | 9408 | G2 | 1990 | 1485 | 749 5 AG 4
P | 21 | 9408 | 98 G2 | 2000 | 1740 | 687 8 AG 4
P | 21 | 98 |101.1| G2 | 2000 | 1818 | 798 7 AG 4
P | 21 |101.1| 106 | G2 | 2000 | 2183 | 769 6 AG 4
P | 21 | 106 | 1079 | G2 | 2000 | 2058 | 891 6 cT 4
P | 21 | 1079 | 111.7 | G2 | 1995 | 4106 | 600 3 cT 4
P | 21 |111.7 | 1132 | G2 | 1992 | 11038 | 805 7 cT 4
P | 21 | 1148|1153 | G2 | 2005 | 6460 | 237 3 AG 6
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svs | ro | Bec |enp | PAY [LAST_| aap [ gsa | PAVE | BASE [ BASE_
Tem L ute | mp~ | mp~ | ELTY | REHA | 70 0 | _DEP | _TYP | DEPT

PE B TH E H
P | 21 | 1154 | 1157 | G2 | 1981 | 6607 | 245 5 AG 10
P | 21 | 1165 | 1172 | G2 | 1969 | 8927 | 637 3 AG 4
P | 23 | 3269|3272 | G2 | 1982 | 2730 | 143 4 AG 4
P | 23 | 3272|3274 | G2 | 1990 | 3670 | 156 6 AG 12
P | 23 | 3274|3282 | G2 | 1982 | 7750 | 271 6 AG 12
P | 23 | 3282|4001 | G2 | 1975 | 6675 | 278 3 AG 9
P | 23 | 400.1 | 4009 | G2 | 1965 | 4895 | 660 3 AG 4
P | 23 | 4023|4119 | G2 | 1995 | 2380 | 545 6 PM 6
P | 23 | 4193|4216 | G2 | 1985 | 1585 | 621 4 cT 6
P | 23 | 4216 | 4245 | G2 | 1978 | 1585 | 621 7 PM 7
P | 23 | 4245 | 4254 | G2 | 1995 | 2069 | 660 4 PM 7
P | 25 | 9202|9311 | G2 | 1994 | 4478 | 393 3 AG 5
P | 25 | 9363|9501 | G2 | 1976 | 4775 | 472 4 AG 6
P | 25 | 9501|1033 | G2 | 1997 | 2353 | 569 4 PM 5
P | 25 | 149 | 1492 | G2 | 2002 | 1700 | 186 6 AG 9
P | 25 | 1493 | 149.7 | G2 | 2002 | 2748 | 407 6 AG 9
P | 25 | 1498 | 149.9 | G2 | 2002 | 2510 | 377 6 AG 9
P | 25 | 1499 | 1502 | G2 | 1988 | 2200 | 375 5 AG 6
P | 25 | 1849 | 1903 | G2 | 1999 | 825 | 329 5 cT 9
P | 25 | 1903 | 192 | G2 | 1999 | 689 | 285 5 cT 11
P | 25 | 192 | 1958 | G2 | 1999 | 554 | 214 9 cT 11
P | 25 | 1958 | 2026 | G2 | 1995 | 413 | 123 5 cT 10
P | 25 | 2222|2259 | G2 | 1996 | 511 | 151 4 AG 18
P | 25 | 2259|2293 | G2 | 1996 | 708 | 159 4 AG 18
P | 26 0 |0205| G2 | 1963 | 5865 | 195 4 AG 4
P | 26 | 0295 | 082 | G2 | 1988 | 6099 | 218 5 AG 6
P | 26 | 082 | 1.263 | G2 | 1977 | 6006 | 181 6 AG 8
P | 26 | 1.377 | 2598 | G2 | 1988 | 2905 | 180 5 AG 15
P | 27 | 2322|3842 | G2 | 2000 | 1157 | 424 7 AG 4
P | 27 | 4863|5626 | G2 | 1991 | 2712 | 379 5 PM 5
P | 29 | 0685|2253 | G2 | 2006 | 5455 | 360 7 AG 10
P | 29 | 13.05| 19.29 | G2 | 2004 | 2407 | 385 4 AG 14
P | 29 | 1929 | 2335 | G2 | 2004 | 3130 | 275 5 cT 15
P | 29 | 2418|2502 | G2 | 2002 | 1710 | 190 6 AG 4
P | 30 |130.7 | 1337 | G2 | 1999 | 5712 | 186 9 AG 8
P | 31 0 10 G2 | 1997 | 590 | 59 4 PM 8
P | 31 | 2747|3641 | G2 | 1975 | 698 | 69 2 AG 4
P | 31 | 4589 | 5108 | G2 | 2002 | 3093 | 202 6 AG 4
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svs | ro | Bec |enp | PAY [LAST_| aap [ gsa | PAVE | BASE [ BASE_
Tem L ute | mp~ | mp~ | ELTY | REHA | 70 0 | _DEP | _TYP | DEPT

PE B TH E H
P | 31 | 5108|5178 | G2 | 1994 | 4525 | 348 2 AG 4
P | 31 |5296| 548 | G2 | 1994 | 3283 | 289 3 AG 4
P | 33 0 | 0674| G2 | 2003 | 1425 | 194 3 AG 5
P | 33 | 3818|4312 | G2 | 1994 | 550 | 170 5 cT 10
P | 33 | 4312|5131 | G2 | 1996 | 726 | 294 5 cT 9
P | 33 | 7201|8121 | G2 | 1991 | 1073 | 264 4 PM 8
P | 34 0 289 | G2 | 1990 | 4593 | 680 3 AG 4
P | 34 0 11 | G2 | 1999 | 4920 | 103 3 AG 4
P | 34 | 3874|1037 | G2 | 1990 | 5389 | 474 6 AG 8
P | 34 | 1036 | 21.24 | G2 | 2002 | 1535 | 509 7 AG 17
P | 34 | 1641 | 1646 | G2 | 2006 | 1715 | 286 5 AG 14
P | 34 | 1647 | 1654 | G2 | 2000 | 2245 | 322 7 AG 6
P | 34 | 1658 | 166 | G2 | 1985 | 4095 | 405 4 AG 4
P | 34 | 1863|1977 | G2 | 1991 | 1932 | 420 6 PM 4
P | 34 | 2026 | 2036 | G2 | 2005 | 2740 | 258 5 AG 12
P | 34 | 2036 | 205 | G2 | 2007 | 3233 | 331 5 AG 8
P | 34 | 205 | 2053 | G2 | 1962 | 2055 | 374 3 AG 4
P | 36 |8009|8716 | G2 | 2003 | 620 | 87 5 AG 6
P | 36 | 8716|8839 | G2 | 2003 | 753 | 73 5 AG 6
P | 36 | 9083|9196 | G2 | 1990 | 3040 | 112 4 AG 4
P | 36 | 100 | 1007 | G2 | 2003 | 3420 | 441 8 AG 4
P | 37 | 2036 | 2055 | G2 | 1992 | 310 | 48 4 AG 2
P | 37 | 2055 | 26.41 | G2 | 1992 | 497 | 61 6 AG 6
P | 37 | 616 | 663 | G2 | 1999 | 453 | 56 4 AG 6
P | 37 | 8345|8891 | G2 | 2000 | 1235 | 100 3 PM 5
P | 42 | 1095 | 21.04 | G2 | 1999 | 820 | 228 6 AG 9
P | 43 | 8662 | 1821 | G2 | 1997 | 1150 | 359 9 cT 11
P | 43 | 107 | 1112 | G2 | 2000 | 8245 | 505 6 cT 10
P | 43 | 1112 | 112 | G2 | 1994 | 19060 | 794 4 cT 8
P | 43 | 1131 | 1149 | G2 | 1979 | 7770 | 657 6 AG 6
P | 43 | 1149 | 1152 | G2 | 1981 | 8299 | 793 3 PM 10
P | 43 | 1153|1154 | G2 | 1981 | 3750 | 705 3 PM 10
P | 43 | 1154 | 1154 | G2 | 1984 | 3850 | 711 3 PM 10
P | 43 | 1155 | 1188 | G2 | 1981 | 1268 | 184 3 PM 10
P | 44 0 | 0252 | G2 | 1963 | 1100 | 192 2 AG 4
P | 49 0 | 038 | G2 | 1988 | 1935 | 105 5 AG 6
P | 49 | 1.084 | 1.764 | G2 | 2004 | 1700 | 74 7 AG 9
P | 51 | 4324|4646 | G2 | 1996 | 4900 | 498 4 PM 6
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svs | ro | Bec |enp | PAY [LAST_| aap [ gsa | PAVE | BASE [ BASE_
Tem L ute | mp~ | mp~ | ELTY | REHA | 70 0 | _DEP | _TYP | DEPT

PE B TH E H
P | 51 | 4646 | 4768 | G2 | 1975 | 5760 | 311 3 AG 6
P | 53 | 102.8 | 103.8 | G2 | 1986 | 10035 | 464 5 PM 11
P | 53 | 1048 | 1048 | G2 | 1985 | 7316 | 324 2 cT 4
P | 54 | 212 | 212 | G2 | 1994 | 3885 | 319 6 AG 7
P | 55 | 3285|3304 | G2 | 1988 | 9085 | 169 5 AG 4
P | 55 | 3304|3307 | G2 | 1988 | 9544 | 224 5 AG 4
P | 55 |330.7| 331 | G2 | 1973 | 9402 | 219 5 AG 4
P | 55 | 331 |331.2| G2 | 1988 | 8572 | 214 5 AG 4
P | 55 | 3312|3322 | G2 | 1992 | 3073 | 224 4 AG 4
P | 56 | 3629|3632 | G2 | 1985 | 8310 | 229 8 AG 4
P | 56 | 3636|3643 | G2 | 1985 | 7888 | 205 5 AG 4
P | 56 | 3643|3652 | G2 | 1978 | 4100 | 152 3 PM 11
P | 56 | 3652 | 365.8 | G2 | 1977 | 3830 | 174 3 PM 9
P | 56 | 3658|3711 | G2 | 1982 | 2233 | 116 5 AG 4
P | 57 | 7893 | 79 G2 | 1976 | 2570 | 150 3 AG 8
P | 57 | 7942|8089 | G2 | 1996 | 1545 | 100 4 AG 8
P | 58 | 1358 | 1365 | G2 | 1990 | 2565 | 208 7 AG 6
P | 58 | 1365 | 138 | G2 | 1967 | 4025 | 236 3 AG 4
P | 58 | 138 | 1388 | G2 | 1980 | 5403 | 228 4 AG 4
P | 58 | 1388 | 139.2 | G2 | 1986 | 3550 | 104 3 PM 4
P | 58 |139.2 | 140 | G2 | 1982 | 3895 | 138 4 AG 4
P | 59 | 2986 | 3004 | G2 | 1991 | 2829 | 146 3 PM 5
P | 60 | 2092|2114 | G2 | 1998 | 4925 | 350 4 cT 6
P | 60 | 2114|2165 | G2 | 1998 | 3940 | 190 4 cT 6
P | 60 | 2348|2399 | G2 | 1998 | 7289 | 274 3 PM 2
P | 60 | 2391|2434 | G2 | 1998 | 10070 | 213 3 PM 9
P | 60 | 2434 | 2516 | G2 | 1998 | 11182 | 324 4 PM 9
P | 61 | 0022|0279 | G2 | 1987 | 4750 | 181 4 AG 4
P | 62 | 1245 | 1255 | G2 | 1979 | 7589 | 336 6 AG 6
P | 62 | 1262 | 126.4 | G2 | 2001 | 4325 | 392 5 cT 6
P | 62 | 126.4 | 1272 | G2 | 2001 | 5569 | 255 8 cT 8
P | 62 | 1272 | 1272 | G2 | 2001 | 4423 | 317 6 cT 6
P | 62 | 1272 | 1276 | G2 | 2001 | 7589 | 336 4 cT 6
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APPENDIX B3: EXTRACT FROM SECONDARY ROAD PMS

sysT | rou | BEG | Enp | PAVE [LAST_[ \ 1o T esa | PAVE [ BASE [ BASE_
em | T | mp | mp~ | TYP | REHA | Z25 | 5P DEPT | _TYP | DEPT
- E B H E H
S | 107 | 392 | 104 | G2 | 2004 | 1340 | 74 3 AG 12
S | 109 | 285 | 306 | G2 | 1997 | 274 | 30 4 AG 6
S | 109 | 306 | 358 | G2 | 1997 | 240 | 24 4 AG 6
S | 109 | 358 | 451 | G2 | 1995 | 335 | 40 4 AG 9
S | 109 | 451 | 522 | G2 | 1994 | 423 | 46 4 AG 6
S | 302 | 893 | 993 | G2 | 2002 | 880 | 114 | 2 AG 12
S | 504 | 0 | 018 | G2 | 2004 | 640 | 42 8 AG 8
S | 504 | 018 | 1.38 | G2 | 2004 | 746 | 24 8 AG 8
S | 504 | 138 | 213 | G2 | 2004 | 1033 | 61 | 10 AG 6
S | 505 | 165 | 165 | G2 | 1963 | 1419 | 83 3 AG 6
S | 505 | 165 | 166 | G2 | 2004 | 1668 | 82 6 AG 6
S | 505 | 166 | 172 | G2 | 1996 | 1150 | 89 5 AG 12
S | 505 | 172 | 176 | G2 | 1997 | 1260 | 89 5 AG 12
S | 505 | 176 | 179 | G2 | 1998 | 1260 | 89 7 AG 7
S | 505 | 179 | 181 | G2 | 1998 | 1260 | 89 7 AG 6
S | 505 | 181 | 184 | G2 | 1998 | 1450 | 108 | 7 AG 6
S | 1501 | 166 | 274 | G2 | 1979 | 1240 | 78 2 AG 6
S | 1501 | 277 | 652 | G2 | 1995 | 835 | 54 2 AG 6
S | 1501 | 652 | 944 | G2 | 1995 | 986 | 60 2 AG 6
S |1604| 009 | 1.64 | G2 | 1999 | 342 | 18 4 AG 8
S |1703| 0 | 314 | G2 | 2002 | 2190 | 78 5 AG 6
S |2000]| 0 | 367 | G2 | 1984 | 8305|346 | 5 PM 7
S |2000| 385 | 401 | G2 | 1975 | 7095 | 264 | 6 AG 3
S 2000 401 | 658 | G2 | 1984 | 3852 | 246 | 5 AG 6
S |2000| 658 | 137 | G2 | 2005 | 2100 | 83 2 AG 6
S | 2000]| 137 | 175 | G2 | 2005 | 1972 | 81 4 AG 4
S |2001| 0 | 014 | G2 | 1975 | 5335 | 226 | 4 AG 3
S |2001] 014 | 663 | G2 | 1971 | 4205 | 183 | 3 AG 4
S | 2106 | 347 | 355 | G2 | 2006 | 1015 | 66 8 AG 6
S | 2106 | 354 | 423 | G2 | 2006 | 1715 | 82 8 AG 6
S | 2106 | 423 | 434 | G2 | 1997 | 2053 | 76 3 AG 6
S |2303]| 273 | 281 | G2 | 1995 | 883 | 111 | 4 AG 10
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APPENDIX B4: EXTRACTS FROM [-80 PMS
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SYST 5? BEG | END_ | PAVE LR'EIS-ITA_ AAD | ESA PI'DA\E\I/:E'_ B.?SE ?DAI\ESFEI'_
EM MP MP TYPE T L -

E | - - B H E H
| 80 | 28.1 39 G2 1997 6453 | 5100 5 CT 6
| 80 39 28.1 G2 1997 6453 | 5100 5 CT 6
I 80 39 44 G2 1998 5855 | 4706 6 PM 6
| 80 44 39 G2 1998 5855 | 4706 6 PM 6
I 80 44 49 G2 1997 5800 | 4736 6 PM 6
| 80 49 44 G2 1997 5800 | 4736 6 PM 6
I 80 49 53 G2 2000 5800 | 4745 9 CT 6
I 80 53 49 G2 2000 5800 | 4745 9 CT 6
| 80 53 o7 G2 2000 5800 | 4753 8 CT 6
I 80 57 53 G2 2000 5800 | 4753 8 CT 6
| 80 57 65.4 G2 2003 5758 | 4740 17 PM 6
I 80 | 654 57 G2 2003 5758 | 4740 16 PM 6
| 80 | 654 76 G2 1995 6545 | 5906 4 PM 6
| 80 76 65.4 G2 1995 6545 | 5906 4 PM 6
I 80 76 83 G2 1996 6695 | 5919 9 CT 6
| 80 83 76 G2 1996 6695 | 5919 9 CT 6
I 80 | 143 148.5 G2 1998 6090 | 5633 6 PM 6
| 80 | 149 143 G2 1998 6090 | 5633 6 PM 6
I 80 | 149 153.8 G2 1998 6085 | 5633 6 PM 6
I 80 | 154 | 1485 G2 1998 6085 | 5633 6 PM 6
| 80 | 216 | 221.2 G2 2000 6455 | 6071 10 CT 6
I 80 | 221 | 216.2 G2 2000 6455 | 6071 10 CT 6
I 80 | 221 | 2275 G2 1997 6355 | 6062 8 CT 6
I 80 | 228 | 22172 G2 1997 6355 | 6062 8 CT 6
| 80 | 228 | 233.7 G2 2001 6215 | 5907 6 CT 6
| 80 | 234 | 2275 G2 2001 6215 | 5907 6 CT 6
I 80 | 246 252 G2 1999 5975 | 5718 8 PM 6
| 80 | 252 | 245.9 G2 1999 5975 | 5718 8 PM 6
I 80 | 252 | 258.6 G2 1999 5975 | 5718 10 PM 6
| 80 | 259 252 G2 1999 5975 | 5718 10 PM 6
I 80 | 276 | 280.7 G2 2001 5490 | 5476 6 PM 6
I 80 | 281 | 275.6 G2 2001 5490 | 5476 6 PM 6
| 80 | 281 285 G2 2001 5430 | 5391 6 PM 6
I 80 | 285 | 280.7 G2 2001 5430 | 5391 6 PM 6
I 80 | 290 295 G2 2004 5430 | 5391 8 CT 6
I 80 | 295 | 289.9 G2 2004 5430 | 5391 8 CT 6
| 80 | 295 | 299.5 G2 2004 5430 | 5391 8 CT 6
I 80 | 300 295 G2 2004 5430 | 5391 8 CT 6
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SYST 5? BEG | END_ | PAVE LR'EIS-ITA_ AAD | ESA PDAE\I/:EI.— B.?SE ?DAI\ESFEI'_
EM MP MP TYPE T L -

E | - - B H E H
I 80 | 300 | 310.5 G2 1991 5535 | 5191 11 CT 6
| 80 | 311 | 299.5 G2 1991 5535 | 5191 11 CT 6
I 80 | 324 | 329.6 G2 2005 6245 | 5233 7 CT 6
| 80 | 330 324 G2 2005 6245 | 5233 7 CT 6
I 80 | 330 | 336.6 G2 2006 6245 | 5233 7 CT 6
| 80 | 337 | 329.6 G2 2006 6245 | 5233 7 CT 6
I 80 | 337 | 3485 G2 2004 6382 | 5278 14 CT 6
I 80 | 349 | 336.6 G2 2004 6382 | 5278 14 CT 6
| 80 | 28.1 39 G2 1997 6453 | 5100 5 CT 6
I 80 39 28.1 G2 1997 6453 | 5100 5 CT 6
| 80 39 44 G2 1998 5855 | 4706 6 PM 6
I 80 44 39 G2 1998 5855 | 4706 6 PM 6
| 80 44 49 G2 1997 5800 | 4736 6 PM 6
| 80 49 44 G2 1997 5800 | 4736 6 PM 6
I 80 49 53 G2 2000 5800 | 4745 9 CT 6
| 80 53 49 G2 2000 5800 | 4745 9 CT 6
I 80 53 57 G2 2000 5800 | 4753 8 CT 6
| 80 57 53 G2 2000 5800 | 4753 8 CT 6
I 80 57 65.4 G2 2003 5758 | 4740 17 PM 6
I 80 | 654 57 G2 2003 5758 | 4740 16 PM 6
| 80 | 654 76 G2 1995 6545 | 5906 4 PM 6
I 80 76 65.4 G2 1995 6545 | 5906 4 PM 6
I 80 76 83 G2 1996 6695 | 5919 9 CT 6
I 80 83 76 G2 1996 6695 | 5919 9 CT 6
| 80 | 108 120.3 G2 2003 6515 | 5747 9 CT 6
| 80 | 120 107.6 G2 2003 6515 | 5747 9 CT 6
I 80 | 120 130 G2 1996 6490 | 5550 8 CT 6
| 80 | 130 120.3 G2 2001 6490 | 5550 8 CT 6
I 80 | 138 130 G2 2001 6190 | 5208 11 CT 6
| 80 | 138 143 G2 1994 6040 | 5198 19 PM 6
I 80 | 143 138 G2 1994 6040 | 5198 19 PM 6
I 80 | 143 148.5 G2 1998 6090 | 5633 6 PM 6
| 80 | 149 143 G2 1998 6090 | 5633 6 PM 6
I 80 | 149 153.8 G2 1998 6085 | 5633 6 PM 6
I 80 | 154 | 1485 G2 1998 6085 | 5633 6 PM 6
I 80 | 216 | 22172 G2 2000 6455 | 6071 10 CT 6
| 80 | 221 | 216.2 G2 2000 6455 | 6071 10 CT 6
| 80 | 221 | 2275 G2 1997 6355 | 6062 8 CT 6
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SYST 5? BEG | END_ | PAVE LR'EIS-I} AAD | ESA PI?E\I/:E'_ B.?SE ?DAI\ESFEI'_
EM MP MP TYPE T L -

E | - - B H E H
| 80 | 228 | 221.2 G2 1997 6355 | 6062 8 CT 6
| 80 | 228 | 233.7 G2 2001 6215 | 5907 6 CT 6
I 80 | 234 | 2275 G2 2001 6215 | 5907 6 CT 6
| 80 | 246 252 G2 1999 5975 | 5718 8 PM 6
I 80 | 252 | 2459 G2 1999 5975 | 5718 8 PM 6
| 80 | 252 | 258.6 G2 1999 5975 | 5718 10 PM 6
I 80 | 259 252 G2 1999 5975 | 5718 10 PM 6
I 80 | 276 | 280.7 G2 2001 5490 | 5476 6 PM 6
| 80 | 281 | 275.6 G2 2001 5490 | 5476 6 PM 6
I 80 | 281 285 G2 2001 5430 | 5391 6 PM 6
| 80 | 285 | 280.7 G2 2001 5430 | 5391 6 PM 6
I 80 | 290 295 G2 2004 5430 | 5391 8 CT 6
| 80 | 295 | 289.9 G2 2004 5430 | 5391 8 CT 6
| 80 | 295 | 299.5 G2 2004 5430 | 5391 8 CT 6
I 80 | 300 295 G2 2004 5430 | 5391 8 CT 6
| 80 | 300 | 310.5 G2 1991 5535 | 5191 11 CT 6
I 80 | 311 | 2995 G2 1991 5535 | 5191 11 CT 6
| 80 | 324 | 329.6 G2 2005 6245 | 5233 7 CT 6
I 80 | 330 324 G2 2005 6245 | 5233 7 CT 6
I 80 | 330 | 336.6 G2 2006 6245 | 5233 7 CT 6
| 80 | 337 | 329.6 G2 2006 6245 | 5233 7 CT 6
I 80 | 337 | 3485 G2 2004 6382 | 5278 14 CT 6
I 80 | 349 | 336.6 G2 2004 6382 | 5278 14 CT 6
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APPENDIX B5: WYDOT BINDER GRADES
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APPENDIX C1: PREDICTED DISTRESSES FOR DIFFERENT

BINDER GRADES

Pavement #1 Structural Layers

Layer 1- 3in Asphalt Concrete - PG76-28
Layer 2- 3in Asphalt Concrete - PG64-28
Layer 3- 6in Asphalt Permeable Base - PG64-28
Layer 4- Subgrade (Classification A3; R-value — 42)

Table C1.1 Predicted Distresses for Pavement #1 at Big Piney

. Distress | Reliabilit Distress Reliabilit

Performance Criteria Target Target y Predicted Pre dicteg Acceptable
Terminal IRI (in/mi) 190 90 123.3 97.60 Pass
Longitudinal Cracking (ft/mi) 2000 90 0.1 99.99 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1595.1 2.34 Fail
AC Deformation (in) 0.25 90 0.1 99.99 Pass
Total Pavement Deformation (in) | 0.75 90 0.24 99.99 Pass

Pavement #2 Structural Layers

Layer 1- 3in Asphalt Concrete - PG52-28

Layer 2- 3in Asphalt Concrete - PG52-28

Layer 3- 6in Asphalt Permeable Base - PG52-28

Layer 4- Subgrade (Classification A3; R-value — 42)

Table C1.2 Predicted Distresses for Pavement #2 at Big Piney

o Distress | Reliabilit Distress Reliabilit

Performance Criteria Target Target y Predicted Pre dicte(}/ Acceptable
Terminal IRI (in/mi) 190 90 124.8 97.26 Pass
Longitudinal Cracking (ft/mi) 2000 90 4.1 99.97 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1288.4 12.83 Fail
AC Deformation (in) 0.25 90 0.19 81.56 Fail
Total Pavement Deformation (in) 0.75 90 0.34 99.99 Pass

Pavement #3 Structural Layers

Layer 1- 3in Asphalt Concrete - PG52-22

Layer 2- 3in Asphalt Concrete - PG52-22

Layer 3- 6in Asphalt Permeable Base - PG52-22

Layer 4- Subgrade (Classification A3; R-value — 42)
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Table C1.3 Maximum values of Predicted Distresses for Pavement #3 at Big Piney

Distress

Reliability

Distress

Reliability

Performance Criteria Target Target Predicted Predicted Acceptable
Terminal IRI (in/mi) 190 90 127.2 96.57 Pass
Longitudinal Cracking (ft/mi) 2000 90 2.6 99.99 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1696.9 1.33 Fail
AC Deformation (in) 0.25 90 0.17 89.58 Fail
Total Pavement Deformation (in) | 0.75 90 0.32 99.99 Pass

Pavement #4 Structural Layers

Layer 1- 3in Asphalt Concrete - PG58-22

Layer 2- 3in Asphalt Concrete - PG58-22

Layer 3- 6in Asphalt Permeable Base - PG58-22

Layer 4- Subgrade (Classification A3; R-value — 42)

Table C1.4 Maximum Distresses of Predicted Distresses for Pavement #4 at Big Piney

o Distress | Reliabilit Distress Reliabilit

Performance Criteria Target Target y Predicted Pre dictec}l Acceptable
Terminal IRI (in/mi) 190 90 126 96.89 Pass
Longitudinal Cracking (ft/mi) 2000 90 0.6 99.99 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1778.9 0.85 Fail
AC Deformation (in) 0.25 90 0.13 99.08 Pass
Total Pavement Deformation (in) | 0.75 90 0.28 99.99 Pass

Pavement #5 Structural Layers

Layer 1- 3in Asphalt Concrete - PG64-22

Layer 2- 3in Asphalt Concrete - PG58-22

Layer 3- 6in Asphalt Permeable Base - PG58-22

Layer 4- Subgrade (Classification A3; R-value — 42)
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Table C1.5 Maximum values of Predicted Distresses for Pavement #5 at Big Piney

A Distress | Reliabilit Distress | Reliabilit

Performance Criteria Target Target y Predicted | Pre dicteg Acceptable
Terminal IRI (in/mi) 190 90 125.5 97.04 Pass
Longitudinal Cracking (ft/mi) 2000 90 0.2 99.99 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1791.3 0.79 Fail
AC Deformation (in) 0.25 90 0.12 99.83 Pass
Total Pavement Deformation (in) | 0.75 90 0.26 99.99 Pass

#6 Structural Layers (Big Piney Weather Station Only)

Layer 1- 3in Asphalt Concrete - PG70-22

Layer 2- 3in Asphalt Concrete - PG58-22

Layer 3- 6in Asphalt Permeable Base - PG58-22

Layer 4- Subgrade (Classification A3; R-value — 42)

Table C1.6 Maximum values of Predicted Distresses for Pavement #6 at Big Piney

. Distress | Reliabilit Distress Reliabilit

Performance Criteria Target Target y Predicted Pre dicteg Acceptable
Terminal IRI (in/mi) 190 90 125.2 97.12 Pass
Longitudinal Cracking (ft/mi) 2000 90 0.1 99.99 Pass
Alligator Cracking (%) 25 90 0.1 99.99 Pass
Transverse Cracking (ft/mi) 1000 90 1812 0.71 Fail
AC Deformation (in) 0.25 90 0.11 99.97 Pass
Total Pavement Deformation (in) | 0.75 90 0.25 99.99 Pass

109




110



APPENDIX D1: PREDICTED DISTRESSES FOR
INTERSTATE SYSTEM
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TERMINAL IRI (in/mi)
Virtual . Virtual .
Virtual Virtual
Actual \g\r/]t::;[hg:ac::;a Actual | Weather data \?rlﬁs;[hg:ac::éa Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . L from all . L
Data Data using similar using similar
generated - generated .
. elevations . elevations
stations stations

IRI-1 IRI-2 IRl IRI-1 IRI-3 IRl 5 IRI-2 IRI-3 IR,
Big Piney 124.8 121.1 3.700 124.8 112 12.800 121.1 112 9.100
Buffalo 120.3 127.1 -6.800 120.3 120.6 -0.300 127.1 120.6 6.500
Casper Na 121.5 120.6 0.900 121.5 120.8 0.700 120.6 120.8 -0.200
Cheyenne 114.3 122.1 -7.800 114.3 115.5 -1.200 122.1 115.5 6.600
Doug. Avn 121.8 119.4 2.400 121.8 120.3 1.500 119.4 120.3 -0.900
Evanston 112.5 117.2 -4.700 112.5 122.2 -9.700 117.2 122.2 -5.000
Gillette 122.0 119.1 2.900 122.0 119.4 2.600 119.1 119.4 -0.300
Greybull 126.0 124.3 1.700 126.0 125.8 0.200 124.3 125.8 -1.500
Lander 121.3 120.6 0.700 121.3 121.2 0.100 120.6 121.2 -0.600
Laramie 117.7 119.3 -1.600 117.7 118.3 -0.600 119.3 118.3 1.000
Rawlins 117.5 120.2 -2.700 117.5 112.5 5.000 120.2 1125 7.700
Riverton 121.2 121.2 0.000 121.2 121.3 -0.100 121.2 121.3 -0.100
Rock 113.6 1195 -5.900 113.6 120.1 -6.500 1195 120.1 -0.600
Springs
Sheridan 123.4 126.2 -2.800 123.4 126.4 -3.000 126.2 126.4 -0.200
Worland 129.9 119.6 10.300 129.9 125.2 4.700 119.6 125.2 -5.600

IRI-1 International Roughness Index from Actual Weather Data.
IRI-2 International Roughness Index from Virtual Weather Data generated by interpolation using all neighboring stations.
IRI-3 International Roughness Index from Virtual Weather Data generated by interpolation using stations with similar elevation.
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AC SURFACE DOWN CRACKING (LONGITUDINAL CRACKING) (ft/mile)

Virtual

Virtual

Virtual Virtual
Actual %i::hgia(:z;a Actual Weather data \?rlﬁs;[hg:ac::éa Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . . from all . O
Data Data using similar using similar
generated . generated .
. elevations . elevations
stations stations
LC-1 LC-2 LCi LC-1 LC-3 LCi3 LC-2 LC-3 LC,4
Big Piney 4.1 4.6 -0.500 4.1 55 -1.400 4.6 5.5 -0.900
Buffalo 10.3 5.7 4,600 10.3 7.3 3.000 5.7 7.3 -1.600
Casper Na 10.0 9.8 0.200 10.0 9.4 0.600 9.8 9.4 0.400
Cheyenne 2.3 1.8 0.500 2.3 1.9 0.400 1.8 1.9 -0.100
Doug. Avn 14.3 7.0 7.300 14.3 10.3 4.000 7.0 10.3 -3.300
Evanston 3.5 2.5 1.000 3.5 9 -5.500 2.5 9 -6.500
Gillette 12.0 7.6 4,400 12.0 9.6 2.400 7.6 9.6 -2.000
Greybull 81.5 10.8 70.700 81.5 24.3 57.200 10.8 24.3 -13.500
Lander 19.5 15.6 3.900 19.5 18.2 1.300 15.6 18.2 -2.600
Laramie 3.1 1.0 2.100 3.1 5.8 -2.700 1.0 5.8 -4.800
Rawlins 7.3 3.5 3.800 7.3 5.3 2.000 3.5 5.3 -1.800
Riverton 17.9 16.3 1.600 17.9 19.3 -1.400 16.3 19.3 -3.000
Rock 111 6.3 4.800 111 4.9 6.200 6.3 4.9 1.400
Springs
Sheridan 154 12.3 3.100 15.4 15.6 -0.200 12.3 15.6 -3.300
Worland 72.2 20.5 51.700 72.2 32.5 39.700 20.5 325 -12.000

LC-1 Longitudinal Cracking from Actual Weather Data.

LC-2 Longitudinal Cracking from Virtual Weather Data generated by interpolation using all neighboring stations.
LC-3 Longitudinal Cracking from Virtual Weather Data generated by interpolation using stations with similar elevation.
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AC BOTTOM UP CRACKING (ALLIGATOR CRACKING) (%)
Virtual . Virtual .
Virtual Virtual
Actual \g\rl]tig;[h(e):aczzéa Actual | Weather data \g\rlﬁ:;thg:ac::;a Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . L from all . .
Data Data using similar using similar
generated . generated .
. elevations . elevations
stations stations

AC-1 AC-2 AC.., AC-1 AC-3 ACi3 AC-2 AC-3 AC,;
Big Piney 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Buffalo 0.2 0.1 0.100 0.2 0.2 0.000 0.1 0.2 -0.100
Casper Na 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Cheyenne 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Doug. Avn 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Evanston 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Gillette 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Greybull 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Lander 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Laramie 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Rawlins 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Riverton 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Rock 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Springs
Sheridan 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Worland 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

AC-1 Alligator Cracking from Actual Weather Data.
AC-2 Alligator Cracking from Virtual Weather Data generated by interpolation using all neighboring stations.

AC-3 Alligator Cracking from Virtual Weather Data generated by interpolation using stations with similar elevation.
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THERMAL FRACTURE (TRANSVERSE CRACKING) (ft/mi)

. Virtual .
Virual Weather Viral Virtual
Weather data Weather data
Actual internolated Actual data interolated Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . from all . o
Data Data using using similar
generated o generated .
. similar . elevations
stations . stations
elevations

TC-1 TC-2 TCi TC-1 TC-3 TCis TC-2 TC-3 TCy3
Big Piney 1289.2 826.7 462.500 1288.4 4.6 1283.800 826.7 4.6 822.100
Buffalo 697.2 1496.6 -799.400 697.2 809.5 -112.300 1496.6 809.5 687.100
Casper Na 861.0 711.3 149.700 861.0 735.6 125.400 711.3 735.6 -24.300
Cheyenne 154.8 1117.7 -962.900 154.8 382.1 -227.300 1117.7 382.1 735.600
Doug. Avn 747.5 649.9 97.600 747.5 724.1 23.400 649.9 724.1 -74.200
Evanston 3.1 339.8 -336.700 3.1 1072.4 -1069.300 339.8 1072.4 -732.600
Gillette 776.9 516.8 260.100 776.9 530.2 246.700 516.8 530.2 -13.400
Greybull 1051.0 1032.1 18.900 1051.0 1024.3 26.700 1032.1 1024.3 7.800
Lander 530.5 672.4 -141.900 530.5 702.7 -172.200 672.4 702.7 -30.300
Laramie 780.5 864 -83.500 780.5 775.7 4.800 864 775.7 88.300
Rawlins 588.1 826 -237.900 588.1 99.4 488.700 826 99.4 726.600
Riverton 716.9 584.8 132.100 716.9 537.5 179.400 584.8 537.5 47.300
Sgr?;gs 57.7 751.6 -693.900 57.7 986.4 -928.700 751.6 986.4 -234.800
Sheridan 740.1 1405.7 -665.600 740.1 1411.4 -671.300 1405.7 1411.4 -5.700
Worland 1294.8 401.6 893.200 1294.8 1059.7 235.100 401.6 1059.7 -658.100

TC-1 Transverse Cracking from Actual Weather Data.

TC-2 Transverse Cracking from Virtual Weather Data generated by interpolation using all neighboring stations.

TC-3 Transverse Cracking from Virtual Weather Data generated by interpolation using stations with similar elevation.
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PERMANENT DEFORMATION (HMA LAYER) (in)

Virtual Virtual Virtual Virtual
Actual \?rﬁ::hg:a(::fja Actual | Weather data \?rl](:::hg:a(:séa Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all P from all Lo
Data Data using similar using similar
generated . generated .
. elevations . elevations
stations stations

ACR-1 ACR-2 ACR., ACR-1 ACR-3 ACR; ACR-2 ACR-3 ACR,;
Big Piney 0.19 0.21 -0.020 0.19 0.19 0.000 0.21 0.19 0.020
Buffalo 0.24 0.22 0.020 0.24 0.22 0.020 0.22 0.22 0.000
Casper Na 0.24 0.24 0.000 0.24 0.24 0.000 0.24 0.24 0.000
Cheyenne 0.19 0.18 0.010 0.19 0.18 0.010 0.18 0.18 0.000
Doug. Avn 0.26 0.23 0.030 0.26 0.24 0.020 0.23 0.24 -0.010
Evanston 0.18 0.19 -0.010 0.18 0.21 -0.030 0.19 0.21 -0.020
Gillette 0.25 0.24 0.010 0.25 0.24 0.010 0.24 0.24 0.000
Greybull 0.34 0.26 0.080 0.34 0.29 0.050 0.26 0.29 -0.030
Lander 0.28 0.25 0.030 0.28 0.26 0.020 0.25 0.26 -0.010
Laramie 0.17 0.16 0.010 0.17 0.19 -0.020 0.16 0.19 -0.030
Rawlins 0.20 0.20 0.000 0.20 0.19 0.010 0.20 0.19 0.010
Riverton 0.26 0.27 -0.010 0.26 0.28 -0.020 0.27 0.28 -0.010
Roc_k 0.22 0.21 0.010 0.22 0.18 0.040 0.21 0.18 0.030
Springs
Sheridan 0.28 0.25 0.030 0.28 0.25 0.030 0.25 0.25 0.000
Worland 0.35 0.28 0.070 0.35 0.29 0.060 0.28 0.29 -0.010

ACR-1 AC Rutting from Actual Weather Data.
ACR-2 AC Rutting from Virtual Weather Data generated by interpolation using all neighboring stations.
ACR-3 AC Rutting from Virtual Weather Data generated by interpolation using stations with similar elevation.
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TOTAL PAVEMENT DEFORMATION (in)
Virtual . Virtual .
Virtual Virtual
Actual Vi\r/](ta::hg:a?:éa Actual | Weather data \é\r/ﬁ::hg:a?:éa Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . O from all . O
Data Data using similar using similar
generated . generated .
. elevations . elevations
stations stations

TR-1 TR-2 TR, TR-1 TR-3 TR TR-2 TR-3 TR,
Big Piney 0.34 0.36 -0.020 0.34 0.33 0.010 0.36 0.33 0.030
Buffalo 0.38 0.37 0.010 0.38 0.37 0.010 0.37 0.37 0.000
Casper Na 0.39 0.39 0.000 0.39 0.39 0.000 0.39 0.39 0.000
Cheyenne 0.34 0.33 0.010 0.34 0.32 0.020 0.33 0.32 0.010
Doug. Avn 0.41 0.37 0.040 0.41 0.39 0.020 0.37 0.39 -0.020
Evanston 0.32 0.34 -0.020 0.32 0.35 -0.030 0.34 0.35 -0.010
Gillette 0.40 0.39 0.010 0.40 0.39 0.010 0.39 0.39 0.000
Greybull 0.48 0.41 0.070 0.48 0.45 0.030 0.41 0.45 -0.040
Lander 0.43 0.40 0.030 0.43 0.41 0.020 0.40 0.41 -0.010
Laramie 0.31 0.31 0.000 0.31 0.33 -0.020 0.31 0.33 -0.020
Rawlins 0.34 0.34 0.000 0.34 0.32 0.020 0.34 0.32 0.020
Riverton 0.41 0.42 -0.010 0.41 0.43 -0.020 0.42 0.43 -0.010
Roc_k 0.36 0.35 0.010 0.36 0.32 0.040 0.35 0.32 0.030
Springs
Sheridan 0.43 0.40 0.030 0.43 0.4 0.030 0.40 0.4 0.000
Worland 0.50 0.43 0.070 0.50 0.44 0.060 0.43 0.44 -0.010

TR-1 Total Rutting from Actual Weather Data.

TR-2 Total Rutting from Virtual Weather Data generated by interpolation using all neighboring stations.
TR-3 Total Rutting from Virtual Weather Data generated by interpolation using stations with similar elevation.
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
IRI-1 IRI-2 IRl IRI-1 IRI-3 IRI3 IRI-2 IRI-3 IRI,.3
Big Piney 124.8 121.1 -0.030 124.8 112 -0.103 121.1 112 -0.075
Buffalo 120.3 127.1 0.057 120.3 120.6 0.002 127.1 120.6 -0.051
Casper Na 1215 120.6 -0.007 1215 120.8 -0.006 120.6 120.8 0.002
Cheyenne 114.3 122.1 0.068 114.3 1155 0.010 122.1 115.5 -0.054
Doug. Avn 121.8 1194 -0.020 121.8 120.3 -0.012 1194 120.3 0.008
Evanston 1125 117.2 0.042 1125 122.2 0.086 117.2 122.2 0.043
Gillette 122.0 119.1 -0.024 122.0 119.4 -0.021 119.1 119.4 0.003
Greybull 126.0 124.3 -0.013 126.0 125.8 -0.002 124.3 125.8 0.012
Lander 121.3 120.6 -0.006 121.3 121.2 -0.001 120.6 121.2 0.005
Laramie 117.7 119.3 0.014 117.7 118.3 0.005 119.3 118.3 -0.008
Rawlins 1175 120.2 0.023 1175 112.5 -0.043 120.2 112.5 -0.064
Riverton 121.2 121.2 0.000 121.2 121.3 0.001 121.2 121.3 0.001
ESfilr‘]gs 113.6 119.5 0.052 113.6 120.1 0.057 119.5 120.1 0.005
Sheridan 123.4 126.2 0.023 123.4 126.4 0.024 126.2 126.4 0.002
Worland 129.9 119.6 -0.079 129.9 125.2 -0.036 119.6 125.2 0.047
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Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated o generated o
. similar . similar
stations . stations .
elevations elevations
LC-1 LC-2 LCi, LC-1 LC-3 LCi4 LC-2 LC-3 LC,;
Big Piney 4.1 4.6 0.122 4.1 55 0.341 4.6 5.5 0.196
Buffalo 10.3 5.7 -0.447 10.3 7.3 -0.291 5.7 7.3 0.281
Casper Na 10.0 9.8 -0.020 10.0 9.4 -0.060 9.8 9.4 -0.041
Cheyenne 2.3 1.8 -0.217 2.3 1.9 -0.174 1.8 1.9 0.056
Doug. Avn 14.3 7.0 -0.510 14.3 10.3 -0.280 7.0 10.3 0.471
Evanston 3.5 2.5 -0.286 3.5 9 1.571 2.5 9 2.600
Gillette 12.0 7.6 -0.367 12.0 9.6 -0.200 7.6 9.6 0.263
Greybull 815 10.8 -0.867 815 24.3 -0.702 10.8 24.3 1.250
Lander 195 15.6 -0.200 19.5 18.2 -0.067 15.6 18.2 0.167
Laramie 3.1 1.0 -0.677 3.1 5.8 0.871 1.0 5.8 4.800
Rawlins 7.3 3.5 -0.521 7.3 5.3 -0.274 35 5.3 0.514
Riverton 17.9 16.3 -0.089 17.9 19.3 0.078 16.3 19.3 0.184
Rock 11.1 6.3 -0.432 11.1 4.9 -0.559 6.3 4.9 -0.222
Springs
Sheridan 15.4 12.3 -0.201 15.4 15.6 0.013 12.3 15.6 0.268
Worland 72.2 20.5 -0.716 72.2 325 -0.550 20.5 325 0.585
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Virtual Virtual Virtual Virtual
Weather data Weather Weather data Weather
Actual interpolated Actual data interpolated data
Weather P Change Weather | . Change P . Change
from all interpolated from all interpolated
Data Data . - . .
generated using similar generated | using similar
stations elevations stations elevations

AC-1 AC-2 ACi, AC-1 AC-3 AC; AC-2 AC-3 AC,.3
Big Piney 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Buffalo 0.2 0.1 -0.500 0.2 0.2 0.000 0.1 0.2 1.000
Casper Na 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Cheyenne 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Doug. Avn 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Evanston 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Gillette 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Greybull 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Lander 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Laramie 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Rawlins 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Riverton 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Rock 0.1 0.1 0.000 0.1 0.1 0.000 0.1 0.1 0.000
Springs
Sheridan 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Worland 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
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Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data Actual _ data interpolated | . data
Weather | interpolated | Change Weather mterp_olated Change from all mterp_olated Change
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
TC-1 TC-2 TCy TC-1 TC-3 TCys TC-2 TC-3 TCss
Big Piney 1289.2 826.7 -0.359 1288.4 4.6 -0.996 826.7 4.6 -0.994
Buffalo 697.2 1496.6 1.147 697.2 809.5 0.161 1496.6 809.5 -0.459
Casper Na 861.0 711.3 -0.174 861.0 735.6 -0.146 711.3 735.6 0.034
Cheyenne 154.8 1117.7 6.220 154.8 382.1 1.468 1117.7 382.1 -0.658
Doug. Avn 747.5 649.9 -0.131 7475 724.1 -0.031 649.9 724.1 0.114
Evanston 3.1 339.8 108.613 3.1 1072.4 344.935 339.8 1072.4 2.156
Gillette 776.9 516.8 -0.335 776.9 530.2 -0.318 516.8 530.2 0.026
Greybull 1051.0 1032.1 -0.018 1051.0 1024.3 -0.025 1032.1 1024.3 -0.008
Lander 530.5 672.4 0.267 530.5 702.7 0.325 672.4 702.7 0.045
Laramie 780.5 864 0.107 780.5 775.7 -0.006 864 775.7 -0.102
Rawlins 588.1 826 0.405 588.1 99.4 -0.831 826 99.4 -0.880
Riverton 716.9 584.8 -0.184 716.9 537.5 -0.250 584.8 537.5 -0.081
ngiﬁgs 57.7 751.6 12.026 57.7 986.4 16.095 751.6 986.4 0.312
Sheridan 740.1 1405.7 0.899 740.1 1411.4 0.907 1405.7 1411.4 0.004
Worland 1294.8 401.6 -0.690 1294.8 1059.7 -0.182 401.6 1059.7 1.639
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Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated S generated S
. similar . similar
stations . stations .
elevations elevations
ACR-1 ACR-2 ACR;., ACR-1 ACR-3 ACR;4 ACR-2 ACR-3 ACR,.4
Big Piney 0.19 0.21 0.105 0.19 0.19 0.000 0.21 0.19 -0.095
Buffalo 0.24 0.22 -0.083 0.24 0.22 -0.083 0.22 0.22 0.000
Casper Na 0.24 0.24 0.000 0.24 0.24 0.000 0.24 0.24 0.000
Cheyenne 0.19 0.18 -0.053 0.19 0.18 -0.053 0.18 0.18 0.000
Doug. Avn 0.26 0.23 -0.115 0.26 0.24 -0.077 0.23 0.24 0.043
Evanston 0.18 0.19 0.056 0.18 0.21 0.167 0.19 0.21 0.105
Gillette 0.25 0.24 -0.040 0.25 0.24 -0.040 0.24 0.24 0.000
Greybull 0.34 0.26 -0.235 0.34 0.29 -0.147 0.26 0.29 0.115
Lander 0.28 0.25 -0.107 0.28 0.26 -0.071 0.25 0.26 0.040
Laramie 0.17 0.16 -0.059 0.17 0.19 0.118 0.16 0.19 0.188
Rawlins 0.20 0.20 0.000 0.20 0.19 -0.050 0.20 0.19 -0.050
Riverton 0.26 0.27 0.038 0.26 0.28 0.077 0.27 0.28 0.037
Rock 0.22 0.21 -0.045 0.22 0.18 -0.182 0.21 0.18 -0.143
Springs
Sheridan 0.28 0.25 -0.107 0.28 0.25 -0.107 0.25 0.25 0.000
Worland 0.35 0.28 -0.200 0.35 0.29 -0.171 0.28 0.29 0.036

122




Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated o generated S
. similar . similar
stations . stations .
elevations elevations
TR-1 TR-2 TR, TR-1 TR-3 TRi3 TR-2 TR-3 TR,4
Big Piney 0.34 0.36 0.059 0.34 0.33 -0.029 0.36 0.33 -0.083
Buffalo 0.38 0.37 -0.026 0.38 0.37 -0.026 0.37 0.37 0.000
Casper Na 0.39 0.39 0.000 0.39 0.39 0.000 0.39 0.39 0.000
Cheyenne 0.34 0.33 -0.029 0.34 0.32 -0.059 0.33 0.32 -0.030
Doug. Avn 0.41 0.37 -0.098 0.41 0.39 -0.049 0.37 0.39 0.054
Evanston 0.32 0.34 0.063 0.32 0.35 0.094 0.34 0.35 0.029
Gillette 0.40 0.39 -0.025 0.40 0.39 -0.025 0.39 0.39 0.000
Greybull 0.48 0.41 -0.146 0.48 0.45 -0.062 0.41 0.45 0.098
Lander 0.43 0.40 -0.070 0.43 0.41 -0.047 0.40 0.41 0.025
Laramie 0.31 0.31 0.000 0.31 0.33 0.065 0.31 0.33 0.065
Rawlins 0.34 0.34 0.000 0.34 0.32 -0.059 0.34 0.32 -0.059
Riverton 0.41 0.42 0.024 0.41 0.43 0.049 0.42 0.43 0.024
Rock 0.36 0.35 -0.028 0.36 0.32 -0.111 0.35 0.32 -0.086
Springs
Sheridan 0.43 0.40 -0.070 0.43 0.4 -0.070 0.40 0.4 0.000
Worland 0.50 0.43 -0.140 0.50 0.44 -0.120 0.43 0.44 0.023
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APPENDIX D2: ANNUAL CLIMATE STATISTICS

125



MEAN ANNUAL AIR TEMPERATURE (F)

Virtual

Virtual

Virtual Virtual
Actual %i::hg:a?:éa Actual Weather data \?r/ﬁ::hg:ac::;a Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . L from all . .
Data Data using similar using similar
generated . generated -
. elevations . elevations
stations stations

AT-1 AT-2 AT, AT-1 AT-3 AT AT-2 AT-3 AT,
Big Piney 37.19 40.90 -3.710 37.19 43.29 -6.100 40.90 43.29 -2.390
Buffalo 46.79 43.06 3.730 46.79 45,98 0.810 43.06 45,98 -2.920
Casper Na 46.26 45.47 0.790 46.26 45.36 0.900 45 .47 45.36 0.110
Cheyenne 46.86 43.70 3.160 46.86 46.81 0.050 43.70 46.81 -3.110
Doug. Avn 46.61 47.04 -0.430 46.61 47.26 -0.650 47.04 47.26 -0.220
Evanston 42.29 40.54 1.750 42.29 38.84 3.450 40.54 38.84 1.700
Gillette 47.11 47.05 0.060 47.11 47.01 0.100 47.05 47.01 0.040
Greybull 46.20 47.26 -1.060 46.20 46.13 0.070 47.26 46.13 1.130
Lander 45.80 45.02 0.780 45.80 452 0.600 45.02 45.2 -0.180
Laramie 41.96 41.44 0.520 41.96 42.2 -0.240 41.44 42.2 -0.760
Rawlins 43.95 41.73 2.220 43.95 43.92 0.030 41.73 43.92 -2.190
Riverton 45.20 45.13 0.070 45.20 45.8 -0.600 45.13 45.8 -0.670
Rock 43.95 41.31 2.640 43.95 40.77 3.180 41.31 40.77 0.540
Springs
Sheridan 45,92 48.15 -2.230 45,92 46.61 -0.690 48.15 46.61 1.540
Worland 4554 47.39 -1.850 4554 45.27 0.270 47.39 45.27 2.120
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MEAN ANNUAL RAINFALL (in)

Virtual Virtual Virtual Virtual
Actual Vi\r/](:::hg:a?sga Actual Weather data \?rlw(:::hg;a?(?;a Weather data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . o from all . o
Data Data using similar using similar
generated . generated .
. elevations . elevations
stations stations
AR-1 AR-2 AR AR-1 AR-3 AR13 AR-2 AR-3 AR,3
Big Piney 12.15 11.68 0.470 12.15 8.03 4.120 11.68 8.03 3.650
Buffalo 11.90 12.80 -0.900 11.90 10.98 0.920 12.80 10.98 1.820
Casper Na 10.40 10.70 -0.300 10.40 10.73 -0.330 10.70 10.73 -0.030
Cheyenne 13.26 13.32 -0.060 13.26 12.74 0.520 13.32 12.74 0.580
Doug. Avn 11.86 11.33 0.530 11.86 10.56 1.300 11.33 10.56 0.770
Evanston 10.49 14.13 -3.640 10.49 7.84 2.650 14.13 7.84 6.290
Gillette 12.85 12.75 0.100 12.85 12.2 0.650 12.75 12.2 0.550
Greybull 5.27 12.46 -7.190 5.27 11.78 -6.510 12.46 11.78 0.680
Lander 11.42 8.82 2.600 11.42 8.4 3.020 8.82 8.4 0.420
Laramie 8.82 12.94 -4.120 8.82 7.98 0.840 12.94 7.98 4,960
Rawlins 9.07 10.94 -1.870 9.07 7.91 1.160 10.94 7.91 3.030
Riverton 8.46 11.28 -2.820 8.46 11.36 -2.900 11.28 11.36 -0.080
Rock 7.94 9.25 -1.310 7.94 8.04 -0.100 9.25 8.04 1.210
Springs
Sheridan 13.85 10.90 2.950 13.85 9.43 4.420 10.90 9.43 1.470
Worland 9.69 9.87 -0.180 9.69 8.15 1.540 9.87 8.15 1.720
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FREEZING INDEX (F-days)

Virtual Virtual Virtual Virtual
Actual Vi\rlﬁggg:a(:saa _ Actual Weather data _ %ﬁ:ﬁgg:gg&a Weather data _
Weather from all Diff Weather m_terpo_lat_ed Diff from all m_terpo_lat_ed Diff
Data Data using similar using similar
gener ated elevations gener ated elevations
stations stations
FI-1 Fl-2 Fl;» FI-1 FI-3 Flis Fl-2 FI-3 Flys
Big Piney 2439.19 1655.95 783.240 2439.19 1238.36 1200.830 1655.95 1238.36 417.590
Buffalo 874.26 1459.03 -584.770 874.26 1028.5 -154.240 1459.03 1028.5 430.530
Casper Na 986.09 1124.28 -138.190 986.09 1146.45 -160.360 1124.28 1146.45 -22.170
Cheyenne 793.33 1233.91 -440.580 793.33 877.67 -84.340 1233.91 877.67 356.240
Doug. Avn 1068.48 887.24 181.240 1068.48 885.43 183.050 887.24 885.43 1.810
Evanston 1325.58 1676.79 -351.210 1325.58 2098.26 -772.680 1676.79 2098.26 -421.470
Gillette 949.71 875.94 73.770 949.71 897.47 52.240 875.94 897.47 -21.530
Greybull 1569.36 1006.47 562.890 1569.36 1175.34 394.020 1006.47 1175.34 -168.870
Lander 1187.27 1312.40 -125.130 1187.27 1315.33 -128.060 1312.40 1315.33 -2.930
Laramie 1314.61 1398.28 -83.670 1314.61 1390.44 -75.830 1398.28 1390.44 7.840
Rawlins 1162.02 1486.62 -324.600 1162.02 1128.66 33.360 1486.62 1128.66 357.960
Riverton 1315.53 1268.94 46.590 1315.53 1187.27 128.260 1268.94 1187.27 81.670
Sgr(;l;gs 1253.80 1609.43 -355.630 1253.80 1660.99 -407.190 1609.43 1660.99 -51.560
Sheridan 1110.34 872.54 237.800 1110.34 1180.55 -70.210 872.54 1180.55 -308.010
Worland 1452.64 1080.04 372.600 1452.64 1432.15 20.490 1080.04 1432.15 -352.110

128




AVERAGE NUMBER OF FREEZE/THAW CYCLES

] . Virtual
Virtual Virtual Virtual Weather
Weather data Weather data
Actual interoolated Actual | Weather data interoolated data
Weather P Diff Weather | interpolated Diff P interpolated Diff
from all . - from all .
Data Data using similar using
generated . generated o
. elevations . similar
stations stations .
elevations
FT-1 FT-2 FT., FT-1 FT-3 FTus FT-2 FT-3 FT2s
Big Piney 149 134 15.000 149 117 32.000 134 117 17.000
Buffalo 123 154 -31.000 123 138 -15.000 154 138 16.000
Casper Na 118 131 -13.000 118 138 -20.000 131 138 -7.000
Cheyenne 117 144 -27.000 117 157 -40.000 144 157 -13.000
Doug. Avn 135 121 14.000 135 128 7.000 121 128 -7.000
Evanston 98 116 -18.000 98 144 -46.000 116 144 -28.000
Gillette 124 119 5.000 124 123 1.000 119 123 -4.000
Greybull 118 116 2.000 118 150 -32.000 116 150 -34.000
Lander 124 131 -7.000 124 121 3.000 131 121 10.000
Laramie 146 146 0.000 146 152 -6.000 146 152 -6.000
Rawlins 120 136 -16.000 120 138 -18.000 136 138 -2.000
Riverton 121 138 -17.000 121 124 -3.000 138 124 14.000
Roc_k 111 130 -19.000 111 137 -26.000 130 137 -7.000
Springs
Sheridan 140 111 29.000 140 116 24.000 111 116 -5.000
Worland 127 114 13.000 127 133 -6.000 114 133 -19.000
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
AT-1 AT-2 ATy, AT-1 AT-3 ATy AT-2 AT-3 AT,z
Big Piney 37.19 40.90 0.100 37.19 43.29 0.164 40.90 43.29 0.058
Buffalo 46.79 43.06 -0.080 46.79 45.98 -0.017 43.06 45.98 0.068
Casper Na 46.26 45.47 -0.017 46.26 45.36 -0.019 45.47 45.36 -0.002
Cheyenne 46.86 43.70 -0.067 46.86 46.81 -0.001 43.70 46.81 0.071
Doug. Avn 46.61 47.04 0.009 46.61 47.26 0.014 47.04 47.26 0.005
Evanston 42.29 40.54 -0.041 42.29 38.84 -0.082 40.54 38.84 -0.042
Gillette 47.11 47.05 -0.001 47.11 47.01 -0.002 47.05 47.01 -0.001
Greybull 46.20 47.26 0.023 46.20 46.13 -0.002 47.26 46.13 -0.024
Lander 45.80 45.02 -0.017 45.80 45.2 -0.013 45.02 45.2 0.004
Laramie 41.96 41.44 -0.012 41.96 42.2 0.006 41.44 42.2 0.018
Rawlins 43.95 41.73 -0.051 43.95 43.92 -0.001 41.73 43.92 0.052
Riverton 45.20 45.13 -0.002 45.20 45.8 0.013 45.13 45.8 0.015
S;’fiﬁgs 43.95 41.31 -0.060 43.95 40.77 -0.072 41.31 40.77 -0.013
Sheridan 45.92 48.15 0.049 45.92 46.61 0.015 48.15 46.61 -0.032
Worland 45.54 47.39 0.041 45.54 45.27 -0.006 47.39 45.27 -0.045
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Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated S generated S
. similar . similar
stations . stations .
elevations elevations
AR-1 AR-2 AR AR-1 AR-3 AR;3 AR-2 AR-3 AR5
Big Piney 12.15 11.68 -0.039 12.15 8.03 -0.339 11.68 8.03 -0.313
Buffalo 11.90 12.80 0.076 11.90 10.98 -0.077 12.80 10.98 -0.142
Casper Na 10.40 10.70 0.029 10.40 10.73 0.032 10.70 10.73 0.003
Cheyenne 13.26 13.32 0.005 13.26 12.74 -0.039 13.32 12.74 -0.044
Doug. Avn 11.86 11.33 -0.045 11.86 10.56 -0.110 11.33 10.56 -0.068
Evanston 10.49 14.13 0.347 10.49 7.84 -0.253 14.13 7.84 -0.445
Gillette 12.85 12.75 -0.008 12.85 12.2 -0.051 12.75 12.2 -0.043
Greybull 5.27 12.46 1.364 5.27 11.78 1.235 12.46 11.78 -0.055
Lander 11.42 8.82 -0.228 11.42 8.4 -0.264 8.82 8.4 -0.048
Laramie 8.82 12.94 0.467 8.82 7.98 -0.095 12.94 7.98 -0.383
Rawlins 9.07 10.94 0.206 9.07 7.91 -0.128 10.94 7.91 -0.277
Riverton 8.46 11.28 0.333 8.46 11.36 0.343 11.28 11.36 0.007
Rock 7.94 9.25 0.165 7.94 8.04 0.013 9.25 8.04 -0.131
Springs
Sheridan 13.85 10.90 -0.213 13.85 9.43 -0.319 10.90 9.43 -0.135
Worland 9.69 9.87 0.019 9.69 8.15 -0.159 0.87 8.15 -0.174
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Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated S generated S
. similar . similar
stations . stations .
elevations elevations
FI-1 Fl-2 Fli» FI-1 FI-3 Flis Fl-2 FI-3 Fl,s
Big Piney 2439.19 1655.95 -0.321 2439.19 1238.36 -0.492 1655.95 1238.36 -0.252
Buffalo 874.26 1459.03 0.669 874.26 1028.5 0.176 1459.03 1028.5 -0.295
Casper Na 986.09 1124.28 0.140 986.09 1146.45 0.163 1124.28 1146.45 0.020
Cheyenne 793.33 1233.91 0.555 793.33 877.67 0.106 1233.91 877.67 -0.289
Doug. Avn | 1068.48 887.24 -0.170 1068.48 885.43 -0.171 887.24 885.43 -0.002
Evanston 1325.58 1676.79 0.265 1325.58 2098.26 0.583 1676.79 2098.26 0.251
Gillette 949.71 875.94 -0.078 949.71 897.47 -0.055 875.94 897.47 0.025
Greybull 1569.36 1006.47 -0.359 1569.36 1175.34 -0.251 1006.47 1175.34 0.168
Lander 1187.27 1312.40 0.105 1187.27 1315.33 0.108 1312.40 1315.33 0.002
Laramie 1314.61 1398.28 0.064 1314.61 1390.44 0.058 1398.28 1390.44 -0.006
Rawlins 1162.02 1486.62 0.279 1162.02 1128.66 -0.029 1486.62 1128.66 -0.241
Riverton 1315.53 1268.94 -0.035 1315.53 1187.27 -0.097 1268.94 1187.27 -0.064
ggfiﬁgs 1253.80 1609.43 0.284 1253.80 1660.99 0.325 1609.43 1660.99 0.032
Sheridan 1110.34 872.54 -0.214 1110.34 1180.55 0.063 872.54 1180.55 0.353
Worland 1452.64 1080.04 -0.256 1452.64 1432.15 -0.014 1080.04 1432.15 0.326
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Virtual Virtual Virtual Virtual
Weather Weather
Weather data Weather data
Actual interpolated Actual data interpolated data
Weather P Change Weather | interpolated | Change P interpolated | Change
from all . from all .
Data Data using using
generated S generated S
. similar . similar
stations . stations .
elevations elevations
FT-1 FT-2 FT., FT-1 FT-3 FT.4 FT-2 FT-3 FT,s
Big Piney 149 134 -0.101 149 117 -0.215 134 117 -0.127
Buffalo 123 154 0.252 123 138 0.122 154 138 -0.104
Casper Na 118 131 0.110 118 138 0.169 131 138 0.053
Cheyenne 117 144 0.231 117 157 0.342 144 157 0.090
Doug. Avn 135 121 -0.104 135 128 -0.052 121 128 0.058
Evanston 98 116 0.184 98 144 0.469 116 144 0.241
Gillette 124 119 -0.040 124 123 -0.008 119 123 0.034
Greybull 118 116 -0.017 118 150 0.271 116 150 0.293
Lander 124 131 0.056 124 121 -0.024 131 121 -0.076
Laramie 146 146 0.000 146 152 0.041 146 152 0.041
Rawlins 120 136 0.133 120 138 0.150 136 138 0.015
Riverton 121 138 0.140 121 124 0.025 138 124 -0.101
Rock 111 130 0171 111 137 0.234 130 137 0.054
Springs
Sheridan 140 111 -0.207 140 116 -0.171 111 116 0.045
Worland 127 114 -0.102 127 133 0.047 114 133 0.167
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APPENDIX D3: PREDICTED DISTRESSES FOR PRIMARY
SYSTEM
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TERMINAL IRI (in/mi)

Virtual Virtual Virtual
Weather Virtual Weather Weather
Actual data Actual Weather data data data
Weather | interpolated Diff Weather interpolated Diff interpolated internolated Diff
Data from all Data using similar from all rerpotat
. using similar
generated elevations generated elevations
stations stations
IRI-1 IRI-2 IRl IRI-1 IRI-3 IRl 3 IRI-2 IRI-3 IRl
Big Piney 131 129.8 1.200 131.0 112.8 18.200 129.8 112.8 17.000
Buffalo 128 130 -2.000 128.0 129.1 -1.100 130 129.1 0.900
Casper Na 129.1 129.1 0.000 129.1 129.3 -0.200 129.1 129.3 -0.200
Cheyenne 124.1 129.2 -5.100 124.1 125.3 -1.200 129.2 125.3 3.900
Doug. Avn 133.6 129 4.600 133.6 128.7 4.900 129 128.7 0.300
Evanston 113.1 128.9 -15.800 113.1 129.2 -16.100 128.9 129.2 -0.300
Gillette 129.3 127.8 1.500 129.3 127.9 1.400 127.8 127.9 -0.100
Greybull 129.9 129.9 0.000 129.9 130.6 -0.700 129.9 130.6 -0.700
Lander 129 129.4 -0.400 129.0 129.3 -0.300 129.4 129.3 0.100
Laramie 127.3 129.1 -1.800 127.3 128.8 -1.500 129.1 128.8 0.300
Rawlins 126.7 129.2 -2.500 126.7 121.7 5.000 129.2 121.7 7.500
Riverton 129.5 129.7 -0.200 129.5 129.1 0.400 129.7 129.1 0.600
gr())rciﬁgs 120.8 128.9 -8.100 120.8 128.3 -7.500 128.9 128.3 0.600
Sheridan 130.7 129.2 1.500 130.7 129.3 1.400 129.2 129.3 -0.100
Worland 1315 128.8 2.700 1315 129.9 1.600 128.8 129.9 -1.100
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AC SURFACE DOWN CRACKING (LONGITUDINAL CRACKING) (ft/mi)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data _ Actual _ data . interpolated | . data _
Weather | interpolated Diff Weather mterp_olated Diff from all mterp_olated Diff
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
LC-1 LC-2 LCio LC-1 LC-3 LCy3 LC-2 LC-3 LCys
Big Piney 364 334 30.000 364.0 282 82.000 334.0 282 52.000
Buffalo 400 351 49.000 400.0 377 23.000 351.0 377 -26.000
Casper Na 378 369 9.000 378.0 368 10.000 369.0 368 1.000
Cheyenne 447 376 71.000 447.0 403 44.000 376.0 403 -27.000
Doug. Avn 378 397 -19.000 378.0 384 -6.000 397.0 384 13.000
Evanston 311 330 -19.000 311.0 286 25.000 330.0 286 44.000
Gillette 388 387 1.000 388.0 377 11.000 387.0 377 10.000
Greybull 282 369 -87.000 282.0 359 -77.000 369.0 359 10.000
Lander 364 336 28.000 364.0 333 31.000 336.0 333 3.000
Laramie 325 381 -56.000 325.0 372 -47.000 381.0 372 9.000
Rawlins 317 329 -12.000 317.0 308 9.000 329.0 308 21.000
Riverton 338 349 -11.000 338.0 360 -22.000 349.0 360 -11.000
gr?ﬁlrigs 290 295 -5.000 290.0 276 14.000 295.0 276 19.000
Sheridan 390 384 6.000 390.0 343 47.000 384.0 343 41.000
Worland 338 340 -2.000 338.0 298 40.000 340.0 298 42.000
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AC BOTTOM UP CRACKING (ALLIGATOR CRACKING) (%)

Virtual Virtual
Weather Virtual Weather Virtual
Actual data Actual | Weather data data Weather data
Weather | interpolated Diff Weather | interpolated Diff interpolate | interpolated Diff
Data from all Data using similar d fromall | using similar
generated elevations generated elevations
stations stations
AC-1 AC-2 AC,, AC-1 AC-3 ACi3 AC-2 AC-3 AC;.3
Big Piney 1.1 1 0.100 1.1 0.9 0.200 1.0 0.9 0.100
Buffalo 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Casper Na 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Cheyenne 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Doug. Avn 7 1 6.000 7 1 6.000 1.0 1.0 0.000
Evanston 0.9 1 -0.100 0.9 0.9 0.000 1.0 0.9 0.100
Gillette 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Greybull 1 1 0.000 1 1.1 -0.100 1.0 1.1 -0.100
Lander 11 1 0.100 1.1 1 0.100 1.0 1.0 0.000
Laramie 0.9 1 -0.100 0.9 0.9 0.000 1.0 0.9 0.100
Rawlins 0.9 0.9 0.000 0.9 0.8 0.100 0.9 0.8 0.100
Riverton 1.1 1.1 0.000 1.1 1.1 0.000 1.1 1.1 0.000
ggﬁﬁgs 0.9 0.9 0.000 0.9 0.8 0.100 0.9 0.8 0.100
Sheridan 1.1 1 0.100 1.1 1 0.100 1.0 1.0 0.000
Worland 1.1 1 0.100 1.1 1 0.100 1.0 1.0 0.000
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AC THERMAL CRACKING (TRANSVERSE CRACKING) (ft/mi)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data _ Actual _ data _ interpolated | . data _
Weather | interpolate Diff Weather mterp-olated Diff from all mterp-olated Diff
Data d from all Data using using
generated similar gener ated similar
stations elevations stations elevations
TC-1 TC-2 TCy, TC-1 TC-3 TCys TC-2 TC-3 TCys
Big Piney 2112 2112 0.000 2112.0 240.9 1871.100 2112 240.9 1871.100
Buffalo 1972.2 2112 -139.800 1972.2 2112 -139.800 2112 2112 0.000
Casper Na 2112 2067.2 44.800 2112.0 2089.6 22.400 2067.2 2089.6 -22.400
Cheyenne 1538.4 2112 -573.600 1538.4 1723 -184.600 2112 1723 389.000
Doug. Avn 2025.7 2111.7 -86.000 2025.7 2081.8 -56.100 2111.7 2081.8 29.900
Evanston 183.8 1958.1 -1774.300 183.8 2112 -1928.200 1958.1 2112 -153.900
Gillette 2043.5 1917.3 126.200 2043.5 1927.4 116.100 1917.3 1927.4 -10.100
Greybull 2112 2112 0.000 2112.0 2112 0.000 2112 2112 0.000
Lander 1951.9 2112 -160.100 1951.9 2112 -160.100 2112 2112 0.000
Laramie 2050.5 2112 -61.500 2050.5 2112 -61.500 2112 2112 0.000
Rawlins 1927.3 2112 -184.700 1927.3 1392.1 535.200 2112 1392.1 719.900
Riverton 2112 2061.2 50.800 2112.0 1971 141.000 2061.2 1971 90.200
E;’ﬁﬁgs 1168.5 2112 -943.500 1168.5 2112 -943.500 2112 2112 0.000
Sheridan 2105 2112 -7.000 2105.0 2112 -7.000 2112 2112 0.000
Worland 2112 1984.6 127.400 2112.0 2112 0.000 1984.6 2112 -127.400
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PERMANENT DEFORMATION (AC ONLY) (in)

Virtual ' Virtual Virtual
Weather data Virtual Weather Weather
Actual interpolated _ Actual Weather data _ _ data _ data _
Weather from all Diff Weather m_terpqlat_ed Diff interpolated mterp_olated Diff
Data Data using similar from all using
generated . o
stations elevations gene_rated S|m|I_ar
stations elevations
ACR-1 ACR-2 ACR, ACR-1 ACR-3 ACRy; ACR-2 ACR-3 ACR,;
Big Piney 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Buffalo 0.1 0.09 0.010 0.10 0.09 0.010 0.09 0.09 0.000
Casper Na 0.1 0.1 0.000 0.10 0.1 0.000 0.10 0.1 0.000
Cheyenne 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Doug. Avn 0.12 0.09 0.030 0.12 0.1 0.020 0.09 0.1 -0.010
Evanston 0.07 0.08 -0.010 0.07 0.08 -0.010 0.08 0.08 0.000
Gillette 0.1 0.1 0.000 0.10 0.1 0.000 0.10 0.1 0.000
Greybull 0.14 0.11 0.030 0.14 0.12 0.020 0.11 0.12 -0.010
Lander 0.11 0.1 0.010 0.11 0.1 0.010 0.10 0.1 0.000
Laramie 0.07 0.07 0.000 0.07 0.07 0.000 0.07 0.07 0.000
Rawlins 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Riverton 0.11 0.11 0.000 0.11 0.11 0.000 0.11 0.11 0.000
ggrciﬁgs 0.09 0.08 0.010 0.09 0.08 0.010 0.08 0.08 0.000
Sheridan 0.11 0.1 0.010 0.11 0.1 0.010 0.10 0.1 0.000
Worland 0.14 0.11 0.030 0.14 0.12 0.020 0.11 0.12 -0.010
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TOTAL PAVEMENT DEFORMATION (in)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data _ Actual _ data _ interpolated | data _

Weather | interpolated Diff Weather mterp-olated Diff from all mterp_olate Diff

Data from all Data using d using

generated similar gene-rated similar

stations elevations stations elevations

TR-1 TR-2 TR, TR-1 TR-3 TRy3 TR-2 TR-3 TR.3
Big Piney 0.31 0.3 0.010 0.31 0.28 0.030 0.30 0.28 0.020
Buffalo 0.3 0.3 0.000 0.30 0.3 0.000 0.30 0.3 0.000
Casper Na 0.3 0.31 -0.010 0.30 0.31 -0.010 0.31 0.31 0.000
Cheyenne 0.29 0.28 0.010 0.29 0.28 0.010 0.28 0.28 0.000
Doug. Avn 0.33 0.3 0.030 0.33 0.3 0.030 0.30 0.3 0.000
Evanston 0.28 0.29 -0.010 0.28 0.3 -0.020 0.29 0.3 -0.010
Gillette 0.31 0.3 0.010 0.31 0.3 0.010 0.30 0.3 0.000
Greybull 0.35 0.31 0.040 0.35 0.33 0.020 0.31 0.33 -0.020
Lander 0.32 0.31 0.010 0.32 0.31 0.010 0.31 0.31 0.000
Laramie 0.27 0.28 -0.010 0.27 0.28 -0.010 0.28 0.28 0.000
Rawlins 0.29 0.29 0.000 0.29 0.28 0.010 0.29 0.28 0.010
Riverton 0.32 0.32 0.000 0.32 0.32 0.000 0.32 0.32 0.000
gr())rcilrigs 0.3 0.29 0.010 0.30 0.28 0.020 0.29 0.28 0.010
Sheridan 0.32 0.31 0.010 0.32 0.31 0.010 0.31 0.31 0.000
Worland 0.35 0.32 0.030 0.35 0.33 0.020 0.32 0.33 -0.010
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
IRI-1 IRI-2 IRl IRI-1 IRI-3 IRI.3 IRI-2 IRI-3 IRI,.3
Big Piney 131 129.8 -0.009 131.0 112.8 -0.139 129.8 112.8 -0.131
Buffalo 128 130 0.016 128.0 129.1 0.009 130 129.1 -0.007
Casper Na 129.1 129.1 0.000 129.1 129.3 0.002 129.1 129.3 0.002
Cheyenne 124.1 129.2 0.041 124.1 125.3 0.010 129.2 125.3 -0.030
Doug. Avn 133.6 129 -0.034 133.6 128.7 -0.037 129 128.7 -0.002
Evanston 113.1 128.9 0.140 113.1 129.2 0.142 128.9 129.2 0.002
Gillette 129.3 127.8 -0.012 129.3 127.9 -0.011 127.8 127.9 0.001
Greybull 129.9 129.9 0.000 129.9 130.6 0.005 129.9 130.6 0.005
Lander 129 129.4 0.003 129.0 129.3 0.002 129.4 129.3 -0.001
Laramie 127.3 129.1 0.014 127.3 128.8 0.012 129.1 128.8 -0.002
Rawlins 126.7 129.2 0.020 126.7 121.7 -0.039 129.2 121.7 -0.058
Riverton 129.5 129.7 0.002 129.5 129.1 -0.003 129.7 129.1 -0.005
ggfiﬁgs 120.8 128.9 0.067 120.8 128.3 0.062 128.9 128.3 -0.005
Sheridan 130.7 129.2 -0.011 130.7 129.3 -0.011 129.2 129.3 0.001
Worland 131.5 128.8 -0.021 1315 129.9 -0.012 128.8 129.9 0.009
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Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data Actual _ data interpolated | . data
Weather | interpolated | Change Weather mterp_olated Change from all mterp.olated Change
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
LC-1 LC-2 LCi, LC-1 LC-3 LCis LC-2 LC-3 LC,;
Big Piney 364 334 -0.082 364.0 282 -0.225 334.0 282 -0.156
Buffalo 400 351 -0.123 400.0 377 -0.058 351.0 377 0.074
Casper Na 378 369 -0.024 378.0 368 -0.026 369.0 368 -0.003
Cheyenne 447 376 -0.159 447.0 403 -0.098 376.0 403 0.072
Doug. Avn 378 397 0.050 378.0 384 0.016 397.0 384 -0.033
Evanston 311 330 0.061 311.0 286 -0.080 330.0 286 -0.133
Gillette 388 387 -0.003 388.0 377 -0.028 387.0 377 -0.026
Greybull 282 369 0.309 282.0 359 0.273 369.0 359 -0.027
Lander 364 336 -0.077 364.0 333 -0.085 336.0 333 -0.009
Laramie 325 381 0.172 325.0 372 0.145 381.0 372 -0.024
Rawlins 317 329 0.038 317.0 308 -0.028 329.0 308 -0.064
Riverton 338 349 0.033 338.0 360 0.065 349.0 360 0.032
gs;:iﬁgs 290 295 0.017 290.0 276 -0.048 295.0 276 -0.064
Sheridan 390 384 -0.015 390.0 343 -0.121 384.0 343 -0.107
Worland 338 340 0.006 338.0 298 -0.118 340.0 298 -0.124
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Virtual

Virtual

Virtual Virtual
Weather Weather Weather data Weather
Actual data Actual data interoolated data
Weather | interpolated | Change Weather | interpolated | Change P . Change
. from all interpolated
Data from all Data using P
S generated | using similar
generated similar . .
. . stations elevations
stations elevations
AC-1 AC-2 AC,., AC-1 AC-3 ACi.3 AC-2 AC-3 AC,.3
Big Piney 1.1 1 -0.091 1.1 0.9 -0.182 1.0 0.9 -0.100
Buffalo 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Casper Na 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Cheyenne 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Doug. Avn 7 1 -0.857 7 1 -0.857 1.0 1.0 0.000
Evanston 0.9 1 0.111 0.9 0.9 0.000 1.0 0.9 -0.100
Gillette 1 1 0.000 1 1 0.000 1.0 1.0 0.000
Greybull 1 1 0.000 1 1.1 0.100 1.0 1.1 0.100
Lander 1.1 1 -0.091 1.1 1 -0.091 1.0 1.0 0.000
Laramie 0.9 1 0.111 0.9 0.9 0.000 1.0 0.9 -0.100
Rawlins 0.9 0.9 0.000 0.9 0.8 -0.111 0.9 0.8 -0.111
Riverton 1.1 1.1 0.000 1.1 1.1 0.000 1.1 1.1 0.000
Rock 0.9 0.9 0.000 0.9 0.8 0111 0.9 0.8 0111
Springs
Sheridan 1.1 1 -0.091 1.1 1 -0.091 1.0 1.0 0.000
Worland 1.1 1 -0.091 1.1 1 -0.091 1.0 1.0 0.000
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
TC-1 TC-2 TCi TC-1 TC-3 TCys TC-2 TC-3 TCss
Big Piney 2112 2112 0.000 2112.0 240.9 -0.886 2112 240.9 -0.886
Buffalo 1972.2 2112 0.071 1972.2 2112 0.071 2112 2112 0.000
Casper Na 2112 2067.2 -0.021 2112.0 2089.6 -0.011 2067.2 2089.6 0.011
Cheyenne 1538.4 2112 0.373 1538.4 1723 0.120 2112 1723 -0.184
Doug. Avn | 2025.7 2111.7 0.042 2025.7 2081.8 0.028 2111.7 2081.8 -0.014
Evanston 183.8 1958.1 9.653 183.8 2112 10.491 1958.1 2112 0.079
Gillette 2043.5 1917.3 -0.062 2043.5 1927.4 -0.057 1917.3 1927.4 0.005
Greybull 2112 2112 0.000 2112.0 2112 0.000 2112 2112 0.000
Lander 1951.9 2112 0.082 1951.9 2112 0.082 2112 2112 0.000
Laramie 2050.5 2112 0.030 2050.5 2112 0.030 2112 2112 0.000
Rawlins 1927.3 2112 0.096 1927.3 1392.1 -0.278 2112 1392.1 -0.341
Riverton 2112 2061.2 -0.024 2112.0 1971 -0.067 2061.2 1971 -0.044
ggfiﬁgs 1168.5 2112 0.807 1168.5 2112 0.807 2112 2112 0.000
Sheridan 2105 2112 0.003 2105.0 2112 0.003 2112 2112 0.000
Worland 2112 1984.6 -0.060 2112.0 2112 0.000 1984.6 2112 0.064
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Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data Actual _ data interpolated | . data
Weather | interpolated | Change Weather mterp_olated Change from all mterp.olated Change
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
ACR-1 ACR-2 ACR, ACR-1 ACR-3 ACRy; ACR-2 ACR-3 ACR,;
Big Piney 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Buffalo 0.1 0.09 -0.100 0.10 0.09 -0.100 0.09 0.09 0.000
Casper Na 0.1 0.1 0.000 0.10 0.1 0.000 0.10 0.1 0.000
Cheyenne 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Doug. Avn 0.12 0.09 -0.250 0.12 0.1 -0.167 0.09 0.1 0.111
Evanston 0.07 0.08 0.143 0.07 0.08 0.143 0.08 0.08 0.000
Gillette 0.1 0.1 0.000 0.10 0.1 0.000 0.10 0.1 0.000
Greybull 0.14 0.11 -0.214 0.14 0.12 -0.143 0.11 0.12 0.091
Lander 0.11 0.1 -0.091 0.11 0.1 -0.091 0.10 0.1 0.000
Laramie 0.07 0.07 0.000 0.07 0.07 0.000 0.07 0.07 0.000
Rawlins 0.08 0.08 0.000 0.08 0.08 0.000 0.08 0.08 0.000
Riverton 0.11 0.11 0.000 0.11 0.11 0.000 0.11 0.11 0.000
Rock 0.09 0.08 -0.111 0.09 0.08 -0.111 0.08 0.08 0.000
Springs
Sheridan 0.11 0.1 -0.091 0.11 0.1 -0.091 0.10 0.1 0.000
Worland 0.14 0.11 -0.214 0.14 0.12 -0.143 0.11 0.12 0.091
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Virtual

Virtual

Virtual

Weather Weather We\e:tlt:fauracliata Weather
Actual _ data Actual _ data interpolated | . data
Weather | interpolated | Change Weather mterp.olated Change from all mterp.olated Change
Data from all Data using using
generated similar gene'rated similar
stations elevations stations elevations
TR-1 TR-2 TR TR-1 TR-3 TR TR-2 TR-3 TR,3
Big Piney 0.31 0.3 -0.032 0.31 0.28 -0.097 0.30 0.28 -0.067
Buffalo 0.3 0.3 0.000 0.30 0.3 0.000 0.30 0.3 0.000
Casper Na 0.3 0.31 0.033 0.30 0.31 0.033 0.31 0.31 0.000
Cheyenne 0.29 0.28 -0.034 0.29 0.28 -0.034 0.28 0.28 0.000
Doug. Avn 0.33 0.3 -0.091 0.33 0.3 -0.091 0.30 0.3 0.000
Evanston 0.28 0.29 0.036 0.28 0.3 0.071 0.29 0.3 0.034
Gillette 0.31 0.3 -0.032 0.31 0.3 -0.032 0.30 0.3 0.000
Greybull 0.35 0.31 -0.114 0.35 0.33 -0.057 0.31 0.33 0.065
Lander 0.32 0.31 -0.031 0.32 0.31 -0.031 0.31 0.31 0.000
Laramie 0.27 0.28 0.037 0.27 0.28 0.037 0.28 0.28 0.000
Rawlins 0.29 0.29 0.000 0.29 0.28 -0.034 0.29 0.28 -0.034
Riverton 0.32 0.32 0.000 0.32 0.32 0.000 0.32 0.32 0.000
Rock 0.3 0.29 -0.033 0.30 0.28 -0.067 0.29 0.28 -0.034
Springs
Sheridan 0.32 0.31 -0.031 0.32 0.31 -0.031 0.31 0.31 0.000
Worland 0.35 0.32 -0.086 0.35 0.33 -0.057 0.32 0.33 0.031

147




148



APPENDIX D4: PREDICTED DISTRESSES FOR
SECONDARY SYSTEM
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TERMINAL IRI (in/mi)

Virtual Virtual Virtual Virtual
Weather Weather Weather Weather

Actual data Actual data data data
Weather | interpolated Diff Weather | interpolated Diff interpolated | interpolated Diff

Data from all Data using from all using

generated similar generated similar

stations elevations stations elevations

IRI-1 IRI-2 IRl IRI-1 IRI-3 IRl IRI-2 IRI-3 IRl
Big Piney 127.8 126.8 1.000 127.8 109.5 18.300 126.8 109.5 17.300
Buffalo 124.3 127 -2.700 124.3 125.8 -1.500 127 125.8 1.200
Casper Na 125.9 130.6 -4.700 125.9 125.6 0.300 130.6 125.6 5.000
Cheyenne 119.6 125 -5.400 119.6 1215 -1.900 125 1215 3.500
Doug. Avn 124.8 124.5 0.300 124.8 124.9 -0.100 124.5 124.9 -0.400
Evanston 109.9 124.9 -15.000 109.9 126.4 -16.500 124.9 126.4 -1.500
Gillette 125.2 124.2 1.000 125.2 124.3 0.900 124.2 124.3 -0.100
Greybull 126 126.6 -0.600 126.0 127.1 -1.100 126.6 127.1 -0.500
Lander 124.6 125.4 -0.800 124.6 125.6 -1.000 125.4 125.6 -0.200
Laramie 124.1 126.3 -2.200 124.1 126.1 -2.000 126.3 126.1 0.200
Rawlins 122.2 126.3 -4.100 122.2 117.4 4.800 126.3 117.4 8.900
Riverton 125.7 125.8 -0.100 125.7 124.9 0.800 125.8 124.9 0.900
ESﬁEgs 116 126 -10.000 116.0 125.6 -9.600 126 125.6 0.400
Sheridan 126.9 125.9 1.000 126.9 126.1 0.800 125.9 126.1 -0.200
Worland 127.5 124.3 3.200 127.5 126.4 1.100 124.3 126.4 -2.100
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AC SURFACE DOWN CRACKING (LONGITUDINAL CRACKING) (ft/mi)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data _ Actual _ data _ interpolated | . data _
Weather | interpolated Diff Weather mterp.olated Diff from all mterp'olated Diff
Data from all Data using using
generated similar gene-rated similar
stations elevations stations elevations
LC-1 LC-2 LCy., LC-1 LC-3 LCys LC-2 LC-3 LCy3
Big Piney 48.5 45.3 3.200 48.5 41.1 7.400 45.3 41.1 4.200
Buffalo 52.2 47.4 4.800 52.2 50.9 1.300 47.4 50.9 -3.500
Casper Na 515 186 -134.500 515 49.7 1.800 186.0 49.7 136.300
Cheyenne 56.6 49.4 7.200 56.6 53 3.600 49.4 53 -3.600
Doug. Avn 50.8 515 -0.700 50.8 51.6 -0.800 515 51.6 -0.100
Evanston 42.9 45.6 -2.700 42.9 42.1 0.800 45.6 42.1 3.500
Gillette 53.2 51.2 2.000 53.2 50 3.200 51.2 50 1.200
Greybull 42.9 50.4 -7.500 42.9 48.1 -5.200 50.4 48.1 2.300
Lander 45.7 47 -1.300 45.7 46.9 -1.200 47.0 46.9 0.100
Laramie 46.7 48.9 -2.200 46.7 49.8 -3.100 48.9 49.8 -0.900
Rawlins 44.3 45 -0.700 44.3 43.9 0.400 45.0 43.9 1.100
Riverton 47.4 47.2 0.200 47.4 49.2 -1.800 47.2 49.2 -2.000
g{gﬁﬁgs 435 42.2 1.300 435 38.5 5.000 42.2 38.5 3.700
Sheridan 52.4 51.2 1.200 52.4 46.4 6.000 51.2 46.4 4.800
Worland 48.1 47.5 0.600 48.1 43.4 4.700 47.5 43.4 4.100
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AC BOTTOM UP CRACKING (ALLIGATOR CRACKING) (%)

Virtual Virtual . .
Weather Weather Virtual Virtual
Weather data Weather
Actual data Actual data interoolated data
Weather | interpolated Diff Weather | interpolated Diff P . Diff
. from all interpolated
Data from all Data using P
. generated using similar
generated similar . .
. . stations elevations
stations elevations

AC-1 AC-2 AC., AC-1 AC-3 ACi; AC-2 AC-3 AC,;

Big Piney 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Buffalo 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Casper Na 0.2 0.4 -0.200 0.2 0.2 0.000 0.4 0.2 0.200

Cheyenne 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Doug. Avn 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Evanston 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Gillette 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Greybull 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Lander 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Laramie 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Rawlins 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Riverton 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Rock 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Springs

Sheridan 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Worland 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
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AC THERMAL FRACTURE (TRANSVERSE CRACKING) (ft/mi)

Virtual Virtual Virtual Virtual
potal | e o pcuat | W U | Wester
Weather from all Diff Weather interpolated Diff from all interpolated Diff
Data generated Data using similar generated using similar
stations elevations stations elevations

TC-1 TC-2 TC TC-1 TC-3 TCi3 TC-2 TC-3 TCys
Big Piney 2112 2112 0.000 2112.0 163.8 1948.200 2112 163.8 1948.200
Buffalo 1899.1 2112 -212.900 1899.1 2096.1 -197.000 2112 2096.1 15.900
Casper Na 2112 1689.4 422.600 2112.0 2027.2 84.800 1689.4 2027.2 -337.800
Cheyenne 1344.7 1967.5 -622.800 1344.7 1600.6 -255.900 1967.5 1600.6 366.900
Doug. Avn 1897.4 1950.2 -52.800 1897.4 2003.8 -106.400 1950.2 2003.8 -53.600
Evanston 132.6 1813.3 -1680.700 132.6 2112 -1979.400 1813.3 2112 -298.700
Gillette 1944.6 1860.6 84.000 1944.6 1870.1 74.500 1860.6 1870.1 -9.500
Greybull 2112 2112 0.000 2112.0 2112 0.000 2112 2112 0.000
Lander 1848.4 2020.7 -172.300 1848.4 2054.3 -205.900 2020.7 2054.3 -33.600
Laramie 1976.1 2112 -135.900 1976.1 2112 -135.900 2112 2112 0.000
Rawlins 1723.1 2112 -388.900 1723.1 1186.6 536.500 2112 1186.6 925.400
Riverton 2059.5 1990.4 69.100 2059.5 1875.8 183.700 1990.4 1875.8 114.600
ggﬁlrigs 952.5 2112 -1159.500 952.5 2112 -1159.500 2112 2112 0.000
Sheridan 2061.8 2112 -50.200 2061.8 2112 -50.200 2112 2112 0.000
Worland 2112 1866.3 245,700 2112.0 2112 0.000 1866.3 2112 -245.700
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PERMANENT DEFORMATION (HMA LAYER) (in)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data _ Actual _ data _ interpolated | . data _
Weather | interpolated Diff Weather mterp-olated Diff from all mterp.olated Diff
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
ACR-1 ACR-2 ACR., ACR-1 ACR-3 ACR3 ACR-2 ACR-3 ACR;3
Big Piney 0.04 0.05 -0.010 0.04 0.04 0.000 0.05 0.04 0.010
Buffalo 0.05 0.05 0.000 0.05 0.05 0.000 0.05 0.05 0.000
Casper Na 0.05 0.05 0.000 0.05 0.05 0.000 0.05 0.05 0.000
Cheyenne 0.05 0.05 0.000 0.05 0.04 0.010 0.05 0.04 0.010
Doug. Avn 0.06 0.05 0.010 0.06 0.06 0.000 0.05 0.06 -0.010
Evanston 0.04 0.04 0.000 0.04 0.04 0.000 0.04 0.04 0.000
Gillette 0.06 0.05 0.010 0.06 0.06 0.000 0.05 0.06 -0.010
Greybull 0.08 0.06 0.020 0.08 0.07 0.010 0.06 0.07 -0.010
Lander 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
Laramie 0.04 0.04 0.000 0.04 0.04 0.000 0.04 0.04 0.000
Rawlins 0.05 0.04 0.010 0.05 0.04 0.010 0.04 0.04 0.000
Riverton 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
EOC." 0.05 0.05 0.000 0.05 0.04 0.010 0.05 0.04 0.010
prings
Sheridan 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
Worland 0.08 0.06 0.020 0.08 0.07 0.010 0.06 0.07 -0.010
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TOTAL PAVEMENT DEFORMATION (in)

Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual data Actual data . data
Weather | interpolated Diff Weather | interpolated Diff m?:g%?l;tf d interpolated Diff
Data from all Data using using
generated similar gener ated similar
stations elevations stations elevations

TR-1 TR-2 TR, TR-1 TR-3 TRy TR-2 TR-3 TRy3
Big Piney 0.25 0.24 0.010 0.25 0.23 0.020 0.24 0.23 0.010
Buffalo 0.24 0.24 0.000 0.24 0.24 0.000 0.24 0.24 0.000
Casper Na 0.24 0.29 -0.050 0.24 0.24 0.000 0.29 0.24 0.050
Cheyenne 0.23 0.24 -0.010 0.23 0.23 0.000 0.24 0.23 0.010
Doug. Avn 0.25 0.24 0.010 0.25 0.24 0.010 0.24 0.24 0.000
Evanston 0.23 0.24 -0.010 0.23 0.24 -0.010 0.24 0.24 0.000
Gillette 0.25 0.24 0.010 0.25 0.24 0.010 0.24 0.24 0.000
Greybull 0.27 0.25 0.020 0.27 0.26 0.010 0.25 0.26 -0.010
Lander 0.25 0.25 0.000 0.25 0.25 0.000 0.25 0.25 0.000
Laramie 0.22 0.23 -0.010 0.22 0.23 -0.010 0.23 0.23 0.000
Rawlins 0.23 0.23 0.000 0.23 0.23 0.000 0.23 0.23 0.000
Riverton 0.25 0.25 0.000 0.25 0.25 0.000 0.25 0.25 0.000
Sgr?;gs 0.24 0.24 0.000 0.24 0.23 0.010 0.24 0.23 0.010
Sheridan 0.25 0.24 0.010 0.25 0.25 0.000 0.24 0.25 -0.010
Worland 0.27 0.25 0.020 0.27 0.26 0.010 0.25 0.26 -0.010
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
IRI-1 IRI-2 IRl IRI-1 IRI-3 IRI.3 IRI-2 IRI-3 IRI,.3
Big Piney 127.8 126.8 -0.008 127.8 109.5 -0.143 126.8 109.5 -0.136
Buffalo 124.3 127 0.022 124.3 125.8 0.012 127 125.8 -0.009
Casper Na 125.9 130.6 0.037 125.9 125.6 -0.002 130.6 125.6 -0.038
Cheyenne 119.6 125 0.045 119.6 121.5 0.016 125 121.5 -0.028
Doug. Avn 124.8 124.5 -0.002 124.8 124.9 0.001 124.5 124.9 0.003
Evanston 109.9 124.9 0.136 109.9 126.4 0.150 124.9 126.4 0.012
Gillette 125.2 124.2 -0.008 125.2 124.3 -0.007 124.2 124.3 0.001
Greybull 126 126.6 0.005 126.0 127.1 0.009 126.6 127.1 0.004
Lander 124.6 125.4 0.006 124.6 125.6 0.008 125.4 125.6 0.002
Laramie 124.1 126.3 0.018 124.1 126.1 0.016 126.3 126.1 -0.002
Rawlins 122.2 126.3 0.034 122.2 1174 -0.039 126.3 1174 -0.070
Riverton 125.7 125.8 0.001 125.7 124.9 -0.006 125.8 124.9 -0.007
ggfiﬁgs 116 126 0.086 116.0 125.6 0.083 126 125.6 -0.003
Sheridan 126.9 125.9 -0.008 126.9 126.1 -0.006 125.9 126.1 0.002
Worland 127.5 124.3 -0.025 127.5 126.4 -0.009 124.3 126.4 0.017
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Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual data Actual data . data
Weather | interpolated | Change Weather | interpolated | Change m:._?(r)?ﬁl:ltle d interpolated | Change
Data from all Data using using
generated similar gener ated similar
stations elevations stations elevations
LC-1 LC-2 LCy, LC-1 LC-3 LCis LC-2 LC-3 LC,3
Big Piney 48.5 45.3 -0.066 48.5 41.1 -0.153 45.3 41.1 -0.093
Buffalo 52.2 47.4 -0.092 52.2 50.9 -0.025 47.4 50.9 0.074
Casper Na 51.5 186 2.612 51.5 49.7 -0.035 186.0 49.7 -0.733
Cheyenne 56.6 49.4 -0.127 56.6 53 -0.064 49.4 53 0.073
Doug. Avn 50.8 51.5 0.014 50.8 51.6 0.016 51.5 51.6 0.002
Evanston 42.9 45.6 0.063 42.9 42.1 -0.019 45.6 42.1 -0.077
Gillette 53.2 51.2 -0.038 53.2 50 -0.060 51.2 50 -0.023
Greybull 42.9 50.4 0.175 42.9 48.1 0.121 50.4 48.1 -0.046
Lander 45.7 47 0.028 45.7 46.9 0.026 47.0 46.9 -0.002
Laramie 46.7 48.9 0.047 46.7 49.8 0.066 48.9 49.8 0.018
Rawlins 44.3 45 0.016 44.3 43.9 -0.009 45.0 43.9 -0.024
Riverton 47.4 47.2 -0.004 47.4 49.2 0.038 47.2 49.2 0.042
g;)fiﬁgs 435 42.2 -0.030 435 38.5 -0.115 42.2 385 -0.088
Sheridan 52.4 51.2 -0.023 52.4 46.4 -0.115 51.2 46.4 -0.094
Worland 48.1 47.5 -0.012 48.1 43.4 -0.098 47.5 43.4 -0.086
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Virtual

Virtual

Virtual Virtual
Weather Weather Weather data Weather
Actual data Actual data interpolated data

Weather | interpolated | Change Weather | interpolated | Change frorr)n all internolated Change

Data from all Data using d Lerpo |

enerated similar gene_rate using similar

gstations elevations stations elevations
AC-1 AC-2 AC;., AC-1 AC-3 AC;.3 AC-2 AC-3 AC,.;
Big Piney 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Buffalo 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Casper Na 0.2 0.4 1.000 0.2 0.2 0.000 0.4 0.2 -0.500
Cheyenne 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Doug. Avn 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Evanston 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Gillette 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Greybull 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Lander 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Laramie 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Rawlins 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Riverton 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Rock 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000

Springs

Sheridan 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
Worland 0.2 0.2 0.000 0.2 0.2 0.000 0.2 0.2 0.000
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Virtual Virtual Virtual Virtual
Weather Weather Weather Weather
Actual data Actual data data data
Weather | interpolated | Change Weather | interpolated | Change interpolated | interpolated | Change
Data from all Data using from all using
generated similar generated similar
stations elevations stations elevations
TC-1 TC-2 TCi TC-1 TC-3 TCys TC-2 TC-3 TCss
Big Piney 2112 2112 0.000 2112.0 163.8 -0.922 2112 163.8 -0.922
Buffalo 1899.1 2112 0.112 1899.1 2096.1 0.104 2112 2096.1 -0.008
Casper Na 2112 1689.4 -0.200 2112.0 2027.2 -0.040 1689.4 2027.2 0.200
Cheyenne 1344.7 1967.5 0.463 1344.7 1600.6 0.190 1967.5 1600.6 -0.186
Doug. Avn | 1897.4 1950.2 0.028 1897.4 2003.8 0.056 1950.2 2003.8 0.027
Evanston 132.6 1813.3 12.675 132.6 2112 14.928 1813.3 2112 0.165
Gillette 1944.6 1860.6 -0.043 1944.6 1870.1 -0.038 1860.6 1870.1 0.005
Greybull 2112 2112 0.000 2112.0 2112 0.000 2112 2112 0.000
Lander 1848.4 2020.7 0.093 1848.4 2054.3 0.111 2020.7 2054.3 0.017
Laramie 1976.1 2112 0.069 1976.1 2112 0.069 2112 2112 0.000
Rawlins 1723.1 2112 0.226 1723.1 1186.6 -0.311 2112 1186.6 -0.438
Riverton 2059.5 1990.4 -0.034 2059.5 1875.8 -0.089 1990.4 1875.8 -0.058
ggfiﬁgs 952.5 2112 1.217 952.5 2112 1.217 2112 2112 0.000
Sheridan 2061.8 2112 0.024 2061.8 2112 0.024 2112 2112 0.000
Worland 2112 1866.3 -0.116 2112.0 2112 0.000 1866.3 2112 0.132
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Virtual Virtual Virtual Virtual
Weather Weather Weather data Weather
Actual _ data Actual _ data interpolated | . data
Weather | interpolated | Change Weather mterp_olated Change from all mterp.olated Change
Data from all Data using using
generated similar gene_rated similar
stations elevations stations elevations
ACR-1 ACR-2 ACRy, ACR-1 ACR-3 ACRy; ACR-2 ACR-3 ACR;;
Big Piney 0.04 0.05 0.250 0.04 0.04 0.000 0.05 0.04 -0.200
Buffalo 0.05 0.05 0.000 0.05 0.05 0.000 0.05 0.05 0.000
Casper Na 0.05 0.05 0.000 0.05 0.05 0.000 0.05 0.05 0.000
Cheyenne 0.05 0.05 0.000 0.05 0.04 -0.200 0.05 0.04 -0.200
Doug. Avn 0.06 0.05 -0.167 0.06 0.06 0.000 0.05 0.06 0.200
Evanston 0.04 0.04 0.000 0.04 0.04 0.000 0.04 0.04 0.000
Gillette 0.06 0.05 -0.167 0.06 0.06 0.000 0.05 0.06 0.200
Greybull 0.08 0.06 -0.250 0.08 0.07 -0.125 0.06 0.07 0.167
Lander 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
Laramie 0.04 0.04 0.000 0.04 0.04 0.000 0.04 0.04 0.000
Rawlins 0.05 0.04 -0.200 0.05 0.04 -0.200 0.04 0.04 0.000
Riverton 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
ngiﬁgs 0.05 0.05 0.000 0.05 0.04 -0.200 0.05 0.04 -0.200
Sheridan 0.06 0.06 0.000 0.06 0.06 0.000 0.06 0.06 0.000
Worland 0.08 0.06 -0.250 0.08 0.07 -0.125 0.06 0.07 0.167

160




Virtual Virtual . Virtual
Weather Weather Virtual Weather
Weather data
Actual data Actual data interoolated data
Weather | interpolated | Change Weather | interpolated | Change . P I interpolated | Change
Data from all Data using rom a q using
generated similar g;r;iirg;i similar
stations elevations elevations

TR-1 TR-2 TR, TR-1 TR-3 TR TR-2 TR-3 TR,.3
Big Piney 0.25 0.24 -0.040 0.25 0.23 -0.080 0.24 0.23 -0.042
Buffalo 0.24 0.24 0.000 0.24 0.24 0.000 0.24 0.24 0.000
Casper Na 0.24 0.29 0.208 0.24 0.24 0.000 0.29 0.24 -0.172
Cheyenne 0.23 0.24 0.043 0.23 0.23 0.000 0.24 0.23 -0.042
Doug. Avn 0.25 0.24 -0.040 0.25 0.24 -0.040 0.24 0.24 0.000
Evanston 0.23 0.24 0.043 0.23 0.24 0.043 0.24 0.24 0.000
Gillette 0.25 0.24 -0.040 0.25 0.24 -0.040 0.24 0.24 0.000
Greybull 0.27 0.25 -0.074 0.27 0.26 -0.037 0.25 0.26 0.040
Lander 0.25 0.25 0.000 0.25 0.25 0.000 0.25 0.25 0.000
Laramie 0.22 0.23 0.045 0.22 0.23 0.045 0.23 0.23 0.000
Rawlins 0.23 0.23 0.000 0.23 0.23 0.000 0.23 0.23 0.000
Riverton 0.25 0.25 0.000 0.25 0.25 0.000 0.25 0.25 0.000
ngiﬁgs 0.24 0.24 0.000 0.24 0.23 -0.042 0.24 0.23 -0.042
Sheridan 0.25 0.24 -0.040 0.25 0.25 0.000 0.24 0.25 0.042
Worland 0.27 0.25 -0.074 0.27 0.26 -0.037 0.25 0.26 0.040
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APPENDIX E1: INTERSTATE SCATTER PLOTS
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