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SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
In Inches 25.4 Millimeters mm
Ft Feet 0.305 Meters m
Yd Yards 0.914 Meters m
Mi Miles 1.61 Kilometers km
AREA
in2 square inches 645.2 square millimeters mm?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
Ac Acres 0.405 Hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 Milliliters mL
Gal Gallons 3.785 Liters L
ft3 cubic feet 0.028 cubic meters m®
yd3 cubic yards 0.765 cubic meters m3
[NOTE: volumes greater than 1,000 shall be shown in m?]
MASS
Oz Ounces 28.35 Grams g
Lb Pounds 0.454 Kilograms kg
T short tons (2000 Ib) 0.907 megagrams (metric tons) Mg (or t)
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
Fc foot-candles 10.76 Lux Ix
FI foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Lbf Pounds 4.45 Newtons N
Ibf/in? (psi) pounds per square inch 6.89 kiloPascals kPa
k/in? (ksi) kips per square inch 6.89 megaPascals MPa
DENSITY
Ib/ft3 (pcf) pounds per cubic foot 16.02 kilograms per cubic meter kg/m?
APPROXIMATE CONVERSIONS FROM S| UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
Mm Millimeters 0.039 Inches in
M Meters 3.28 Feet ft
M Meters 1.090 Yards yd
Km Kilometers 0.621 Miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft2
m?2 square meters 1.195 square yards yd?
Ha Hectares 2.47 Acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL Milliliters 0.034 fluid ounces fl oz
L Liters 0.264 Gallons gal
m3 cubic meters 35.314 cubic feet fts
m?3 cubic meters 1.307 cubic yards yd®
MASS
G Grams 0.035 Ounces oz
Kg Kilograms 2.202 Pounds Ib
Mg (or t) megagrams (metric tons) 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix Lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N Newtons 0.225 Pounds Lbf
kPa kiloPascals 0.145 pounds per square inch Ibf/in? (psi)
Mpa MegaPascals 0.145 kips per square inch k/in? (ksi)
DENSITY
kg/m3 pounds per cubic foot 0.062 kilograms per cubic meter Ib/ft® (pcf)

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E 380. (Revised March 2003)
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IMPLEMENTATION AND PRELIMINARY LOCAL
CALIBRATION OF PAVEMENT ME DESIGN IN
MISSISSIPPI: VOLUME |

CHAPTER 1—INTRODUCTION

1.1 BACKGROUND

The Mississippi Department of Transportation (MDOT) currently uses the 1972 American
Association of State Highway and Transportation Officials (AASHTO) Interim Guide for
Design of Pavement Structures as its standard pavement design procedure (AASHTO,
1972). MDOT, however, plans to adopt the new Mechanistic-Empirical Pavement Design
Guide (MEDPG) procedure (AASHTO, 2008). The new design procedure is a part of the
AASHTO software Pavement ME Design and uses mechanistic-empirical (ME) principles.
MDOT recognized the benefits and value of using the MEPDG and started the process of
implementing the software package for new pavement and rehabilitation design in 2003.

The M-E based procedure is a significant departure from the existing AASHTO empirical
procedure. The primary advantage of an ME-based design system is that it is based on
pavement fatigue and deformation characteristics of all layers, rather than solely on the
pavement’s surface condition (ride quality). In addition, ME-based concepts allow the
pavement design engineer to quantify the effect of changes in materials, load, climate, age,
and construction practices on pavement performance. It also provides a more accurate and
cost effective method of diagnosing pavement problems, optimizing new and rehabilitation
designs, and forecasting maintenance and repair needs.

To facilitate a gradual transition from the current empirical pavement design methodology to
the ME-based approach, MDOT assessed the MEPDG design inputs (traffic, materials and
environment) as related to multiple factors, including: level of effort, procedures to measure
the input values, availability of values from historical records, and other factors. Equally
important was the verification of the distress prediction models or transfer functions with
local data.

The MEPDG distress transfer functions and prediction methodology were calibrated using
data from the Long Term Pavement Performance (LTPP) program under National
Cooperative Highway Research Program (NCHRP) projects 1-37A and 1-40D. The global
calibration effort, however, cannot be expected to consider all potential factors that can
occur throughout all agencies, materials, design strategies, and climates found in the United
States. For example, factors such as maintenance strategies, construction specifications,
aggregate and binder type, mixture design procedures, and material specifications can
result in performance differences — all other factors being equal. In fact, small differences in
some of the above factors can cause large differences in performance.

Accordingly, the overall objective of MDOT’s implementation process was to verify, re-
calibrate, and validate the distress transfer functions and streamline a design process using
the MEPDG for new and rehabilitation pavement design.
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1.2 PHASED IMPLEMENTATION APPROACH

MDOT initiated a four-phased implementation approach to ensure all the inputs to the
procedure can be accurately measured in day to day practice. In addition, MDOT evaluated
the distress and smoothness prediction models or transfer functions to ensure they
accurately predict the performance of MDOT roadways. The four phases are defined below.

1. Phase 1 included the development of an implementation plan for MDOT through
State Study #163, “Develop Mississippi DOT’s Plan to Implement the 2002 Design
Guide.” The 2002 Design Guide is the MEPDG and Pavement ME Design is the
software package being distributed through AASHTOWare. The MEPDG procedure
and methodology, as well as the transfer functions are described in the MEPDG
Manual of Practice (AASHTO, 2008).

2. Phase 2 included two activities: (a) the verification and determination of the
preliminary local calibration coefficients of the transfer functions, if found to be
inadequate; and (b) the development of traffic and materials libraries for using the
Pavement ME Design software in Mississippi.

3. Phase 3 includes an expanded local calibration of the MEPDG transfer functions and
expanded inputs library based on an extensive field investigation of pavement test
sections in Mississippi.

4. Phase 4 includes the training on the MEPDG procedure itself and use of the
Pavement ME Design software.

Phases 1 and 2 have been completed. Phases 3 and 4 are future phases focused on
enhancing the local calibration coefficients and training, respectively. This includes verifying
and/or adjusting the local calibration coefficients of the distress transfer functions included in
the MEPDG software and Manual of Practice (AASHTO, 2008).

The objective of Phase 1 was to develop a “road map” or plan for MDOT's implementation of
the MEPDG. Actual implementation of the new design procedure will take place in Phases 3
and 4. The road map (Phase 1) identified the steps to implement the MEPDG, and included
the following tasks that are documented in report FHWA/MS-DOT-RD-03-163:*

Familiarize MDOT staff with the MEPDG — the procedure and software.

¢ Identify MDOT needs relative to the types of pavements of interest for new or
reconstruction design and the types of rehabilitation for existing pavements.

o Develop a calibration and validation plan to revise the coefficients of the MEPDG
transfer functions to accurately simulate Mississippi conditions, materials, and
operational policies.

e Develop an experimental design and sampling matrix or factorial and select test
sections for that matrix.

e Recommend technology transfer procedures and a training program to ensure
proper use of the software, as well as proper determination of the input values.

e Prepare a detailed plan or “road map” for implementation of the MEPDG.

The objective of Phase 2 was to evaluate the MEPDG transfer functions and determine
whether the global calibration coefficients reasonably predict distresses and smoothness for

1 Phase 1 Report: FHWA/MS-DOT-RD-03-163, Mississippi DOT’s Plan to Implement the 2002 Design
Guide; Authors Athar Saeed and Jim Hall, Mississippi DOT, Jackson, MS, September 2003.
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LTPP and non-LTPP sites located in Mississippi. The outcomes from Phase 2 were
preliminary sets of local calibration coefficients to ensure unbiased predictions of distress
and roughness and a revised sampling and testing plan or template for finalizing the MDOT
local calibration coefficients. Phase 2 also included preparation of a User Input Guide and
Software Manual specific to MDOT, and some initial training in using the MEPDG software.
The results from Phase 2 are documented in this report. Phases 3 and 4 are to be
completed under a different project.

The objective of Phase 3 includes the field investigation and testing of the non-LTPP
roadway segments and an updated local calibration of the MEPDG transfer functions, while
Phase 4 includes continued training in using Pavement ME Design in day to day practice.

1.3 SCOPE OF REPORT

This report is volume | for the Phase 2 work. It provides a summary of all work completed
under Phase 2 for verifying and completing a preliminary local calibration of the MEPDG
transfer functions. Volume Il of the Phase 2 work is a separate document and includes the
MEPDG inputs and summary output files for all of the LTPP and non-LTPP roadway
segments. The input files in Volume Il can be used as a starting point for the final calibration
effort to be completed after the field investigations of the non-LTPP roadway segments are
completed.?

Volume | includes ten chapters. Chapter 1 is the introduction to the project, while Chapter 2
is an overview of the MEPDG design methodology and transfer functions used to predict
pavement performance. Chapter 3 presents the experimental plan and sampling matrix used
for the preliminary local calibration. The next four chapters are focused on describing the
inputs used for the local calibration. Chapter 4 is on the truck traffic inputs, Chapter 5 is on
Climate inputs, Chapter 6 is on the layer features, and Chapter 7 overviews the material
properties. Chapters 8 and 9 provide the results from the local calibration process. Chapter
8 includes the results for the flexible pavement transfer functions, while Chapter 9 includes
those for the rigid pavement transfer functions. Chapter 10 summarizes the conclusions and
recommendations from the preliminary local calibration process and provides a brief
discussion on specialty applications of the MEPDG in Mississippi.

These chapters are followed by multiple appendices that provide supporting documentation
on various inputs and provide more detailed information and guidance for the expanded
calibration of specific transfer functions that are based on the field investigations currently
planned under Phase 3.

2Volume Il Local Calibration Sections, Implementation of the Mechanistic-Empirical Pavement
Design Guide in Mississippi, Report ##FHWA/MS-DOT-RD-013-170, December 30, 2013.
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1.4 DESIGN STRATEGIES INCLUDED IN CALIBRATION

1.4.1 New/Reconstructed Flexible Pavements and HMA Overlays

The new and reconstructed hot mix asphalt (HMA)?® surfaced pavements, as well as HMA
overlays, included in the Pavement ME Design software are listed below and grouped by
those verified using the LTPP sites and non-LTPP pavement management sections as well
as those excluded from the verification process.* The latter chapters in this research report
provide more detailed discussion on the types of pavement included in the local calibration
process as part of the sampling matrix or experimental factorial (see Chapter 3). The
following identifies the flexible pavement types included, as well as excluded from the local
calibration process in Mississippi.

e Included in Verification-Local Calibration Process:

1. Conventional flexible pavements: thin HMA surfaces (less than 6 inches in
thickness) and aggregate base layers (crushed gravel and soil-aggregate
mixtures), greater than 8 inches in thickness with and without stabilized
subgrades.

2. Deep strength flexible pavements: thick HMA (a wearing surface and a dense-
graded HMA base mixture exceeding 6 inches in thickness) placed over an
aggregate base material with and without stabilized subgrades.

3. Full Depth flexible pavements: HMA placed on the embankment soil or on a
lime-stabilized soil. If the soil is stabilized with Portland cement (a soil-cement
layer), the structure is classified as a semi-rigid pavement. A limited number of
full-depth flexible pavement roadway segments were included in the calibration
process, so these were combined with the deep strength strategy or family of
flexible pavements. Chapter 3 discusses the sampling matrix and test sections
included in the cells of the matrix.

4. Semi-Rigid pavements: HMA mixtures placed over Cement Treated Base
(CTB), Cement Aggregate Mixtures (CAM), soil-cement, or lime-fly ash stabilized
base layers without an unbound aggregate layer. Semi-rigid pavements were not
included in the original calibration completed under NCHRP Projects 1-37A
(ARA, 2004a,b,c,d) and 1-40D (NCHRP, 2006). Although this type of pavement
was included in the preliminary local calibration process, the material properties
for the cementitious layer were unavailable from construction records, so the
calibration coefficients were based on estimated material strength and stiffness
properties.

5. HMA Overlays of all conventional, deep strength, and full depth flexible
pavements.

e Excluded from the Verification-Local Calibration Process:

3 HMA is used throughout this report as the standard notation for different dense-graded asphalt
concrete mixtures produced in a drum mix or batch plant. Different dense-graded asphalt concrete
mixtures include conventional mixtures, polymer modified asphalt mixtures, and warm mix asphalt
mixtures.

4 HMA with and without recycled asphalt pavement (RAP) were the only bituminous mixtures included
in the local calibration process. Thus, it is assumed that the local calibration coefficients to remove
bias are also applicable to warm mix asphalt (WMA) and polymer modified asphalt (PMA) mixtures.
This assumption, however, is probably incorrect.
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1. HMA Overlays of jointed plain concrete pavements (JPCP) and continuously
reinforced concrete pavements (CRCP), as well as HMA overlays of fractured
(rubblized, crack and seat, and break and seat) JPCP and CRCP.

2. Pavement Preservation has a definite effect on pavement performance and
should be considered in predicting pavement distresses and roughness.

It should be noted that pavement preservation treatments applied to the surface of HMA
layers early in their life can have an impact on the structural performance and regional
calibration coefficients (Von Quintus and Moulthrop, 2007a and 2007b). None of the
roadway segments included within the local calibration process for MDOT included the use
of pavement preservation strategies. Thus, the MDOT calibration values presented in
Chapters 8 and 9 do not include any effect from pavement preservation.

The designer should consider whether a pavement preservation treatment applied early
within the pavement’s service life will be used as part of the pavement design strategy. The
designer can consider the effect of a pavement preservation treatment only within the life
cycle cost analysis by extending a pavement’s expected service life related to the HMA
mixture deterioration or materials-related distresses. If MDOT’s policy changes so that
pavement preservation treatments are used on a more routine basis, MDOT’s calibration
coefficients should be determined or verified for the different types of treatments used. The
MEPDG and measured distress can be used to validate whether there is a reduction in the
structural related distresses or an increase in the life of flexible pavements and HMA
overlays, and if so, determine the increase in service life.

1.4.2 New/Reconstructed Rigid Pavements and PCC Overlays

The new and reconstructed Portland cement concrete (PCC) surfaced pavements, as well
as PCC overlays, that were included or excluded from the local calibration refinement
process are listed below.

e Included in Verification-Local Calibration Process:
1. Jointed Plain Concrete Pavements: JPCP include transverse joints spaced to
accommodate temperature gradient and drying shrinkage stresses to avoid cracking.
The joints include dowels to complement the aggregate interlock in providing load
transfer. MDOT JPCP sections used in the calibration had a thickness range of 9 to
10 inches and were placed on HMA, stabilized, and granular bases.

o Excluded from the Verification-Local Calibration Process:

1. Continuously Reinforced Concrete Pavements: PCC slab cast with no transverse
joints and containing longitudinal steel typically in the range of 0.5 to 0.8 percent of
the cross-sectional area. The PCC surface develops transverse cracks and the
design should ensure that the cracks remain tight and provide good load transfer
during the service life of the pavement. Although a few CRCP sections were
included in the verification process for MDOT, the thickness of the slab was confined
to 8 inches. More sections are needed for adjusting the calibration coefficients. Until
additional CRCP sections are included, the global calibration coefficients need to be
used.

2. PCC Overlays of all types of rigid pavements and HMA pavements, including
bonded PCC overlay of rigid pavements, unbonded PCC overlay of rigid pavements,
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1.5

and PCC overlay of flexible pavements. Similar to the CRCP sections, a few JPCP
unbonded overlays of CRCP were included in the verification and local calibration
process. More sections are needed to adjust the calibration coefficients. In the
interim, the global calibration coefficients need to be used.

DEFINITION OF TERMS

The following provides a definition for some of the terms that are used within this report.

Accuracy — The exactness of a prediction to the observed or “actual” value. The
concept of accuracy encompasses both precision and bias.

Bias — An effect that deprives predictions of simulating “real world” observations by
systematically distorting it, as distinct from a random error that may distort on any
one occasion but balances out on the average. A prediction model that is “biased” is
significantly over or under predicting observed distress or roughness (as measured
by the International Roughness Index [IRI]).

Calibration — A systematic process to eliminate any bias and minimize the residual
error between observed or measured results from the real world (e.g., the measured
mean rut depth in a pavement section) and predicted results from the model (e.g.,
predicted mean rut depth from a permanent deformation model). This is
accomplished by modifying empirical calibration parameters or transfer functions in
the model to minimize the differences between the predicted and observed results.
These calibration parameters are necessary to compensate for model simplification
and limitations in simulating actual pavement and material behavior.

Precision — The ability of a model to give repeated estimates that correlate strongly
with the observed values. They may be consistently higher or lower but they
correlate strongly with observed values.

Residual Error — The difference between the observed or measured and predicted
distress and IRI values (e.g., measured minus predicted values). The residuals
explain how well the model predicts the observed distress and IRI.

Standard Error of the Estimate (se) — The standard deviation of the residual errors
for the pavement sections included in the validation and/or calibration data set for
each prediction model. The standard error is usually obtained by taking the square
root of the variance divided by the number of observations of the statistic.

Verification — Verification of a model examines whether the operational model
correctly represents the conceptual or statistical model that has been formulated.
Verification can be done using both measured and predicted data, and if biased,
then calibration was performed to remove bias. Verification can also be
accomplished by entering typical materials, structural, environmental, and traffic data
into the distress and performance models, and then determining through parameter
studies whether the program operates rationally and provides outputs that meet the
criterion of engineering reasonableness. If this criterion is not met, the computer
code maybe erroneous or the conceptual model may be unsatisfactory. In either
case, these problems must be remedied before the model enhancement process or

6
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use continues. No field data are needed in either of the verification approaches
described. Verification is primarily intended to confirm the internal consistency or
reasonableness of the model. The issue of how well the model predicts reality is
addressed during calibration and validation.

e Statistical Model — A model that is derived from data that are subject to various
types of observations, experimental, and measurement errors. The statistical models
in the MEPDG include the distress transfer functions, as well as the reflection
cracking and IRI regression equations. The time-dependent material property
models for HMA and PCC are also regression or statistical relationships. These
models, however, are assumed to be correct in the MEPDG model formulation or
computational methodology. Adjustments to the coefficients of these relationships
are not permitted within the Pavement ME Design software.

o Transfer Function — A transfer function is a specific form of a statistical model and
is defined as a mathematical relationship that transfers computed pavement
responses (stresses, strains, and/or deflections) into what is observed or measured
on the pavement surface. Transfer functions are included in the MEPDG software for
bottom-up fatigue cracking, transverse cracking and rutting for flexible pavements
and asphalt concrete overlays, as well as faulting, mid-slab cracking and punchouts
of rigid pavements.

e Validation — A systematic process that reexamines the recalibrated model to
determine if the desired accuracy exists between the calibrated model and an
independent set of observed data. The calibrated model requires inputs such as the
pavement structure, traffic loading, and environmental data. The simulation model
must predict results (e.g., rutting, fatigue cracking) that are reasonably close to those
observed or measured in the field. Separate and independent data sets should be
used for calibration and validation (typically 10 percent of observations). Assuming
that the calibrated models are successfully validated, the models can be recalibrated
using the combined data sets (calibration and validation) without the need for
additional validation to provide a better estimate of the residual error.

The terms validation and verification get used interchangeably in various documents.
The process was to verify the global calibration coefficients and then calibrate and
validate any changes needed for the transfer functions to accurately predict
pavement distress and smoothness measured on Mississippi’s roadways.
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CHAPTER 2—OVERVIEW OF THE MEPDG DESIGN
METHODOLOGY

The MEPDG is based on ME concepts and principles. This means that the procedure
calculates pavement responses such as stresses, strains, and deflections, accumulates the
incremental damage from these responses over time based on the material distress law,
and relates that accumulated damage to measured pavement distress. In other words, the
mechanistic aspect of the method uses an analytical model based on the principles of
mechanics of materials to calculate pavement response from applied traffic and
environmental loads. The empirical component relates the outputs from the mechanistic
model (damage) to observed pavement performance using transfer functions. This ME
based procedure is shown in flowchart form in Figure 1. Table 1 lists the performance
indicators predicted by the Pavement ME Design software.

Complete discussion of the ME based concepts, procedure and transfer functions used to
predict distress and smoothness is included in the MEPDG—A Manual of Practice that was
published by AASHTO (AASHTO, 2008), as well as in the “HELP” manual that comes with
the software and the NCHRP project 1-37A reports (ARA, 2004a,b,c,d). This chapter simply
provides a summary of the transfer functions and factors used to predict the performance
indicators. The material distress or damage law and related transfer functions are included
in Section 5 of the MEPDG Manual of Practice (AASHTO, 2008). These relationships are
repeated within this chapter for completeness.

2.1 INPUT CATEGORIES

The inputs to the program are grouped into five categories: (1) General Project Information
(including the design criteria), (2) Traffic, (3) Climate, (4) Design Features, and (5) Structure
(including material properties). Appendix A (Checklist and Input Worksheets for the MEPDG
in Mississippi) includes a listing of all inputs within each of these categories. It is essential
that the inputs are adequately determined to quantify the accuracy of the transfer functions
relative to MDOT’s operational policies, material and construction specifications, truck traffic,
and climate. Each input category relative to calibration is discussed separately in latter
chapters of this report.

2.2 HIERARCHICAL INPUT APPROACH

The MEPDG uses a hierarchical approach for determining the inputs. Data are classified as
input levels 1, 2, or 3 depending upon the importance of the project. For example, low-
volume roads may use input level 3 data, whereas high-volume roads would use input level
1 data because a more precise design is required. The standard error, however, is the same
for all transfer functions regardless of the input level used, except for transverse cracking of
flexible pavements.

Table 2 defines each level, while the hierarchical approach for the inputs is explained in
detail in Section 6 of the 2008 MEPDG Manual of Practice. As noted above, input level has
no effect other than knowledge of the input parameter except for low-temperature transverse
cracking of HMA wearing surfaces (see Table 1). For low-temperature transverse cracking,
the standard error of the transfer function is dependent on the input level.
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Table 1—Performance Indicators Predicted by Pavement ME Design Software

Standard
Type of Pavement Performance Indicator Type of Model Etl;;()I:];:Jetd
Level
HMA Rutting ME Transfer No
Function
Unbound Aggregate Base and ME Transfer No
Subgrade Rutting Function
Alligator Area Cracking; ME Transfer No
Fatigue Bottom-Up Cracking Function
Flexible Pavement and | Cracking | Longitudinal Cracking; ME Transfer No
HMA Overlays Top-Down Cracking Function
Thermal, Low-Temperature ME Transfer Yes
Cracking (Transverse) Function
International Roughness Index Regres_smn No
Equation
Reflection Cracking; confined to Regression No
HMA overlays Equation
Fatigue Cracking of Cementitious ME Transfer No
Layer Function
HMA Rutting, Fatigue Cracking,
Semi-Rigid Pavement | and Low-Temperature Cracking; ME Tra_nsfer No
. Functions
same as for flexible pavements
International Roughness Index Regression No
Equation
Faulting MEU-[E?OS;H No
JPCP & ME Transfer
JPCP Fatigue Mid-Slab Cracking . No
Function
Rigid Overlays Regression
International Roughness Index ; No
Pavements Equation
CRCP & | Punchouts ME Tra_nsfer No
Function
CRCP Regression
Overlays | International Roughness Index Eg ; No
guation
Table 2—Hierarchical Input Levels
Input Definition of the Level
Level
Input parameter based on site specific data and information. Level 1 represents the
1 greatest knowledge about the input parameter for the specific project. This input level
would be limited to designs having unusual site features, materials, or traffic conditions,
and it has the highest testing or data collection costs for determining the input value.
Regression equations are used to determine the input value. The data collection and
2 testing for this input level is much simpler and less costly. This level is typically used for
the more routine pavement designs.
Level 3 inputs are “best-guessed” (default) values that represent global or regional
3 average values. This input level has the least knowledge about the input parameter for
the specific project. Initially, it is expected that this level will be the one more commonly
used until MDOT becomes familiar with the MEPDG and its multiple inputs.
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One of three levels can be used to estimate the value for each input, and the three levels
can be combined for different inputs. The procedure does not require that all inputs have the
same hierarchical level. The three levels allow MDOT's users with minimal experience in ME
based procedures and no advanced materials test equipment to use the MEPDG with little
initial investment. The highest level of input or “best available data” was used in verifying
and calibrating the MEPDG transfer functions, both at the global and local level. Table 3
identifies the input levels used for verification and local calibration. The three levels as used

in MDOT's verification and local calibration process are defined below.

Table 3—Predominant Source of Data Used for Transfer Function Verification and
Initial Calibration in Mississippi

Input Level
Input Group Input Parameter Used for Data Source
Calibration
Initial Average Annual Daily Truck Level 1 LTPP & MDOT Traffic
Traffic Databases (backcast value)
Axle load distributions (single, LTPP & MDOT WIM
; Level 1
tandem, tridem) Databases
) T LTPP & MDOT Traffic
Truck Traffic Truck volume distribution Level 1 Databases
Lane & directional truck distributions Level 1 LTPP & MDOT Databases
Tire pressure Level 3
Axle configuration, tire spacing Level 3 MEPDG defaults
Truck wander Level 3
. Temperature, wind speed, cloud Expanded. Historical
Climate cover precipi’tation relati\}e humidity Level 1 Weather Station Database
' ' (Truax, et. al., 2011)
Resilient modulus — subgrade Levels1 &2 LTPP; Lab &
Resilient modulus — unbound Levels 1 & 2 Backcalculated
Unbound aggregate base/subbase Values/Constr. Files
Layers & Classification & volumetric properties Level 1 LTPP Database/Constr.
Subgrade | Moisture-density relationships Level 1 Files
Soil-water characteristic relationships Level 3
Saturated hydraulic conductivity Level 3 MEPDG defaults
Material HMA dynamic modulus Level 3 MEPDG E* Equation
Properties HMA.creep compliance & indirect Level 3 MEPDG defaults
HMA Tensile strength
. . LTPP Database/Constr.
Volumetric properties Level 1 Files
HMA coefficient of thermal expansion Level 3 MEPDG defaults
PCC elastic modulus Level1&2 LTPP & MDOT Databases
PCC PCC flexural strength Level 1 &2 LTPP & MDOT Databases
PCC coefficient of thermal expansion Level1&3 LTPP & MDOT Databases
Unit weight Level 1 LTPP Datlz:iitl)ssse/Constr.
. Poisson’s ratio Level 3 MEPDG defaults
All Materials -
Other thermal properties;
conductivity, heat capacity, surface Level 3 MEPDG defaults
absorptivity
L. . LTPP & MDOT Databases
(SDuirsfta;g;Condltlon Initial IRI Level 1 (backcast value)
Measurements) Average rut depth and fatigue Level 1 LTPP Database & MDOT

cracking

PMS Database

11
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1. Inputlevel 1 data are used to design high-volume roads where there is safety or
economic consequences of early failure. Obtaining level 1 inputs requires more
resources and time than other levels. Level 1 uses site-specific data such as
laboratory test data on soils or materials. Other examples would be Falling Weight
Deflectometer (FWD) testing and backcalculation of pavement characteristics for a
rehabilitation project or site-specific weigh-in-motion (WIM) traffic data.

2. Input level 2 data generally represent the inputs used in the current State
Department of Transportation (DOT) design procedures when resources or testing
equipment are not available for tests required for level 1. These are usually user-
selected inputs selected from experience or from a database of earlier test results.
These could also be estimated through correlations with simpler tests. Examples of
such data include estimating asphalt concrete dynamic modulus from binder,
aggregate, and mix properties, or using site-specific traffic volume and traffic
classification data in conjunction with agency-specific axle load spectra.

3. Input level 3 inputs are used where there are minimal consequences of early failure
(e.g., lower volume roads). These are usually user-selected default values or “best-
guessed” values and represent typical averages for a particular part of the state.

This hierarchical approach provides the designer with flexibility in obtaining the design
inputs based on the criticality of the project and available resources. For a given design
project, inputs from a mix of input levels can be used. No matter what input levels are used,
the computational algorithm for damage in the design procedure remains the same. Stated
differently, the same models, transfer functions, and procedures are used to predict distress
and smoothness no matter what input levels are used.

A notable exception to this general rule is the thermal fracture model which has three
different formulations of the design reliability equation corresponding to each of the three
input levels. Future calibration of the MEPDG software, however, will attempt to link input
accuracy level to design reliability for the other prediction models. This will provide a
powerful tool to show the advantages of good engineering design (using Level 1 inputs) for
improving the reliability of a design and the possibility to reduce pavement construction and
rehabilitation costs. As an example, Von Quintus, et al under NCHRP project 9-30A found
the use of repeated load plastic deformation tests were cost effective in reducing the
standard error of the estimate in comparison to using the default coefficients of the rut depth
transfer function (Von Quintus, et al., 2012). In general, the highest input level was used in
the local calibration process for Mississippi. It is recommended that MDOT continue using
the results from testing (input level 1), rather than just using “best guessed” or default values
(input level 3).

2.3 TRANSFER FUNCTIONS

Chapter 5 in the MEPDG—A Manual of Practice includes a summary of the transfer
functions for all types of pavements that are included in the MEPDG design and analysis
methodology. Table 1 listed the performance indicators and the type of model or equation
used to predict performance for each family of pavements included in the Pavement ME
Design software. This section of Chapter 2 provides a summary of the distress transfer
functions and describes how the distress or performance indicators are predicted. As noted
above, a summary of the transfer functions is provided in this section for completeness.

12
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2.3.1 Flexible and Semi-Rigid Pavements

2311 Rutting or Permanent Deformation Transfer Function

Two transfer functions are used to predict the total rut depth of flexible pavements and HMA
overlays of flexible pavements: one for the HMA layers and the other one for all unbound
aggregate base layers and subgrades. For semi-rigid pavements, it is assumed no plastic
deformation accumulates in the unbound layer or subgrade.

The HMA calibrated transfer function was based on laboratory repeated load plastic
deformation tests and is shown below.

A p(HMA) — gp(HMA)hHMA = ﬂlrkz‘gr(HMA):l-Oklr nkzrﬂer for P (1)
Where:
ApHMA) = Accumulated permanent or plastic vertical deformation in the HMA
layer/sublayer, in.
Ep(HMA) = Accumulated permanent or plastic axial strain in the HMA
layer/sublayer, in/in.
ErHMA) = Resilient or elastic strain calculated by the structural response
model at the mid-depth of each HMA sublayer, in/in.
h(Hma) = Thickness of the HMA layer/sublayer, in.
n = Number of axle load repetitions.
T = Mix or pavement temperature, °F.
k. = Depth confinement factor.
Kir2rar = Global field calibration parameters (from the NCHRP 1-40D
recalibration; ki, = -3.35412, kyr = 0.4791, k3 = 1.5606).
B1r, Bar, Bar, = Local or mixture field calibration constants; for the global calibration,
these constants were all set to 1.0.
k, =(C, +C,D)0.328196° )
C, =-0.1039(H ,, )° +2.4868H,,,,, —17.342 3)
C, =0.0172(H . ) ~1.7331H,,,,, + 27.428 (4)
D = Depth below the surface, in.
Huma = Total HMA thickness, in.

It should be understood that the global calibration coefficients for HMA mixtures take into
account the shift between the laboratory and field-derived coefficients. This shift factor is
discussed in more detail in Chapter 8 relative to MDOT’s mixtures, climates, and operational
policies.

Equation 5 shows the field-calibrated transfer function for the unbound layers and subgrade.

R0
A p(soil) = Ilekslgv hsoil [S—OJG " (5)
r
Where:
Apsoiy = Permanent or plastic deformation for the layer/sublayer, in.
n = Number of axle load applications.

13
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& = Intercept determined from laboratory repeated load permanent deformation
tests, in/in.

& = Resilient strain imposed in laboratory test to obtain material properties &, 8,
and p, infin.

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

hssi = Thickness of the unbound layer/sublayer, in.

Ks1 = Global calibration coefficients; ks1=2.03 for granular materials and 1.35 for
fine-grained materials.

Bs1 = 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._ ) (6)
1
C B
p=10° ° 7
1-(10°)
a,MP"
C, = Ln( L - ]: 0.0075 (8)
aQM r9
W = Water content, percent.
M, = Resilient modulus of the unbound layer or sublayer, psi.
aig = Regression constants; a;=0.15 and as=20.0.
b1,9 = Regression constants; b;=0.0 and by=0.0.
2.3.1.2 Alligator, Fatigue (Bottom-Up) Cracking Transfer Function

Two types of load-related cracks are predicted by the MEPDG, alligator cracking and
longitudinal cracking. The MEPDG assumes alligator or area cracks initiate at the bottom of
the HMA layers and propagate to the surface with continued truck traffic, while longitudinal
cracks are assumed to initiate at the surface and propagate downward (top-down cracking).

The MEPDG Manual of Practice recommends the top-down or longitudinal cracking transfer
function not be used to make design revisions. The debate and controversy on the
appropriateness of the mechanism for surface initiated cracks has yet to be resolved. More
importantly, field investigations were not used as part of the global calibration to confirm if
the longitudinal cracks actually initiated at the surface. MDOT should revisit use of the top-
down cracking transfer function after the field investigations of the non-LTPP sites has been
completed.

The allowable number of axle load applications needed for the incremental damage index

approach to predict both types of load related cracks (alligator and longitudinal) is shown
below.

N foHMA = kfl(C)(CH ) fl(gt )kfzﬁfz (EHMA)kfz;ﬁfs (9)
Where:
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Nt.HmA = 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.
Erma = Dynamic modulus of the HMA measured in compression, psi.
ki1, Ke2, Kis = Global field calibration parameters (from the NCHRP 1-40D re-
calibration; ki = 0.007566, ki, = -3.9492, and ki3 = -1.281).
B, B2, Brs = Local or mixture specific field calibration constants; for the global
calibration effort, these constants were set to 1.0.
C =10M (10)
Vbe
M =484 —=—-0.69 (12)
[Va +V,, ]
Ve = Effective asphalt content by volume, percent.
Va = Percent air voids in the HMA mixture.
Cx = Thickness correction term, dependent on type of cracking.
1
Cu 0.003602 (12)
0.000398 + Lt oUL02-340,0,)

Hruva = Total HMA thickness, in.

The cumulative damage index (Dl) is determined by summing the incremental damage
indices over time, as shown below.

n
DI = (ADI), 1 o1 :Z[N J (13)
f-HMA jml,p.T
Where:
n = Actual number of axle load applications within a specific time period.
| = Axle load interval.
m = Axle load type (single, tandem, tridem, quad, or special axle configuration.
I = 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.

The area of alligator cracking and length of longitudinal cracking are calculated from the

total damage over time using different transfer functions. The relationship used to predict the
amount of alligator cracking on an area basis, FCgottom, iS Shown below.

1 C,
FC Bottom [E)(l_i_ e(Cicf +CZC;L09(DIBoﬁ0m*‘lOO))j

(14)
Where:
FChgottom = Area of alligator cracking that initiates at the bottom of the HMA
layers, percent of total lane area.
Dlgottom = Cumulative damage index at the bottom of the HMA layers.
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Ci24 = Transfer function regression constants; Cs= 6,000; C,=1.00; and
C.=1.00
Cl = _2C2 (15)
C, =—2.40874-39.748(1+ H ,,,, ) *** (16)

Huma = Total HMA thickness, in.
2.3.1.3 Fatigue Cracking Transfer Function, Semi-Rigid Pavements

The extent of fatigue cracks in the CTB and other cementitious or pozzolonic layers is
calculated using a similar process to the alligator fatigue cracks for the HMA mixtures. The
allowable number of load applications for the CTB and other cementitious layers, Ni.cre, iS
determined in accordance with equation 17. The amount or area of fatigue cracking is
calculated in accordance with equation 18 using the CTB damage calculated similar to
equation 13.

O
kclﬁcl [Mit]
R

kczﬂcz
N o5 =10 a7)
C,
FCCTB - Cl + 1+ e(C3*C4L°9(D|CTB ) (18)
Where:
Ni.cte = Allowable number of axle load applications for a semi-rigid pavement.
Ot = Tensile stress at the bottom of the CTB layer, psi.
Mg = 28-day Modulus of rupture for the CTB layer, psi.

Dlcts = Cumulative damage index of the CTB or cementitious layer.

keicc = Global calibration factors — Undefined because prediction equation was
never calibrated; these values are set to 1.0 in the software. From other
studies, kc1=0.972 and k¢=0.0825.

Becz = Local calibration constants; these values are set to 1.0 in the software.

FCcre = Area of fatigue cracking, sq ft.

Ci23.4 = Transfer function regression constants; C:=1.0, C,=1.0, Cs=0, and
C4=1,000, however, this transfer function was never calibrated and these
values will likely change once the transfer function has been calibrated.

These damage and distress transfer functions were never calibrated under any of the
NCHRP projects. Montana DOT, however, completed a local calibration study of fatigue
cracking in semi-rigid pavements (Von Quintus and Moultrhop, 2007). The calibration
coefficients were found to be highly dependent on the strength of the CTB layer. The
following lists the coefficients derived from Montana using a much earlier version of the
MEPDG software (version 0.9).

e For High Strength CAM Mixtures (intact cores recovered with cement content greater
than 6 percent; compressive strength generally greater than 1,000 psi):
0 B =0.85
0 Br=1.10
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o For Moderate Strength CAM Mixtures (intact cores recovered with cement contents
greater than 4 percent but less than 6 percent; compressive strength generally
greater than 300 psi but less than 1,000 psi):

0 Ba=0.75
0 Be=1.10

o For Low Strength CAM Mixtures (intact cores cannot be recovered with cement
content generally less than 4 percent; compressive strength generally less than 300
psi):

0 Bua= 0.65
0 B =1.10

The local calibration coefficients from the Montana DOT study were used as the starting
point to evaluate the semi-rigid transfer function in Mississippi. CTB strengths, however,
were generally unavailable from the MDOT construction files or from the LTPP database for
the calibration sites (see Chapter 8).

The computational analysis of incremental fatigue cracking for a semi-rigid pavement uses
the damaged modulus approach. In summary, the elastic modulus of the CTB layer
decreases as the damage index, Dlcrs, increases. The following equation is used to
calculate the damaged elastic modulus within each season or time period for calculating
critical pavement responses in the CTB and other pavement layers.

£l —Els )
1+e (-4+14(Dl¢rg))

D Mi
Ecr(é) = ECTIE +(
Where:
ECDT%) = Equivalent damaged elastic modulus at time t for the CTB layer, psi.
ECMT'S = Equivalent elastic modulus for total destruction of the CTB layer, psi.

EC'\"TaBX = 28-day elastic modulus of the intact CTB layer, no damage, psi.

2.3.1.4Thermal (Low Temperature) Cracking Transfer Function

The degree of thermal cracking predicted by the MEPDG uses an assumed relationship
between the probability distribution of the log of the crack depth to HMA layer thickness ratio
and the percent of cracking. The following equation is used to determine the extent of
thermal cracking.

TC = ﬂth{i Log[ C, H (20)
Oy HMA
Where:
TC = Observed amount of thermal cracking, ft/mi.
Bu = Regression coefficient determined through global calibration (400).
N[z] = Standard normal distribution evaluated at [z].
o/t = Standard deviation of the log of the depth of cracks in the pavement
(0.769), in.
Cq = Crack depth, in.
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Huma = Thickness of HMA layers, in.

The crack depth or amount of crack propagation induced by a given thermal cooling cycle is
predicted using the Paris law of crack propagation in accordance with fracture mechanics.

AC = A(AK)' (21)
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, which are obtained from the
indirect tensile creep-compliance and strength of the HMA in accordance with
the following equations.

A=10 ki3, (4.389-2.52L0g (Epyyacm)) (22)

Where:
1
7720.8{1—1——} (23)
m
ki = Coefficient determined through global calibration for each input level (Level

1=1.5; Level 2=0.5; and Level 3 =1.5).
Enma = HMA indirect tensile modulus, psi.

Om = Mixture tensile strength, psi.

m = The m-value derived from the indirect tensile creep compliance curve
measured in the laboratory.

Bt = Local or mixture calibration factor.

The stress intensity factor, K, is defined or estimated using the following simplified equation.

K = o, (0.45+1.99(C, ™) (24)
Where:

oy, = Far-field stress from pavement response model at depth of crack tip, psi.

Co = Current crack length, feet.

2.3.1.5 Reflection Cracking Regression Equation

The MEPDG predicts reflection cracks in HMA overlays or HMA surfaces of semi-rigid
pavements using an empirical equation. The empirical equation is used for estimating the
amount of fatigue and thermal cracks from a non-surface layer that has reflected to the
surface after a certain period of time. This empirical equation predicts the percentage of
area of cracks that propagate through the HMA as a function of time using the relationship
shown below. This empirical equation, however, was never calibrated under any of the
NCHRP projects.

R L

= [ (25)

Where:

RC = Percent of cracks reflected. [NOTE: The percent area of reflection cracking
is output with the width of cracks being 1 ft.]
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t =Time, years.
a,b = Regression fitting parameters defined through calibration process.
cd = User-defined cracking progression parameters.

The regression fitting parameters of the above equation (a and b) are a function of the
effective HMA overlay thickness (Her), the type of existing pavement, and for PCC
pavements, load transfer at joints and cracks, as shown below. The effective HMA overlay
thickness is provided in Table 4. The user-defined cracking progression parameters can be
used by the user to accelerate or delay the amount of reflection cracks, which also are
included in Table 4. Non-unity cracking progression parameters (¢ and d) could be used with
caution, after they have been calibrated locally.

a=35+0.75(H, ) (26)

b = —0.688684 —3.37302(H, ) 27)
The MEPDG predicts the total amount of cracking by combining the reflection cracks with
the fatigue cracks predicted in the HMA overlay. Thus, the reflection cracking regression

equation is not calibrated separately, but is calibrated concurrently with the other cracking
transfer functions based on total cracking measured at the surface of the overlay.

Table 4—Reflection Cracking Model Regression Fitting Parameters

Fitting and User-Defined Parameters (equation 25)
aandb C D
Pavement Type . :
yp Herr Oof Equations 26 Delay Cracking Acce_lerate
Cracking by 2
and 27 by 2 years
years
Flexible He = Huua -
Rigid-Good Load _ _
Transfer Her = Hiwa —1
Rigid-Poor Load _ _
Transfer Her = Hywa =3
Effective Overlay
Thickness, Hes,
inches
<4 - 1.0 0.6 3.0
4t06 1.0 0.7 1.7
>6 - 1.0 0.8 1.4
NOTES:
1. Minimum recommended Huwma is 2 inches for existing flexible pavements, 3 inches for existing rigid
pavements with good load transfer, and 4 inches for existing rigid pavements with poor load transfer.

2.3.1.6 Asphalt Concrete Smoothness Regression Equation

The following equations were developed from data collected within the LTPP program and
are used to predict IRI over time for HMA-surfaced pavements.
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Equation for New HMA Pavements and HMA Overlays of Flexible Pavements:

IRI = IRI,, +0.0150(SF )+ 0.400(FC,,,, )+ 0.0080(TC )+ 40.0(RD) (28)
Where:

IRl, = Initial IRI after construction, in/mi.

SF = Site factor; as defined below.

FCrota = 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 1 foot 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.

The site factor (SF) is calculated in accordance with the following equation.

SF = Age(0.02003(P1 +1)+0.007947(Pr ecip +1)+0.000636(FI +1)) (29)
Where:

Age = Pavement age, years.

PI = Percent plasticity index of the soil.

FI = Average annual freezing index, degree F days.

Precip = Average annual precipitation or rainfall, in.

Equation for HMA Overlays of Rigid Pavements:

IRI = IRI, +0.00825(SF )+ 0.575(FC,,,, )+ 0.0014(TC)+ 40.8(RD) (30)

2.3.2 Rigid Pavements

2.3.2.1 JPCP Fatigue Mid-Slab Cracking

Two key models are involved with the verification of transverse slab cracking. The following
eqguation estimates the fatigue life (N) of PCC in terms of the number of axle applications
when subjected to repeated stress for a given flexural strength. Calibration factors C, and C»
could be modified, but the MEPDG Manual of Practice does not recommend changing these
coefficients because they are based on extensive field data (substantial laboratory and field
testing data).

c
Iog(Ni,j,k,l,m,n): G- (&J (31)

Oi,jk.lmn

The transfer function with appropriate coefficients is the S-shaped curve giving the
relationship between field measured cracking and accumulated fatigue damage index (DI) at
the top and bottom of the JPCP slabs. Parameters C4 and Cs in the following equation are
the ones to adjust to remove bias and improve the goodness of fit with field data.

1

CRK =
1+C,(DI. )™

(32)
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2.3.2.2 JPCP Faulting Transfer Function

The mean transverse joint faulting is predicted using a complex incremental approach. A
detailed description of the faulting prediction process is presented in the MEPDG Manual of
Practice. MEPDG faulting is predicted using the models presented below:

Fault, =" AFault,
E (33)
AFault, = C,, *(FAULTMAX ., — Fault,_,)? * DE,

(34)
m
FAULTMAX; = FAULTMAX, +C, * ) DE; * Log(l+C, *5.05%")%
= (35)
CG
P,y *WetDays
FAULTMAX = Cy, * 8, ing *[Log (1+C, *5.05°°)* Log (-2 A )
Ps (36)
Where:
Faultm, = mean joint faulting at the end of month m, in
AFault; = incremental change (monthly) in mean transverse joint faulting
during month i, in
FAULTMAX; = maximum mean transverse joint faulting for month i, in
FAULTMAXo = initial maximum mean transverse joint faulting, in
EROD = base/subbase erodibility factor
DE; = differential deformation energy accumulated during month i.
computed using various inputs including joint LTE and dowel damage.
Ocurling = maximum mean monthly slab corner upward deflection due to
temperature curling and moisture warping.
Ps = overburden on subgrade, Ib.
P20o = percent subgrade soil material passing No. 200 sieve
WetDays = average annual number of wet days (greater than 0.1 in rainfall)
C, =C,+C,*FR*® (37)
C, =C,+C,*FR*® (38)
FR = base freezing index defined as percentage of time the top base

temperature is below freezing (32°F) temperature.

Dowel joint damage accumulated for the current month is determined from the following
equation:

N n.
ADOWDAM ,, = > C, *F; 5 f’
j=1

c

(39)

Where:
ADOWDAM,, = Cumulative dowel damage for the current month
N; = Number of axle load applications for current increment and load group j
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N = Number of load categories
fc = PCC compressive stress estimated
Cs = Calibration constant

Fj = Effective dowel shear force induced by axle loading of load category j.
C. through Cg are calibration constants established from field performance.

Calibration of the faulting model involved deriving the calibration parameters C; through C-;
(equations 33 to 38) and the rate of the dowel deterioration parameter Cs (equation 39),

which minimize the error function, ERR, defined as:
Nob

ERR(C,,C,,....Cy) = Z(FaultPredictedOb — FaultMeasured , )* (40)
ob=1
Where:
ERR = error function
C,.C,,...Cq = calibration parameters

FaultPredicted,, = predicted faulting for observation ob in the calibration

database

FaultMeasured , = measured faulting for observation ob in the calibration
database

Nob = Number of observation in the calibration database

Global calibration coefficients from NCHRP project 20-07 are listed below:

C1 =0.51040
C2 =0.00838
C3 =0.00147
C4 =0.008345
C5 = 5999

C6 =0.8404
C7 =5.9293
C8 =400

2.3.2.3JPCP Smoothness Regression Equation

The IRI for JPCP is significantly affected by mid-slab cracking, faulting, spalling, and site
factor. The smoothness degradation regression equation is as follows:

IRl = IRI) + J1*CRK +J2*SPALL + J3*FAULT + J4*SF (41)
Where:

IRl,  =Initial IRI

CRK = JPCP transverse cracking

SPALL = JPCP joint spalling

FAULT= JPCP mean joint faulting

SF = Site factor

2.3.2.4 CRCP Punchout Transfer Function

The CRCP transfer function for punchouts is a function of accumulated fatigue damage due
to top-down stresses in the transverse direction. A complete explanation and discussion of
the punchout transfer function is included in the MEPDG Manual of Practice.
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A
PO = e (42)
1+ apg - DISE
Where:
PO = Total predicted number of medium and high severity punchouts per mile.

Dlro = Accumulated fatigue damage (due to slab bending in the transverse direction)
at the end of y™" year.

Aro,apro,Bro = Calibration constants (85, 1.4149, -0.8061, respectively) from NCHRP
project 20-07.

2.3.2.5 CRCP Smoothness Regression Equation

Key distresses affecting the IRl for CRCP include punchouts and site factors. The CRCP IRI
regression equation is given as follows:

IRI=IRL+C1* PO +CsSF (43)
Where:
IRI, = |nitial IRI, in/mi.
PO = Number of medium and high severity punchouts per mile.
Ci =3.15
C =28.35
SF = Site factor
SF=AGE « (1 + 0.556 Fl) ¢ (1 + P200)*10® (44)
Where:
AGE = Pavement age, yr.
FI = Freezing index, °F days.
Pooo = Percent subgrade material passing No. 200 sieve.

24 STANDARD ERROR OF ESTIMATE

The MEPDG uses a different methodology in determining the reliability of a design. The
standard error of the estimate (SEE) for each transfer function is used to determine the
predicted performance indicators at different reliability levels. Table 5 summarizes the SEE
for each transfer function. The calibration completed under NCHRP projects 1-37A and 1-
40D eliminated bias at the global level using LTPP test sections. The SEEs from the local
calibration process need to be compared with the global values to determine whether there
is an improvement in the predictive capability of the transfer functions in Mississippi.

Table 5—Standard Errors of the Estimate for each Transfer Function included in the

Pavement ME Design Software

Type of Perfo_rmance Standard Error Type of
Pavement Indicator Model
Total Rutting, inches 0.107
Flexible HMA Rutting — 0.1587(A A )0-4579 +0.001
Pavement ME Transfer
and HMA Unboun(?jAggregate Function
Overlavs Base and Coarse- _ 0.5303
YS | oo et s =0.1169(A s, )" +0.001
Rutting
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Fine-Grained Soils | _ 0.5516
Ruttng =0.1724(A g, )" +0.001
5.01
Alligator Area
Cracking; Bottom-Up 397 995.1 MEU-I;E?;]:H
Cracking, % =oc.( + 1+ @2 2100 (FCsoton +0.0001)
Thermal, Low- 850 (input level 3)
Temperature ME Transfer
Cracking =-0.0869(TC + 453.98) Function
(Transverse); ft./mi.
International
Roughness Index; 18.9
New & Overlays, ’ Regression
in./mi. Equation
IRI, HMA Overlays 96
of JPCP )
5;;;?:;'3?00:;;2%; Standard error not defined because cracks were not | Regression
segregated. Equation
overlays
Fatigue Cracking of Was not calibrated, so standard error was not ME Transfer
Cementitious Layer determined. Function
HMA Rutting,
Semi-Rigid | Fatgue Cracking,
Pavement Temperature Same as for flexible pavements and HMA overlays, | ME Transfer
perat but calibration not completed to verify concept. Function
Cracking; same as
for flexible
pavements
0.033
. ME Transfer
JPCP Faultin , -
uing = (0.00761(Fault)+0.000081)**° Function
JPCP Fatigue Mid- . 4.52 VIE Transfer
Slab Cracking, New, | =—0.00198(CK )* +0.56857(CK )+2.76825| "', reion
%
Rigid International .
Pavement Roughness Index, 17.1 Régﬂzs{%gn
New JPCP, in./mi. 5
3.6
CRCP Punchouts; 2 ME Transfer
i =0.00609(PO)* +0.58242(P0O)+3.36783 | " Enction
CRCP International 14.6 Regression
Roughness Index ) Equation
2.5 DATA REQUIREMENTS

The data needed for the local calibration-validation process are dictated by the input
requirements of the MEPDG procedure. Traffic, climate, materials and distress data are
needed for each test section, which are summarized in Appendix A. The forms in Appendix
A can be used by the MDOT pavement designers (staff and consultants) in setting up the
runs with the MEPDG at least until MDOT becomes familiar with the inputs. Additional
details about traffic, climate, and materials are provided in the following chapters.
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The test sections included in the calibration sampling matrix (discussed in Chapter 3)
represent a wide range of pavement strategies, layer properties, and surface conditions that
are encountered in Mississippi. Chapters 4 (truck traffic), 5 (climate), and 6 (layer features),
and 7 (material properties) discuss and overview the inputs used in the preliminary local
calibration process.
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CHAPTER 3—CALIBRATION SAMPLING MATRIX

Actual distress mechanisms are far more complex than can be predicted reliably using the
performance models. Hence, the performance models are calibrated using measured
performance data to obtain accurate performance prediction. The pavement distress models
or transfer functions presented in Chapter 2 were calibrated at the global level using data
from the LTPP program. As such, the current design procedure is based on the global
averages in terms of performance, as well as input values, but may be inaccurate for all
conditions and regions of the country. Thus, these global averages need to be verified at the
local or state-level.

The intent of this chapter is to discuss the process used to develop the sampling matrix and
experimental plan for verification and local calibration.

3.1 CALIBRATION OBJECTIVE AND OUTCOMES

The purpose of the global, as well as local, calibration process is to determine whether a
conceptual model or transfer function is a reasonable representation of the real-world, and if
the desired correspondence (accuracy) exists between the model simulations and real-world
conditions. The transfer functions to predict these performance indicators were calibrated
and validated using some of the LTPP test sections under NCHRP project 1-37A, but only a
few of the MDOT LTPP test sections were used in that global calibration.

A global calibration cannot be expected to consider all potential factors that affect pavement
performance. For example, factors such as maintenance strategies, construction
specifications, aggregate and binder type, mixture design procedures, and material
specifications can result in differences in performance. In fact, small differences in some of
the above factors can cause large differences in performance. As such, the MEPDG transfer
functions were verified and re-calibrated using Mississippi's roadway segments (LTPP and
non-LTPP test sections).

The success of this process can be gauged on the biases of predicted values and the SEE.
Reasonable goodness of fit was determined using the diagnostic statistics R? and SEE,
while the presence or absence of bias was determined based on the hypothesis test
described below. The criteria used to determine the adequacy of the global models for
Mississippi conditions are presented in Table 6.

The SEE for the validation may not be equal to the SEE for calibration; generally, it is
higher. To test if it is significantly higher, which would suggest that the validation failed, a
chi-square test was used. Conversely, an operational definition of “reasonable correlation” is
that the null hypothesis is accepted when the student and/or paired t-tests are used to
compare the observed and predicted responses at a confidence interval of 95 percent (a =
0.05). The MEPDG transfer functions were evaluated to determine if the global calibration
coefficients are adequate for the construction practices, materials, climate, and traffic
prevalent in Mississippi.

The MDOT verification and local calibration of the transfer functions followed the procedures

and steps included in the 2010 Local Calibration Guide (AASHTO, 2010) relative to two
objectives or outcomes. The first and primary outcome is verifying and making revisions to
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the global calibration coefficients. The second outcome is equally important but ignored by
some agencies implementation plans. The outcome verifies or revises the default values for
some of the inputs and ensures the inputs are being properly determined. Inputs are equally
important as the difference between the predicted and measured values.

Table 6—Criteria for Determining Transfer Functions Accuracy for Mississippi

Conditions
Criterion Test Statistic Range of R?& Model SEE Rating
of Interest
81 to 100 Very good (strong
relationship)
R2, percent (all models) 64 to 81 Good
49to 64 Fair
<49 Poor (weak relationship)
Global HMA alligator < S percent Goqd
. 5to 10 percent Fair
cracking model SEE
> 10 percent Poor
Global HMA transverse . N/A
cracking model SEE
Goodqess Global HMA total rutting <0.1 n Goqd
of fit 0.1t00.21in Fair
model SEE -
>0.2in Poor
Global JPCP transverse < 4.5 percent Goqd
. 4.5 to 9 percent Fair
cracking model SEE
> 9 percent Poor
<0.033in Good
Global JECP transverse 0.033 t0 0.066 in Fair
: g > 0.066 in Poor
<19in/mi Good
gg’é’al HMA IRI model 19 to 38 in/mi Fair
> 38 in/mi Poor
Hypothesis testing of slope
of the linear measured vs. Reject if p-value is < 0.05
predicted distress/IRI p-value (i.e., 5 percent significant
Bias model (b1 = slope) level)
! HO: b1 =0
Paired t-test between Reject if p-value is < 0.05
measured and predicted p-value (i.e., 5 percent significant

distress/IRI

level)

The verification and local calibration process was focused more on the first outcome,
because the field investigation for the non-LTPP roadway segments is planned for Phase 3.
The project specific layer/material properties for the LTPP sites are included in the LTPP
database. The layer/material properties for the non-LTPP sites were estimated from
construction records. The field investigations planned for the non-LTPP sites are discussed
in a latter section of this chapter.
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3.2 CALIBRATION EXPERIMENTAL HYPOTHESIS

As stated above, it is impossible to account for all factors in developing a global
distress/performance simulation model. All models have errors because of simplifying
assumptions, so it is good practice to evaluate the applicability of any conceptual and/or
statistical model on a limited basis prior to full-scale use. The LTPP test sections were
selected to determine if there are significant differences between the measured and
predicted distresses using the global calibration factors of the MEPDG conceptual model.
The global calibration factors for each transfer function are included in Section 5 of the
MEPDG Manual of Practice (AASHTO, 2008), as well as in Chapter 2 of this report.

The following experimental hypothesis was used to evaluate the accuracy and applicability
of the MEPDG transfer functions and global calibration coefficients in predicting pavement
distresses and smoothness for the materials, climate, and operational policies used in
Mississippi. The null hypothesis is:

Null Hypothesis: There is no significant error and no bias (i.e.; as stated above,
reasonable correlation and accuracy and no overall over or under prediction) between
the predicted and measured values for each performance indicator for flexible and rigid
pavements and overlays for roadways within MDOT’s jurisdiction.

The criteria for performing local calibration were based on: (1) whether the given global
transfer function exhibited a reasonable goodness of fit (between measured and predicted
outputs), and (2) whether distresses/IRI were predicted without significant bias. Tables 1
and 5 included the transfer functions evaluated as part of the MEPDG implementation in
Mississippi. Chapter 2 provided a detailed description of the transfer functions.

3.3 EXPERIMENTAL PLAN AND SAMPLING MATRIX

The experimental plan and sampling matrix were prepared at the beginning of Phase 1 to
evaluate and determine the cause for performance differences so that adjustments can be
made to the global calibration coefficients.® The MEPDG software version 1.1 was initially
used to predict the performance of the LTPP sites in Mississippi. The predicted values were
compared to the measured distresses in making revisions to the sampling matrix, as well as
for selecting test sections to fill the cells in the matrix. In addition, comparative designs were
completed for projects with selected sites features. Results from those comparative designs
were also used in revising the initial or Phase 1 sampling matrix.

Tables 7 and 8 show the primary tier factors in the final sampling matrix for flexible and rigid
pavements, respectively. The rigid pavement matrix is smaller than the flexible pavement
matrix because there are fewer rigid pavement strategies or family of pavements built in
Mississippi in comparison to flexible pavement strategies. Cell numbers are also included in
the sampling matrix and are used to evaluate the residual error as a function of the different
factors.

5 Phase 1 Report: FHWA/MS-DOT-RD-03-163, Mississippi DOT's Plan to Implement the 2002
Design Guide; Authors Athar Saeed and Jim Hall, Mississippi DOT, Jackson, MS, September 2003.
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Table 7—Sampling Matrix for Flexible and Semi-rigid Pavements, Cell Numbers for
New Construction and Rehabilitation

Pavement or Analysis Type
HMA HMA Owerlays
Asphalt Mixture Subgrade Deep- Flexible Pavements Rigid Pavements
Binder Type |  Type Treatment | Conventional | Strength | Full-Depth | Semi-Rigid |HMA Semi-Rigid |JPCP CRCP
Untreated or Not
Stabilized 5A 9A 20A
Dense _[Stabilized 5B 9B 20B 30 40
Untreated or Not
Stabilized 2A 6A 10A 21A
Unmodified | Superpave |Stabilized 2B 6B 10B 21B 31 41
Untreated or Not
Stabilized 7A 11A 22A
Dense |Stabilized 7B 11B 22B 32 42 52 56
Untreated or Not
Stabilized 4A 8A 12A 23A
Modified | Superpave |Stabilized 4B 8B 12B 23B 33 43 53 57
Notes:
1. The deep-strength pavement structures will generally include more than 6 inches of total
HMA thickness.
2. Full-depth is whatever the HMA thickness is above the unmodified or modified subgrade.
3. Semi-Rigid pavement structures can include lime-fly ash (LFA) or Portland cement additive
for the pozzolonic-stabilized layer.
4. Additional LTPP test sections in adjacent states will be used where applicable.

Table 8—Sampling Matrix for Rigid Pavements, Cell Numbers for New Construction
and Rehabilitation

Design Features

Pavement Types; New Construction

Owerlays

Subgrade

Graunlar Base

Dowels

Shoulder

Drainage

JPCP

CRCP

Unbounded PCC of JPCP

Stablized
Subgrade
Soil

Yes

Widened

PCC

HMA

None & PATB

l.ato 1f

Aggregate

No

Widened

PCC

HMA

None & PATB

2.ato 2f

Yes

Widened

PCC

HMA

None & PATB

3.ato 3f

None Present

No

Widened

PCC

HMA

None & PATB

4.ato 4f

few CRCP

Soil
unstablized

Yes

Widened

PCC

HMA

None & PATB

5.ato 5.f

database with

Aggregate

No

Widened

PCC

HMA

None & PATB

6.ato 6.f

data.

Yes

Widened

PCC

HMA

None & PATB

7.ato 7.f

None Present

No

Widened

PCC

HMA

None & PATB

8.ato 8.f

There are relatively

pavements, use as
many as exists in the

sufficient & adequate

unb
use
the d

There are relatively few

onded PCC owerlays,
as many as exists in
atabase with sufficient
& adequate data.
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3.3.1 Experimental Factors

The levels for the primary factors were established based on the previous discussion and in
consultation with the Research, Roadway Design, and Materials Divisions of Mississippi
DOT during Phase 1. Traffic and thickness were excluded as primary factors in the factorial
experiment, because they represent definitive or well-defined input values. Material design
features were included as the primary factors. Similarly, soil type (classification) and resilient
modulus were also excluded as a primary factor because they represent well-defined,
definitive input values. Soil stabilization is common practice in Mississippi for both flexible
and rigid pavements. Thus, the primary factor included in the sampling matrix was stabilized
and unstabilized subgrade soils.

3.3.2 Number and Types of Calibration Sites

The total number of sites required for the flexible and rigid pavement sampling matrices was
estimated in accordance with the 2010 AASHTO Local Calibration Guide. MDOT recognized
the value of their pavement performance and construction databases and LTPP sites
towards validating the distress transfer functions and design tools. Both LTPP and non-
LTPP sites were used to estimate the precision and eliminate any bias of the MEPDG
transfer functions relative to Mississippi’'s materials, local conditions, and operational
policies. The following describes the specific use of each set of sites (LTPP and non-LTPP).

¢ The Mississippi LTPP test sections were identified as priority sites, because the time-
series performance, materials, traffic, and other data was readily available for these
test sections. These sites were used for the verification and local calibration of the
transfer functions. The LTPP sites in adjoining States were also reviewed for use in
Mississippi's experimental plan and factorials to supplement the Mississippi LTPP
sites, especially for the rigid pavement sampling matrix.

o Roadway segments from Mississippi DOT’s pavement management system (PMS)
were used to fill in the gaps of the sampling matrix. The Mississippi construction
database was queried by MDOT staff to identify projects with design and site
features included in the sampling matrix for flexible and rigid pavements (refer to
Tables 7 and 8). The construction database was also used to identify those projects
for which the majority of the layer/material properties were available in the project
files. Non-LTPP sites were selected for each cell at random based on the following
criteria.

o Distress magnitude was considered in selecting the test sections for the
individual cells. Two test sections were selected for each cell—one with a low
level of distress and the second with a high level of distress.

0 Two sets of test sections were selected for each cell: one set for fatigue cracking
and ride quality, and the second set for rutting and thermal cracking. These two
sets were initially developed because of different factors influencing fatigue
cracking and ride quality (more structural related factors) versus rutting and
thermal cracking (more mixture related factors). The two test sections in each cell
have different performance measures but are about the same age.

o Availability of as-built construction data. Based on a review of the files, many of
the projects were removed from the sampling matrix because of missing data,
such that there were too many cells without any projects. It became obvious that
a field investigation program was needed to confirm the as-built data and
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determine level 1 inputs. The verification and preliminary local calibration
discussed in Chapters 8 and 9 were completed using the available data collected
under Phase 2 using mostly input level 3 for the layer properties.

0 Maintaining a balanced experimental factorial or sampling matrix with the
assumption that the LTPP and non-LTPP sites can be combined.

3.4 NUMBER AND TYPES OF CALIBRATION SITES

Tables 9 and 10 list the sites included in the sampling matrix for evaluating bias or residual
error (predicted minus measured values) throughout the sampling matrix. The number of
sites exceeds the minimum number stated in the 2010 AASHTO Local Calibration Guide.
All roadway segments included in the flexible and semi-rigid pavement sampling matrix are
located in Mississippi (see Table 9). There were fewer rigid pavement segments available in
Mississippi, so some of the LTPP rigid pavement sections located in adjacent states were
included in the rigid pavement sampling matrix (see Table 10).

The flexible and rigid pavement sampling matrices are fractional factorials designed to be
grouped into new construction and overlays (HMA and PCC) of flexible pavements for all of
the performance indicators. The fractional factorials are unbalanced, which will need to be
considered in deriving the local calibration coefficients. The reason for the unbalanced
sampling matrices is a result of MDOT operational and design policies (many more roadway
projects have specific features). The use of an unbalanced sampling matrix or fractional
factorial is common and does not prevent the determination of the calibration coefficients.

The semi-rigid new construction pavements were combined with the HMA overlays to
evaluate the calibration coefficients of the reflection cracking transfer function. The semi-
rigid pavements were used by themselves in terms of determining the local calibration
coefficients for the fatigue cracking transfer function of the CTB layer. The Montana DOT
local calibration study was used as the starting point for the Mississippi local calibration
process (Von Quintus and Moultrop, 2007).

The fractional factorial for new construction was designed to be grouped into three types of
flexible pavements which were collapsed into two groups in the final sampling matrix
(conventional and deep-strength flexible pavements). There are only two full-depth non-
LTPP sections in the sampling matrix, so these were combined with the deep-strength
flexible pavement groups. In addition, the flexible pavement sampling matrix includes a
higher number of sites with neat (unmodified) asphalt in comparison to polymer modified
asphalt (PMA) and a higher number of sites with stabilized soils in comparison to untreated
soils.

3.5 FIELD INVESTIGATIONS

Just about all agencies that have completed a local calibration study recognized the
importance of field investigations. Some agencies initially excluded field investigations from
their implementation and calibration plan, but quickly realized its value in reducing the SEE
of the transfer functions, because level 1 inputs are being used rather than “best-guessed”
values and/or the average value from an entire construction project.

31



IMPLEMENTATION OF PAVEMENT ME DESIGN IN MISSISSIPPI May 2017
REPORT #FHWA/MS-DOT-RD-013-170
STATE STUDY #170, TASK 15—FINAL REPORT

Table 9—Number of Test Sections: Flexible and Semi-rigid Pavements, New
Construction and Rehabilitation

HMA Pavement or Analysis Type
Asphalt Binder Mixture Subgrade Deen- HMA Ovwerlays
Type Type Treatment Conventional Strenpth Full-Depth | Semi-Rigid Flexible Pavements | Rigid Pavements
yp g HMA Semi-Rigid [JPCP
L805, 806;
L1001, L2807,
Untreated or Not L1016, 2202; L3081, 1822
Stabilized L1802, | ) 3591 L3087, 1823 1708
LA310, L3089, 222
LA330, L3090 1463 ﬁgg
LA350 L502-560; 1703
Dense tigg; L902; L3097, L3099,
4527 ' L2807, L7012 L9030
1902, L903,| L3091, L3081
L959: L3093, '
Ls0s2, | tasio, | 3%
-560: ' ! L3087,
Stabilized 1122 Lsi);oggo, L3083, | LA320, | - 559,
L3085, LA330,
- L3089, LA350
Unmodified 13090,
L3094
4816 3163
Untreated or Not 4894 5105 5210
Stabilized 5618 5500 4602 5244
5688 5249
5849 5627
1123 4588 2868 2108
Superpave 4784 2580 4669 1351 3512;
4865 3144 4782 L959
- 4864 5506
Stabilized gggg 5280 5511
5628 5310 5526
5318 5554
6015 5828
Untreated or Not 1797
Dense |Stabilized 1799
Stabilized 3038
Untreated or Not 2824
i - 4742
Modified Stabilized 269 2830
Superpave 3204 4889 3686 2833
Stabilized 4580 5446 2851
4933 L903
Total Number of Calibration Sites 13 22 5 29 22 18 2 2

L — Identifies the LTPP test sections.

A sampling and testing plan was prepared under Phase 2, based on the review of as-built
and construction files. Appendix B includes the “Materials Sampling and Testing Plan and
Guidelines for Projects Used for Local Calibration.” This plan is to be executed under Phase
3 for the final calibration. The following are the primary issues and points that were used in
preparing that field investigation plan.

e Pavement distress data from the LTPP database and the MDOT PMS database
were used for the preliminary calibration of the transfer functions. MDOT distress
database includes detailed distress data believed to be consistent with the Federal
Highway Administration (FHWA) Distress ldentification Manual that was used and is
being used on all of the LTPP test sections (FHWA, 1993). As such, the distress
surveys are to be completed in accordance with the FHWA Distress Identification
Manual to confirm the consistency in observed values between the LTPP and non-
LTPP sections.
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Table 10—Number of Test Sections: Rigid Pavements, New Construction and
Rehabilitation

Design Features

Pavement Types; New Construction

Owerlays

Subgrade

Graunlar Base| Dowels [ Shoulder

Drainage

JPCP

CRCP

Unbounded PCC of JPCP

Stablized
Subgrade
Soll

Widened

Yes PCC

HMA

None & PATB

960; 1682; 2302,
2389; 5764

903-PCC overlay of HMA;
2258-PCC owerlay of HMA;
6023-PCC owerlay of CRCP

A
ggregate Widened

No PCC

HMA

None & PATB

6023; L3099

Widened

Yes PCC

None; CTB or HMA

None & PATB

903; 2258; 2838;
L3018; L3019

987-PCC owerlay of CRCP;
989-PCC owerlay of CRCP;
991-PCC owerlay of CRCP

Lime Stab. Widened

No PCC

HMA

None & PATB

L4024

987, 989; 991; L5006

Soil
unstablized

Widened

Yes PCC

HMA

None & PATB

2789; 2826

L7012

Aggregate Widened

No PCC

HMA

None & PATB

Widened

Yes PCC

None; CTB or HMA

None & PATB

2797, 2798; 2868;

2869

Lime Stab. Widened

No PCC

HMA

None & PATB

2826; 2382; 2383

L5025; L5803; L5805

Total Number of Calibration Sites

20

9

L — Identifies the LTPP test sections.

Cores are needed for the flexible pavement test sections to determine whether the
cracks started at the surface or bottom of the HMA layers. The cores and borings will
also be used to confirm the as-built layer thickness. More importantly, the cores are
used to determine whether all layers in the flexible pavement are bonded and if any
material defects like stripping have occurred.

Cores of any CTB layer in a semi-rigid pavement are also required for measuring the
in place compressive strength of that layer. The 28-day strengths will be estimated
by backcasting the current strength for the time of construction using a similar
procedure for backcasting as for the 28-day PCC strength.

Laboratory tests are included in the plan to measure the in place volumetric
properties. This data is needed to backcast the air voids at construction which are
unavailable for many of the non-LTPP and LTPP projects, especially for the older
projects.

The in place water content and density of the unbound layers are also important.
Samples of the unbound aggregate base layers and embankment soils will be
recovered for testing. The strength of the unbound layers should be measured using
the dynamic cone penetrometer (DCP). The DCP can be used to estimate the
transition between different unbound layers in support of the backcalculated elastic
layer modulus values.
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e One of the more important activities of the field investigations is to measure the
deflection basins along the segment identified for use in local calibration. The
deflection basin data are used to backcalculate the elastic modulus of all structural
layers. The backcalculated elastic layer modulus can be used to estimate the in
place damage and independently determine the coefficients of the fatigue cracking
transfer function (see equation 14).

® The fatigue cracking transfer function is applicable to both bottom- and surface-
initiated fatigue cracks. Because two types of fatigue cracking mechanisms are
considered, the field investigation includes cores to determine the direction of crack
propagation. Classical fatigue or “alligator cracking” starts at the bottom under the
wheel load due to limiting tensile strains being exceeded at the bottom of the HMA
layer. At the edge of the tire, the tension in the HMA is at the top, hence a
longitudinal crack appears.
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CHAPTER 4—TRUCK TRAFFIC

This chapter summarizes and explains how the truck traffic inputs were determined and
used in the local calibration process and in developing the default values for selected truck
traffic inputs. Appendices A and C show the traffic data used for calibration. MDOT research
study SS 165 provided a lot of the data that was used to determine the default values when
sufficient traffic data were unavailable (Buchanan, 2004).

The Planning Division used a truck traffic tool called Mississippi’s Advanced Traffic Loading
Analysis System (MS-ATLAS) to generate many of the traffic inputs for a specific roadway
segment. Appendix C (MS-ATLAS Truck Traffic Analysis Tool for Mississippi) provides a
brief discussion on the software and how that software is used to determine some of the
truck traffic input values required for the Pavement ME Design software. This chapter
defines and explains the truck traffic parameters and values used in the preliminary local
calibration effort.

41 TRUCK VOLUME—AVERAGE ANNUAL DAILY TRUCK TRAFFIC

Average annual daily truck traffic (AADTT) is an important input. AADTT is the weighted
average between weekday and weekend truck traffic. A project specific AADTT at the
beginning of the design analysis period is required for every roadway segment, which was
obtained from the Planning Division for all non-LTPP roadway segments. The AADTT values
for the LTPP sites were obtained from the LTPP database.

Truck volumes were available for all roadway segments included in the verification-local
calibration study for multiple years. In some cases, however, the AADTT was unavailable for
the traffic opening date needed by the software. For those cases, the historical AADTT
values were used to backcast the AADTT for the traffic opening data. Figure 2 shows an
example of the backcasting process used for some of the LTPP test sections. The AADTT
for the traffic opening date is included in the project files included in the Volume Il report for
all LTPP and non-LTPP roadway segments.

4.2 TRUCK VOLUME FACTORS

The truck volume factors include the directional, lane, monthly and hourly distribution
factors. Each is defined below along with the default values. In addition, all of the truck
volume factors are included in the project files for all LTPP and non-LTPP roadway
segments (Volume Il report).

o Directional Distribution Factors (DDF): DDF is the percent trucks in the design
direction, and is defined by the primary truck class for the roadway. For the
calibration sites where sufficient truck volume data was unavailable, the following
default values were used.

Primary Vehicle/Truck Class Directional Distribution Factor
4 0.50
5 through 7 0.62
8 through 10 0.55
11 through 13 0.50
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Figure 2—Backcasting Process for Determining the AADTT for the Traffic Opening
Dates

e Lane Distribution Factors (LDF): LDF is the percent of trucks in the design lane,
and is defined by the primary truck class for the roadway. For the calibration sites
where sufficient truck volume data was unavailable, the following default values were

used.
Number of Lanes Lane Distribution Factor
4 0.90
6 0.60
8 0.45

o Normalized truck volume distribution factors. The percentage of each truck
class within the mixed truck traffic (vehicle class 4 through 13 as defined by FHWA).
These percentages represent the normalized truck volumes or truck volume
distribution and are determined from the truck traffic software—MS-ATLAS, as
discussed in Appendix C.

Three truck class categories were used to select the truck traffic classification (TTC)
group included in the Pavement ME Design software for a specific roadway segment:
single unit trucks (vehicle class [VC] 5 to 7), combination trucks or single trailers (VC
8 to 10), and multi-trailer trucks (VC 11 to 13). These three categories were used
within the Mississippi State University traffic study to identify the more common TTC
groups exhibited on Mississippi's roadways (Buchanan, 2004).
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Table 11 summarizes the TTC groups that were used in the verification and
preliminary local calibration effort for the roadway segments with insufficient volume

data.

Table 11—Truck Traffic Classification Groups for Defining Mississippi’s
Normalized Volume Distribution Factors

I Percentage of Trucks in | Applicable
Roadway Description Type of Truck That Class TTC Group
Interstate Highways, 4- Single Units 12.0
Lane Divided Highways, Single Trailers 81.0 TTC-3
Heavier Truck Volumes Multi-Trailers 5.0
Principal Roadways, 4- Single Units 27.0
Lane Divided Highways, Single Trailers 67.0 TTC-7
Heavy Truck Volumes Multi-Trailers 2.0
Primary & Secondary Single Units 27.0
Arterials; Moderate Truck Single Trailers 62.0 TTC6
Volumes Multi-Trailers 4.0
. : . Single Units 65.0
g"(')ﬁ‘f;;ﬁ)fifﬁ;”d Major Single Trailers 27.0 TTC 12
Multi-Trailers 1.1
Local Two-Lane Routes _Slngle U'?'ts 63.0
: Single Trailers 31.0 TTC-15
with Low Truck Volumes - -
Multi-Trailers 2.2
NOTE: The values in this table exclude the percentage of buses. The percent bus traffic is simply 100
minus the cumulative total of the other truck classes.

Monthly distribution factors (MDF): MDFs are the relative amount of annual

trucks for each truck class within each month. The MDFs are determined using the
truck traffic software discussed in Appendix C. For the calibration sites where
sufficient truck volume data was unavailable, the values included in Table 12 were

used.

The monthly distribution factors for the truck traffic data evaluated on Mississippi’'s
roadways significantly deviated from the default values that are included in the

MEPDG software, with the exception of TTC 3. The default MDFs are included in
the Mississippi truck traffic libraries.

Hourly Distribution Factors (HDF): HDFs are only required for rigid pavement

analyses; they are not used for predicting distresses of flexible pavements and HMA
overlays of flexible pavements. These factors were determined from the Mississippi
State project for the TTC values that are representative of many roadways in
Mississippi (Buchanan, 2004). For the calibration sites where sufficient truck volume
data was unavailable, the default values listed in Table 13 were used which were
found to be dependent on the TTC group.
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Table 12—Mississippi Monthly Distribution Factors

Month Average Monthly Distribution Factor
TTC 3 TTC6 TTC7 TTC 12 TTC 15

January 0.90 0.80 0.82 0.96 0.69
February 0.96 0.97 0.91 1.06 0.70
March 1.01 1.02 0.97 0.99 0.79
April 1.00 0.97 1.00 0.89 0.93
May 0.99 0.96 1.04 1.05 0.84
June 1.01 1.09 1.04 1.05 0.90
July 0.98 0.96 0.98 111 0.86
August 1.06 1.07 1.03 1.07 1.15
September 1.04 1.08 1.05 1.28 1.21
October 1.08 1.12 1.11 1.03 1.46
November 1.00 1.08 1.06 0.80 1.23
December 0.96 0.88 0.99 0.70 1.25

Table 13—Mississippi Hourly Distribution Factors

Time of Day Hourly Distribution of Truck Traffic, %
TTIC 3 TTC 6 TTC7 TTC12 | TTC15 | Average
Midnight to 6 a.m. 16.9 12.9 11.5 7.3 6.1 11.0
6 a.m. to 10 a.m. 18.9 26.1 22.4 23.8 33.1 24.8
10 a.m.to 4 p.m. 33.1 40.5 40.0 42.2 36.5 38.4
4 p.m.to 8 p.m. 18.3 14.2 18.2 18.8 20.1 18.0
8 p.m. to Midnight 12.8 6.3 7.9 7.9 4.2 7.8

4.3 NUMBER OF AXLES PER TRUCK CLASS

The average number of axles per truck class was determined from an analysis of the
MDOT’s WIM data as part of the Mississippi State traffic study. The default number of axles
per truck class is listed in Table 14, and was assumed for each calibration site with
insufficient WIM data.

Table 14—Mississippi Number of Axles per Truck Class

Vehicle/Truck Type of Axle

Class Single Tandem Tridem Quads
4 1.53 0.45 0.0 0.0
5 2.62 0.16 0.02 0.0
6 1.12 0.93 0.0 0.0
7 1.19 0.07 0.45 0.02
8 241 0.56 0.02 0.0
9 1.16 1.88 0.01 0.0
10 1.05 1.01 0.93 0.02
11 4.35 0.13 0.0 0.0
12 3.15 1.22 0.09 0.0
13 2.77 1.40 0.51 0.04
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44  AXLE CONFIGURATION AND GEOMETRY AND OTHER TRUCK
FACTORS

Many other truck traffic input parameters are required for predicting the distresses of flexible
and rigid pavements. Some of these inputs are difficult to determine and are unavailable
within MDOT'’s truck traffic database. Thus, the global default values were used in the
verification and local calibration work. The global default values are defined and discussed
within the NCHRP Project 1-37A reports (ARA, 2004a). The following values were used in
the preliminary local calibration for Mississippi.

¢ Axle spacing:
o0 Tandem axle spacing: The average distance between the two axles of a
tandem axle; 51.6 inches, the MEPDG default value.
o Tridem axle spacing: The average distance between the three axles of a
tridem axle; 49.2 inches, the MEPDG default value.
¢ Dual tire spacing: The average distance between the center of the two tires; 12
inches, the MEPDG default value.
e Other Truck and Tire Factors:
0 Hot tire inflation pressure: An average hot tire pressure of 120 psi was
assumed for both single and dual tires.
o Truck traffic wander standard deviation: The lateral distribution of trucks
traveling down the roadway; 10 inches, the MEPDG default value.
0 Operational Speed: This input parameter was taken as the posted speed limit
or the average truck speed of the heavier or larger trucks through the project
segment. For most of the calibration sites, 50 to 60 mph was used.

The following truck axle configuration and axle location inputs are only required for rigid
pavement analyses; these are not used for predicting distresses in flexible pavements and
in HMA overlays of flexible pavements.

e Wheelbase Information: Axle spacing and percentage of trucks with that spacing;
the Mississippi default values recommended for use in Mississippi are:
o 17 percent for 12 ft. spacing.
0 22 percent for 15 ft. spacing.
0 61 percent for 18 ft. spacing.

¢ Mean Wheel Location: The average distance from the outer edge of the wheel to the
pavement edge marking; 18 inches, the Pavement ME Design default value.

o Average Axle Width: The average distance between the outside edge of the tires of
an axle; 8.5 feet, the Pavement ME Design default value.

¢ Design Lane Width: The width of the lane between the pavement lane designation
markings and not the slab width. This input is a design feature and not a traffic input.
It is included with the other traffic inputs because it has a significant impact on the
stresses in the PCC slab based on the location of the wheel load relative to the edge
of the pavement. The value assumed for most of the sites was 12 feet.
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45 NORMALIZED AXLE LOAD DISTRIBUTION FACTORS

The default normalized axle load distributions (NALD) or normalized axle load spectra
(NALS) were determined within the Mississippi State project to validate the MEPDG design
methodology default values (Buchanan, 2004). Buchanan found some of the TTC groups
were similar to the default values, but significant deviation was found in some of the other
groups. The values used for the verification and local calibration work when axle weight data
were unavailable are provided in Appendix D (Normalized Axle Load Distribution Factors or
Axle Load Spectra) and included in Mississippi’s truck traffic library.

The MS-ATLAS program was originally developed to process, store, and analyze raw WIM
data so that traffic input files can be generated for the MEPDG. Under MDOT State Study
188, the MS-ATLAS software program was developed and customized specifically for
MDOT traffic data and conditions. A description of MS-ATLAS is included in Appendix C.
MDOT provided all of the NALD factors for each calibration site which are included in the
Volume Il report. MDOT is one of the few agencies that generate specific NALS from their
WIM stations. The NALD factors used in the preliminary calibration are considered level 2
inputs, except when the calibration site is located near one of the WIM stations in which
case the NALD is considered a level 1 input.
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CHAPTER 5—CLIMATE

Detailed climate data are used to predict the temperature and moisture distribution in each
of the pavement layers over time for estimating time-dependent layer stiffness. In addition,
the climate data provides some of the inputs to the site factor parameter for the JPCP joint
faulting as well as the smoothness or roughness regression equations for all pavement
types. Climate data include hourly temperature, precipitation, wind speed, relative humidity,
and cloud cover. All of these climate data are available from weather stations, generally
located at airfields around the United States (U.S.). Most agencies, including MDOT,
however, have relatively few weather stations included in the MEPDG software.

Two site feature inputs required by the MEPDG but excluded from the weather station data
are: (1) the water table depth, and (2) the depth to a rigid layer. All climate data and inputs
relative to the calibration sites are discussed in this chapter of the report.

5.1 COUNTY WEATHER STATIONS

The MEPDG requires the location of a project described in terms of longitude, latitude, and
elevation in order to develop project specific climate data (refer to Table 3 and Appendix A).
The climate specific data for each project are generated using the closest weather station.
Table 15 lists the 12 weather stations within Mississippi and near the state lines of adjacent
States.

Two or more of these weather stations were to be selected as close to the calibration site as
possible to provide hourly temperature, precipitation, wind speed, relative humidity, and
cloud cover information. Table 15 also lists the number of months with data for those
weather stations, and identifies the stations with missing data. MDOT considered these
weather stations to be insufficient, so additional stations were added to Mississippi’s climate
library.

An expanded historical climate database was created by the National Center for Asphalt
Technology (NCAT) for use in verifying and calibrating the MEPDG design methodology in
Mississippi (Truax, et al., 2011). At least one weather station for each county in Mississippi
was added to Mississippi’s climate database. These additional weather stations include data
over a much longer period of time than those listed in Table 15.

A second climate database was created by NCAT. This second database also includes one
weather station in each county in Mississippi, but includes weather projections, rather than
historical data (Truax, et al., 2011). The library of weather stations with the projected climate
data is used in design, while the expanded historical weather station database was used for
local calibration. Different runs were made for one of the calibration sites located near
Tupelo, Mississippi to demonstrate the impact of county specific weather stations with an
expanded climate database.

Figures 3 and 4 includes the predicted levels of distress over time using 1) the closest
weather station included in the Pavement ME Design software, 2) a virtual weather station
from those included in the Pavement ME Design software, and 3) the expanded historical
weather data for the specific county. The Tupelo weather station was used for the station
closest to the project location. The virtual weather station was created using the Tupelo,
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Muscle Shoals (Alabama), Tuscaloosa (Alabama), Greenwood (Mississippi), and Memphis
(Tennessee) stations. Figure 3 includes the results from one of the LTPP flexible pavement
sites, while Figure 4 includes the results for one of the LTPP rigid pavement sites.

Table 15—Mississippi Weather Stations Available in AASHTOWare

: Latitude Longitude Elevation, Number of
City (Degrees.Minutes) | (Degrees.Minutes) ft Mo_nths
' ' ' Available

Greenville 33.29 -90.59 150 55*
Greenwood 33.30 -90.05 149 103
Gulfport 30.25 -89.05 51 91
Hattiesburg 31.16 -89.15 147 70*
Jackson International 32.19 -90.05 296 116
Hawkins Field Airport, 3220 -90.13 312 68
Jackson
McComb 31.11 -90.28 410 66
Meridian/McCain 32.33 -88.34 293 116+
Field
Key Field Airport, 32.20 -88.45 292 116
Meridian
Pascagoula 30.28 -88.32 22 102*
Tallulah/Vicksburg 32.21 -91.02 88 116*
Tupelo 34.16 -88.46 350 116
*The highlighted weather stations have missing data within the database.

As shown, the predicted distresses using the closest and virtual weather stations are almost
identical for both flexible and rigid pavements, while the predicted distresses using the
weather station in Lee County created from the expanded historical climate data are
significantly different. As such, the weather stations with limited data were not combined
with the stations added on a county wide basis in creating a virtual weather station for a
specific project location. MDOT is the only agency to date that has generated county
specific virtual weather stations with an expanded historical and forecast climate database
to be used in calibration and design.

5.2 DEPTHTO WATER TABLE OR GROUND WATER

The depth to the water table or “free” water is the average distance between the pavement
surface and the depth at which free water is encountered. This depth is representative of
cuts and fills or perched water tables along the project location.

The 20-foot boring drilled in the shoulder area at each LTPP site was reviewed to estimate
the depth to a rigid layer, a saturated layer, or free water. Wet soil strata or water was
observed during the drilling process and recorded on the boring log for some of the sites.
The depth to water table is included in the MEPDG project files (refer to Volume lI).

The water table depth entered in the Pavement ME Design software was the shallower

depth to: free water, perched water, or the lateral flow of water. The following was used in
determining the depth to the water table or free water for the calibration sites.
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1. Borings were not monitored or left open over a sufficient amount of time to measure
the depth to water. If seasonal or perched water table depths are known to exist
along the project site, these seasonal values were used.

2. If the water table depth was unknown for a specific location, the water depth tool was
used to estimate that depth. Use of this tool is described in Appendix E (Ground
Water Depth Tool or Software). It should be noted that the depth to the water table
estimated from this tool is the depth to the actual water table and not the depth to
perched water or the lateral flow of water across an area.

If water or wet soils was not recorded on the boring log, the depth to the water table was
assumed to be 20 feet in setting up the pavement structure in the MEPDG for most of the
calibration sites. The Volume Il report includes the depth to the water table assumed for
each calibration site.

5.3 DEPTH TO BEDROCK OR RIGID LAYERS

The 20-foot boring drilled in the shoulder area at each LTPP site was reviewed to estimate
the depth to a rigid layer. Refusal or presence of weathered rock was recorded on the boring
log for some of the sites. In addition, the deflection basin data measured along all LTPP
sections was used to estimate and/or confirm the depth to a hard layer from the
backcalculation of elastic layer modulus values. The depth to a hard or rigid layer is included
in the MEPDG project files (refer to Volume Il). In most cases, the depth to bedrock
exceeded 10 feet, so the subgrade thickness was assumed to be infinite.

For the non-LTPP sites, the subgrade thickness was assumed to be infinite for the
preliminary local calibration. The deflection basin data measured during the field
investigations will be used to estimate the depth to a hard layer from the backcalculation of
elastic layer modulus values.
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CHAPTER 6—LAYER FEATURES

Different features are required by the Pavement ME Design software for different pavement
types or materials. The global default values were used for some of the parameters.
Appendix A lists and identifies the layer features and materials properties for which input
level 3 default values were used in the local calibration process for the flexible and rigid
pavements. This chapter discusses the features required for specific pavement types in
terms of the values used in the local calibration process.

6.1 INITIAL INTERNATIONAL ROUGHNESS INDEX

The initial IRI represents the average value measured after construction. This initial value
was determined from construction records of previously placed HMA or PCC surfaces under
comparable conditions. The initial IRl was only available for a few of the Mississippi LTPP
test sections. Thus, the initial value was backcast from the monitored IRI data, similar to the
backcasting procedure used for the initial AADTT, with one major exception. Unlike for
AADTT, IRI does not change significantly until distresses begin to occur, as illustrated in
Figure 5 for some SPS-5 test sections. The IRI-time relationship for some time after
construction is relatively flat, and only starts to increase after the occurrence of surface
distress. The following equation was used to backcast the initial IRI, which has been used
in other studies (Von Quintus and Perera, 2011).

t g2
IRI, = IRIi(e)gl[%j (45)
Where:
IRl = |RI measured at time t.
IRI; = Initial IRl measured or estimated at time of construction.

t = Time or age of pavement, years.
g1, 92 = Regression constants determined from the monitored IRI-time values.

Figure 6 includes examples of using the empirical IRI-time relationship to estimate the initial
IRI for a couple of the LTPP sites. The measured IRI values with none to minimal amounts
or levels of distress were used to estimate the initial IRI for a specific test section. If the
starting value was unknown and there was insufficient data to backcast the initial IRI for a
site, the values in Table 16 were used. The initial IRl used for each LTPP and non-LTPP site
is included in the Volume Il report.

6.2 STRUCTURAL LAYER FEATURES

6.2.1 Flexible Pavement Layers

The inputs to define the structure are straightforward and include the material type and
thickness of each layer included in the design strategy. The material type and layer
thickness for each LTPP and non-LTPP site included in the local calibration process are
included in the Volume Il report. The following provides a listing of points creating the
pavement structure used in a new or rehabilitated flexible pavement analysis to determine
the local calibration coefficients.
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Figure 5—IRI Measured over Time for Two of the Mississippi LTPP Sections

e HMA and Asphalt Stabilized Base Layers: For new construction or reconstruction,
the number of HMA layers was limited to three. The lower layer controls bottom-up or
alligator cracking, while the upper layers have more control on the predictions of rut
depth and thermal cracking. For HMA overlays over flexible pavements, the existing
HMA and overlay layers were also limited to three layers. When two layers were
used to represent the existing HMA, only one overlay layer was used. Conversely, if
two overlay layers were used, only one layer was used for the existing HMA layers.
For the LTPP sites, results from deflection basin testing and the backcalculation of
elastic layer modulus values were used to determine whether the existing HMA
layers should be confined to one or two layers. For the non-LTPP sites, deflection
basins were unavailable so input level 3 was used to estimate the layer properties. A
more refined pavement structure will be included after the field investigations have
been completed. For both new construction and rehabilitation designs, thin HMA
layers (less than 1.0 inch in thickness) were combined with the adjacent structural
layer.
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An important assumption used in the preliminary local calibration process is that all
HMA layers do not exhibit moisture damage. This assumption is probably incorrect,
even for some of the LTPP sections. As an example, the SPS-5 test sections
exhibited stripping, resulting in extensive rutting. The field investigation planned for
Phase 3 should quantify material defects and reduce the SEE for the transfer
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Figure 6—Backcasting Process to Estimate the Initial IRI for Two of the Mississippi
Sections

Table 16—Mississippi IR Values at Construction

Type of Surface Type of Design Initial IRI, in./mi.

. New Design 50
HMA Mixtures Overlays 60
New Design 65
. JPCP Overlays 65

PCC Mixtures .
CRCP New Design 50
Overlays 50

o Asphalt Treated Permeable Base (ATPB) Layers: ATPB mixtures placed below
dense-graded HMA layers typically have air voids at construction ranging from 15 to
20 percent. The Pavement ME Design software significantly over predicts bottom-up
fatigue cracks because of the higher air voids and low asphalt content for the ATPB
(Von Quintus and Moulthrop, 2007a). The fatigue life calculated for these bituminous
mixtures is very low resulting in excessive and accelerated fatigue cracking (see
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equation 11 in Chapter 2). The measured amount of alligator cracking, however,
does not support this prediction on most of the LTPP SPS-1 projects. As such, ATPB
layers were simulated as a high quality unbound base layer with a constant elastic
modulus throughout the year. This assumption forces the bottom-up fatigue cracking
to be controlled by the lower dense-graded HMA layer.

e Cement Treated Base or Cementitious Layers: No more than one layer of
cement, lime, or lime-fly ash stabilized base layer was included in the analysis. This
does not include stabilized subgrade soils. When the cementitious layer is placed
directly below the HMA layer, even if this layer is soil cement, the pavement structure
is defined as a semi-rigid pavement. As stated previously, none of the MDOT LTPP
sites included compressive strengths in the LTPP database. Either the layer was too
thin or a test specimen was not recovered through the coring process. As such, the
backcalculated elastic layer moduli were used to estimate the in place strength.

For the non-LTPP sites, it was assumed that the minimum compressive strengths of
the CTB and soil-cement layers were met at construction and represents a good
guality material. The field investigations should confirm the 28-day strengths to be
used in the final calibration.

e Unbound Granular Base Layers: In most cases, only one unbound aggregate
base layer was used for both new and rehabilitation design. The number and
thickness of the unbound granular aggregate base layers of the existing pavement
structure coincided with the pavement structure used to backcalculate elastic layer
modulus values from deflection basin data for the LTPP test sections. For the non-
LTPP sites, the as-built records and plans were used to define the thickness of any
unbound aggregate base layer.

o Stabilized Subgrade: No more than one layer of a stabilized subgrade was used in
the analysis. If the stabilized subgrade was used as a construction platform with only
minimum additive for improving the strength, the layer was still treated as a separate
layer.

e Embankment/Foundation Layers or Subgrade: Two subgrade layers were used
for all calibration sites: a compacted embankment layer (defined as a weathered
layer), and the natural or undisturbed soil. The exception to this recommendation is
when a water table is located near the surface (less than 10 ft.) and the type of soil
changes significantly between the water table and lower pavement layer because the
properties of the soils can have a significant effect on the amount of water being
moved through the subgrade—Ilowering the resilient modulus of the upper soil strata.

6.2.1.1 Interface Friction

The layer interface friction was difficult to define without any destructive sampling (coring
program). Full friction was assumed between each layer. An interface friction value of 1.0
represents full friction in the MEPDG design methodology. The assumption is that at
construction all layers are fully bonded. The MEPDG does not predict or account for a loss
of bond or interface friction over time.
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6.2.1.2 Condition of Existing HMA Surface for HMA Overlay Design

The condition of the existing surface is determined from the distress measurements
(condition surveys [input levels 2 or 3]) or determined from backcalculated elastic modulus
(input level 1). Although each can be used, MDOT's policy is to measure deflection basins
along the project for rehabilitation design. Thus, rehabilitation input level 1 was used for
those sites when deflection basin data were available. For the non-LTPP sites, input level 2
was used because deflection basins are to be measured in Phase 3 as part of the field
investigations.

6.2.1.3 Rut Depth in Each Structural Layer

The other input required for rehabilitation input level 1 is the rutting within each pavement
layer and subgrade. The average rut depth in each pavement layer and in the subgrade is
measured through the use of trenches. Trenches, however, are normally not included in the
pavement evaluation process for rehabilitation design. The following percentages were
used to distribute the total rut depth measured at the surface to each pavement layer and
subgrade in calibrating the rut depth transfer function for HMA overlays of flexible
pavements.

o HMA Layer—75 percent of the measured rut depth.
e Aggregate Base Layer—10 percent of the measured rut depth.
e Subgrade Layer—15 percent of the measured rut depth.

These percentages were determined through the global calibration process under NCHRP
projects 1-37A and 1-40D and revised based on the local calibration study for MDOT using
the LTPP and non-LTPP roadway segments located in Mississippi. The assumption is that
the unbound aggregate base layers and embankment soils were compacted to optimum
conditions at construction.

6.2.2 Rigid Pavement Structural Layers: JPCP and CRCP

6.2.2.1 Layer Type

The layer types and thickness for each LTPP and non-LTPP rigid pavement section used in
the local calibration process are included in the Volume Il report. The following provides a
listing of points considered in creating the rigid pavement structure for both new construction
and rehabilitated pavement analysis to determine the local calibration coefficients.

e HMA or Asphalt Stabilized Base Layers: For new construction, HMA or stabilized
base layers are placed below the PCC slabs and were limited to one layer. For the
non-LTPP sites, the thickness was extracted from the as-built plans and construction
records.

e Asphalt Treated Permeable Base (ATPB) Layers: ATPB mixtures have high air
voids (generally greater than 20 percent for a well-draining mixture). Pavement ME
Design does not predict the fatigue cracking or damage of this layer below PCC
slabs. The high air voids have no impact on the damage of this layer. Thus, this
layer can be treated as an asphalt layer.
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e Cement Treated Base Layers: No more than one layer of cement, lime, or lime-fly
ash stabilized base layer was used in the rigid pavement analysis.

e Unbound Granular Base Layers: The compacted unbound aggregate base was
limited to one layer. If more than one layer was identified in the as-built plans the
unbound aggregate base layers were combined, especially if one of the layers was
relatively thin (less than 4 inches).

o Stabilized Subgrade: Only one layer of a stabilized subgrade was used in the
analysis. A stabilized aggregate base layer and stabilized subgrade were included
when both were identified in the as-built plans.

¢ Embankment/Foundation Layers or Subgrade: The subgrade was limited to two
layers; a compacted embankment layer and the natural or undisturbed soil. The
exception to this recommendation is when a water table is located near the surface
(less than 10 ft.) and the type of soil changes significantly between the water table
and lower pavement layer because the properties of the soils can have a significant
effect on the amount of water being moved through the subgrade—lowering the
resilient modulus of the upper soil strata.

6.2.2.2 Joint Spacing

Pavement ME Design allows two options for the joint spacing of JPCP: a constant or
random joint spacing. MDOT only permits the use of a constant joint spacing; a random
joint spacing has not been used or allowed by MDOT. The joint spacing used on most
projects in Mississippi is 15 to 20 feet. The input spacing for each project are included in the
Volume Il report.

6.2.2.3 Erodibility Index

The erodibility index for JPCP is defined by the type of base material for the specific project
trial design, and is classified through five categories, which are listed below. The more
erosion resistant the base material, the lower the PCC stresses and the less cracking and
faulting.

Erodibility Category Recommendation Based on Type of Base

Material
1 Extremely Erosion Asphalt Stabilized Layer or HMA.
Resistant
2 Very Erosion Resistant Cement Treated Base Layer
3 Erosi . Dense-graded crushed stone materials with less
rosion Resistant

than 10 percent fines.

Dense-graded aggregate base materials with

4 Fairly Erodible more than 10 percent fines.

Silts and other non-cohesive fine-grained soils

5 Very Erodible and cohesive soils.
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6.2.2.4 PCC-Base Contact or Interface Friction

The following lengths of time for full contact friction between the PCC slab and base course
were used, which represent the values reported from the national or global calibration.

e Asphalt Stabilized Base: Full design analysis period.

o Cement Stabilized Base: 120 months after which there is a good chance of
debonding.

e Lean Concrete Base: Finished smooth and cured with wax-based curing compound:
zero months.

e Unbound Aggregate Base: Full design analysis period.

6.2.2.5 Condition of Existing PCC Surface for JPCP Rehabilitation Design

Two inputs are required for the existing PCC layer when designing an overlay of an existing
JPCP: (1) the percentage of slabs that are distressed or have been replaced prior to
rehabilitation or restoration, and (2) the percentage of slabs that will be replaced as part of
the rehabilitation project after restoration. These two inputs are important because they
relate to determining the in place damage of the JPCP for predicting future damage and
cracking of the PCC slabs. The input values used for the calibration sites were estimated
based on the available information.

6.2.2.6 CRCP: New and Existing Layers

The inputs for CRCP layer features are mostly specific to the CRCP design philosophy and
are as follows:

o Percent longitudinal steel in PCC slab, which is a project specific design input.

o Bar diameter of the longitudinal steel reinforcement, also a project specific input.
Depth of the longitudinal steel reinforcement is a project specific design input. The
longitudinal steel is generally assumed to be placed at the mid-depth of the PCC slab
or within the top half of the slab with minimum steel cover specified by the agency.

o Base/Slab friction coefficient or the coefficient of friction at the interface of the CRCP
and layer supporting the CRCP. This parameter defines the degree of frictional
restrain offered by the underlying base layer and impacts the spacing of shrinkage
cracking. There is not specific test method for measuring the coefficient of friction
between two pavement layers. The following summarizes the default values
recommended for design which are included in the MEPDG Manual of Practice
(AASHTO, 2008). These recommended values, however, were not confirmed
through the verification process.

Subbase/Base Material Type Friction Coefficient
Lean Concrete Base 8.5
Cement Treated Base 8.9
Soil Cement 7.9
Asphalt Treated Base or HMA 7.5
Lime-Stabilized Soill 4.1
Crushed Stone or Aggregate 2.5
Sand and Coarse-Grained Soill 0.8
Fine-Grained Soil 1.1
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6.2.2.7 Other Rigid Pavement Layer Features

The other inputs for rigid pavement layer features include parameters specific to JPCP
design, which are: dowel size and spacing, presence of a widened slab, slab width, shoulder
type, and tied shoulders. These features are all project specific. The project specific values
for each of these are included in Volume Il for each calibration site.
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CHAPTER 7/—MATERIAL PROPERTIES

For all layers or material groups, detailed information was obtained from the LTPP database
to determine the layer properties. Appendix A includes a listing of all material or layer
properties.

Most of the key material properties in the LTPP database were obtained through laboratory
testing of material samples or extracted cores. For other material properties such as PCC
zero stress temperature, thermal conductivity, dynamic modulus of HMA, and so on,
MEPDG or Mississippi-specific defaults were assumed. The sources of key material
properties to estimate the MEPDG inputs are described in the following subsections for each
material. The material properties used for each layer are discussed in separate sections of
this chapter, which are grouped into the following categories:

Asphalt Concrete (AC) materials

PCC materials

Cement stabilized aggregate base materials and stabilized soils
Unbound granular materials and subgrade soils

Bedrock

7.1 ASPHALT CONCRETE MIXTURES

Volumetric, engineering, and thermal properties are required for each HMA layer (see
Appendix A). The volumetric and engineering properties represent the mixture after
compaction at the completion of construction, while the thermal properties are assumed to
be constant throughout the analysis period. The volumetric properties include air voids,
effective asphalt content by volume, aggregate gradation, mix density, and asphalt grade.

Most of the HMA mixture inputs were extracted from the LTPP database or from other
MDOT sponsored projects and/or construction records, so input levels 1 and 2 were used
for the local calibration of the flexible pavement transfer functions. The sources of data were
presented in Table 3. Key inventory, design, materials, and construction data were
assembled for each calibration site for review, identification and/or elimination of outliers and
anomalies. The HMA mixture input values are included in the Volume Il report for each
calibration site.

For the LTPP sites, the volumetric properties were measured for all structural layers. The
asphalt content, aggregate gradation and maximum specific gravity at the time of sampling
were assumed to be unchanged or the same value at the time at construction. Air voids
decrease over time and were only available at construction for some of the Special
Pavement Study (SPS) projects. The engineering and thermal properties, however, were
unavailable for all of the LTPP and non-LTPP test sections.

The following summarizes the input values selected or assumed for the HMA mixtures. For

all other properties (including the thermal properties), the global default values were
assumed for the HMA mixtures (see Appendix A).
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7.1.1 Volumetric Properties

Aggregate gradation and density: For the LTPP sections, the average value from
the test results stored in the LTPP database were used. For the non-LTPP sites, the
mid-range value for the project specifications of a particular type of mix was used for
gradation. For density, the average value reported in the construction files for the
entire project was used, but if density was not included in the files, it was assumed
that the mixture was compacted in accordance with the project specifications.

Air voids: The bulk and maximum specific gravities are used to calculate the air
voids but are only available at the time of sampling for the General Pavement Study
(GPS) sites. For the SPS sites, the values at the time of construction are included in
the LTPP database. The air voids at construction (calculated from bulk and
maximum specific gravities) change over time and the values at construction are
unavailable for most of the flexible pavement sites. The maximum specific gravity of
the HMA mixtures was measured as part of the LTPP test program and is available
in the LTPP database. This value was assumed to be constant over time. Thus, the
air void at construction was backcasted using the average air voids measured at the
pavement’'s age of sampling using the densification function shown below.

Where:

t b
ot
V,(t)=(D +V, 10 5 (46)
Va(t) = Air voids at time or age t.
Vq = Design air voids for selecting the asphalt content, %
t = Time or age of HMA mixture after construction, years.
D = Regression constant; expected maximum change or decrease in air voids
and defined at the age or time of sampling.
a,b = Regression constants fitting the decrease in air voids over time (a=0.15 and

b=0.25). These regression coefficients for typical dense graded mixtures
(estimated from previous projects).

Figure 7 illustrates use of the densification function for backcasting the initial HMA air
voids for four LTPP sections. This same process will be used for all of the non-LTPP
sites included in the field investigation. For the non-LTPP sites where the initial air
voids were unavailable from the MDOT construction materials database a default
value of 7.0 percent was used. The air voids after construction are included in the
Volume Il report for all flexible test sections.

Effective asphalt content by volume: For the LTPP sites, the average value
reported in the LTPP database was used. However, the total asphalt content by
weight is included in the LTPP and MDOT construction databases, while the effective
asphalt content by volume is required but not included in the databases. The
effective asphalt content by volume was calculated using assumed aggregate
specific gravity and other volumetric properties (bulk specific gravity of compacted
mix, asphalt specific gravity, and total asphalt content by weight).

Figure 8 shows a comparison of the asphalt content and air voids at construction for
the LTPP sites. As shown, there is extensive dispersion between the asphalt content
and air voids; no relationship was found. However, this information can be used to
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judge the cracking and rutting resistance of different mixtures. Mixtures that exhibit
lower air voids at construction in comparison to sites with higher air voids for similar
design asphalt contents should have greater resistance to rutting and cracking. After
the field investigation, the data for the non-LTPP sites will be added to Figure 8.
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7.1.2 Engineering Properties

Poisson’s ratio: The temperature calculated values from the regression equation

included in Pavement ME Design was used for all HMA layers.

Dynamic modulus: Mississippi State University conducted dynamic modulus test

on multiple HMA mixtures. The test results are included in the material testing library
and were imported into the Pavement ME Design software (White, et al., 2007). The
test results and mixtures tested are summarized in Appendix F (Dynamic Modulus
Test Results).

o New HMA Mixtures for new construction: Dynamic modulus and the asphalt

binder properties are unavailable at the time of construction for all LTPP and
non-LTPP sites. If an HMA mixture was included in the pavement structure
that was not included in the HMA materials library, level 2 inputs were used to
estimate the dynamic modulus values using the viscosity based model. The
dynamic modulus is calculated by the Pavement ME Design software using
the aggregate gradation, asphalt content, air void content, and binder grade.
The gradation and volumetric inputs were either obtained from HMA mix
designs or measured using cores recovered during sampling, while the binder
grade is included in the LTPP database and construction files.

Existing HMA Mixtures for rehabilitation of flexible pavements: For
rehabilitation input level 1, the backcalculated elastic modulus represents the
dynamic modulus of the existing HMA layer. Deflection basins were
measured on all of the LTPP test sections and used to backcalculate the
elastic modulus values. The two other inputs that are needed include: (1) the
frequency of deflection testing—a default value of 20 Hz was used; and (2)
the temperature representative of the average backcalculated elastic
modulus value—the mid-depth temperature of the layer used in the
backcalculation process measured during deflection testing. Figure 9 includes
a comparison of the damage index based on the backcalculated elastic layer
modulus and laboratory measured dynamic modulus in comparison to the
amount of fatigue cracking. As the backcalculated elastic layer moduli
decrease (increasing damage index) the area of cracking increases. The
impact of this relationship will be discussed in greater detail in Chapter 8.

Two data points in Figure 9 are considered anomalous or outliers. These two
data points are from LTPP test sections 28-1001 and 28-A320. The reason
for the high amounts of cracking relative to the in-place damage index is
unknown at this time.

For the non-LTPP sites, input level 2 was used for the preliminary local
calibration because deflection data were unavailable. After the field
investigation, the deflection basins measured on the non-LTPP sites will be
used to backcalculate the in place elastic modulus values for the existing
HMA layers and used in the local calibration process as for the LTPP sites.
These data will be added to Figure 9 and used in the final calibration.
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Figure 9—Damage Index Derived through Backcalculation of Elastic Layer Moduli and
Cracking

e Creep compliance and indirect tensile strength: Creep compliance and the
indirect tensile strength are needed for the low temperature cracking transfer
function, but were not measured on typical HMA mixtures placed in Mississippi or
included in the LTPP database. Transverse cracking was not believed to be that
prevalent on Mississippi’'s roadways, so MDOT decided to not expend the same
effort as for the load related distresses. Default values (input level 3) from the
regression equations included in Pavement ME Design were used in estimating the
mixture specific properties for the thermal cracking transfer function.

7.2 PORTLAND CEMENT CONCRETE MIXTURES

Similar to HMA mixtures, volumetric, engineering, and thermal properties are required for
the PCC layer. Most of the input level 1 properties, however, were unavailable for the LTPP
test sections or were measured at the time of sampling — many years after construction. The
MEPDG does include global material correlations through input level 2 and default values
when site project PCC properties are unavailable. The sources of data were presented in
Table 3.

The following summarizes the input values selected or assumed for the PCC mixtures and
existing PCC slabs. For all other properties (including the thermal properties), the global
default values (input level 3) were assumed for the PCC mixtures (see Appendix A).

7.2.1 PCC Mixture Properties

MDOT conducted a comprehensive laboratory test program to characterize PCC mixtures
for use in MEPDG for a rigid pavement analysis (Varner, 2016). This study was followed by
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a subsequent data analyses effort to provide recommendations for use of PCC inputs in the
hierarchical levels 1, 2 and 3 in MEPDG (Rao, 2014)

The laboratory test program (Varner, 2016) was performed to test twenty different mix
designs using five different aggregate types and four different blends of cementitious
materials, covering statewide materials. These mix designs can be considered typical of
paving mixes in MDOT using materials local to Mississippi and are identified in Table 17.

Table 17—PCC Mix Designs Included in Laboratory Test Program

Cement CI::IiT; %I?:T; Slag TO“?". Coarse w/c
MIX_ID (Iblyd?) | Ash Ash | (Iblyd?) cementltéous Aggregate ratio
(Iblyd3) | (Iblyd?) (Ibyd®) Type
1 548 0 0 0 548 High 0.42
2 411 137 0 0 548 é‘?;\?;ﬁ)t'on 0.41
3 411 0 137 0 548 0.38
4 274 0 0 274 548 0.42
5 548 0 0 0 548 Crushed 0.42
6 411 137 0 0 548 Limestone | g 43
7 411 0 137 0 548 0.41
8 274 0 0 274 548 0.43
9 548 0 0 0 548 Low 0.42
10 411 137 0 0 548 é?j;:ggon 0.43
11 411 0 137 0 548 Limestone | 0-40
12 274 0 0 274 548 0.43
13 548 0 0 0 548 Low 0.38
14 411 137 0 0 548 é?z%li’“on 0.38
15 411 0 137 0 548 0.36
16 274 0 0 274 548 0.40
17 548 0 0 0 548 Small 0.42
18 411 137 0 0 548 g‘i‘;‘z'g‘:gel 0.43
19 411 0 137 0 548 0.40
20 274 0 0 274 548 0.42

Materials properties considered critical for performance prediction of JPCP were
determined. The test results included both mechanical properties as well as those
properties that influence volumetric changes in the PCC slab due to thermal and moisture
changes. PCC material inputs added to the MDOT’s PCC material library are as follows:

¢ Modulus of Rupture or Flexural Strength @ 7,14, 28, and 90 days in accordance with

AASHTO T97
o Compressive Strength @ 7, 14, 28, and 90 days in accordance with AASHTO T22

58



IMPLEMENTATION OF PAVEMENT ME DESIGN IN MISSISSIPPI May 2017
REPORT #FHWA/MS-DOT-RD-013-170
STATE STUDY #170, TASK 15—FINAL REPORT

Modulus of Elasticity @ 7, 14, 28, and 90 days in accordance with ASTM C 469
Poisson’s Ratio in accordance with ASTM C 469

Coefficient of Thermal Expansion (CTE) in accordance with AASHTO T336
Concrete Shrinkage in accordance with ASTM C 157

Unit Weight in accordance with AASHTO T 121

The mix designs included in the PCC materials library represent PCC mixtures that can be
applied to future designs or non-LTPP sections that can be used in future recalibration
efforts. State Study 260 (Rao, C., 2014), developed recommendations for PCC inputs to
MEPDG procedure based on the laboratory testing of mixes reported in Table 17. The
study developed level 2 correlation models to estimate design inputs, as well as level 3
defaults using test data.

PCC level 2 correlations were derived for flexural strength and elastic modulus estimation
based on compressive strength test results and other mix design index properties, which is
the approach used for level 2 estimates in the MEPDG procedure. The level 2 models
derived with MDOT test data of mixes reported in Table 17, showed a deviation from the
national level 2 equations. Additionally, because of the controlled nature of the experimental
program and the aggregate types included in the experimental matrix, it was possible to
improve the level 2 correlations to account for the aggregate type. Recommendations for
level 2 models as provided in the State Study 260 (Rao, C., 2014) are summarized in Table
18. Note that the recommendations are based on the knowledge of aggregate type.

Level 3 defaults developed from the MDOT test data are shown in Table 19 for the critical
material properties as well as mix design properties. State study 260 recommends that for
the use of level 3 values, material source information for the intended design project should
be compared with that of the 20 mix designs from the experimental program (shown in Table
17). The user should identify the MIX_ID that aligns with the selected coarse aggregate and
the cementitious material blend from Table 17. If the mix design and materials of the project
closely align with a MIX_ID in Table 17, level 1 mix design data for the corresponding mix
design available from the MDOT Materials library is recommended. If the mix design does
not fully align with the mixes in Table 17, level 3 default values in Table 19 for the closest
mix design is recommended.

Additionally, CTE values for the different aggregate sources from MDOT testing are
summarized in Table 20. The averages are reported for specific aggregate sources as well
as for the two primary aggregate types — limestone and chert. Table 20 also lists the
average values recommended by AASHTO for different aggregate types based on averages
from LTPP database. Clearly the CTE values for the two aggregate types—limestone and
chert are higher for MDOT aggregate sources compared to national averages. Therefore,
the use of national defaults is NOT recommended for CTE inputs.
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Table 18—Alternatives for level 2 correlations based on MDOT PCC test data.

Knowledge Flexural strength Elastic modulus
of aggregate
No MDOT Model 2: MDOT Model 5:
MR = 4.5912* f' % E =73360* f' °°
MDOT Model 6:
E =409110* ' **®
MDOT Model 7:
E =4.91*w2%*f' %%
* C
Yes MDOT Model 3: MDOT Model 9:
MR=a*f'°° E=a*f'’
where a has the values: where a and b have the values:
CA ID a CA_ID a b
1 9.7816 1 229467 0.3652
2 9.4012 2 523594 0.2693
3 11.0280 3 2000000 0.1585
4 10.805 4 654322 0.2627
5 9.6891 5 203805 0.3768
MDOT Model 4:
MR=a*f""
where a and b have the values:
CA_ID a b
1 7.5366 0.5297
2 7.6295 0.5235
3 2.2333 0.6801
4 1.7049 0.7090
5 6.9302 0.5376

Where, in all equations above

MR is the flexural strength in psi

f'c is the compressive strength in psi

E is the modulus of elasticity in psi, and

w is the unit weight of concrete in Ib/ft®

CA_ID is the coarse aggregate source, 1(High Absorption Gravel), 2(Crushed Limestone),
3(Low Absorption Crushed Limestone), 4(Low Absorption Gravel), and 5(Small Maximum
Size Gravel)
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Table 19—Level 3 PCC Material Property Inputs Recommended for Use in Mississippi

Coarse Cementitious Flexural | Modulus of Poisson's CTE
MIX_ID | Aggregate Materials* strength elastlplty ratio x10° /degF
Source (psi) (psi)
1 1 786 5883333 0.17 6.575
2 A 2 752 5233333 0.16 6.475
Hig 3
3 Absorption 783 6333333 0.14 6.94
4 Gravel 4 843 5933333 0.15 6.82
5 1 736 5483333 0.19 5.025
6 2 721 5400000 0.20 4.99
3
7 Crushed 816 6366667 0.23 5.19
8 Limestone 4 913 5416667 0.19 5.25
9 1 928 6683333 0.21 4.65
10 Low 2 933 6583333 0.22 4.86
Absorption 3
11 Crushed 973 6650000 0.21 5.14
12 Limestone | 4 1047 6550000 0.23 5.29
13 1 858 6583333 0.17 6.82
14 2 850 6566667 0.14 6.745
Low
3
15 Absorption 901 6666667 0.18 6.795
16 Gravel 4 1004 7533333 0.15 6.935
17 1 811 5833333 0.14 6.66
18 i 2 764 5700000 0.15 6.565
Sma
3
19 Maximum 844 6250000 0.15 6.73
20 Size Gravel | 4 928 5816667 0.15 6.84
*Cementitious Materials — 1 (type 1 cement), 2 (type 1 cement + class F fly ash), 3 (type 1
cement + class C fly ash) and 4 (type 1 cement + slag)
Other PCC Default Inputs
Unit weight = 145 pcf
Poisson’s ratio = 0.18
Surface shortware absorptivity = 0.85
Thermal conductivity, BTU/hr-ft-°F = 1.25
Heat capacity, BTU/Ib-oF = 0.28
Cement type = Type 1
Cementitious material (PCC + pozzolans) = 548 Ib/yd3
Water to cement ratio (w/c) = 0.43
PCC zero stress temperature, oF — Computed by the software program
Ultimate shrinkage, microstrain — Computed by the software program
Reversible shrinkage — 50%
Time to develop 50% of ultimate shrinkage — 35 days
Curing method — Curing compound
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Table 20—Recommended PCC CTE Values from MDOT Testing and MEPDG Defaults
from LTPP Testing

MDOT CTE Test Result Defaults LTPP Default CTE Values
Aggregate -
CO&SZ:CAI’\? p%r oe r? e g?ypg CTGE’F()10 Aggrigzzewpe CTE (10%°F)
High Absorption Gravel Chert 6.70 Basalt 4.4
Crushed Limestone Limestone 5.11 Diabase 5.2
Crushed Limestone Limestone 4.99 Granite 4.8
Low Absorption Gravel Chert 6.82 Schist 4.4
Small Maximum Size Gravel Chert 6.70 Chert 6.1
Average for Chert Gravels 6.7 Dolomite 5.0
Average for Limestone 5.1 Limestone 4.4
Quartzite 5.2
Sandstone 5.8

In summary, for any given PCC mixture to be used in a future MEPDG design, a user has
the option of using one of the following input levels (as is also described in detail by Rao, C.,
2014):

o Level 1 inputs if project specific testing can be performed and test data are available
at the time of design.

o MDOT-specific level 2 correlation models in Table 18 from State Study 260 if level 2
tests data are available. Note that the recommendations provide different level 2
correlation equations for modulus of rupture and elastic modulus depending on
whether the aggregate type is known.

e MDOT-specific level 3 defaults in the absence of laboratory test data (from Table 19
and 20)

For the LTPP sections used in local calibration, all data were obtained from the LTPP
database. The sources of data were presented in Table 3. Key inventory, design, materials,
and construction data were assembled for each calibration site for review, identification
and/or elimination of outliers and anomalies. Therefore, input levels 1, 2, and 3 were used
for the local calibration of the rigid pavement transfer functions. The PCC mixture input
values are included in the Volume Il report for each calibration site.

For the LTPP sections used in calibration, the PCC mixture properties or inputs were
assumed as follows when project specific properties were unavailable:

e 28-day flexural strength and elastic modulus. The modulus of rupture and elastic
modulus are critical for both the AASHTO 1993 rigid pavement design procedure
and the MEPDG. The modulus of elasticity has a much greater effect on
performance with the MEPDG than with the AASHTO 1993 procedure. For the
GPS sections, only the long-term (mostly 5 years or more) compressive and
tensile strength and elastic modulus was tested. The initial flexural or
compressive strength and elastic modulus were backcast to the time of
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construction using the laboratory test values at the age of the pavement when the
samples were recovered for testing. The strength-modulus gain or growth model
included in the MEPDG was used to backcast the strength and modulus of the
Mississippi LTPP PCC mixtures. The following are the assumed values when no
information or data were available for the calibration sites:

0 28-day PCC mean flexural strength: 700 psi.

0 28-day PCC mean elastic modulus: 4,200,000 psi.

o Compressive strength ratio at 7, 14, 28, and 90 days. Long-term to 28-day PCC
compressive strength of 1.44 is recommended and was used for all calibration
sites.

e CTE: The CTE value was determined based on the amount of information
available for each calibration test section, as follows:

o0 When no information on the PCC mixture and/or aggregate source was
available, 4.7 x 10 in/in/degrees Fahrenheit was used.

0 When the PCC coarse aggregate geological class was known, the
appropriate CTE values was selected from Table 20; default CTE values.
However, characterizing the aggregate by its mineralogy or class is
inadequate to estimate CTE of the concrete. It is also dependent on the
aggregate hardness and the aggregate source. For example, a limestone
coarse aggregate from Mississippi may produce a different PCC CTE than
a limestone from elsewhere in the Midwest. This was one of the reasons
CTE was included in the SS 177 test program (Varner, 2016).
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7.2.2 Existing PCC Slabs

Existing intact PCC properties are required only for HMA overlay, unbonded PCC overlay,
and for concrete pavement restoration. For the calibration test sections, an assessment was
made based on the overall condition of the existing rigid pavement using the guidelines
presented in the MEPDG Manual of Practice (AASHTO, 2008).

The modulus of elasticity for the existing PCC slab was estimated based on the existing
pavement condition as per the following recommendations from AASHTO (2008):
e Existing pavement condition defined as Good/Adequate — Modulus within a typical
range of 3 to 4 x 10° psi with a mean modulus of 3.5 x 10° psi
e Existing pavement condition defined as Marginal — Modulus within a typical range of
1 to 3 x 10° psi with a mean modulus of 2.0 x 10° psi
e Existing pavement condition defined as Poor/Inadequate — Modulus within a typical
range of 0.3 to 1 x 108 psi with amean modulus of 0.65 x 10° psi

7.2.3 Other PCC Layer Inputs

The following is a listing of other rigid pavement inputs and the values assumed for the
calibration sections.

e Slab/Base friction factor: The number of months when the PCC slab and base are in
full friction was assumed based on the type of material/layer below the PCC slab, as
follows:

0 Aggregate base: Full friction for entire design life
0 Asphalt treated base: Full friction for entire design life
o Cement treated base: Full friction for 10 years

¢ Permanent curl/warp effective temperature: The permanent curl/warp effective
temperature difference defines the temperature difference between top and bottom
of the PCC slab at the time of construction. The global default value is -10°F, and
was used for all calibration sections.

e Zero stress temperature: Zero stress temperature occurs after placement concrete
has cured and hardened sufficiently that the temperature begins to drop, resulting in
tensile stress. It can be input directly or the default value in the MEPDG software can
calculate the values from the monthly ambient temperature and cement content.

7.3 CEMENT TREATED BASE MIXTURES

The compressive strength (modulus of rupture), elastic modulus, and density are required
inputs to the MEPDG for any cementitious or pozzolonic stabilized material. The agency
specific calibration factors are determined based on the quality of the CTB material. These
values need to be updated after the in place material properties have been determined and
established for the LTPP and non-LTPP roadway segments. The LTPP database for test
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sections with cementitious layers did not contain material properties for these test sections
so the backcalculated elastic modulus values were used for the calibration process.

7.4 UNBOUND AGGREGATE BASE AND SOIL LAYERS/MATERIALS

Volumetric, engineering, and thermal properties are required for all unbound layers including
the subgrade (see Appendix A). Most of the unbound layer inputs were extracted from the
LTPP database, MDOT sponsored projects, and/or construction records, so input levels 1
and 2 were used for local calibration. The sources of data were presented in Table 3.

Gradation, Atterberg limits, optimum water content, maximum dry density, and resilient
modulus test results are included in the LTPP database. All of these properties are also
included in the MDOT construction materials database, except for resilient modulus. The
following summarizes the input values selected or assumed for the unbound layers and
subgrade. For all other properties (including the thermal properties), the global default
values (input level 3) were assumed for the unbound layers (see Appendix A).

7.4.1 General Physical and Volumetric Properties

The average gradation, Atterberg limits, water content, and dry density stored in the LTPP
database were the input values used for each layer of each calibration site. For the non-
LTPP sites, the values recorded in the MDOT construction materials database were used.
The local or global default values were used in absence of the physical and volumetric

property.

Figure 10 shows a comparison between the optimum water content and maximum dry unit
weight for all unbound layers extracted for the Mississippi LTPP sites. The water content
and dry density reported for the resilient modulus tests for all unbound layers were entered
as input level 1 for the calibration process. Figure 11 shows a comparison between the
optimum and in place water contents during the LTPP field investigations. For most layers,
the in place water content is higher than the optimum water content at the time of deflection
testing. The field investigation for the non-LTPP sites has yet to be completed. Once the
field investigations are completed the moisture-density data will be added to Figures 10 and
11.
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Figure 11—Optimum Water Content and In Place Water Contents for the LTPP Sites

7.4.2 Resilient Modulus

Two approaches were used to determine the resilient modulus at the time of construction:
(1) laboratory derived resilient moduli, and (2) field derived elastic moduli. The field derived
or backcalculated modulus values are the preferred input, because this value represents the
composite value of the soil strata rather than a localized test specimen. In addition, MDOT's
standard practice has been to use backcalculated elastic moduli as part of their
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rehabilitation design process. It is recommended the use of backcalculated elastic moduli be
continued because the majority of MEPDG use will be for pavement rehabilitation.

No deflection basin data, however, were available for the non-LTPP sites. For consistency,
one approach was used for the preliminary local calibration process — the laboratory derived
values, because only the default resilient moduli and volumetric properties were available for
the soils and aggregate base layers of the non-LTPP sites. After the field investigations
have been completed, it is suggested that the field-derived layer moduli be used in the final
calibration. The following summarizes the laboratory and field-derived moduli for all unbound
layers.

7.4.2.1 Laboratory-Derived Resilient Modulus

Repeated load resilient modulus lab test results are included in the LTPP database for most
unbound layers. Figures 12 and 13 include examples from the resilient modulus tests of the
soils and coarse-grained base materials of selected LTPP sites, respectively. Laboratory
resilient modulus tests were performed at the optimum moisture content and maximum dry
unit weight for some of the sites, while the in place water content and density were also
used within the LTPP program.

Burns Cooley Dennis Consulting Engineers conducted repeated load resilient modulus tests
on typical aggregate base materials used in Mississippi and on the more common soils
encountered in Mississippi. For new alignments or new designs, Table 21 provides the
overall mean value and the range of values for different soils and unbound base materials
that were used in the preliminary calibration refinement for Mississippi. These local default
moduli were derived from repeated load resilient modulus tests and are representative of the
soils and base materials from the LTPP sites located in Mississippi.

7.4.2.2 Field-Derived Resilient Modulus

For rehabilitation/reconstruction designs, the resilient modulus of each unbound layer and
embankment can be backcalculated from deflection basin data or estimated from DCP and
other physical properties of the soil. If the resilient modulus values are determined by
backcalculating elastic layer modulus values from deflection basin tests, those values can
be used directly or adjusted to laboratory equivalent values. Table 22 lists the adjustment
ratios or C-factors that should be applied to the unbound layers for use in design, if
laboratory-derived resilient moduli are used.

For the preliminary local calibration process, deflection basins were only available for the
LTPP test sections. Deflection basins are to be measured on all of the non-LTPP test
sections as part of the field investigation. For these sites, the optimum water content and
maximum dry density and laboratory-derived default resilient moduli were used for each soil
type. As such, laboratory equivalent resilient moduli were used for the preliminary local
calibration process. After the field investigation has been completed, however, the
backcalculated moduli from the LTPP and non-LTPP sites should be used for the final
calibration. The remainder of this section discusses determination of the field-derived or
elastic and laboratory-derived resilient moduli for the unbound layers.
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Figure 12—Resilient Modulus Test Results for Different Subgrade Soils

Multiple backcalculation programs provide the elastic layer modulus typically used for
pavement evaluation and rehabilitation design. ASTM D 5858, Standard Guide for
Calculating In Situ Equivalent Elastic Moduli of Pavement Materials Using Layered Elastic
Theory is a procedure for analyzing deflection basin test results to determine layer elastic
moduli (i.e., Young’s modulus).

The absolute error or Root Mean Squared (RMS) error is the value that is used to judge the
reasonableness of the backcalculated modulus values. The absolute error term is the
absolute difference between the measured and computed deflection basins expressed as a
percent error or difference per sensor; the RMS error term represents the goodness-of-fit
between the measured and computed deflection basins. The RMS and absolute error terms
needs to be as small as possible. An RMSE value in excess of 3 percent generally implies
that the layer modulus values calculated from the deflection basins are inaccurate or
guestionable. RMSE values less than 3 percent were used in selecting the layer moduli for
the preliminary local calibration process.
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Figure 13—Resilient Modulus Test Results for Different Aggregate Bases

The point in time chosen for the backcalculation was selected to represent the time at which
the soils and materials were sampled. This time was selected so the laboratory measured
resilient modulus at an equivalent stress state below the pavement surface was determined
under the same conditions during which the deflection basins were measured with the FWD.
Figure 14 is an example illustrating backcalculated elastic moduli are a function of the in
place water content. Deriving both moduli at the same time or subsurface condition, permits
the AASHTO C-factor to be determined and compared to the values recommended for use
in the MEPDG Manual of Practice. The procedure summarized by Von Quintus and
Killingsworth (1997) was used to estimate the in place laboratory-derived resilient modulus
for each site and unbound layer.
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Table 21—Resilient Modulus Values Derived for Selected Base Materials and
Subgrade Soils Typical for Mississippi

Typical Mean Typical Range of
Type of Material or Soil Resilient Modulus, Resilient Modulus,
ksi ksi
Aggregate Crushed Stone; Limestone 30 2510 40
Base & Crushed Stone; Other 28 20to 35
Crushed Gravel 25 20 to 30
Subbase . .
Layers Coarse-Grained Soil-Aggregate 20 10 to 30
Subbase*
Poorly Graded Gravel 20 12 to 30
Clayey or Silty Gravel 17 11to 25
Silty or Clayey Sand 15 10to 20
Subgrade Poorly Graded Sand* 12 61to 15
Soil/Foundation | Gravelly Lean Clay* 15 6 to 25
Sandy or Silty Lean Clay with 12 610 25
Gravel*
High Plasticity Clays 8 5t0 15
*Designates those material and soil types with highly variable resilient modulus values; it is suggested that these
values be determined more precisely with a field and/or laboratory test program (Level 2 inputs are
recommended).

Table 22—C-Factors Recommended for Use in Mississippi to Convert Backcalculated
Layer Modulus Values to Laboratory Equivalent Modulus Values

Layer & Material

C-Factor, (Mr/E)

Tvoe Layer Description FHWA Mississippi
yp Pamphlet Sites
Granular base under a Portland Cement 132
Concrete (PCC) surface '
Aggregate Base Granular base under a CAM layer, semi-rigid 0.75
Layers pavement — -
Granular base above a stabilized material (a
. . 1.43
Sandwich Section)
Granular base under an HMA surface or base 0.62 0.60
Soil under a CAM layer, no granular base 1.00
Soil under a semi-rigid pavement with a
0.50
Subgrade grqnular base/sub_pase
Soil/Eoundation Soil Under a Stabilized Subgrade 0.75
Soil under a full-depth HMA pavement 0.52
Soil under flexible pavement with a granular 035 050
base/subbase
Cen&zr;teAgs;srgate Cement stabilized or treated aggregate layers --- 1.50
HMA surface and base layers, 41 °F 1.00 0.9
HMA Mixtures HMA surface and base layers, 77 °F 0.36 0.6
HMA surface and base layers, 104 °F 0.25 0.5
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Figure 14—Backcalculated Elastic Modulus as a Function of In Place Water Content

For rigid pavements, the laboratory resilient modulus of the subgrade soil is used to
determine a k-value for each month which is used to calculate the stresses and deflections
used to compute damage (for JPCP). However, LTPP does not always provide the required
subgrade laboratory-derived resilient modulus at optimum moisture content. Thus, FWD
deflection data from the LTPP database were used to backcalculate the in place subgrade
resilient modulus and k-value, as appropriate.

Resilient modulus values can also be estimated from Dynamic Cone Penetrometer (DCP)
tests and physical properties of the material/soil (Amini, 2003; George, 2000 and 2004).
MDOT has used the Dynamic Cone Penetrometer (DCP) for pavement evaluations and in
estimating the resilient modulus of the unbound materials and soils. Equation 47 can be
used to calculate the resilient modulus from the penetration rate measured with the DCP.

0.64
292
M, =176 ——— C 47)
R [(Dpl)llzj ( DCP)

Where:

Mg = Resilient modulus of unbound material, MP,.

DPI = Penetration rate or index, mm/blow.

Cocp = Adjustment factor for converting the elastic modulus from DCP tests to a

laboratory-derived resilient modulus.

Although the resilient modulus can be estimated from DCP tests, the value needs to be
adjusted to laboratory conditions. Table 23 provides the adjustment factors recommended
for use in estimating resilient modulus from the DCP test results or penetration rate. It
should be noted and understood Pavement ME Design does not adjust the resilient modulus
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values calculated from the DCP and the values in Table 23 have not been field-verified for
MDOT.

Table 23—DCP Adjustment Factors Recommended for Use in Mississippi to Convert
an Elastic Modulus from DCP Tests to a Laboratory Equivalent Resilient Modulus

Material/Soil Type Condition Adjustment Factor, Cpcp
Clay-Silt Above Optimum Water 1.90
. . Content

Fine-Grained, At or Below Optimum
Low Plasticity Soil-Sand Mix P 1.05
Soil Water Content

Soil-Aggregate Mix At or Below Optimum 0.60

with Large Aggregate | Water Content '

. . At or Below Optimum

Coarse-Grained Soil-Aggregate Mix Water Content 0.60
Material At or Below Optimum

Crushed Aggregate Water Content 1.04

Figures 15 and 16 include a graphical comparison of the laboratory-derived resilient moduli
and backcalculated or field-derived elastic moduli. As shown, there is a lot of variability
between the laboratory and in place moduli. Table 22 summarized the average C-factors for
the different types of structures, in comparison to the values recommended in the MEPDG
Manual of Practice. Table 22 and Figures 15 and 16 should get updated with the data from
the field investigation of the non-LTPP sites.
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Figure 15—Laboratory-Derived Resilient Modulus Values Compared to the Field-
Derived Backcalculated Elastic Modulus Values for the Subgrade Soils — Mississippi
LTPP Test Sections
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Figure 16—Laboratory-Derived Resilient Modulus Values Compared to the Field-
Derived Backcalculated Elastic Modulus Values for the Aggregate Bases —
Mississippi LTPP Test Sections

7.4.2.3 Layer Modulus Ratio Limiting Criterion

The resilient modulus of aggregate or granular base/subbase is dependent on the resilient
modulus of the supporting layers. As a rule of thumb, the resilient modulus entered into
AASHTOWare Pavement ME Design for a granular base layer should be less than three
times the resilient modulus of the supporting layer to avoid decompaction of that layer.
Figure 17 shows the maximum resilient modulus that can be sustained of an unbound base
layer placed above the subgrade or another unbound granular layer. The limiting layer
modulus is dependent on the type and thickness of the base layer, as well as on the resilient
modulus of the supporting layer.

Figure 17 was used to limit the resilient modulus of the unbound aggregate base layer for
the calibration sites to ensure the aggregate base resilient modulus is in agreement with the
above rule of thumb. This layer modulus ratio was applied to the laboratory-derived resilient
modulus during construction. It should be noted and understood that the MEPDG software
will increase and decrease the resilient modulus over time to account for changes in the
predicted water content of all unbound layers.

7.4.2.4 Determination of Unbound Layer Elastic Modulus at Time of
Construction

This section discusses determination of the elastic moduli at the time of construction for the
MEPDG software for the calibration process, and is grouped into two parts. The first part
assumes laboratory-derived moduli are to be used in the local calibration process, while the
second part assumes that field-derived moduli will be used. In either case, the procedures
require that the backcalculated elastic moduli determined at some point in time will need to
be adjusted back to the moduli at the time of construction.

73



IMPLEMENTATION OF PAVEMENT ME DESIGN IN MISSISSIPPI May 2017
REPORT #FHWA/MS-DOT-RD-013-170
STATE STUDY #170, TASK 15—FINAL REPORT

100
..#:::-"'" i
.«-::f"
L
BASE COURSES [~ /,f'
"
% ";,7' 1P
LA ;
< AN ‘L-' t
(Meter = Inch x .0254) / A T | s — SUBBASE COURSES

@ o 1]
® / ‘g p
=l Q_‘"J // "i"’jz
T L &“‘g‘i SN |4
2y | & 7,{ o
5 7y 2
- LrL" s
2 $77
E ks

/)

r’.{:l'-l-(/f ff

L

I'K)

1
1 10 100
Modulus of Layern+ 1, 10 SDS'
10F psi = 98 MPa

Figure 17—Limiting Layer Modulus Ratio or Criterion of Unbound Aggregate
Base Layers (Barker and Brabston, 1975)

74



IMPLEMENTATION OF PAVEMENT ME DESIGN IN MISSISSIPPI May 2017
REPORT #FHWA/MS-DOT-RD-013-170
STATE STUDY #170, TASK 15—FINAL REPORT

Use of Laboratory-Derived Values for Local Calibration

The following is the step by step process for estimating laboratory-derived resilient moduli of
unbound layers that are entered into the MEPDG software for the local calibration process.

1.

Deflection basin data are measured with the FWD along each roadway segment or
test section that will be used in the local calibration process. Cores are taken to
measure and confirm the layer thicknesses and material types from the as-built
construction records. Material is recovered to determine the in place water content of
the unbound layers.

MDOT calculates the elastic layer modulus from the deflection basins for the
unbound layers of the pavement structure. The calculated elastic layer moduli from
each deflection basin are determined, as well as the mean value, standard deviation
and coefficient of variation at a particular site. The variability in the backcalculated
elastic moduli is evaluated to determine if there are anomalies located along the test
section.

The backcalculated moduli are adjusted to equivalent laboratory measured values
using the C-factors recommended for use in Mississippi (see Table 22) by the
following equation:

M, (Lab)=E,. *C

The laboratory-derived resilient modulus, maximum dry density, and optimum water
content are determined for each unbound layer and site at construction. These
values are estimated from the MDOT’s material library and the default values
included in the MEPDG to determine an equivalent resilient modulus value for the
site considering the stress sensitivity of the material or soil.

The average field adjusted layer modulus value and in place water content are
compared to the laboratory-derived values at construction to determine the
magnitude of the difference. Figure 14 was an example from a project illustrating the
backcalculated elastic modulus values are a function of the in place water content.
Depending on the differences in the water content and moduli, trial runs are made
with the MEPDG. Figures 18 and 19 show examples of the resilient modulus
computed with the MEPDG over time using different starting volumetric properties
and resilient modulus values. Similar figures for each calibration site are used to
estimate the starting resilient modulus value at the time of construction.

The initial or starting resilient modulus is varied until the value calculated by the
MEPDG matches the field-adjusted value backcalculated from the deflection basins
at the same age or time. This is the value used in the local calibration process.
Figures 20 and 21 are examples illustrating this process to determine the laboratory-
derived resilient moduli for each unbound layer at construction that are used in the
local calibration process.

Although this seems like a complicated and lengthy process, after a couple of sites, the
starting laboratory-derived resilient modulus can be estimated with just one or two trial runs.
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Figure 19—Resilient Modulus over Time for Different Moisture Contents;
Example 2

Use of Field Derived or Backcalculated Values for Local Calibration

The following is the step by step process for determining the field-derived elastic moduli that
are entered into the software for the unbound layers during the local calibration process.

1.

2.

The same as Step #1 for “Use of the Laboratory-Derived Values.”

The same as Step #2 for “Use of the Laboratory-Derived Values.” The
backcalculated values are used as provided by MDOT and not adjusted to laboratory
equivalent conditions.

The same as Step #4 for “Use of the Laboratory-Derived Values.”
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Figure 21—Sample Graph Illustrating the Method to Determine the Resilient

Modulus at Construction; Sample 2

4. The laboratory-derived values at construction are adjusted to field-derived,

backcalculated values by using the C-Factor values (see Table 22) by the following
equation:

M, (Lab)
et

The average field-derived or backcalculated elastic layer modulus value and in place
water content are compared to the laboratory-derived values at construction to
determine the magnitude of the difference. Depending on the differences in the water
content and modulus values, trial runs are made with the MEPDG with varying field-
derived elastic modulus values at construction. Results from the trial runs will be
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similar to Figures 18 and 19, which are used to estimate the field-derived elastic
modulus at the time of construction for each roadway segment or test section.

The initial or starting elastic modulus is varied until the value calculated by the

MEPDG matches the field-derived or backcalculated value from the deflection basins
at the same age or time. This is the value used in the local calibration process.
Figures 22 and 23 are examples illustrating this process to determine the field-
derived, backcalculated elastic moduli for each unbound layer at construction that
are used in the local calibration process.
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The backcalculated elastic
modulus in this example is
35.3 ksi. Thus, the field-
derived elastic modulus of
the crushed stone at
construction needs to be
about 30 ksi so that the field
backcalculated elastic
modulus matches the field-
derived elastic modulus
calculated by the MEPDG at
the same age or time of the
deflection basin testing.

Figure 22—Sample Graph lllustrating the Method to Determine the Resilient
Modulus at Construction; Sample 1 for Backcalculated Modulus
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The backcalculated elastic
modulus in this example is
22.8 ksi. Thus, the field-
derived elastic modulus of
the A-6 embankment soil at
construction needs to be
about 34 ksi so that the
backcalculated elastic
modulus matches the field-
derived elastic modulus
calculated by the MEPDG at
the same age or time of the
deflection basin testing.

Figure 23—Sample Graph lllustrating the Method to Determine the Resilient
Modulus at Construction; Sample 2 for Backcalculated Modulus
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7.4.3 Poisson’s Ratio
Poisson’s ratio is another input parameter needed for the unbound materials and soils.

Table 24 lists the values that were used during the local calibration refinement effort and are
recommended for use in design.

Table 24—Poisson’s Ratio Suggested for Use for Unbound Layers

Type of Soail Poisson’s Ratio

Low plasticity to high plasticity fine-grained soils with moisture

; . 0.45
contents higher than the optimum value.
Low plasticity to high plasticity fine-grained soils with moisture

R 0.35

contents below the plastic limit.
Fine-grained soil or coarse-grained soil with more than 35 percent
. : ; ; 0.35
fines or material passing the #200 sieve.
Soil-Aggregate base materials which are predominately coarse- 035
grained. '
Crushed gravel or crushed stone base materials used as a base 0.30
or subbase layer. '

7.4.4 Hydraulic Properties

The other input parameters for the unbound layers are more difficult to measure and were
not readily available for use in the local calibration refinement effort. For these inputs, the
global default values recommended for use in the MEPDG were used to predict the
distresses. Therefore, the MEPDG default values also are recommended for use in
Mississippi for the following properties.

e Soil saturated hydraulic conductivity.
e Soil-water characteristics curves.

7.5 STABILIZED SUBGRADE FOR STRUCTURAL LAYERS

Stabilized subgrade soils are assumed to be the same as for the unbound materials and
soils, with the exception that the resilient modulus is recommended to be constant
throughout the design period—a representative layer. Thus, the other material properties
needed for stablilized subgrade soils are the same as for unbound aggregate base or
subbase layer and embankment or subgrade soils. When an aggregate base is placed
above the stabilized subgrade, the following resilient moduli are recommended for use.

Type of Stabilized Recommended Resilient Modulus, psi Re_comrpendgd
Subgrade Poisson’s Ratio

Soil Cement and Cement

Stabilized Soils 100,000 0-20
L|n_1e-FIy Ash Stabilized 50,000 0.30
Soils

3 times the resilient modulus of the soll
Lime Stabilized Soils at optimum water content and 0.35

maximum dry unit weight.
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For a full-depth flexible pavement when the HMA mixture is placed directly over the
stabilized subgrade soil, this is considered a semi-rigid pavement. As noted in previous
chapters, semi-rigid pavements were not calibrated during the original global calibration
studies, and were not calibrated during the MDOT local calibration study.
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CHAPTER 8—VERIFICATION AND CALIBRATION OF FLEXIBLE
PAVEMENT TRANSFER FUNCTIONS

This chapter describes the work to verify and calibrate, if needed, the MEPDG global flexible
pavement distress and smoothness models for Mississippi. The decision to perform local
calibration was based on whether the global model exhibited a reasonable goodness of fit
(between measured and predicted outputs) and whether distresses/IRI were predicted
without significant bias. Reasonable goodness of fit was based on R? and SEE, while the
presence or absence of bias was based on the hypothesis test described in Chapter 3. The
general criteria used to determine global model adequacy for Mississippi conditions were
presented in Tables 5 and 6. This chapter explains the local calibration of the global
calibration coefficients.

Both the LTPP and non-LTPP roadway segments were used in the verification and local
calibration process. Field investigations have yet to be completed on the non-LTPP
sections. They are planned for Phase 3 of the implementation study (see Chapter 1, Section
1.2 — Phased Implementation Approach). Field investigations are very important to reduce
the standard error of the transfer functions. Thus, the local calibration coefficients are
considered preliminary values derived from Phase 2.

8.1 FATIGUE ALLIGATOR CRACKING; BOTTOM-UP CRACKING

8.1.1 Verification of Calibration Coefficients

Verification of the MEPDG global alligator cracking models for Mississippi conditions
consisted of the running the MEPDG with the global coefficients for all selected projects and
evaluating goodness of fit and bias. Figure 24 shows a plot of measured versus predicted
alligator cracking for all Mississippi HMA sections. Measured and MEPDG-predicted alligator
cracking data were evaluated to determine model goodness of fit and bias in predicted
alligator cracking. The results are presented in Table 25 and show the following:

e Goodness of fit was generally poor, with an R? < 30 percent, which implies a weak
relationship between the MEPDG global model alligator cracking predictions and
field-measured/observed cracking. The standard error of the estimate is very large,
about 3 times the values reported in the 2008 Manual of Practice (see Table 25).

¢ Both the paired t-test and predicted versus measured cracking slope p-value
indicated the presence of bias in predicted alligator cracking (p-value < 0.05).

e The plot presented in Figure 24 shows that the data points significantly deviate from
the line of equality, another indication of bias and that there are confounding factors
not considered in predicting the observed alligator area cracking.

In summary, the MEPDG alligator cracking global calibration coefficients did not adequately
predict alligator cracking for Mississippi conditions. Local calibration of the MEPDG global
alligator cracking transfer function for Mississippi was needed. The sampling matrix (refer to
Table 7 in Chapter 3) was used to evaluate the results from the verification runs in terms of
the primary factors of the experimental plan. In addition, the results should be re-evaluated
after the field investigations have been completed for the non-LTPP segments. As an
example this will include a comparison of HMA overlays and new construction, neat mixtures
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and modified asphalt mixtures, stabilized and non-stabilized subgrades, and conventional
and deep-strength pavement structures.

100

R? = 11.2 percent
SEE = 15.4 % lane area
20 | N =218

Predicted Alligator Cracking, %
Lane Area

D .| L T T
0 20 40 &0 80 100

Measured Alligator Cracking, % Lane Area

Figure 24. Verification of the HMA alligator cracking and fatigue damage models with
MEPDG global coefficients, using Mississippi projects.

Table 25—Results of Statistical Goodness of Fit and Bias Evaluation of the MEPDG
Alligator Cracking Global Model for Mississippi Conditions
Statistical Analysis Type
Goodness of Fit Bias
R?, % SEE p-value (paired t-test) | p-value (slope)
11.2 15.4% lane area 0.0354 < 0.0001

8.1.2 Local Calibration of Alligator Cracking Transfer Function

8.1.2.1 Description of Local Calibration Procedure

Local calibration of the MEPDG alligator cracking model was done simultaneously for both
new HMA and HMA-overlaid existing HMA pavement and the MEPDG HMA fatigue, alligator
cracking, and reflection cracking models. Calibration consisted of the following steps:

1. Determine the cause of poor goodness of fit and bias produced by the global models,
discussed in the previous section of this report.
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2. Adjust the MEPDG HMA fatigue and alligator cracking model calibration coefficients
as needed based on information derived from step 1 to improve goodness of fit and
reduce or eliminate bias. This step was done using data from only the new HMA
pavement projects.

3. After determining the local calibration coefficients in step 2, perform a second round
of calibration coefficient adjustments using all projects (hew HMA and HMA-overlaid
HMA projects) for only the reflection cracking model. In other words, the local
calibration coefficients for the fatigue cracking and alligator cracking models were
fixed while the local calibration coefficients of the reflection cracking model were
adjusted as needed to improve overall goodness of fit and reduce bias.

4. Details of specific HMA fatigue cracking, alligator cracking, and reflection cracking
models coefficients adjusted are presented below (see Chapter 2 and Table 26).

a. HMA fatigue model (allowable number of axle load applications, N equation):
i. Global calibration coefficients (kfl, kf2, kf3).
ii. Local calibration coefficients (Bf1, pf2, Bf3).
b. Alligator cracking model.
i. Local/Global calibration coefficients (C1, C2, C3).
c. Reflected alligator cracking model.
i. Global calibration coefficients (c, d).

5. Perform a final round of calibration coefficient adjustments, if needed, using all the
local calibration estimates obtained in steps 2 through 4 as seed values. Adjustments
to the calibration coefficients determined in steps 2 through 4 were constrained to
ensure reasonableness of the final set of model coefficients.

The backcalculated layer modulus values were used to compute the in place damage index
in accordance with the MEPDG procedure. These in place damage indices were compared
to the observed or measured area of cracking. Figure 25 shows the comparison between
the in place damage and area of cracking. As shown, the higher the in place damage (from
the deflection basin testing of the LTPP test sections) the greater the area of cracking. This
finding was considered a significant improvement to the predicted cracking, as related to the
global coefficients.

This relationship can be used to determine or estimate the C1 and C2 coefficients (refer to
Table 26). The values for C1 and C2 can be used to evaluate the appropriateness of the
fatigue damage relationship. Results from this analysis suggest that the fatigue damage
coefficients are reasonable and do not need to be changed. Most of the HMA mixtures
included in the LTPP test sections, however, are similar, so the result is not surprising.

Table 26—Description of HMA Fatigue Damage, HMA Alligator Cracking, and
Reflection “ Alligator” Cracking Models

Model Type Model Description*
H kf2 f2 kf3 f3
HMA fatigue damage N =K (CXCw )Br(5) ! (Ewn) g
_ _ 1 C,
HMA alligator cracking FCooton = (%)(1 + (G +C2C;Log (Dl g »j
, . . 100
HMA reflection “alligator” cracking RC = 1o oo
+
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Figure 25—MDOT Local Calibration Coefficients for the Bottom-Up Fatigue Cracking
Transfer Function

8.1.2.2 Summary of Alligator Cracking Model Local Calibration Results

The next step was to investigate the possible causes of poor goodness of fit and bias, and
no obvious reasons were found (such as erroneous inputs). Thus, local calibration
proceeded as previously described. Calibration of the MEPDG global models using MDOT
input data was done using nonlinear model optimization tools available in the SAS statistical
software. Adjusted HMA fatigue damage and alligator cracking global model coefficients are
presented in Table 27 and shows that three of the nine global coefficients were adjusted.

As described earlier, the next step was to calibrate to local conditions the reflection
“alligator” cracking model. The results are presented in Table 28. The goodness of fit and
bias statistics are presented in Table 29 and show that inclusion of the HMA reflection
“alligator” cracking model did not introduce significant bias. Thus, the goodness of fit and
bias statistics presented in Table 29 show an adequate goodness of fit for all three HMA
alligator cracking sub-models (see equations 9, 14, and 25 in Chapter 2) with no significant
bias.

Figure 26 presents a plot of HMA fatigue damage using MDOT local calibration coefficients

versus field-measured alligator cracking and Figure 27 shows measured versus predicted
alligator cracking. Figure 28 shows the progression of reflection cracking with HMA overlay
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age for different HMA overlay thicknesses. Figures 29 through 32 illustrate the MDOT local
model prediction of alligator cracking for new HMA pavement and HMA-overlaid HMA
pavement.

Table 27—Summary of MEPDG Global and MDOT Local Calibration Coefficients for
HMA Alligator Cracking and HMA Fatigue Damage Models

Model Type Model Coefficients (See Global Model MDOT Local Model
Table 4) Values Values
K1 0.007566 0.007566
K2 3.9492 3.9492
HMA fatigue K3 1.281 1.281
damage BF1 1 2.01
BF2 1 1
BF3 1 1
. ClBottom 1 3.0
H“ﬂf‘ai:l'iﬂgtor C2Bottom 1 2.8
C3Bottom 6000 6000

Table 28—Local Calibration Coefficients for HMA Overlay Reflection Cracking Model
Developed using New HMA and HMA Overlaid HMA Pavement Projects

Model Coefficients
(See Table 24) Global Model Values MDOT Local Model Values
C 1 0.8
D 1 1

Table 29—Results of Statistical Bias Evaluation of MEPDG Reflection “ Alligator”
Cracking Local Model for Mississippi Conditions

Statistical Analysis Type

Goodness of Fit Bias
R2, % SEE N p-value (paired t-test) p-value (Slope) N
39.3 4.4 % lane area 218 0.9926 0.2084 218

Local calibration of the HMA fatigue, alligator cracking, and reflection “alligator” cracking
models produced MDOT-specific models that predict alligator cracking distress with
adequate accuracy and minimal bias. Goodness of fit characterized using R? increased from
11.2 for the global models to 39.3 percent, while SEE decreased from 15.4 to 4.4 percent
total lane area. The new model coefficients will increase the accuracy of alligator cracking
predictions while minimizing bias. Use of the MDOT model coefficients will produce more
accurate and less costly new and overlaid HMA pavement designs at the desired design
reliability because of the lower SEE.

It is expected that the R? will be significantly increased after the final calibration using the

results from the field investigations under Phase 3. Appendix H summarizes the process to
be used for determining the mixture specific fatigue damage relationships for the final
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calibration. Use of the procedure summarized in Appendix H may explain some of the
variation between fatigue damage and alligator cracking shown in Figures 26 and 27.

1004
5] R?=39.3 percent

SEE = 4.4 % lane area
" N=218

Alligator Cracking, % lane area

Q.00001 000013 000130 L0000 00000 1.00000 10.00030
Fatigue Damage

Figure 26. Plot showing measured HMA alligator cracking versus computed fatigue
damage developed using MEPDG models with MDOT local coefficients.
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Figure 27. Plot showing measured HMA alligator cracking versus predicted HMA
alligator cracking using MEPDG models with MDOT local coefficients.
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Figure 28. Plot showing progression of reflection cracking with HMA overlay age for
different HMA overlay thicknesses.
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Figure 29. Plot of predicted alligator cracking versus age for MDOT pavement
management system project 4784 (new HMA pavement).
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Figure 30. Plot of predicted alligator cracking versus age for LTPP project 1001 (HMA
overlaid HMA pavement).
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Figure 31. Plot of predicted alligator cracking versus age for LTPP project 0806 (new
HMA pavement).
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Figure 32. Plot of predicted alligator cracking versus age for LTPP project 0903 (HMA
overlaid HMA pavement).

8.2 TOTAL RUTTING

8.2.1 Verification of the Global Calibration Coefficients

The MEPDG predicts HMA pavement total rutting using separate sub-models for the HMA
layers, unbound aggregate base, and subgrade soil. The same three sub-models are
utilized for HMA-overlaid HMA pavement, with modifications as needed to reflect the existing
pavement material properties and permanent strain (existing rutting) present in all three
layers.

Verification of the MEPDG global total rutting model consisted of the following steps:

1. Run the three MEPDG rutting sub-models using global coefficients for all new HMA
pavement and HMA-overlaid HMA pavement projects to obtain estimates of total
rutting.

2. Perform statistical analysis to determine goodness of fit with field-measured total
rutting and bias in estimated total rutting.

3. Evaluate goodness of fit and bias statistics and determine any need for local
calibration to Mississippi conditions.

Figure 33 shows a plot of the MEPDG global model predicted rutting versus field-measured

rutting for all Mississippi new HMA pavement and HMA-overlaid HMA pavement projects.
Goodness of fit and bias statistics computed from the data are presented in Table 30.
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The information presented in Table 30 shows a poor to fair goodness of fit when compared
to the global model statistics and significant bias in predicted total rutting estimates. The
MEPDG rutting global model coefficients were, therefore, deemed inadequate for
Mississippi site features and conditions, and local calibration of this model was required.
The sampling matrix (see Table 9 in Chapter 3) should be used to evaluate the model
coefficients after the field investigations to determine any difference in results between the
HMA overlays and new construction, as well as between the semi-rigid pavements and
conventional and deep strength structures.
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Figure 33. Plot showing MEPDG global model predicted rutting versus measured
rutting (HMA, unbound aggregate base, and subgrade).

Table 30—Results of Statistical Evaluation of MEPDG Total Rutting Global Sub-
Models for Mississippi Conditions

Statistical Analysis Type

Goodness of Fit Bias
R2, % SEE N p-value (paired t-test) p-value (Slope) N
11.1 0.05in 77 < 0.0001 < 0.0001 77
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8.2.2 Mississippi Local Calibration Coefficients

8.2.2.1 Description of Local Calibration Procedure

Local calibration of the three rutting sub-models consisted of the following steps:

1. Determine the cause of poor to fair goodness of fit and bias produced by the global
models discussed in the previous section.

2. Adjust sub-model calibration coefficients as needed based on information derived
from step 1 to improve goodness of fit and reduce or eliminate bias. Specifically, the
following model coefficients can be adjusted:

a. HMA rutting:
i. Global calibration coefficients (k1r, k2r, k3r).
ii. Local calibration coefficients (B1r, 2r, B3r).
b. Granular base rutting model.
i. Global calibration coefficients (ks1l).
ii. Local calibration coefficients (Bs1).
c. Subgrade rutting model.
i. Global calibration coefficients (ks1l).
ii. Local calibration coefficients (Bs1).

Local calibration was done simultaneously for new HMA pavements and HMA-overlaid HMA
pavements. The three rutting sub-models are presented in Table 31, while a detailed
description of each is provided in Chapter 2.

8.2.2.2 Summary of Total Rutting Model Local Calibration Results

Possible causes of the poor goodness of fit and bias were investigated, but no obvious
explanations for the poor goodness of fit (such as erroneous inputs) were found. Thus, local
calibration proceeded as previously described.

Calibration of the MEPDG global models using MDOT input data was done using nonlinear
model optimization tools available in the SAS statistical software. Adjusted HMA rutting,
unbound aggregate base rutting, and subgrade rutting global model coefficients obtained
from step 2 are presented in Table 32 and show that three of the ten global coefficients were
adjusted. The goodness of fit and bias statistics is presented in Table 33. The test results
indicate an adequate goodness of fit with minimal bias that was insignificant at a 5 percent
significance level for the locally calibrated total rutting sub-models. A plot of field-measured
versus MDOT-calibrated total rutting is presented in Figure 34.

The information presented Table 33 also shows no appreciable change in the goodness of
fit between the global and MDOT model coefficients (i.e., R? changed from 11.1 to 25.4 and
SEE changed from 0.05 to 0.057 inches) with local calibration. Both the global and locally
calibrated models goodness of fit was characterized as fair. The slight increase in SEE was
attributed to high variability exhibited in field measurements of pavement rutting that
contributes to lowering R? and increasing SEE.

The results presented Table 33 also show that the significant bias produced by the global

models in Mississippi had been eliminated through local calibration. This improvement
increases overall rutting prediction accuracy and reliability of pavement designs. Thus, new

91



IMPLEMENTATION OF PAVEMENT ME DESIGN IN MISSISSIPPI May 2017

REPORT #FHWA/MS-DOT-RD-013-170
STATE STUDY #170, TASK 15—FINAL REPORT

HMA pavement and HMA-overlaid HMA pavement designs in Mississippi will be more
accurate at the selected level of design reliability with the application of the locally calibrated
total rutting model coefficients.

Figures 35 through 39 present plots of measured and predicted rutting for several projects in
Mississippi. The plots show reasonable predictions of rutting using the locally calibrated
model coefficients.

Table 31—Description of Total Rutting Prediction Sub-Models
Model Type Model Description*

HMA

f— —_— k r k rﬂ r k Tﬂ r
Apimny = € pgravmy Mava = BurK, &y 107 nrer T 5

Unbound aggregate
base

ARG
A p(soil) = :lekslgvhsoil [8_0]6 "

r

Subgrade soils

ARG
A b (sait) = Bk N 8— e

r

Table 32—Local Calibration Coefficients for HMA, Unbound Base, and Subgrade Soil
Rutting Sub-Models

Model Global Model
Model Coefficients values MDOT Local Model Values
Krl -3.35412 -3.35412
Kr2 1.5606 1.5606
HMA rutting Kr3 0.4791 0.4791
submodel prl 1 1.6
Br2 1 1
Br3 1 1
Granular base ksl 2.03 2.03
rutting submodel Bs1 1 0.65
Subbase rutting ksl 1.35 1.35
submodel Bs1 1 0.05

Table 33—Results of Statistical Evaluation of MEPDG Total Rutting using Local
Rutting Sub-Models for Mississippi Conditions

Statistical Analysis Type

Goodness of Fit

Bias

R?, % SEE N

p-value (paired t-test)

p-value (Slope)

25.4 0.057in 77

0.1666

0.8299
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Figure 34. Plot showing predicted using MEPDG sub-models with MDOT local
coefficients versus field-measured total rutting.
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Figure 35. Plot showing predicted rutting versus truck traffic for MDOT pavement

management system project 1122 (New HMA pavement).
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Figure 36. Plot showing predicted rutting versus truck traffic for LTPP project 0959

(HMA overlaid HMA pavement).
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Figure 37. Plot showing predicted rutting versus truck traffic for LTPP project 0806

(New HMA pavement).
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Figure 38. Plot showing predicted rutting versus truck traffic for LTPP project 1802
(New HMA pavement).
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Figure 39. Plot showing predicted rutting versus truck traffic for MDOT pavement
management system project 1122 (New HMA pavement).
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8.3 TRANSVERSE THERMAL CRACKING

8.3.1 Verification of the Global Calibration Coefficients

The HMA pavement transverse cracking model and transfer function in the MEPDG are
based on low temperature contraction of asphalt binders that lead to tensile stresses and
the formation of transverse cracks. The MEPDG HMA transverse cracking transfer function
was included in Chapter 2 (see equation 20).

Mississippi is not subjected to the low temperature events that result in low temperature
cracking. Transverse cracking, however, was exhibited on many LTPP and non-LTPP new
flexible pavement sections. As an example, the roadway segments located in Yazoo and
Covington Counties had transverse cracks spaced at approximately 50 to 200-ft intervals.
Figure 40 shows two LTPP examples with one in the non-freeze Yazoo area and the other
in the non-freeze Covington area that have developed extensive transverse cracking over
15 to 25 years. These sections exhibit a total of about 3,500 ft./mi. which corresponds to a
crack spacing of about 20 ft. This is a lot of transverse cracks which causes roughness or an
increase in IRI as the transverse cracks deteriorate over time.

Sections in colder areas of the state also exhibited transverse cracks with a similar spacing.
Thus, the transverse cracking in Mississippi is caused by more than low temperature events
for the traditional low temperature transverse cracking mechanism. This observation or
finding has also been made as part of Arizona’s and Georgia’s local calibration studies
(Darter, et al, 2014; Von Quintus, et al, 2014). These transverse cracks exhibited along new
flexible pavement test sections in warm areas caused speculation that significant shrinkage
of the HMA mixture, possibly from binder absorbing into the aggregate, is another
mechanism. The MEPDG does not consider this type of mechanism, so it under predicts
transverse cracking in non-freeze areas in Mississippi.

8.3.2 Local Calibration Coefficient

The MEPDG software will not predict any transverse cracks in Mississippi using the default
mixture properties. So the debate is whether to include or ignore transverse cracking in the
analysis. In the interim, it was decided to include transverse cracks in the analysis which is
consistent with how other agencies approached this issue. Thus, the transverse cracking
transfer function was calibrated under this study, but the calibration process was restricted
to just eliminating the bias.

The thermal cracking local calibration coefficient for input level 3 (see equation 22 in
Chapter 2) of 25 was derived from the roadway segments to eliminate the bias of the
transfer function. The standard error of the estimate is large because it is hypothesized that
a different mechanism is the cause for these transverse cracks. As a result, a reliability level
of 50 percent should be used in evaluating the design strategy. Transverse cracking should
be observed and perhaps the PG grade of the binder and other HMA mix properties
modified to minimize the potential development of transverse cracking. More importantly,
additional research is needed to provide much stronger verification of the HMA transverse
cracking model in Mississippi.
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Figure 40. Plots of Transverse Cracking versus Age in Non-Freeze Areas of Yazoo
and Covington, MS
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8.4 SMOOTHNESS

8.4.1 Global MEPDG HMA Smoothness Model Verification

Verification of the IRI regression equation for Mississippi site features and conditions
consisted of running the MEPDG with the global coefficients for all projects and evaluating
goodness of fit and bias. Figure 41 shows a plot of predicted versus measured IRI for all
relevant pavement projects. Goodness of fit statistics and bias statistics are shown in Table

34.

The goodness of fit statistics are poor, and the hypothesis test results indicate the global
regression equation predictions are biased (the model under predicts IRI for rougher
pavements or higher IRI values). Thus, local calibration of the regression equation was
required.
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Figure 41. Predicted versus Measured IRl using Global MEPDG HMA IRI Regression

Equation Coefficients

Table 34. Results of Statistical Evaluation of MEPDG HMA IRI Global Regression
Equation for Mississippi Conditions

Statistical Analysis Type
Goodness of Fit Bias
R2, % SEE, in/mi N p-value (paired t-test) p-value (Slope) N
22.8 15.9 in/mi 79 0.0013 < 0.0001 79
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8.4.2 Local Calibration of the MEPDG HMA Smoothness Model for Mississippi

8.4.2.1 Description of Local Calibration Procedure

Local calibration of the MEPDG HMA IRl model for Mississippi consisted of the following
steps:

1. Determine the cause of poor to fair goodness of fit and bias produced by the global
models.

2. Adjust the global model calibration coefficients as needed based on information
derived from step 1 to improve goodness of fit and reduce or eliminate bias. This
involved adjusting the MEPDG HMA IRl model global calibration coefficients (C1
through C4 in equations 28 and 30) using nonlinear optimization algorithms in SAS
to produce a new set of local calibration coefficients that maximizes goodness of fit
and significantly reduces or eliminates bias.

3. Perform statistical analysis (using SAS) to characterize goodness of fit and bias for
the new local coefficients.

4. Evaluate goodness of fit and bias and summarize outcome.

5. Repeat steps 2 to 4 as needed until goodness of fit and bias are acceptable.

8.4.2.2 Summary of HMA Smoothness Model Local Calibration Results

The local calibration coefficients for the HMA smoothness regression equation for
Mississippi are presented in Table 35. Goodness of fit and bias statistics for the locally
calibrated HMA smoothness model are presented in Table 36. A plot of measured and
predicted IRI for new HMA pavements and HMA-overlaid existing HMA pavements is
presented in Figure 42.

The information presented in Table 36 indicates a large improvement in the goodness of fit
between the global HMA smoothness model and the Mississippi locally calibrated HMA
smoothness model (i.e., R? after calibration was 60.5 percent, compared to a pre-calibration
value of 22.8 percent). SEE marginally decreased from 15.9 to 15.5 in/mile, which was
considered fair. Hypothesis testing to determine the presence or absence of significant bias
indicated that the locally calibrated model predictions were unbiased at a 5 percent
significance level. Thus, the significant bias present in the global model IRI predictions for
Mississippi was eliminated.

Table 35. Local Calibration Coefficients for HMA Smoothness (IRI) Regression

Equation
Model Coefficients Moo(lgello\?::ues hlzﬂo[;l(ng\}_zacl)Sgls
C1 (for rutting) 40 15
C2 (for alligator cracking) 0.4 0.1
C3 (for transverse cracking) 0.008 0.001
C4 (for site factor) 0.015 0.062
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Table 36. Results of Statistical Evaluation of MEPDG HMA IRI Local Regression
Equation Coefficients for Mississippi Conditions

Statistical Analysis Type

Goodness of Fit Bias
R2, % SEE, in/mi N p-value (paired t-test) p-value (Slope) N
60.6 15.5 79 0.2593 0.1159 79
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Figure 42. Plot of Measured and Predicted IRI for New HMA and HMA-Overlaid HMA
Pavements Developed using the Locally Calibrated MDOT HMA IRI Regression
Equation

Figures 43 through 45 illustrate the model IRI prediction for typical HMA pavements. The
impact of local calibration is most significant in removing the large under-prediction bias
shown in Figure 41. HMA pavement designs based in part on HMA pavement IRl in
Mississippi will be more accurate at the selected level of design reliability.
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Figure 43. Plot Showing Measured and Predicted IRI versus Time for MDOT Section
28-2202
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Figure 44. Plot Showing Measured and Predicted IRI versus Time for MDOT LTPP Test
Section 28-0902
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Figure 45. Plot Showing Measured and Predicted IRI versus Time for MDOT LTPP
Section 28-5618

8.5 ESTIMATING DESIGN RELIABILITY FOR NEW HMA AND HMA OVERLAY
PAVEMENT DISTRESS MODELS

The MEPDG estimates pavement design reliability using estimates of distress and IRI
standard deviation for any given level of predicted distress or IRI. Thus, for each HMA
pavement distress model, there was a need to develop a relationship between the predicted
distress and standard error. Predicted distress standard error equations were developed as
follows:

1. Divided predicted distress into 3 or more intervals.

2. For each interval, determine mean predicted distress and standard error (i.e.,
standard variation of predicted — measured distress for all the predicted distress that
falls within the given interval).

3. Develop a nonlinear model to fit mean predicted distress and standard error for each
interval.

The resulting standard error of the estimated distress models developed using the local
model coefficients calibrated to MDOT conditions for the HMA distress models are
presented below:

13
SEE(GATOR) =1.13+ 1 4 o (1:4893-0.4958*10g10(DAM:+0.0001)) (48)
SEE(ACRUT) =0.4139* ACRUT %8 4+ 0.001 (49)
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SEE(BASERUT) = 0.1309 * BASERUT **"™** +0.001 (50)
SEE(SUBRUT) = 0.01* SUBRUT *** +0.001 (51)
Where:
SEE(GATOR) = alligator cracking standard deviation, percent lane area
SEE(ACRUT) = HMA layer rutting standard deviation, in
SEE(BASERUT) = base layer rutting standard deviation, in
SEE(SUBRUT) = subgrade layer rutting standard deviation, in
DAM = alligator cracking fatigue “bottom-up” damage
ACRUT = predicted HMA layer rutting, in
BASERUT = predicted base layer rutting, in
SUBRUT = predicted subgrade layer rutting, in

The smoothness (IRI) standard error is estimated internally by the MEPDG.
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CHAPTER 9—VERIFICATION AND CALIBRATION OF RIGID
PAVEMENT TRANSFER FUNCTIONS

This chapter describes work done to verify and calibrate, if needed, the MEPDG global rigid
pavement distress and smoothness models for Mississippi. As noted in Chapter 2, some
new LTPP JPCP projects from adjacent states were included in the MDOT calibration study
to increase the number of sites used in the calibration process. These LTPP sites were
selected based on similar design features used and site conditions found in Mississippi.

The criteria for performing local calibration were based on whether the given global model
exhibited a reasonable goodness of fit (between measured and predicted outputs) and
whether distresses/IRI were predicted without significant bias. Reasonable goodness of fit
was determined using R? and SEE, while the presence or absence of bias was determined
based on the hypothesis test described in Chapter 3. The general criteria used to determine
global model adequacy for Mississippi conditions were provided in Tables 5 and 6.

Three rigid pavement models were evaluated as part of the MEPDG implementation in
Mississippi and included: JPCP transverse cracking, JPCP transverse faulting, and new
JPCP smoothness or IRI. Detailed descriptions of these models are presented in Chapter 2.

Verification of the MEPDG “global” calibration coefficients of the rigid pavement transfer
functions for Mississippi conditions consisted of running the M-E Pavement for the LTPP test
sections and evaluating goodness of fit and bias. The global model coefficients utilized were
those developed under the recently completed NCHRP project 20-07 to reflect corrections
made to the global concrete CTE values that were used in NCHRP project 1-37A (Sachs,
2014). The corrected CTE values used in the NCHRP project 20-07 were used in evaluating
and judging the accuracy of the transfer functions for the Mississippi LTPP rigid test
sections.

Table 10 in Chapter 3 grouped the LTPP and non-LTPP rigid pavement test sections by
structural features. Most of the sites are JPCP but nine are CRCP. Different design criteria
through the transfer functions are used to design JPCP and CRCP and must be considered
as two separate groups in evaluating or judging the applicability of the global calibration
coefficients to Mississippi conditions. Nine CRCP sections are too few to complete a local
calibration of the global transfer functions.

Although IRI is the common design criteria between JPCP and CRCP, two different
regression equations are used to predict IRl over time because of the different distresses.
This chapter of the report compares the predicted distress and smoothness to the measured
values for the JPCP sections for revising the global calibration coefficients, if needed.

9.1 JPCP TRANSVERSE, MID-SLAB CRACKING

9.1.1 Global MEPDG Transverse Cracking Model Verification

Verification of the MEPDG global JPCP transverse cracking model for Mississippi conditions
began by running the MEPDG analysis for all JPCP projects. For this analysis, the NCHRP
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Project 20-07/(288) JPCP MEPDG global model coefficients were applied, since these
coefficients are compatible with MDOT and LTPP revised PCC CTE data used in transverse
cracking predictions. Figure 46 shows a plot of cumulative fatigue damage versus
transverse cracking for all MDOT JPCP sections. Measured and MEPDG-predicted
transverse cracking data were evaluated to determine model goodness of fit and bias in
predicted transverse cracking. The results are presented in Table 37 and show the
following:

e Goodness of fit was very good, with an R2 > 90 percent, which implies a strong
relationship between the MEPDG global model transverse cracking predictions and
field-measured/observed cracking.

o However, both the paired t-test and predicted versus measured cracking slope p-
value indicated the presence of bias in predicted transverse cracking (p-value <
0.05).

It was concluded that the MEPDG global transverse cracking model did not adequately
predict transverse cracking for Mississippi conditions. Local calibration of the MEPDG global
transverse cracking model for Mississippi was completed.

9.1.2 Local Calibration of the MEPDG Transverse Cracking Model for
Mississippi

9.1.2.1 Description of Local Calibration Procedure

The local calibration process involved two basic steps: (1) investigating the causes of poor
goodness of fit and bias of the MEPDG globally calibrated models; and (2) modifying the
local calibration coefficients of the transverse fatigue cracking models as needed based on
information derived from step 1 to improve goodness of fit and reduce or eliminate bias. Two
key models are involved with the calibration of transverse “slab” cracking. Equation 31 in
Chapter 2 estimates the fatigue life (N) of PCC when subjected to repeated stress for a
given flexural strength. Calibration factors C1 and C2 can be modified but since the
calibration process is based on substantial field data these factors remained unchanged.

The coefficients of the S-shaped curve for the relationship between measured cracking and
accumulated fatigue damage (DIr) at top and bottom of the JPCP slabs were adjusted.
Parameters C4 and C5 in equation 32 (see Chapter 2) were adjusted to remove bias and
improve goodness of fit with field data.
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Figure 46. Verification of the JPCP transverse cracking and fatigue damage models
with MEPDG global coefficients, using Mississippi JPCP projects.

Table 37. Results of statistical goodness of fit and bias evaluation of the MEPDG
transverse cracking global model for Mississippi conditions.

Statistical Analysis Type
Goodness of Fit Bias
R?, % SEE p-value (paired t-test) | p-value (slope)
92.06 4.6% 0.0192 < 0.0001
9.1.2.2 Summary of Transverse Cracking Model Local Calibration Results

Possible causes of poor goodness of fit and bias were investigated, but no obvious
explanations were found (such as erroneous inputs). Thus, local calibration proceeded as
previously described. Calibration of the MEPDG global models using MDOT input data was
done using nonlinear model optimization tools available in the SAS statistical software.
JPCP fatigue damage and transverse cracking model coefficients are presented in Table 38.
Two of the four global coefficients were adjusted to MDOT local conditions.

The goodness of fit and bias statistics presented in Table 39 show an adequate goodness of
fit for the JPCP transverse cracking model with no significant bias. Figure 47 presents a plot
of JPCP fatigue damage versus field-measured and MDOT local transverse cracking model

predicted cracking. Local calibration of the JPCP transverse cracking model produced
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MDOT-specific model that predict transverse cracking distress with adequate accuracy and
minimal bias. Goodness of fit characterized using R? slightly increased from 92.06 for the
global models to 93.1 percent, while SEE slightly decreased from 4.6 to 4.51 percent.

The new model will increase the accuracy of transverse cracking predictions while
minimizing bias and will produce for MDOT more accurate new JPCP designs at the desired
design reliability. Figures 48 through 50 illustrate the transverse fatigue cracking model for
selected projects.

Table 38. Summary of MEPDG global and MDOT local calibration coefficients for

JPCP transverse cracking and JPCP fatigue damage models.
Model Type Model Coe_fficients Global MDOT Local
(See Equation 1 & 2) Model Values Model Values
JPCP fatigue Cl 2 2
damage C2 1.22 1.22
JPCP Cc4 0.6 0.5
transverse
cracking C5 -1.98 -2.35

Table 39. Results of statistical bias evaluation of MEPDG JPCP transverse cracking
local model for Mississippi conditions.

Statistical Analysis Type

Goodness of Fit Bias
R?, % SEE N p-value (paired t-test) p-value (Slope) N
93.1 4.51% 213 0.1259 0.4445 213
100 )
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Figure 47. Plot showing predicted JPCP transverse cracking versus computed fatigue
damage developed using MEPDG models with MDOT local coefficients.
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