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CHAPTER 1. INTRODUCTION

1.1 OVERVIEW OF MEPDG MODEL DEVELOPMENT

Most State highway agencies (SHAs), including the Missouri Department of Transportation
(MoDQT), use some version of the American Association of State Highway and Transportation
Officials (AASHTO) Guide for Design of Pavement Structures for new and rehabilitated
pavement design. This design procedure is based on the serviceability concept developed at the
AASHO Road Test during the late 1950s. Although the 1986 and 1993 editions of the AASHTO
Guide include some refinements to the original empirical-based design methodology, there are
still many limitations, some of which are listed below:

e A single subgrade soil and only an unstabilized, dense granular base were used for the
test sections. There are numerous subgrade soils in Missouri, and many other types of
bases are in common use, including treated bases and stabilized subgrade soils. In
addition, subdrainage was not included as part of the Road Test, but the design feature is
used in Missouri.

e Traffic volumes and loading have increased by an order of magnitude since the AASHO
Road Test, which means that most current designs are outside the inference space of the
design procedures developed from the original road test data.

e As in any accelerated loading facility, the long-term effects of climate and age-related
material deterioration are impossible to quantify. Extrapolation to a design life of 30 to
40 years is questionable based on the 2-year Road Test data.

e In earlier AASHTO design procedures, pavement performance is directly related to layer
thickness despite the fact that some distresses (such as low temperature cracking and
raveling) may be independent of layer thickness.

e The regression equations incorporated in the AASHTO design guides cannot directly
accommodate the influence of new materials and ever-evolving design or construction
practices. Climatic effects are not directly accounted for by the procedure.

¢ Finally, the primary indicator of pavement performance in earlier AASHTO design
procedures is the present serviceability index (PSI), in which the dominant factor is ride
quality. Realistically, distresses such as wheel path rutting and cracking may dictate the
timing of rehabilitation. As the emphasis shifts from building new roadways to
maintenance and rehabilitation of existing roadways, the design procedures also must be
modified to accommodate this shift.

An empirical design is limited because the inference space is confined to the conditions
(materials, loads, and environment) on which the regression equations were based. Accordingly,
a 1996 workshop sponsored by the AASHTO Joint Task Force on Pavements (now the Joint
Technical Committee on Pavements) initiated an effort to develop an updated pavement design



guide based on mechanistic principles that could reasonably and rationally account for various
materials, traffic conditions and environments.

The Task Force concluded that there was a need for a long-term shift from empirical-based to
mechanistic-based pavement design and thus promoted the development of a new pavement
design guide based as fully as possible on mechanistic principles. The first version of this guide
was developed under National Cooperative Highway Research program (NCHRP) Project 1-37A
in 2004. This guide then underwent an independent review under NCHRP 1-40A. The review
recommended some changes which were incorporated as directed by the NCHRP 1-40 panel
along with other enhancements under NCHRP Project 1-40D. This version of the design
methodology was then successfully balloted through AASHTO’s committees on materials and
design in 2007 as an interim standard for pavement design in the United States. This design
approach is now widely referred to as the Mechanistic-Empirical Pavement Design Guide
(MEPDG).

The MEPDG utilizes existing state-of-the-practice mechanistic-based pavement analysis and
distress prediction algorithms. The distress prediction models of the MEPDG were derived from
field performance data from several hundred experimental flexible and rigid in-service
pavements located throughout the United States and contained in the Long-Term Pavement
Performance (LTPP) database and other national databases. These models are hence termed
“globally” or “nationally’ calibrated models. The LTPP database also contains pavement design,
materials, climate, and traffic data.

1.2 NEED FOR LOCAL CALIBRATION

The goal of NCHRP Project 1-40D was to develop performance models that accurately predicted
pavement distress and ride quality on a national basis. However, it was realized that the
nationally calibrated models will not necessarily predict pavement performance accurately for all
local design, materials, and other conditions, or for a specific geographic area or State.
Therefore, there is a need to determine whether the NCHRP 1-40D models are a reasonable
representation of Missouri conditions.

For this project, the accuracy and reasonableness of the NCHRP 1-40D models was determined
using relevant pavement data (required by the MEPDGQ) that reflect Missouri conditions (site,
design, materials, construction, performance, and so on). The method for validation applied was
termed validation through historical input data. With this method, pavement performance was
predicted using the NCHRP 1-40D models and actual historical Missouri pavement design,
traffic loading, climate, construction, and materials data. The predicted performance was then
compared to real-world performance to determine whether the NCHRP 1-40D models yielded
predictions that were reasonably close to field observations. The reasonableness of the models
was gauged based on the goodness of fit and bias in correlation between measured and predicted
distress/smoothness (International Roughness Index, IRI) values. Statistical and non-statistical
methods were applied as appropriate to determine goodness of fit and bias. Nationally calibrated
MEPDG models that were found to be inadequate for local Missouri conditions were



recalibrated. Recalibration was done by modifying the MEPDG local calibration factors as
needed to improve prediction accuracy and remove bias.

1.3  SCOPE OF MISSOURI DOT MODEL VALIDATION/CALIBRATION

Although the MEPDG can be used to design over 16 new and rehabilitated flexible and rigid
pavement types, for this project, model validation and recalibration was limited to specific
pavement types of interest to Missouri, namely:

New or reconstructed hot mix asphalt (HMA) pavements.

New or reconstructed jointed plain concrete pavements (JPCP).
HMA overlaid existing HMA pavements.

HMA overlaid intact portland cement concrete (PCC) pavement.
HMA overlaid fractured (rubblized) PCC pavements.

Unbonded JPCP overlays of existing JPCP.

Based on the pavement types selected, the following performance indicators (and thus, MEPDG
prediction models) were of relevance to this project:

e HMA surfaced new and rehabilitated pavements.
0 Total rut depth.
0 Transverse “thermal” cracking.
0 Load related alligator cracking, bottom initiated cracks.
0 Smoothness (IRI).
e JPCP surfaced new and rehabilitated pavements.
O Mean transverse joint faulting.
o0 Fatigue related transverse slab cracking (includes both bottom and surface
initiated cracks at the midpanel).
0 Smoothness (IRI).

These performance indicators are used as the basis for triggering maintenance and rehabilitation
(M&R). Recalibration of the national models was done based on the results of the validation
study.

14 REPORT ORGANIZATION

This report presents the results of validation and recalibration of selected MEPDG models for
flexible pavement, composite pavement, and rigid pavement. Chapter 2 describes the MEPDG
pavement distress and smoothness prediction models selected for validation and recalibration as
needed. Chapter 3 describes the roadway projects used in model validation and recalibration,
while chapter 4 describes the model validation effort. Chapter 5 provides a summary and
conclusions.






CHAPTER 2. NEW HMA AND NEW JPCP PERFORMANCE
PREDICTION MODELS

The following section presents a brief description of the MEPDG models used to predict the
performance indicators listed in chapter 1. Detailed descriptions of these models and the entire
MEPDG design procedure have been presented in several publications, including the AASHTO
MEPDG Manual of Practice and NCHRP Project 1-37A final reports. (AASHTO 2007; ARA
2004)

21 NEW HMA PAVEMENTS
2.1.1 Alligator Cracking

Alligator cracking initiates at the bottom of the HMA layers and propagates to the surface with
continued application of heavy truck traffic. Alligator cracking prediction in the MEPDG begins
with the computation incrementally of HMA bottom-up fatigue damage. This is done using a
grid pattern throughout the HMA layers at critical depths to determine the location within the
HMA layer subjected to the highest amount of horizontal tensile strain—the mechanistic
parameters used to relate applied loading to fatigue damage. An incremental damage index,
ADI, is calculated by dividing the actual number of axle loads by the allowable number of axle
loads within a specific time increment and axle load interval for each axle type (Miner 1945).
The cumulative damage index for each critical location is determined by summing the
incremental damage over time and traffic using equation 1 (AASHTO 2007):

DI = Z(ADI)j,m,l,p,T ZZ[N & j (1)
Jj.m,l,p,T

f—HMA
where:
n Actual number of axle load applications within a specific time period
i = Axle load interval
m = Axle load type (single, tandem, tridem, quad, or special configuration)
[ = Truck type using the truck classification groups included in the MEPDG
p = Month
T = Median temperature for the five temperature intervals or quintiles used to
subdivide each month, °F
Negya = Allowable number of axle load applications for a flexible pavement and

HMA overlays

The allowable number of axle load applications needed for the incremental damage index
computation is shown in equation 2 (AASHTO 2007):

N s = k(X6 (B @

where:
Nrrma = Allowable number of axle load applications for a flexible

5



pavement and HMA overlays

g = Tensile strain at critical locations and calculated by the structural
response model, in/in
Erva = Dynamic modulus of the HMA measured in compression, psi
k1, kp, kg3 = Global field calibration parameters (from the NCHRP 1-40D

re-calibration; k; = 0.007566, kp = -3.9492, and k3 = -1.281)

B, Br B3 = Local or mixture specific field calibration constants; for the global

calibration effort, these constants were set to 1.0

Cc=10" (3)
M =4.84 Ve 0.69 4)

V,+V,,

Ve = Effective asphalt content by volume, percent

v, = Percent air voids in the HMA mixture

Cy = Thickness correction term as follows:
C, - ! (5)

" 0.003602
0.000398 + [ 02910
Hya = Total HMA thickness, in

Alligator cracking is calculated from the cumulative damage over time (equation 1) using the
relationship presented as equation 6 (ARA 2007):

FC,,, =| = < ©)
Bottom 60 \ 1+ e(ClC{JrCzCéLDg(D[ Bottom))

FCgotiom = Area of alligator cracking that initiates at the bottom of the
HMA layers, percent of total lane area
Dlgoom = Cumulative damage index at the bottom of the HMA layers
Cios = Transfer function regression constants; C,= 6,000; C;=1.00;
and C>=1.00

where:

G =-2C, (7)
C, =-2.40874-39.748(1+ H,,,,, )™ (8)

where: Hyyy = Total HMA thickness, in



2.1.2 Transverse Cracking

For the MEPDG, the amount of crack propagation induced by a given thermal cooling cycle is
predicted using the Paris law of crack propagation (AASHTO 2007):

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

Experimental results indicate that reasonable estimates of 4 and » can be obtained from the
indirect tensile creep-compliance and strength of the HMA in accordance with equations 10 and
11 (ARA 2007):

A = lok,,b’, (4.389-2.52Log (E jjy40 ) (10)
where:
77:0.8{1+l} (11)
m
ky = Coefficient determined through global calibration for each input level
(Level 1 =5.0; Level 2 = 1.5; and Level 3 =3.0)
Euva = 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
it = Local or mixture calibration factor

Stress intensity factor, K, was incorporated in the MEPDG through the use of a simplified
equation developed from theoretical finite element studies:

K =0, (045+1.99(C, )"*) (12)
where:
Cup = Far-field stress from pavement response model at depth of crack tip, psi
C, = Current crack length, ft

The amount of transverse cracking is predicted by the MEPDG using an assumed relationship
between the probability distribution of the log of the crack depth to HMA layer thickness ratio
and the percent of cracking. Equation 13 shows the expression used to determine the amount of
thermal cracking (ARA 2007):

TC=ﬁt1N{iLog( o H (13)
(o2

d HMA




where:

C = Thermal cracking, ft/mi
i = Regression coefficient determined through global calibration (400)
N/z] = Standard normal distribution evaluated at [z]
04 = Standard deviation of the log of the depth of cracks in the
pavement (0.769), in
Cy = Crack depth, in
Hya = Thickness of HMA layers, in
2.1.3 Rutting

Rutting is caused by the plastic or permanent vertical deformation in the HMA, unbound
base/subbase layers, and subgrade/foundation soil. For the MEPDG, rutting is predicted by
calculating incrementally the plastic vertical strain accumulated in each pavement layer due to
applied axle loading. In other words, rutting is the sum of all plastic vertical strain at the mid-
depth of each pavement layer within the pavement structure, accumulated over a given analysis
period. The rate of pavement layer plastic deformation could vary significantly over a given time
increment since the pavement layer properties (HMA and unbound aggregate material and
subgrade) do change with temperature (summer versus winter months) and moisture (wet versus
dry), and applied traffic could also be very different (AASHTO 2007).

The MEPDG model for calculating total rutting is based on the universal “strain hardening”
relationship developed from data obtained from repeated load permanent deformation triaxial
tests of both HMA mixtures and unbound aggregate materials and subgrade soils in the
laboratory. The laboratory derived relationship was then calibrated to match field measured rut
depth. For all HMA mixtures types, the MEPDG field calibrated form of the laboratory derived
relationship from repeated load permanent deformation tests is shown in equation 14 (AASHTO
2007):

Ap(HMA) = gp(HMA)hHMA = ﬂlrkzgr(HMA) 1077 oo TP (14)
where:

Apima) = 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

Er(HMA) = Resilient or elastic strain calculated by the structural response
model at the mid-depth of each HMA sublayer, in/in

Rty = Thickness of the HMA layer/sublayer, in

n = Number of axle load repetitions

T = Mix or pavement temperature, °F

k, = Depth confinement factor

ki 230 = Global field calibration parameters (from the NCHRP 1-40D

recalibration; k;, = -3.35412, k;, = 0.4791, k3. = 1.5606)



Bir Bor Par, = Local or mixture field calibration constants; for the global
calibration, these constants were all set to 1.0

k. =(C, +C,D)0.328196" (15)
C,=-0.1039H,,, )’ +2.4868H ,, —17.342 (16)
C, =0.0172(H,,,) —1.7331H ,,,, +27.428 (17)
D = Depth below the surface, in.
Hyyy = Total HMA thickness, in.

Equation 18 shows the field-calibrated mathematical equation used to calculate plastic vertical
deformation within all unbound pavement sublayers and the foundation or embankment soil.

ARG
Ap(soil) = ﬂslkslgvhsoil (8_0}9 ! (18)
where:
Apsoin) = Permanent or plastic deformation for the layer/sublayer, in.
n = Number of axle load applications
& = Intercept determined from laboratory repeated load permanent
deformation tests, in/in
& = Resilient strain imposed in laboratory test to obtain material
properties &,, £, and p, in/in
& = Average vertical resilient or elastic strain in the layer/sublayer and
calculated by the structural response model, in/in
hsoit = Thickness of the unbound layer/sublayer, in
kg, = Global calibration coefficients; k;;=1.673 for granular materials
and 1.35 for fine-grained materials
Bsi = Local calibration constant for the rutting in the unbound layers; the
local calibration constant was set to 1.0 for the global calibration
effort
Logfs =—0.61119-0.01763§,) (19)
1
B
p =10’ C., (20)
iwr)
bl
C, = Ln(%j — 0.0075 1)
agM”
W. = Water content, percent



M, = Resilient modulus of the unbound layer or sublayer, psi
arg = Regression constants; a;=0.15 and ay=20.0
b = Regression constants; ,=0.0 and 5y=0.0

2.1.4 Smoothness (IRI)

The design premise included in the MEPDG for predicting smoothness degradation is that the
development of surface distress will result in a reduction in smoothness (increasing IRI).
Equations 22 and 23 were developed from data collected through the LTPP program and are
embedded in the MEPDG to predict the IRI over time for new HMA pavements (AASHTO
2007):

IRI = IRI, +0.0150(SF )+ 0.400(FC,,,, ) +0.0080(TC)+ 40.0(RD) (22)
where:
IRI, = Initial IRI after construction, inches/mile.
SF = Site factor, refer to equation 23.
FCrow = 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.
c = Length of transverse cracking (including the reflection of
transverse cracks in existing HMA pavements), feet/mile.
RD = Average rut depth, inches.

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

SF = Age(0.02003(PI +1)+0.007947 (Pr ecip +1)+ 0.000636(FI +1))  (23)

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, inches

22 NEWJPCP
2.2.1 Transverse Slab Cracking

The MEPDG considers both JPCP bottom-up and top-down modes of transverse slab cracking.
Under typical service conditions, the potential for either mode of cracking is present in all slabs.
Any given slab may crack either from the bottom up or the top down, but not both. Therefore,
the predicted bottom-up and top-down cracking are not particularly meaningful by themselves,
and combined cracking is reported excluding the possibility of both modes of cracking occurring
on the same slab. The percentage of slabs with transverse cracks (including all severities) in a

10



given traffic lane is used as the measure of transverse cracking and is predicted using the
following globally calibrated equation for both bottom-up and top-down cracking (AASHTO
2007):

1
CRK =———— (24)
1+ (D1, )"
where:
CRK = Predicted amount of bottom-up or top-down cracking (fraction)

DIr = Fatigue damage calculated using the procedure described in this section

The general expression for fatigue damage accumulations considering all critical factors for
JPCP transverse cracking is as follows (Miner 1945):

DI, :Z ]’;l[i,j,k,l,m,n,o 25)
i) k0 mon,o
where:
DIr = Total fatigue damage (top-down or bottom-up)
nijr .. = Applied number of load applications at condition i, j, k, [, m, n
Nijr .. = Allowable number of load applications at condition i, j, k, [, m, n
i = Age (accounts for change in PCC modulus of rupture and elasticity,
slab/base contact friction, deterioration of shoulder LTE)
J = Month (accounts for change in base elastic modulus and effective dynamic
modulus of subgrade reaction)
k = Axle type (single, tandem, and tridem for bottom-up cracking; short,
medium, and long wheelbase for top-down cracking)
[ Load level (incremental load for each axle type)
m = Equivalent temperature difference between top and bottom PCC surfaces.
n = Traffic offset path
0 = Hourly truck traffic fraction

The applied number of load applications (#;,xmx) is the actual number of axle type & of load
level / that passed through traffic path » under each condition (age, season, and temperature
difference). The allowable number of load applications is the number of load cycles at which
fatigue failure is expected and is a function of the applied stress and PCC strength. The
allowable number of load applications is determined using the following globally calibrated PCC
fatigue equation (AASHTO 2007):

CZ
10g(N, )= €. - [KJ 6)
O jklmn
where:
Nijk.. = Allowable number of load applications at condition i, j, &, [, m, n.
Mg = PCC modulus of rupture at age i, psi
Oijk. = Applied stress at condition i, j, k, [, m, n
C = Calibration constant, 2.0
C, = Calibration constant, 1.22

11



The fatigue damage calculation is a process of summing damage from each damage increment.
Once top-down and bottom-up damage are estimated, the corresponding cracking is computed
using equation 24 and the total combined cracking determined using equation 27 (AASHTO
2007):

TCRA CK = (CRKBOttom—up + CRKTop—down - CRKBOttom—up ’ CRKTop—down ) 100 (27)
where:
TCRACK = Total transverse cracking (percent, all severities)
CRKBosiop-up = Predicted amount of bottom-up transverse cracking (fraction)
CRKrop-down = Predicted amount of top-down transverse cracking (fraction)

Equation 27 assumes that a slab may crack from either bottom-up or top-down, but not both.
2.2.2 Transverse Joint Faulting

The mean transverse joint faulting is predicted incrementally on a monthly basis. The magnitude
of increment is based on current faulting level, the number of axle loads applied, pavement
design features, material properties, and climatic conditions. Total faulting is determined as a
sum of faulting increments from all previous months (i.e., since traffic opening) using the
following equations (AASHTO 2007):

Fault, =Y AFault, (28)
i=1
AFault, = C,, *(FAULTMAX, , — Fault, )’ * DE, (29)
FAULTMAX, = FAULTMAX, +C, * ) DE * Log(1+ C, #5.0%%7)% (30)
Jj=1
Py *WetDays_ |
FAULTMAX, = Cp, * 8,0, * {Log(l +C, *5.0500 )% [og (2w TETE) S)} (31)
where:
Fault, = Mean joint faulting at the end of month m, in
AFault; = Incremental change (monthly) in mean transverse joint
faulting during month 7, in
FAULTMAX; = Maximum mean transverse joint faulting for month i, in
FAULTMAX, = Initial maximum mean transverse joint faulting, in
EROD = Base/subbase erodibility factor
DE; = Differential density of energy of subgrade deformation
accumulated during month 7 (see equation 23)
Ocurling = Maximum mean monthly slab corner upward deflection
PCC due to temperature curling and moisture warping
Py = Overburden on subgrade, Ib
Pyo = Percent subgrade material passing No. 200 sieve
WetDays = Average annual number of wet days (greater than 0.1 inch

12



rainfall)

C123456712.24 = Global calibration constants (C; = 1.29; C,=1.1; C; =
0.001725; C,=0.0008; Cs=250; Cs=0.4; C;=1.2; and C;; and
(34 are defined by equations 32 and 33)

C,=C,+C,*FR" (32)
C,, =C,+C,*FR" (33)
FR = Base freezing index defined as percentage of time the top

base temperature is below freezing (32 °F) temperature

Since the maximum faulting development occurs during nighttime when the PCC slab is curled
upward and joints are opened and the load transfer efficiencies are lower, only axle load
repetitions applied from 8 p.m. to 8 a.m. are considered in the faulting analysis.

2.2.3 Smoothness (IRI)

In the MEPDG, JPCP smoothness is predicted as a function of the initial as-constructed
smoothness and any change in pavement longitudinal profile over time and traffic due to distress
development and progression and foundation movements. The IRI model was calibrated and
validated using LTPP data that represented a variety of design, materials, foundations, and
climatic conditions. The following is the final globally calibrated model (AASHTO 2007):

IRI = IRI; + C1*CRK +C2*SPALL + C3*TFAULT + C4*SF (34)
Where:
IRI = Predicted IRI, in./mi.
IRI; = Initial smoothness measured as IRI, in./mi.
CRK = Percent slabs with transverse cracks (all severities)
SPALL = Percentage of joints with spalling (medium and high
severities)
TFAULT = Total joint faulting cumulated per mile, inches
Cl = 0. 8203
2 = 0.4417
C3 = 0.4929
4 = 25.24
SF = Site factor
SF =AGE (1+0.5556*FI) (1+P2py) *10°° (35)

where:

AGE = Pavement age, yr

FI = Freezing index, °F-days

Py = Percent subgrade material passing No. 200 sieve

The transverse cracking and faulting are obtained using the MEPDG models described earlier.

The transverse joint spalling is determined in accordance with equation 36, which was calibrated
using LTPP and other data (AASHTO 2007):

13



SPALL:{ AGE }[ 100 } (36)

AGE +0.01 | 1+1.005"12"A¢E+5C0
Where:
SPALL = Percentage joints spalled (medium- and high-severities)
AGE = Pavement age since construction, years
SCF = Scaling factor based on site-, design-, and climate-related
SCF =—-1400 + 350 + ACpcc » (0.5 + PREFORM) + 3.4 f'c + 0.4 (37)
— 0.2 (FTyctes * AGE) + 43 Hpcc — 536 WCpcc
ACpcc = PCC air content, percent
AGE = Time since construction, years
PREFORM = 1 if preformed sealant is present; 0 if not
fc = PCC compressive strength, psi
FTeycles = Average annual number of freeze-thaw cycles
Hpcce = PCC slab thickness, in
WCpcc = PCC water/cement ratio

14



CHAPTER 3. IDENTIFICATION AND SELECTION OF ROADWAY
SECTIONS FOR VALIDATION & LOCAL CALIBRATION, DATA
COLLECTION, AND ASSESSMENT

3.1 IDENTIFICATION AND SELECTION OF ROADWAY SECTIONS

One of the most time-consuming and expensive steps of the validation process was to select
pavement test sections covering the expected inference space (representing local Missouri
conditions) to be used for models validation and local calibration if needed. A substantial
number of pavement test sections are required to validate and recalibrate any model that is used
for predicting the major pavement distresses and IRI. Data requirements for model validation
and recalibration can be reduced substantially if a well-designed and well-planned statistical
experimental plan is developed and executed along with the coordination of data collection field
activities between projects.

The key pavement-related factors considered in selecting test pavements for model validation
and recalibration were as follows:

e Pavement type.
0 New or reconstructed HMA pavements.
New or reconstructed JPCP.
HMA overlaid existing HMA pavements.
HMA overlaid intact PCC pavement.
HMA overlaid fractured (rubblized) PCC pavements.
0 Unbonded JPCP overlays of existing JPCP.
e Site conditions (e.g., traffic, climate, and subgrade).
e Design features (e.g., HMA mix type, layer thickness, base type).

O 00O

Other factors considered were:

e Data availability (at least 2 to 3 years of some performance data for at least one distress
type of interest must be available).

e Project age (project must be old enough to have adequate amounts of distress/IRI data
and young enough to reflect current MoDOT pavement design and construction
philosophy).

3.2 DEVELOPMENT OF SAMPLING TEMPLATES FOR INFORMATION
GATHERING

Table 1 through Table 4 present examples of a preliminary experimental factorial for the
validation of the pavement distress/IRI models in Missouri. The experimental factorial
highlights key pavement design, materials, and other features that must be considered for each
pavement type. For each factorial, the identification of one test project section per cell was an
acceptable target with replicate project sections added if possible.
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Table 1. Experiment design for validation of new HMA pavements.

Supporting Layer [ HMA Thickness, in HMA Mix Type Cell Category
Dir. Comp. / Marshall 1
<8 Superpave 2
SMA/ PMA 3
Open Graded Dir. Comp. / Marshall 4
>8 Superpave 5
SMA/ PMA 6
Dir. Comp. / Marshall 7
<8 Superpave 8
SMA/ PMA 9
Crushed Stone Dir. Comp. / Marshall 10
>8 Superpave 11
SMA/ PMA 12
Dir. Comp. / Marshall 13
<8 Superpave 14
Large Stone Base SMA/ PMA o
Dir. Comp. / Marshall 16
>8 Superpave 17
SMA/ PMA 18

Table 2. Experiment design for validation of HMA overlaid PCC pavements.

Supporting Layer | HMA Thickness, in HMA Mix Type Cell Category
Dir. Comp. / Marshall 19
<8 Superpave 20
Intact PCC SMA/PMA 21
Dir. Comp. / Marshall 22
>8 Superpave 23
SMA/ PMA 24
Dir. Comp. / Marshall 25
<8 Superpave 26
. SMA/ PMA 27
Rubblized PCC Dir. Comp. / Marshall 28
>8 Superpave 29
SMA/ PMA 30
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Table 3. Experiment design for validation of new JPCP.

Jo_int I__ane Shoulder . Dowel . . PCC . Supporting Layer Cell Category
Spacing, ft | Width, ft Type Diameter, in | Thickness, in
Open graded 31
1.25 <10 Crushed Stone 32
Large Stone Base 33
30 Open graded 34
1.5 >10 Crushed Stone 35
b Large Stone Base 36
Open graded 37
1.25 <10 Crushed Stone 38
Large Stone Base 39
None
Open graded 40
1.5 >10 Crushed Stone 41
Large Stone Base 42
Open graded 43
1.25 <10 Crushed Stone 44
s Large Stone Base 45
Open graded 46
1.5 >10 Crushed Stone 47
14 Large Stone Base 48
Open graded 49
1.25 <10 Crushed Stone 50
) Large Stone Base 51
Tied PCC
Open graded 52
1.5 >10 Crushed Stone 53
Large Stone Base 54

e  All sections were doweled. Dowel spacing was 12 in.

Table 4. Experiment design for validation of unbonded JPCP overlays over existing PCC
pavements.

PCC Overlay Thickness,

in Lane Width Dowel Diameter Cell Category
12 1.2
<10 5 55
14 1.25 56
12 1.5 57
>10
14 1.5 58

While additional sections per cell were desirable, it was unlikely that even the target of one
section per cell would be achieved. First, some cells represented unrealistic combinations of
factors for current Missouri pavement construction practices. Second, the constraints of time and
resources limit how much data could realistically be collected, assembled, and evaluated for use

in this study.



Thus, well balanced half-fraction factorials were considered that might be useful in reducing the
quantity of data that must be collected and analyzed without significantly reducing the
effectiveness of the validation effort. The minimum numbers of pavement sections required for
validating the models for each pavement type without replication were shown in Table 1 through
Table 4. These numbers are based on filling all of the appropriate cells in the tables without
replication. Only 50 percent of the projects will be required if a half-fraction factorial is used,
but if additional sections are available, it would certainly strengthen the validation to fill all
possible cells and to include replicates in as many cells as possible.

3.3 PROJECT IDENTIFICATION

The project team, working with MoDOT engineers, assembled a list of potential pavement
projects in Missouri for inclusion in the project database. The identified projects are presented in
Table 5 and Table 6. The geographic location of these projects within the State is presented in
Figure 1 and Figure 2. For each cell within the validation sampling template, projects were
identified for inclusion in the project database if they had adequate amounts of materials, design,
construction, climate, and performance data required by the MEPDG. Also, projects were
considered for inclusion if they reflect current MoDOT pavement design and construction
practices.

In all, 39 non-LTPP projects were identified, collectively containing eighty-five 500-ft sampling
units. For validation and recalibration purposes, each of the 500-ft sampling units was
considered a unique project. A total of 40 LTPP projects containing forty 500-ft sampling units
were identified. For both LTPP and non-LTPP projects, construction dates ranged from 1955 to
2004. Project age thus ranged from 3 to 58 years.

Pavements that have several years of performance data were key to the success of the validation
and recalibration effort and were given a priority in setting up the database. Also, pavements
with data collected under standard conditions prescribed by MoDOT or other national testing
standards (e.g., ASTM and AASHTO) were given priority. An overview of the projects used for
model validation and recalibration is presented in the following sections.

3.4 NEW HMA PAVEMENT PROJECTS

Seven MoDOT new HMA pavement projects containing a total of eighteen 500-ft sample units
were identified and included in the project database. The projects averaged between 5 and 10
years old as of 2007 (see Figure 3). Fourteen LTPP projects (each 500 ft long) with ages ranging
from 10 and 35 years (see Figure 3) were identified and included in the project database. Most
of the new HMA projects had crushed stone bases and were constructed using both Marshall and
Superpave HMA mixes. Also, most of these pavements had an HMA thickness of greater than 8
inches.
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Table 5. Local Missouri pavements projects identified for inclusion in validation/calibration

database.
MoDOT ARA Pavement N . Construction | Number
Project ID PrfIJDect Type Direction County Functional Class Route Year samples
J5P0418 DS7 HMA NB Boone Principal Arterial MO-63 2000 4
J4S0110D DS8 HMA EB Ray/Clay MO-210 2002 2
J6P0112 DS6 HMA NB Iron Minor Arterial MO-21 1999 3
J6P0112 DS6 HMA SB Iron Minor Arterial MO-21 1999 3
J5P0368 DS9 HMA EB Camden Principal Arterial MO-54 1997 3
J5U0441D DSI11 HMA SB Cole Principal Arterial MO-179 2000 1
J8P0454 DS10 HMA SB Taney Principal Arterial MO-65 2000 2
5-P-54-34 A3 JPCP WB Callaway | Principal Arterial US-54 1975 3
BRS-44(11) A2 JPCP EB Buchanan | Major Collector MO-6 1987 1
BRS-44(11) A2 JPCP WB Buchanan | Major Collector MO-6 1987 1
1-S-116-25 Al JPCP WB Caldwell | Major Collector MO-116 1989 2
Major
Collector/Minor
J1U0402 B1 JPCP WB Buchanan | Arterial MO-6 1995 1
ACSTP-1136(7) Cl JPCP WB Scott Major Collector RT-AB 1997 1
J7P0601B DS5 HMA NB McDonald | Principal Arterial US-71 2002 3
J7P0492 DS5 HMA SB McDonald | Principal Arterial US-71 2002 3
J4U0029F D2 JPCP Clay Freeway MO-152 1998
J4P0889 D1 JPCP WB Platte Minor Arterial MO-92 1995 1
J5P0381 D3 JPCP EB Boone Minor Arterial RT-TT 1995 1
J110541 El JPCP SB Harrison Interstate 1S-35 1996 3
J7P0490 E4 JPCP SB Newton Principal Arterial US-71 1997 2
J7P0427G E2 JPCP SB Newton Principal Arterial US-71 1995 2
JOP0571 F8 JPCP EB Butler Principal Arterial US-60 1997 2
JOP0572 F9 JPCP WB Butler Principal Arterial US-60 1997 2
J4P0861D F7 JPCP SB Henry Principal Arterial MO-7 1997 2
Cape
Jouo412C F10 JPCP EB Girargeau Principal Arterial MO-74 1995 1
J5P0409 F3 JPCP WB Callaway | Freeway US-54 1994 3
J1P0489B Fl JPCP WB Caldwell | Principal Arterial US-36 1996 4
J3P0284 F2 JPCP EB Marion Principal Arterial US-24 1997 1
J5P0412C F6 JPCP EB Callaway | Principal Arterial US-54 1994 3
J5P0411C F5 JPCP EB Callaway | Principal Arterial US-54 1993 3
Freeway/Principal
J5P0410 F4 JPCP WB Callaway | Arterial US-54 1994 1
Freeway/Principal
J5P0621 Gl JPCP SB Callaway | Arterial US-63 1994 2
1650641 G3 JPCP EB Jefferson | Principal Arterial RT-M 1998 3
J6S064E G2 JPCP EB Jefferson | Principal Arterial RT-M 1998 2
J611486 UB4 UBOL SB St. Louis Interstate 1S-255 2004 2
JOI0833 UB3 UBOL SB Pemiscot Interstate IS-55 2002 4
J810633 UB2 UBOL WB Greene Interstate 1S-44 2000 2
J110634 UBI1 UBOL SB Atchison | Interstate 1S-29 1998 2
JOP0600D UBS UBOL EB Pemiscot Interstate US-412 2003 4
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Table 6. Missouri LTPP pavements projects identified for inclusion in validation/calibration

database.
Prlc_)JjIe—zEtPID Pavement Type | Direction County Functional Class Route Cons\,(tg:::tlon ';:rr:paig
29 0501 1 HMA NB Taney RPA - Other US-65 1981 1
29 0502 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0503 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0504 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0505 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0506 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0507 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0508 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0509 2 HMA/HMA NB Taney RPA - Other US-65 1998 1
29 0661 HMA/Rubblized NB Harrison RPA - Interstate IH-35 1975 1
29 0662 | HMA/Rubblized NB Harrison | RPA - Interstate IH-35 1975 1
29 0663 | HMA/Rubblized NB Harrison | RPA - Interstate TH-35 1975 1
29 0664 HMA/Rubblized NB Harrison RPA - Interstate IH-35 1975 1
29 0701 1 JPCP NB Jefferson UPA US-67 1955 1
29 0801 1 HMA SB Christian | RLC RT-65 1998 1
29 0802 1 HMA SB Christian | RLC RT-65 1998 1
29 0807 1 JPCP SB Christian | RLC RT-65 1998 1
29 0808 1 JPCP SB Christian | RLC RT-65 1998 1
29 1002 1 HMA WB Cole RMC RT-3 1986 1
29 1005 1 HMA WB Miller RPA — Other US-54 1974 1
29 1008 1 HMA SB Jasper RPA — Other RT-171 1986 1
29 1010 1 HMA EB Pulaski RPA - Interstate 1H-44 1980 1
29 1010 2 HMA/HMA EB Pulaski RPA - Interstate 1H-44 1980 1
Rural Minor
29 5393 2 HMA/PCC NB St. Charles | Arterial SH-79 1957 1
29 6067 1 HMA EB Carter RPA — Other US-60 1965 1
29 7073 1 HMA/PCC NB Livingston | RPA —Other US-65 1974 1
29 A330 2 HMA WB Miller RPA - Other US-54 1974 1
29 A340 1 HMA WB Miller RPA — Other US-54 1974 1
29 A601b JPCP EB Washington | RPA - Other SH-8 1969 1
29 A603 2 HMA/PCC EB Washington | RPA —Other SH-8 1969 1
29 A604 2 HMA/PCC EB Washington | RPA —Other SH-8 1968 1
29 A606 2 HMA/PCC EB Washington | RPA —Other SH-8 1969 1
29 A607 2 HMA/PCC EB Washington | RPA —Other SH-8 1969 1
29 A608 2 HMA/PCC EB Washington | RPA —Other SH-8 1969 1
29 A801 1 HMA NB Harrison | RLC US-61 1998 1
29 A802 1 HMA NB Harrison | RLC US-61 1998 1
29 A807 1 JPCP NB Harrison | RLC US-61 1998 1
29 A808 1 JPCP NB Harrison | RLC US-61 1998 1
29 B330 1 HMA WB Cole RMC RT-C 1986 1
29 B340 1 HMA WB Cole RMC RT-C 1986 1

RMC = rural major collector, RLC = rural local collector, RPA = rural principal arterial.
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Figure 1. Geographic location of identified LTPP and non-LTPP Missouri new HMA pavement

projects.
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Figure 2. Geographic location of identified LTPP and non-LTPP Missouri new JPCP projects.

21



MODOT & LTPP
~ - _
8 t  SPS-8Sections LTPP GPS-1, GPS 6A, SPS-

> 3 & SPS-8 Sections

o Q » Q N N\ 5]
Q\O (0\0\/ O %\of\, Q\Q %\0 Q\O(b
N N Vv % >
Age, Years

Figure 3. Distribution of new HMA pavement projects age.

3.5 NEWJPCP PROJECTS

Twenty-five new JPCP non-LTPP projects containing 55 individual 500-ft sample units were
identified and included in the project database. The age of the JPCP projects ranged from 10 to
30 years, with a median age of 12 years (see Figure 4). Six LTPP 500-ft projects with ages
ranging from 10 and 50 years (see Figure 4) were identified and included in the project database.
The JPCP were mostly constructed over a crushed stone base and also mostly reflected current
MoDOT pavement design philosophy (widened lanes, tied PCC shoulders, and so on).

16
14 | Majority are
MODOT < LTPP SPS-6, SPS-7, SPS-
12 + Sé%%'g[‘?i—’pp = > 7Asections’ '
| SPS-8
10 sections

No. of Projects
e}
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NP P H R ¥

Age, Years

Figure 4. Distribution of new JPCP projects age.
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3.6 HMA OVERLAID AND PCC (INTACT AND FRACTURED) PAVEMENT
PROJECTS

A total of 20 HMA overlaid HMA and HMA overlaid PCC (intact and fractured) LTPP 500-ft
projects with age ranging from 10 and 27 years were identified and included in the project
database. The HMA overlaid HMA pavements sections were mostly constructed over a crushed
stone base. The breakdown of the HMA surfaced pavements is as follows:

e HMA overlaid HMA: 9 individual projects/500-ft sample units.
e HMA overlaid intact PCC: 7 individual projects/500-ft sample units.
e HMA overlaid rubblized PCC: 4 individual projects/500-ft sample units.

3.7  UNBONDED JPCP OVERLAYS OVER EXISTING PCC PAVEMENT
PROJECTS

Five unbonded JPCP overlays over existing JPCP were identified and included in the project
database. All of the unbonded JPCP overlays were local MoDOT projects. Construction dates
ranged from 1998 to 2003. These projects collectively contained fourteen 500-ft sampling units.

3.8 PROJECT DATA COLLECTION AND DATABASE DEVELOPMENT

Table 7 lists all of the key data inputs required for MEPDG model validation and recalibration.
Data collection and assembly efforts were split into three tasks as follows:

e For the non-LTPP projects, the project team conducted a preliminary review of MoDOT
records to identify pavement projects that generally satisfy the selection criteria
described. The identified projects were then subjected to a more thorough records review
to establish data availability (e.g., inventory, traffic, climate, materials). The data
assembled through this review were augmented as needed by a field and laboratory
testing program during which each identified section was subjected to manual and video
distress surveys, coring and lab testing of cores, and Falling Weight Deflectometer
(FWD) testing.

e For LTPP projects, LTPP records and databases were reviewed and analyzed to obtain all
relevant information.

e Data gathered for both LTPP and non-LTPP projects were then assembled in a project
database for use in analysis.
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Table 7.

Summary of the data sources for validation and recalibration.

Validation Input

Input Group Input Parameter Level Used Data Source
Axle Load Distributions (single, tandem, LTPP & MoDOT WIM
. Level 1
tridem) traffic databases
Truck Volume Distribution Level 1 LTPP & MoDOT WIM
Truck Traffic Lane & Directional Truck Distributions Level 1 traffic databases
Tire Pressure Level 3
Axle Configuration, Tire Spacing Level 3 MEPDG defaults
Truck wander Level 3
P
. Temperature, Wind Speed, Cloud Cover, Level 1 Weather NCDC .chm.ate data
Climate Precipitation. Relative Humidit Stati contained in the
recipitation, Relative Humidity ations MEPDG
Resilient Modulus — Subgrade Level 1; MoDOT field testing
. program & LTPP FWD
All Unbound Layers Backcalculation .
deflection database
. MoDOT specific
Unbound Resilient Modulus — Base/subbase Level 3 defaults
Layers & LTPP materials
Subgrade | Classification & Volumetric Properties Level 1 database & MoDOT
specific defaults
Moisture-Density Relationships Level 1 MEPDG defaults
Soil-Water Characteristic Relationships Level 3 MEPDG defaults
Saturated Hydraulic Conductivity Level 3 MEPDG defaults
LTPP materials
HMA Dynamic Modulus Level 2 database & MoDOT
testing program
Material HMA Creep Compliance & Indirect Levels 3 Mostly MEPDG level 3
p . Tensile Strength defaults
roperties ;
HMA MoDOT specific
defaults & LTPP
Volumetric Properties Level 1 materials database &
MoDOT testing
program
HMA Coefficient of Thermal Expansion Level 3 Mostly MEPDG level 3
defaults
MoDOT testing
PCC Elastic Modulus Level 2 program & state
specific correlations
PCC PCC Flexural Strength Level 2 equatl'ons, LTPP
materials database
MoDOT testing
PCC Coefticient of Thermal Expansion Level 1 program & LTPP
materials database
Unit Weight Level 1 MEPDG defaults
. Poisson’s Ratio Levels 1 and 3 MEPDG defaults
All Materials Other Th P Hies: Juchivit
°r Jheral troperties, conauctivity, Level 3 MEPDG defaults

heat capacity, surface absorptivity

*NCDC is the National Climatic Data Center and is the world's largest active archive of weather data.
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A summary of the data collection effort is presented as follows:

e Non-LTPP new HMA and HMA overlaid pavements.

0 Each 500-ft unit was sampled according to a sampling plan developed by the
project team (see Figure 5).

0 Each sample unit was cored and the cores tested in the lab for the following:

= HMA thickness.

= HMA bulk specific gravity, air voids, gradation, maximum specific
gravity, and asphalt content.

= Other key inputs such as binder type, HMA creep compliance, etc., were
obtained by reviewing MoDOT pavement design and construction records.

0 State-specific defaults of unbound material properties (Atterberg limits, gradation,
and so on) were obtained from MoDOT records were used for material
characterization.

O Initial average annual daily truck traffic (AADTT) and traffic growth rate were
computed using historical truck traffic counts obtained from MoDOT.

0 Initial IRI was backcasted using historical IRI data provided by MoDOT (see
Figure 6 for an illustration).

0 Dynamic cone penetrometer (DCP) testing was performed on HMA projects with
crushed stone bases. DCP test data were used to characterize the resilient
modulus of crushed stone materials and subgrade soils.

0 FWD deflection test data were provided by MoDOT. Using these data, pavement
layer moduli (e.g., HMA, base, underlying intact and rubblized PCC layers) were
backcalculated. For flexible pavements, backcalculation was done using the layer
modulus backcalculation EVERCALC.

0 Automated and manual distress surveys were conducted by MoDOT and the
information provided to ARA. The data were used to characterize pavement
condition (measure alligator cracking, transverse cracking, rutting, and IRI).

Losos | wroz | | czeom || czoom | [Gaes | [Leeoes |
27¢ 420 27502 | 2754 2773 | 27742 e 27844
0.60 0 220 01 098 004

Erd Of
R
Overpas

RTFF
OWERIRESS
[Bey. of
Sedtion)

Figure 5. Illustration of a typical MoDOT project and 500-ft sample units.
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Figure 6. Illustration of initial IRI backcasting for GO1-S-S1.
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e Non-LTPP MoDOT new JPCP and unbonded JPCP over existing PCC pavements.
0 Each 500-ft unit was sampled according to a sampling plan developed by the
project team (see Figure 5).
0 Each sample unit was cored and the cores tested in the lab for the following:

=  PCC layer thicknesses.

= PCC compressive strength and coefficient of thermal expansion among

others.

= PCC elastic modulus and flexural strength was obtained through the use of
State specific correlations based on PCC compressive strength where
actual test data were not available. The correlations are presented blew as

follows:
Epep = 64200 %/ £

MR =9.6*/f

(38)

(39)

0 State specific defaults of unbound material properties (Atterberg limits, gradation,

and so on) obtained from MoDOT records were used for material

characterization.
0 Initial AADTT and traffic growth rate was computed using historical truck traffic
counts obtained from MoDOT.
0 Initial IRI was backcasted using historical IRI data provided by MoDOT.
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0 FWD deflection test data were provided by MoDOT. Using these data, pavement
layer moduli and modulus of subgrade reaction were backcalculated. Rigid
pavement backcalculation was done based on the AASHTO AREA method.

0 Automated and manual distress surveys were conducted by MoDOT and the
information provided to ARA. The data were used to characterize pavement
condition (transverse cracking, faulting, and IRI).

e LTPP MoDOT HMA and PCC pavements.
0 Review of LTPP traffic, inventory, materials, and distress databases.
o0 Key inputs were obtained as described below:

Asphalt mix volumetric properties: These were obtained through lab
testing of asphalt concrete (AC) cores extracted by LTPP.

PCC strength and modulus: Depending on the project type (SPS-8 versus
GPS sections), the 14-, 28-, 365-day or long-term modulus of rupture
(flexural strength), elastic modulus, compressive strength, and so on were
tested and are available in the LTPP database. The available data were
used to estimate Level 1 MEPDG inputs (i.e., 14-, 28-, and 90-day MR
and Epcc) for SPS projects and Level 3 MEPDG inputs (i.e., 28-day MR
and Epcc) for GPS projects.

PCC coefficient of thermal expansion (CTE): For both the SPS and GPS
projects PCC materials, CTE values were measured by LTPP.

Unbound aggregate materials and soils inputs for climate modeling: These
were determined using the LTPP lab tested gradation and Atterberg limit
values.

Resilient modulus of unbound aggregate materials used as base or
subbases: Default MEPDG values were adopted based on the material
AASHTO soil classification determined using LTPP lab tested gradation
and Atterberg limit values.

Subgrade resilient modulus (tested at optimum moisture): Obtained
through backcalculation using FWD deflection test data provided by
LTPP. Rigid pavement backcalculation was done based on the AASHTO
AREA method. For flexible pavements, backcalculation was done using
EVERCALC.

For both non-LTPP and LTPP flexible and rigid pavements, subgrade lab resilient modulus (M)
at optimum moisture content is the required MEPDG input when the Integrated Climatic Model
(ICM) is used to determine the effect of seasonal changes in moisture within the subgrade layer
on M; over time. The reasonably adjusted M, is then used in the program to backcalculate a k-
value for each month for rigid and composite pavements and used for analysis. For flexible
pavements, the seasonally adjusted values M; are used directly as inputs for analysis. The
MEPDG allows for the direct input for in-situ subgrade k-values for rehabilitated JPCP (e.g.
CPR, unbounded JPCP overlay, bonded PCC over existing JPCP and so on). The procedure for
obtaining lab tested M; values for the subgrade is presented below:

e For both HMA pavements and JPCP, FWD data from the LTPP database or MoDOT
were used to backcalculate a long-term in-situ subgrade resilient modulus or modulus of
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subgrade reaction (k-value). The point in time for backcalculation was selected in such a
way that the backcalculated subgrade moduli or k-value represent in-situ conditions
presumably when equilibrium moisture contents are reached in the field and when the
subgrade is not saturated or frozen (summer months).

e The backcalculated subgrade resilient modulus value for HMA pavements was multiplied
by a factor of 0.35 to convert it to a lab tested insitu resilient modulus value.

e An appropriate subgrade lab resilient modulus (M;) at optimum moisture content value
was then determined through trial and error (by running the MEPDG and using it to
estimate long-term insitu subgrade resilient modulus for HMA pavements or k-value for
PCC pavements and matching the MEPDG long term HMA subgrade resilient modulus
or PCC pavement k-value estimate to that obtained through backcalculation).

A comparison of MEPDG long term k-value and backcalculated values is presented in Figure 7.
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Figure 7. Plot of MEPDG estimated versus backcalculated subgrade k-value for non-LTPP JPCP
projects.
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3.9 DETAILED DESCRIPTION OF THE PROJECTS SELECTED FOR
VALIDATION AND RECALIBRATION

3.9.1 Design (Analysis) Life

The MEPDG requires pavement construction and traffic opening dates along with design life or
analysis period. Design life for each project was determined based on construction date. An
example of the information required is presented for project 29-1005 in Figure 8. Note that this
project was constructed in May 1974, and the measured performance data are available until
2006. The MEPDG must thus run over a period of 35 years to cover this time period. A
summary of pavement construction dates and analysis life is presented in Table 8 and Table 9.

3.9.2 Analysis Parameters

The MEPDG requires terminal distress/IRI values along with initial IRI. For the validation
exercise, terminal distress/IRI is not relevant. For all the projects used in analysis, initial IRI
value was backcast from historical IRI data available for each section. An illustration of how the
initial IRI value is backcast from historical IRI information is shown for project 29-1005 in
Figure 9. For this project, an initial IRI value in 1974 was estimated from backcasting to be 43
inches/mile. Figure 9 also presents the MEPDG input screen for this input category for project
29-1005. Although there was a wide range of backcast initial IRI values, the estimated initial IRI
value was deemed reasonable, with values shown in Table 10.

Praject Name: \29_1 005_1.dgp
Dezcription:
Design Life (years)  |EE -
Baze/Subgrade - .
Construction Month: |AD”| j ear: |19?4 j
Pavement
Construction Month: |Ma-"' j ear: |‘ISF4 j
Traffic open .
e |June j ear |18?4 j
Type of Design
Mew Pavement
. Jainted Plain Concrete Continuously Reinforced
" Flexible Pavement L Pavement [JPCF) ¥ Concrete Pavement [CRCP)
Fiestoration
" Jointed Plain Concrete Pavernent [JPCP)
Overlay
" Asphalt Concrete Overlay " PCC Overlay
" OK | X Cancel |

Figure 8. MEPDG general information requirements (example using project 29-1005).
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Table 8. Summary of construction dates and analysis periods for all new HMA and composite

pavement projects.

Project ID Des)l/ggrlglfe, Oyee:raS%T;ELl;:;Etangte Traffic Open Date | Pavement Type
29 0501 27 September 1981 October 1981 New HMA
29 0502 10 July 1998 August 1998 HMA/HMA
29 0503 10 July 1998 August 1998 HMA/HMA
29 0504 10 July 1998 August 1998 HMA/HMA
29 0505 10 July 1998 August 1998 HMA/HMA
29 0506 10 July 1998 August 1998 HMA/HMA
29 0507 10 July 1998 August 1998 HMA/HMA
29 0508 10 July 1998 August 1998 HMA/HMA
29 0509 10 July 1998 August 1998 HMA/RUBB
29 0661 20 June 1992 July 1992 HMA/RUBB
29 0662 20 June 1992 July 1992 HMA/RUBB
29 0663 20 June 1992 July 1992 HMA/RUBB
29 0664 20 June 1992 July 1992 HMA/RUBB
29 0801 10 April 1998 May 1998 New HMA
29 0802 10 April 1998 May 1998 New HMA
29 _A603 10 July 1969 September 1998 HMA/PCC
29 A604 10 July 1968 September 1998 HMA/PCC
29 _A606 10 July 1969 September 1998 HMA/PCC
29 A607 10 July 1969 September 1998 HMA/PCC
29 A608 10 July 1969 September 1998 HMA/PCC
29 A801 10 October 1998 November 1998 New HMA
29 A802 10 October 1998 November 1998 New HMA

DS05-N-S1 6 August 2002 September 2002 New HMA

DS05-N-S2 6 August 2002 September 2002 New HMA

DS05-N-S3 6 August 2002 September 2002 New HMA

DS05-S-S1 6 July 2002 August 2002 New HMA

DS05-S-S2 6 July 2002 August 2002 New HMA

DS05-S-S3 6 July 2002 August 2002 New HMA

DS06-N-S1 10 April 1998 May 1998 New HMA

DS06-N-S2 10 April 1998 May 1998 New HMA

DS06-N-S3 10 April 1998 May 1998 New HMA

DS06-S-S1 10 April 1998 May 1998 New HMA

DS06-S-S2 10 April 1998 May 1998 New HMA

DS06-S-S3 10 April 1998 May 1998 New HMA

DS07-N-S1 9 August 1999 September 1999 New HMA

DS07-N-S2 9 August 1999 September 1999 New HMA

DS07-N-S3 9 August 1999 September 1999 New HMA

DS07-N-S4 9 August 1999 September 1999 New HMA

DS09-E-S1 1 11 September 1997 October 1997 New HMA
DS09-E-S2 1 11 September 1997 October 1997 New HMA
DS09-E-S3_1 11 September 1997 October 1997 New HMA

DS10-S-S1 8 June 2000 July 2000 New HMA

DS10-S-S2 8 June 2000 July 2000 New HMA

DS11-S-S1 April 2000 May 2000 New HMA

30




Table 9. Summary of construction dates and analysis periods for all new JPCP and unbonded

JPCP overlay projects.
Design Life, New Construction &

Section ID years Overlay Placement Date | Traffic Open Date Pavement Type
29 0701 1 53 September 1955 October 1955 JPCP
29 0807 1 10 May 1998 June 1998 JPCP
29 0808 1 10 May 1998 June 1998 JPCP
29 5393 1 51 October 1957 November 1957 JPCP
29 A601b 40 July 1969 August 1969 JPCP
29 A807 1 10 November 1998 December 1998 JPCP
29 A808 1 10 November 1998 December 1998 JPCP
A01-W-S1 19 July 1989 August 1989 JPCP
A01-W-S2 19 July 1989 August 1989 JPCP
A02-E-S1 21 July 1987 August 1987 JPCP
A02-W-S1 21 July 1987 August 1987 JPCP
A03-W-S1 33 September 1975 October 1975 JPCP
A03-W-S2 33 September 1975 October 1975 JPCP
A03-W-S3 33 September 1975 October 1975 JPCP
B01-W-S1 13 July 1995 August 1995 JPCP
C01-W-S1 11 July 1997 August 1997 JPCP
D01-W-S1 13 September 1995 October 1995 JPCP
DO03-E-S1 12 September 1996 October 1996 JPCP
E01-S-S1 12 October 1996 November 1996 JPCP
E01-S-S2 12 October 1996 November 1996 JPCP
E01-S-S3 12 October 1996 November 1996 JPCP
E02-S-S1 13 August 1995 September 1995 JPCP
E02-S-S2 13 August 1995 September 1995 JPCP
E04-S-S1 11 September 1997 October 1997 JPCP
E04-S-S2 11 September 1997 October 1997 JPCP
FO1-W-S1 12 October 1996 November 1996 JPCP
FO1-W-S2 12 October 1996 November 1996 JPCP
FO1-W-S3 12 October 1996 November 1996 JPCP
FO1-W-S4 12 October 1996 November 1996 JPCP
F02-E-S1 14 July 1994 August 1994 JPCP
F03-W-S1 14 July 1994 August 1994 JPCP
F03-W-S2 14 August 1994 September 1994 JPCP
F03-W-S3 14 August 1994 September 1994 JPCP
F04-W-S1 14 June 1994 July 1994 JPCP
F05-E-S1 15 July 1993 August 1993 JPCP
F05-E-S2 15 July 1993 August 1993 JPCP
F05-E-S3 15 July 1993 August 1993 JPCP
F06-E-S1 14 September 1994 October 1994 JPCP
F06-E-S2 14 September 1994 October 1994 JPCP
F06-E-S3 14 September 1994 October 1994 JPCP
F07-S-S1 11 July 1997 August 1997 JPCP
F07-S-S2 11 July 1997 August 1997 JPCP
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Table 9. Summary of construction dates and analysis periods for all new JPCP and unbonded
JPCP overlay projects, continued.

Design Life, New Construction &
Section ID years Overlay Placement Date | Traffic Open Date Pavement Type
F08-E-S1 11 June 1997 July 1997 JPCP
F08-E-S2 11 June 1997 July 1997 JPCP
F09-W-S1 11 July 1997 August 1997 JPCP
F09-W-S2 11 July 1997 August 1997 JPCP
F10-E-S1 13 September 1995 October 1995 JPCP
G01-S-S1 14 October 1994 November 1994 JPCP
GO01-S-S2 14 October 1994 November 1994 JPCP
G02-E-S1 10 April 1998 May 1998 JPCP
G02-E-S2 10 April 1998 May 1998 JPCP
G03-E-S1 10 September 1998 October 1998 JPCP
G03-E-S2 10 September 1998 October 1998 JPCP
G03-E-S3 10 September 1998 October 1998 JPCP

Table 10. Summary of backcast initial IRI values.

IRI, in./mi.
Pavement Type — -
Minimum Maximum Average
HMA 23 101 53.7
HMA/HMA 55 84 69.7
HMA/PCC 50 84 65.8
HMA/Rubblized 74 91 81.0
JPCP 34 158* 73.1
Froject Name: |23_1005_1.dgp
Initial IR1 (irmi)
Performance Criteria
[ Rigid Pavement [ Flevible Pavement l
Lirnit Fieliability
v Teminal IR (in/mile] 172 a0
AL Suface Down Cracki
¥ Long Cracking tm] o
AL Bottom Up Cracki
I Alliga?orogaciin;a[cz]mg ® a0
[v AL Thermal Fracture [ft/mi) 1000 a0
Chemically Stabilized L 28 50
¥ Faigus Froctuael)
[v Permanent Deformation - Tatal Pavement (in] 0.75 ElL
Iv Permanent Deformation - AC Only [in) 0.25 a0
' OK | X Cancel |

Figure 9. MEPDG initial IRI input screen and backcast initial IRI for project 29-1005.
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3.9.3 Traffic

Many of the traffic inputs were obtained at Level 1 or 2, since weigh-in-motion (WIM) and
automated vehicle classification (AVC) data were available for all the projects (see Figure 10).
The majority of WIM sites were situated on rural interstate or primary highways. The specific
routes with WIM sites are as follows:

e Interstate: [-35 (rural), I-29 (rural), I-55 (rural), I-65 (rural), I-70 (rural), [-44 (rural), I-71
(rural), 1-435 (urban), I-635 (urban).

e US/Primary: US 61, US 65, US 54, US 75, US 60, US 40, US 412 — all rural.

e Other: Route C, MO 171, MO 210.

For most of the WIM sites, there were 1 to 7 years of data available, as shown in Figure 11. The
traffic data obtained from the WIM sites were analyzed to develop MEPDG traffic inputs.
Traffic data processing consisted of the following steps:

1. Rate traffic data quality. Quality rating was based on consistency of multi-year class and
load spectra information. The rating scale (after presumed outliers removed) was as
follows:

0 5 - Very good; consistent and clean trends.

0 4- Good; reasonable, consistent trends.

0 3- Average; Reasonable trends after considerable filtering.

0 2-Poor; Data questionable, some misclassifications.

0 1 - Very poor; Significant amount of data questionable, several misclassifications.
Traffic data rated as poor or very poor were included in the database. Note that 16 WIM
sites were rated as having reasonable quality data while 8 WIM sites had questionable
data.

2. Determine the representative MEPDG Truck Traffic Classification (TTC) grouping for
each WIM site (e.g., TTC 1).

3. Using the WIM data assembled, the following MEPDG traffic inputs were estimated for
each TTC group:

0 Hourly distribution of traffic.

0 Vehicle class distribution (see Figure 12).

0 Number of axles per truck (see Figure 13 and Figure 14).

0 Axle load distribution (see Figure 15).

4. Individual project vehicle counts and percent trucks (not always from the WIM sites)
were used to determine both initial AADTT and truck traffic growth rate and type.

A summary of MEPDG traffic volume inputs is presented in Table 11 and Table 12.

3.9.4 Climatic Data Input

The MEPDG requires the location of a project described in terms of longitude, latitude, and
elevation in order to develop project-specific climate data for analysis. The climate data for each

project were generated using up to six of the closest weather stations. Typically, each weather
station had 96 to 116 months of climate data. Another piece of information that is required along
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with project location information is an estimate of depth to water table level. For this project, a
default depth to water table ranging from 3 to 25 ft was adopted (based on local Missouri

conditions).

A IRD 1067 WIM (included)
A ADR 3000 (included)
A |RD 1067 (not included)

ID 188 (IS 35), ID 206 (US 65) ID 441 (US 65) A Additional stations

ID 302 (US 61)

1D 182 (IS 29) SNl PN L

=/ 1D 500 (IS 70)

ID 420 (IS 435)
o L STNNEW (US 54)
ID 440 (IS 635) W :
Fr ID 625 (MO 79)
ID 645 (US 40)
ID 470 (MO 210

27 A—1D 563 (RT C)
X5 ID 658 (US 67)

ID 555 (US 54)=—

ID 740 (US 71
ID 750 (MO 171)

ID 610 (IS 55)

ID 930 (IS 44)
1D 920 (US 60)

ID 760 (IS 44

=XTD 030 (US 412)

Figure 10. Locations of WIM sites in Missouri from which traffic data were obtained for
validation/recalibration.
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182-5-1(RPA-I)
188-1-1(RPA-I)
188-5-1(RPA-I)
500-3-1(RPA-I)
500-7-1(RPA-I)
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Figure 11. Summary of years of WIM data available.
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Traffic Volume Adjustment Factors
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Figure 12. Monthly truck volume adjustment factors for 29-1005.
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Figure 13. Cumulative single axle load distribution for Class 5 trucks on MoDOT heavy duty

pavements pertaining to TTC 1.
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Figure 14. Cumulative tandem axle load distribution for Class 9 trucks on MoDOT heavy duty
pavements pertaining to TTC 1.

Class 9 - Heavy
Station (% distrib.)

——182-1-1 (81.5)
—— 188-5-1 (83.3)
——500-3-1 (74.3)
——500-7-1 (72.5)
—=—760-3-1 (75.8)
——930-3-1 (76.7)
——MEPDG (74.0)

General Traffic Inputs

Lateral Traffic Wander

Traffic wander standard dewiation [in]:

tean wheel lacation (inches fram the lane marking):

Dezign lane width [ft): [(Mote: This iz nat glab width)

B Number Axles/Truck ]. tide Configuration | [ ‘wheslbase |

Single | Tandem | Tridem | Guad
Class 4 1695 033 0 i}
Class 5 1995 ooz 0 i}
Clazs B 1 1 ] a
Class 7 1.03 066 0.95 0ss
Class 8 2425 0sa 0.0 1}
Class 9 113 142 002 00
Class 10 1.05 049585 0.95 051
Class 11 3.805 0455 0.29 1}
Class 12 3615 108 0.705 1}
Class 13 1.855 1675 1.36 081

Figure 15. Lateral truck wander and mean number axles/truck for 29-1005.
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Table 11. Summary of traffic inputs for all new HMA and composite pavement projects.

Section 1D Initial Two-Way Number I__ane_s in Per_cent qf Trycks in Perce_nt of Trucks in | Operational

AADTT Design Direction Design Direction, pct Design Lane, pct Speed, mph
29 0501 630 1 100 100 60
29 0502 630 1 100 100 60
29 0503 630 1 100 100 60
29 0504 630 1 100 100 60
29 0505 630 1 100 100 60
29 0506 630 1 100 100 60
29 0507 630 1 100 100 60
29 0508 630 1 100 100 60
29 0509 630 1 100 100 60
29 0661 1425 2 50 95 60
29 0662 1425 2 50 95 60
29 0663 1425 2 50 95 60
29 0664 1425 2 50 95 60
29 0801 80 1 100 100 60
29 0802 80 1 100 100 60
29 A603 284 1 100 100 60
29 A604 284 1 100 100 60
29 A606 284 1 100 100 60
29 A607 284 1 100 100 60
29 A608 284 1 100 100 60
29 A801 180 1 100 100 60
29 A802 180 1 100 100 60
DS05-N-S1 1249 2 50 95 60
DS05-N-S2 1249 2 50 95 60
DS05-N-S3 1249 2 50 95 60
DS05-S-S1 1255 2 50 95 60
DS05-S-S2 1255 2 50 95 60
DS05-S-S3 1255 2 50 95 60
DS06-N-S1 125 1 50 100 60
DS06-N-S2 125 1 50 100 60
DS06-N-S3 125 1 50 100 60
DS06-S-S1 125 1 50 100 60
DS06-S-S2 125 1 50 100 60
DS06-S-S3 125 1 50 100 60
DS07-N-S1 811 2 50 95 60
DS07-N-S2 811 2 50 95 60
DS07-N-S3 811 2 50 95 60
DS07-N-S4 811 2 50 95 60
DS09-E-S1 1 1553 2 50 95 60
DS09-E-S2 1 1553 2 50 95 60
DS09-E-S3 1 1553 2 50 95 60
DS10-S-S1 967 2 50 95 60
DS10-S-S2 967 2 50 95 60
DS11-S-S1 168 2 50 95 60
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Table 12. Summary of traffic inputs for all new JPCP and unbonded JPCP overlay projects.

. Number . Percent of

Initial ; Percent of Trucks in . .

Section ID | Two-Way Lane_s In Design Direction, Tr_ucks In Operational
AADTT l_DeS|g_n percent Design Lane, | Speed, mph
Direction percent

29 0701 1 244 1 100 100 60
29 0807 1 80 1 100 100 60
29 0808 1 80 1 100 100 60
29 5393 1 117 1 100 100 60
29 A601b 100 1 100 100 60
29 A807 1 180 1 100 100 60
29 A808 1 180 1 100 100 60
A01-W-S1 81 1 50 100 60
A0Q1-W-S2 81 1 50 100 60
A02-E-S1 20 1 50 100 60
A02-W-S1 20 1 50 100 60
A03-W-S1 953 2 50 95 60
A03-W-S2 953 2 50 95 60
A03-W-S3 953 2 50 95 60
B01-W-S1 198 1 50 100 60
C01-W-S1 25 1 50 100 60
DO01-W-S1 462 2 50 95 60
DO03-E-S1 330 1 50 100 60
E01-S-S1 2357 2 50 95 60
E01-S-S2 2357 2 50 95 60
E01-S-S3 2357 2 50 95 60
E02-S-S1 2302 2 50 95 60
E02-S-S2 2302 2 50 95 60
E04-S-S1 1399 2 50 95 60
E04-S-S2 1399 2 50 95 60
FO1-W-S1 1245 2 50 95 60
F01-W-S2 1245 2 50 95 60
FO1-W-S3 1245 2 50 95 60
FO1-W-S4 1245 2 50 95 60
F02-E-S1 973 2 50 95 60
F03-W-S1 856 2 50 95 60
F03-W-S2 856 2 50 95 60
F03-W-S3 856 2 50 95 60
F04-W-S1 1020 2 50 95 60
FO5-E-S1 903 2 50 95 60
F05-E-S2 903 2 50 95 60
F05-E-S3 903 2 50 95 60
F06-E-S1 1095 2 50 95 60
F06-E-S2 1095 2 50 95 60
F06-E-S3 1095 2 50 95 60
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Table 12. Summary of traffic inputs for all new JPCP and unbonded JPCP overlay projects,

continued.
Initial Numbe_zr Percent of Trucks in Percent .Of .
. Lanes in . Lo Trucks in Operational
Section ID | Two-Way Design Design Direction, Design Lane, | Speed, mph
AADTT - percent ' '
Direction percent

F06-E-S1 1095 2 50 95 60
F06-E-S2 1095 2 50 95 60
F06-E-S3 1095 2 50 95 60
F07-S-S1 1640 2 50 95 60
F07-S-S2 1640 2 50 95 60
FO08-E-S1 833 2 50 95 60
FO8-E-S2 833 2 50 95 60
F09-W-S1 1631 2 50 95 60
F09-W-S2 1631 2 50 95 60
F10-E-S1 586 2 50 95 60
GO01-S-S1 260 2 50 95 60
G01-S-S2 260 2 50 95 60
G02-E-S1 496 2 50 95 60
G02-E-S2 496 2 50 95 60
GO03-E-S1 421 2 50 95 60
G03-E-S2 421 2 50 95 60
G03-E-S3 421 2 50 95 60

An example of MEPDG coded climate information for project 29-1005 is presented in Figure 16.
Details of project locations (defined in terms of their longitude, latitude, and elevation) for all
projects analyzed are presented in Table 13.

3825 Latitude [degrees. minutes)
9260 Longitude (degrees minutes)

™ Climatic data for a specific weather station 505 Elsyation [f]
evation

* |nterpolate climatic data far given location,
[ Seasonal

Depth of water table (ft) |
Annual average 3

Note: Ground water table depth iz a positive
number measured from the pavement surface

¥ 21.9 miles SEDALIA, MO - SEDALIA MEMORIAL AIRPORT Lat. 38,42 Lon -93.11 Ele. 302 Months: 116 (T

I 4.5 miles JEFFERSON CITY, MO - JEFFERSOM CITY MEMO ARPT Lat. 33.35 Lon. -921 Ele. 555 Months: 106 (C]

[ 505 miles COLUMEIA, MO - COLUMEl4 REGIONAL AIRPORT Lat 38.49 Lon, -92.13 Ele. 884 Manths: 116 [C)

W 9.7 miles ROLLAAVICHY, MO - ROLLA NATIOMAL AIRPORT Lat. 38.08 Lon. -91.46 Ele. 1127 Manths: 117 (C]

v 829 miles LEE'S SUMMIT. MO - LEE'S SUMMIT MUNICIPAL APT Lat. 38.58 Lon. -34.22 Ele. 986 Months: 47 [C)

W 84 3 miles SPRINGFIELD, MO - SPHGFLD-BRANSON REGL ARPT Lat. 37.14 Lon. -9323 Ele. 1280 Manths: 116 [C}

Select stations for generating interpolated climatic files.  The best interpolation oceurs by selecting
Generate stations that are geographically close in differing directions & station without missing any data is

denoted [Clamplete. [M#] denates missing month.

Cancel Press the Generate button after selecting desired weather stations and inputing E levation
and Depth of \Water Table. Miszing data for a given station will be interpolated from
complete stations.

Figure 16. Climatic data input for project 29-1005.
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Table 13. GPS coordinates of MoDOT LTPP and non-LTPP sections selected for use in
validation/calibration.

Project ID Longitude, deg Latitude, deg Elevation, ft Depth to WT, ft
29 0501 36.5 -93.23 1250 3
29 0502 36.5 -93.23 1250 3
29 0503 36.5 -93.23 1250 3
29 0504 36.5 -93.23 1250 3
29 0505 36.5 -93.23 1250 3
29 0506 36.5 -93.23 1250 3
29 0507 36.5 -93.23 1250 3
29 0508 36.5 -93.23 1250 3
29 0509 36.5 -93.23 1250 3
29 0661 40.2 -94.01 1071 25
29 0662 40.2 -94.01 1071 25
29 0663 40.2 -94.01 1071 25
29 0664 40.2 -94.01 1071 25
29 0801 36.96 -93.22 1315 3
29 0802 36.96 -93.22 1315 3
29 A603 37.91 -90.66 1000 3
29 A604 37.91 -90.66 1000 3
29 A606 37.91 -90.66 1000 3
29 A607 37.91 -90.66 1000 3
29 A608 37.91 -90.66 1000 3
29 A801 39.53 -91.33 660 3
29 A802 39.53 -91.33 660 3
DS05-N-S1 36.67 -94.41 985 3
DS05-N-S2 36.69 -94.41 985 3
DS05-N-S3 36.71 -94.41 985 3
DS05-S-S1 36.71 -94.41 985 3
DS05-S-S2 36.69 -94.41 985 3
DS05-S-S3 36.67 -94.41 985 3
DS06-N-S1 37.66 -90.70 1127 3
DS06-N-S2 37.67 -90.71 1127 3
DS06-N-S3 37.70 -90.73 1127 3
DS06-S-S1 37.70 -90.73 1127 3
DS06-S-S2 37.67 -90.71 1127 3
DS06-S-S3 37.66 -90.70 1127 3
DS07-N-S1 39.23 -92.32 884 3
DS07-N-S2 39.23 -92.32 884 3
DS07-N-S3 39.19 -92.32 884 3
DS07-N-S4 39.14 -92.32 884 3
DS09-E-S1 1 38.06 -92.69 902 3
DS09-E-S2 1 38.04 -92.70 902 3
DS09-E-S3 1 38.03 -92.70 902 3
DS10-S-S1 36.80 -93.22 1280 3
DS10-S-S2 36.76 -93.22 1280 3
DSI11-S-S1 38.57 -92.23 884 3
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3.9.5 Pavement Surface Layer Thermal Properties

The MEPDG default surface shortwave absorptivity, thermal conductivity, and heat capacity
were used for all the layers and for the analyses performed.

3.9.6 Design Features for HMA and JPCP LTPP Sections

The MEPDG requires both HMA and JPCP design features. For new HMA pavements, the
relevant design feature is whether to consider an HMA endurance limit in fatigue analysis
(applicable to the design of perpetual pavements). This was not considered in analysis, as the
pavements being analyzed were not designed as perpetual pavements. For JPCP, the following
design features are required:

The temperature gradient during PCC placement and curing.
PCC slab transverse joint spacing.

Transverse joint sealant type.

Slab width.

Load transfer mechanism and properties.

Slab edge support type.

Base type and base erosion factor.

PCC-base interface friction type and age at which friction is lost.

Details are presented in Table 14.
3.9.7 Pavement Structure Definition

The MEPDG requires a definition of the pavement structure along with a detailed
description/characterization of the layer materials that make up the pavement structure.
Pavement structure is defined by layer material type, position within the structure, and thickness.
Material characterization mostly consists of properties needed to support climate modeling,
response analysis, and performances prediction.

For all the material groups, detailed information was obtained from the MoDOT and LTPP
database and used to characterize the layer material properties including thickness, unit weight,
Poisson’s ratio, gradation, asphalt mix properties, PCC flexural strength, PCC thermal
coefficient of expansion, and PCC modulus of elasticity. Most of the key material properties in
the databases were obtained through laboratory testing of mix samples or extracted cores. For
other material properties, such as PCC zero stress temperature, thermal conductivity, and so on,
MEPDG or Missouri-specific defaults were assumed.
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Table 14. JPCP project design features.

Joint PCC Slab Edge Support Transverse Joint Load Transfer

Project ID | Spacing, Slab Tied PCC Dowel Diameter, | Dowel Spacing,
ft Width, ft Shoulder (Y/N) in in
29 0701 1 20 12 No 0 0
29 0807 1 15 10 No 1.25 12
29 0808 1 15 10 No 1.25 12
29 5393 1 30 12 No 1.25 12
29 A601b 30 12 No 1 15
29 A807 1 15 10 No 1.25 12
29 A808 1 15 10 No 1.25 12
A01-W-S1 30 12 No 1.25 12
A01-W-S2 30 12 No 1.25 12
A02-E-S1 30 12 No 1.25 12
A02-W-S1 30 12 No 1.25 12
A03-W-S1 30 12 No 1.25 12
A03-W-S2 30 12 No 1.25 12
A03-W-S3 30 12 No 1.25 12
B01-W-S1 15 12 No 1.25 12
C01-W-S1 15 14 No 1.25 12
DO1-W-S1 15 12 Yes 1.25 12
DO03-E-S1 15 14 Yes 1.25 12
EO01-S-S1 15 12 Yes 1.5 12
EO01-S-S2 15 12 Yes 1.5 12
E01-S-S3 15 12 Yes 1.5 12
E02-S-S1 15 12 Yes 1.5 12
E02-S-S2 15 12 Yes 1.5 12
E04-S-S1 15 12 Yes 1.5 12
E04-S-S2 15 12 Yes 1.5 12
FO1-W-S1 15 12 Yes 1.5 12
FO1-W-S2 15 12 Yes 1.5 12
FO1-W-S3 15 12 Yes 1.5 12
FO1-W-S4 15 12 Yes 1.5 12
F02-E-S1 15 12 Yes 1.5 12
F03-W-S1 15 12 Yes 1.5 12
F03-W-S2 15 12 Yes 1.5 12
F03-W-S3 15 12 Yes 1.5 12
F04-W-S1 15 12 Yes 1.5 12
F05-E-S1 15 12 Yes 1.5 12
F05-E-S2 15 12 Yes 1.5 12
F05-E-S3 15 12 Yes 1.5 12
F06-E-S1 15 12 Yes 1.5 12
F06-E-S2 15 12 Yes 1.5 12
F06-E-S3 15 12 Yes 1.5 12
F07-S-S1 15 12 Yes 1.5 12
F07-S-S2 15 12 Yes 1.5 12
FO8-E-S1 15 12 Yes 1.5 12

e  Default permanent curl/warp temperature of -10 °F was assumed.
e  Default liquid joint sealant was assumed.

e  Full friction between the PCC slab and underlying base layer was assumed.
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Table 14. JPCP pavement projects design features, continued.

Joint PCC Slab Edge Support Transverse Joint Load Transfer

Project ID | Spacing, Slab Tied PCC Dowel Diameter, | Dowel Spacing,

ft Width, ft Shoulder (Y/N) in in
FO08-E-S2 15 12 Yes 1.5 12
F09-W-S1 15 12 Yes 1.5 12
F09-W-S2 15 12 Yes 1.5 12
F10-E-S1 15 12 Yes 1.5 12
G01-S-S1 15 12 Yes 1.5 12
G01-S-S2 15 12 Yes 1.5 12
G02-E-S1 15 12 Yes 1.5 12
G02-E-S2 15 12 Yes 1.5 12
G03-E-S1 15 12 Yes 1.5 12
G03-E-S2 15 12 Yes 1.5 12
GO03-E-S3 15 12 Yes 1.5 12
29 5393 1 30 12 No 1.25 12

e  Default permanent curl/warp temperature of -10 °F was assumed.
e  Default liquid joint sealant was assumed.
o  Full friction between the PCC slab and underlying base layer was assumed.

3.10 SUMMARY

A detailed summary of all projects used in model validation and recalibration has been
presented. Data from as many of these projects as possible were assembled into a project
database and used for analysis. Not all the projects could be used for analysis, due to a variety of
reasons, the most common being:

e Lack of reliable data (e.g., some HMA pavements had no rutting data).
e Observed anomalies and potential errors in performance data.
e Pavements with materials properties or design features that are atypical for the MEPDG
(e.g., section 29-A601 had a 30-ft joint spacing).
e Pavements with materials properties or design features that are not in agreement with
current MoDOT pavement design philosophy:
0 Joint spacing > 20-ft (e.g., 29-A601 had a 30-ft joint spacing).
0 Non-doweled JPCP (e.g., 29-0701).
0 HMA pavements with constructed with penetration graded binders.

With the exception of a few projects that were completely removed from the project database, as
much information as possible was used on a model type by model type basis. In order words, the
fact that a given project had no rutting data did not mean that it was not used for validation the
IRI models if IRI data were available.
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CHAPTER 4. VALIDATION OF SELECTED MEPDG MODELS

41 FRAMEWORK FOR MEPDG MODEL VALIDATION AND RECALIBRATION

This chapter presents a summary of work done to determine selected MEPDG model adequacy
under Missouri conditions, specifically the prediction capability, accuracy, and bias of the
selected MEPDG models. The work under this effort included (1) assembly of all relevant data
for creating MEPDG input files, (2) processing assembled data to develop MEPDG input files
and time series pavement performance data to be used for model evaluation, (3) validation of
relevant nationally calibrated MEPDG models by evaluating goodness of fit and bias in MoDOT
measured and MEPDG predicted distress/IRI, and (4) recalibration of nationally calibrated
MEPDG models found to be inadequate for Missouri conditions. Items 1 and 2 were discussed
in Chapter 3; Items 3 and 4 are discussed in this chapter.

Several methods (statistical or otherwise) were used singly or in combination to evaluate model
adequacy. Non-statistical methods were applied for situations where measured distress or IRI
was mostly zero or close to zero and, therefore, results of statistical analysis was meaningless.

Regardless of the method applied, data required for evaluating the MEPDG models was obtained
as follows:

1. Execute the MEPDG for each project and predict relevant pavement distresses and IRI.

2. Extract predicted distress and IRI data from the MEPDG outputs that match with field
measured LTPP or MoDOT distress/IRI.

3. Perform statistical or non statistical evaluation to determine nationally calibrated
MEPDG models adequacy (i.e., prediction capability, accuracy, and bias).

4. Perform local calibration, as needed, for the nationally calibrated MEPDG models
evaluated.

5. Perform sensitivity analysis of the recalibrated models.

6. Summarize results including revised model coefficients, where applicable.

The statistical and non-statistical analysis performed to validate the nationally calibrated
MEPDG models along with recalibration if needed are described in greater detail in the
following sections.

4.1.1 Statistical Approach for Model Validation

Determine Model Prediction Capability

The predictive capability of a given performance model was assessed by determining the
correlation between the measured and MEPDG predicted distress/IRI. The diagnostic statistic
used for making this comparison was the coefficient of determination, R®. The estimated R* was
compared with R? obtained from NCHRP 1-40D (see Table 15). Engineering judgment was then
used to determine the reasonableness of the estimated R” as follows:
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Excellent: > 80 percent.
Very good: 75 to 85 percent.
Good: 65 to 75 percent.
Fair: 50 to 65 percent.

Poor: < 50 percent.

A poor correlation (i.e., R* less than 50 percent) implied the MEPDG distress/IRI prediction
model was not predicting distress/IRI reasonably and may need to be recalibrated.

Estimate Model Accuracy

The diagnostic statistic standard error estimate (SEE) was used to determine model accuracy.
SEE is the square root of the average squared error of prediction (i.e., the difference between the
measured and predicted distress/IRI). SEE is a key measure of the accuracy of prediction
models. The estimated SEE was compared with SEE obtained from NCHRP 1-40D (see Table
15). Engineering judgment was then used to determine the reasonableness of the SEE. A value
much greater than that reported from NCHRP 1-40D implied distress/IRI prediction was not very
accurate. Model prediction accuracy was improved through recalibration in such situations.

Determine Bias

Bias was defined as the consistent under- or over-prediction of distress/IRI. Bias was
determined by performing linear regression using the measured and MEPDG predicted
distress/IRI and performing the following three hypothesis tests in the sequence listed. A
significance level, a,, of 0.05 or 5 percent was assumed for all hypothesis testing.

Table 15. Summary of NCHRP 1-40D new HMA pavement and new JPCP model statistics.

Model Statistics
Pavement Type Performance Model Coefficient of Standard Error of | Number of Data
Determination, R Estimate, SEE Points, N
Alligator cracking 0.275 5.01 percent 405
Transverse “thermal” Level 1*: 0.344
cracking Level 2*: 0.218 — —
New HMA Level 3*: 0.057
Rutting 0.58 0.107 in. 334
IRI 0.56 18.9 in./mi. 1926
Transy erse “slab 0.85 4.52 percent 1505
cracking
New JPCP Transverse joint faulting 058 0.033 in. 1239
IRI 0.60 17.1 in./mi. 163

*Level of inputs used for calibration.

e Hypothesis 1: Determining whether the linear regression model developed using

measured and MEPDG predicted distress/IRI has an intercept of zero:
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a. Using the results of the linear regression analysis, test the following null and
alternative hypotheses to determine if the fitted linear regression model has an
intercept of zero:

1. Hp: Model intercept = 0.

ii. Ha: Model intercept # 0.
A rejection of the null hypothesis (p-value < 0.05) implied the linear model had
an intercept significantly different from zero at the 5 percent significant level.
Thus, predicted MEPDG distress/IRI prediction is biased. In such a situation, the
identified bias is removed through recalibration.

e Hypothesis 2: Determine whether the linear regression model developed using measured
and MEPDG predicted distress/IRI has a slope of 1.0:
a. Using the results of the linear regression analysis, test the following null and

alternative hypothesis to determine if the fitted linear regression model has an
slope of 1.0:

1. Hp: Model slope = 1.0.

ii. Ha: Model slope # 1.0.
A rejection of the null hypothesis (p-value < 0.05) implies that the linear model
has a slope significantly different from 1.0 at the 5 percent significant level.
Thus, predicted MEPDG distress/IRI prediction is biased. In such a situation, the
identified bias is removed through recalibration.

A third hypothesis test (paired t-test) was done to determine whether the measured and MEPDG
predicted distress/IRI represented the same population of distress/IRI. The paired t-test was
performed as follows:

e Hypothesis 3: Paired t-test.
a. Perform a paired t-test to test the following null and alternative hypothesis:
i. Hp: Mean measured distress/IRI = mean predicted distress/IRI.
ii. Ha: Mean measured distress/IRI # mean predicted distress/IRI.
A rejection of the null hypothesis (p-value < 0.05) implied the measured and
MEPDG distress/IRI are from different populations. Thus, predicted MEPDG
distress/IRI prediction is biased. In such a situation, the identified bias is
removed through recalibration.

Hypotheses 1 through 3 were tested sequentially. A rejection of any of the null hypothesis
implied that the model was biased and, at that point, there was no need for further testing.
Models that successfully passed all three tests were deemed to be unbiased.

4.1.2 Non-Statistical Approach for Model Validation

Non-statistical methods were applied for situations where measured distress or IRI was mostly
zero or close to zero and, therefore, computation of diagnostic statistics such as R* and SEE used
to determine model adequacy was either not possible or meaningless. It was not possible in such
situations to perform hypothesis testing. For such situations, a simple comparison was made of
measured and predicted distress/IRI categorized into as many groupings as needed. The range of
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each group was determined based on engineering judgment. The goal was to determine how
often measured and predicted distress/IRI remained in the same group. Measured and predicted
distress remaining in the same group implied reasonable and accurate predictions without bias,
while measured and predicted distress residing in different groups suggested otherwise.

The results of the non-statistical and statistical analyses were used to determine overall MEPDG
distress/IRI models adequacy. Where the MEPDG models were deemed inadequate for Missouri
conditions, the models were recalibrated. The recalibrated models were again evaluated for
prediction capacity, accuracy, and bias. Also, the engineering reasonableness of the recalibrated
models was determined by performing a sensitivity analysis.

4.1.3 Summary of Procedure for Recalibration of Nationally Calibrated MEPDG Models
Recalibration of the nationally calibrated MEPDG models involved the following:

1. Assembly of relevant data required for recalibration. Note that data requirements are
based on the specific model being recalibrated.
2. Determining new estimates of MEPDG local calibration coefficients to improve goodness
of fit and remove bias.
a. Using statistical software.
b. Using MEPDG software.
3. Checking the recalibrated model for reasonableness:
a. Statistical reasonableness
i. Goodness of fit (R* and SEE)
ii. Bias (three hypotheses).
b. Engineering reasonableness
1. Sensitivity analysis.

4.2 NEW HMA, HMA OVERLAYS OF HMA, AND HMA OVERLAYS OF PCC
PAVEMENT PERFORMANCE MODELS

4.2.1 New HMA, HMA/HMA and HMA/PCC Pavement Alligator Cracking

Validation

Figure 17 presents a histogram of all measured (including time series) alligator cracking for the
HMA-surfaced projects included in the final analysis'. The plot shows that approximately 99

percent of all measured alligator cracking (reported as percent lane area) had a value less than 5
percent. Because most of the projects reported no alligator cracking (as they were newer

! Note that some older pavement sections with significant alligator cracking distress were not included in the
analysis since the alligator cracking appeared to be related to (1) construction defects (e.g., debonding of HMA
layers in LTPP 29 0501) (2) unexpected and undocumented traffic increases (e.g., LTPP 29 0800 sections) and (3)
inconsistencies in time history of alligator cracking data (cracking increases and then decreases rapidly and
inexplicably).
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Figure 17. Histogram showing distribution of measured alligator “bottom-up fatigue” cracking.

sections in relatively good condition), it was not possible to assess model accuracy and bias

using conventional diagnostic statistical techniques. Therefore, a simple non-statistical
comparison of measured and predicted alligator cracking was done based on the approach

described earlier. The results are presented in Table 16. For this comparison, alligator cracking
was categorized into eight groups.

Table 16. Comparison of measured and predicted alligator cracking (percent of all

measurements).

Measured Alligator
Cracking, percent
area

MEPDG Predicted Alligator Cracking, percent area
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The following observations were made:

e A vast majority of the measured and predicted alligator cracking (approximately 96
percent) fell within the 0-2 percent grouping.

e The nationally calibrated MEPDG model appears to both under-predict and over-predict
alligator cracking slightly.

Recalibration

The nationally calibrated alligator cracking model can be used without recalibration at this time.
However, the model will need to be re-evaluated for predictive capacity and bias at a future time
when data from pavement sections showing higher magnitudes of alligator cracking are
available. Such data can be obtained from continued monitoring of the pavement sections used
in this validation effort or from other sources.

4.2.2 New HMA, HMA/HMA and HMA/PCC Pavement Transverse Cracking
Validation

Figure 18 presents a histogram of all measured (including time series) transverse cracking for the
projects evaluated. The plot shows that approximately 79 percent of all measured transverse
cracking (feet/mile) values had a value ranging from 0 to 250 ft/mi. As shown in Figure 18, a
majority of the pavement projects were in relatively good condition, with minimal or no
transverse cracking. However, an adequate amount of cracking data was available for a
statistical evaluation of the national model. Validation was done at two levels as follows:

e Checking the goodness of fit and bias of the nationally calibrated MEPDG model for
transverse cracking predictions using MEPDG default (Level 3) HMA creep compliance
and tensile strength inputs. The goal was to determine whether applying national defaults
for key HMA properties along with national model coefficients would result in
reasonable predictions of HMA transverse cracking.

e Checking the goodness of fit and bias of nationally calibrated MEPDG model for
transverse cracking predictions using MoDOT specific (Level 1) HMA creep compliance
and tensile strength inputs. The goal was to determine if using MoDOT specific HMA
creep compliance and tensile strengths significantly improve the prediction accuracy and
bias.

Note that the model validation was performed at two levels using only new HMA pavements
(since overlays may have datasets confounded with reflection cracking) with HMA mixtures for

which MoDOT specific HMA creep compliance and tensile strengths were available.

Results of the validation effort are presented in Figure 19 and
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Table 17 and indicate the following:

FREQUENCY
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Figure 18. Histogram showing distribution of measured transverse “thermal” cracking.
e MEPDG default HMA creep compliance and HMA tensile strength along with nationally
calibrated MEPDG transverse cracking model.

= Significant bias in predicted and measured transverse cracking as indicated by the
results of testing hypothesis (2) and (3) in
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Table 17. It is also obvious from Figure 19 that the MEPDG significantly under-
predicts cracking. Note that it was discussed in Chapter 3 that the MEPDG
default compliance values were significantly higher than lab measured values.
The MEPDG default tensile strengths on the other hand were slightly lower than
the lab measured values.

A good correlation between measured and MEPDG predicted transverse cracking
(judging by the R? in

52



Table 17) is indicated by the statistics.
= The SEE is large (281 ft/mi as shown in
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Table 17).
e  MoDOT specific HMA creep compliance and HMA tensile strength along with
nationally calibrated MEPDG transverse cracking model.
= Significant bias in predicted and measured transverse cracking resulting from
over-prediction of transverse cracking in some cases.
= A good correlation between measured and MEPDG predicted transverse cracking.
= The SEE was observed to be large.
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(b) MoDOT specific HMA creep compliance and HMA tensile strength along with
nationally calibrated MEPDG transverse cracking model

Figure 19. Plot showing measured versus MEPDG predicted transverse cracking.
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Table 17. Statistical comparison of measured and predicted transverse cracking data (nationally
calibrated model).

MEPDG default HMA creep compliance and HMA tensile strength along with nationally
calibrated MEPDG transverse cracking model

Goodness of Fit
R*=0.78

SEE =281 ft/mi
N =49

Hypothesis Testing (MEPDG Defaults)

Hypothesis DE Para}meter p-value 95 Percen.t C_onfidence
Estimate (Pr>t)) Limits
(1) Ho: Intercept =0 1 0.035 0.1250 -0.0103 0.0820
(2) Ho: Slope = 1.0 1 0.0011 <0.0001 0.0009 0.0012
(3) Ho: Measured transverse
cracking — MEPDG transverse 117 — <0.0001 — —
cracking =0

MoDOT specific HMA creep compliance and HMA tensile strength along with nationally
calibrated MEPDG transverse cracking model

Goodness of Fit (MoDOT specific inputs)

R*=0.52
SEE =459 ft/mi
N=49
Hypothesis Testing
. Parameter -value 95 Percent Confidence

Hypothesis DF Estimate (I?Dr > It]) Limits
(1) Ho: Intercept =0 1 425 <0.0001 288 562
(2) Ho: Slope = 1.0 1 2.207 <0.0001 1.59 2.82
(3) Ho: Measured transverse
cracking — MEPDG transverse 117 — <0.0001 — —
cracking =0

The validation results showed that the nationally calibrated model and national HMA creep
compliance and tensile strength defaults were inadequate. Use of MoDOT specific HMA creep
compliance and tensile strengths improved the predictions somewhat but still fell short.

Therefore, there was a need to recalibrate the transverse cracking model.
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Recalibration
Recalibration involved the following:
e Replacing national MEPDG HMA creep compliance and HMA tensile strength values
with lab tested MoDOT specific inputs.
e Modifying the local calibration coefficient, S, from 1.5 to 0.625 to reduce bias.

The results are as presented in Figure 20 and
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Table 18. As shown, replacing MEPDG HMA creep compliance and HMA tensile strength with
MoDOT lab tested HMA creep compliance and HMA tensile strength and adjusting the local
calibration coefficient reduced bias significantly while goodness of fit remained adequate.
However, the adjusted transverse cracking model has an excellent goodness of fit and was
slightly biased, as indicated by the results of hypothesis (2). However, considering that the bias
of the recalibrated model is more favorable than the nationally calibrated model, it is
recommended for use by MoDOT.
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Figure 20. Plot showing measured versus predicted transverse cracking (for various stages of
model and HMA material properties inputs).

Predicted transverse
cracking, ft/mi
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Table 18. Statistical comparison of measured and predicted transverse cracking data (locally

calibrated model).

Goodness of Fit

R*=0.91
SEE =51.4 ft/mi
N=49
Hypothesis Testing
. Parameter -value 95 Percent Confidence

Hypothesis DF Estimate (Fl’Dr > |t)) Limits
(1) Ho: Intercept =0 1 0.035 0.907 -16.2 14.5
(2) Ho: Slope = 1.0 1 0.60 <0.0001 0.54 0.65
(3) Ho: Measured transverse
cracking — MEPDG transverse 117 — 00041 — —
cracking =0

Sensitivity Analysis

A limited sensitivity analysis was performed to determine the reasonableness of the locally
calibrated transverse cracking model. A plot showing the changes in predicted transverse
cracking for different levels of model inputs is presented in Figure 21. The information
presented, when compared to the sensitivity of the nationally calibrated model to the same
factors (Figure I-114 of Volume I), shows the following:

Judging by the scale of the predicted cracking (y-axis), the locally calibrated model
predicts significantly more cracking as expected. This is largely because, in Figure 1-114
of Volume I, the MEPDG default values were used for creep compliance and tensile
strength to predict thermal cracking. Recall that it was discussed earlier in Chapter 2 that
the MEPDG default compliance values were higher than the MoDOT specific values and
hence they resulted in lower predictions of thermal cracking.

The effect of climate is more pronounced on the predicted cracking but the relative order
of the climate stations is still the same, i.e., the coldest location had the highest predicted
thermal cracking and vice versa generally speaking.

The sensitivity of the recalibrated model brings to fore another important aspect of the
thermal cracking prediction. It can be note that the thermal cracking predictions for
Kansas City 1 and Kansas City 2, which are essentially two different weather stations
from the same city located a few miles apart, are significantly different. Similarly,
although to a lesser degree, the same is true for climate stations St. Louis 1 and St. Louis
2. This points to the high degree of importance attached to good quality climate data for
thermal cracking predictions.

The ranking of the factors influencing thermal cracking is slightly different, and perhaps
more accurate, for the locally calibrated model. The factors arranged by their order of
importance are: Climate, asphalt grade, air voids, and HMA thickness. A few unexpected
findings were that the binder content has no impact. This was more an artifact of the way
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the sensitivity analysis was conducted rather than a true effect in that in performing this
analysis creep compliance and tensile strength were not varied as a function of binder
content since these data were not available. In reality, if such data were available, the
impact of binder content would likely be larger than the impact of air voids on the
predicted thermal cracking. Another variance between the sensitivities of the national
and local models was the impact of construction season on the predicted thermal
cracking. The nationally calibrated model is insensitive to the construction season while
the locally calibrated model shows slight sensitivity with pavement constructed in the
Fall months showing a higher amount of predicted thermal cracking.

The sensitivity results showed that the new model is reasonable.
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Figure 21. Plot showing sensitivity analysis results of locally calibrated HMA transverse
cracking model.
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4.2.3 New HMA, HMA/HMA and HMA/PCC Pavement Rutting (Total Rutting)
Validation

Figure 22 presents a histogram of all the measured rutting for the HMA pavement projects
(including time series) used in the validation analysis. The plot shows data ranging from 0.06 to
0.35 in and a mean of 0.15 in. A statistical evaluation of the measured and MEPDG predicted
rutting was performed. The results presented in Figure 23 and show the following trends:

e A bias is noted in the rutting predictions as indicated in Figure 23 and from the results of
testing hypotheses (1), (2), and (3) in Figure 23 shows that the MEPDG overpredicts
rutting significantly.

e A poor correlation between measured and MEPDG predicted rutting is noted (judging by
the R? = 0.32 in).

e SEE is about the same as that reported for the national MEPDG rutting model.

Considering the biased predictions and poor correlation coefficient, an attempt was made to
recalibrate the MEPDG rutting model to improve its prediction accuracy.

FREQUENCY
807

70

0.05% 010 0.15 0.20 0.25 0.30 0.35

Measured Rut Depth, in
Figure 22. Histogram showing distribution of measured total rutting.
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Figure 23. Plot of measured versus MEPDG predicted new HMA pavement total rutting.

Table 19. Statistical comparison of measured and predicted new HMA pavement MEPDG
model rutting data.

Goodness of Fit

N =183
R® =032
SEE =0.111in

Hypothesis Testing

. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate | (Pr > [t] Limits
(1) Ho: Intercept =0 1 0.071 0.0003 0.0329 0.1095
(2) Ho: Slope = 1.0 1 1.667 <0.0001 1.5535 1.7813
(3) Ho: Measured Rutting — MEPDG o o o
Predicted Rutting = 0 183 <0.0001

Recalibration
Recalibration involved modifying the local calibration coefficients of the HMA, base, and

subgrade rutting submodels (see equation 40 in Volume II of this report) of the total rutting
model. Specifically, state/regional calibration coefficients f;, for the HMA submodel, fs; for the
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unbound base submodel, and fs;, for the subgrade submodel were modified to improve the
models predictive capacity.

The first step in recalibration involved a thorough review of the HMA, base, and subgrade
rutting predictions to determine if they pass engineering judgment. This was done by reviewing
plots of field measured and MEPDG predicted rutting versus key inputs such as HMA air voids,
HMA layers (including asphalt treated base) thickness, and traffic for all the pavement types
evaluated. The trends in field measurements were compared to trends observed for the MEPDG
predictions. The goal was to determine if there were significant discrepancies in MEPDG trends
as compared to field observations. The experiences and expectations of local MoDOT engineers
also were considered in evaluating the reasonableness of the MEPDG predictions (e.g., what
level of rutting 1s expected in the base/subgrade layers).

Findings of this review showed that, contrary to expectations and to local experience with
observed rutting in the field, the contribution of predicted subgrade layer rutting to the total
rutting was lower for pavements with relatively thin HMA layers and higher for pavements with
relatively thick HMA layers. This was the largest single anomaly noted with the predictions.

The nationally calibrated total rutting model was recalibrated using the calibration dataset
assembled after the data were checked for consistency in trends and quality. Recalibration was
performed using the calibration dataset after performing with good measured rutting data. The
recalibrated model, including new model coefficients, is as presented below for new HMA
pavements:

TRUT = 1.07*ACRUT + 0.01*BASERUT + 0.4375*SUBGRUT  (40)
where
TRUT = Total rutting
ACRUT = Rutting in the asphalt layers predicted using the 1-40D models (see
Chapter 2)
BASERUT = Rutting in the base layer predicted using the 1-40D models (see
Chapter 2)
SUBGRUT = Rutting in the subgrade layer predicted using the 1-40D models
(see Chapter 2)
bir = HMA rutting prediction local calibration factor = 1.07
ﬂ or = 1.0
,B 37 = 1.0
Bsi = Unbound base rutting prediction local calibration factor = 0.01
Ps2 = Subgrade rutting prediction local calibration factor = 0.4375

For HMA overlays, the model coefficients are as follows:

Pavement Type Rutting Submodels Local Calibration Coefficients
HMA (Br1) Base (Bs1) Subgrade (Bs1)
HMA overlaid HMA 1.07 0 0
HMA overlaid Intact PCC 1.07 0 0
HMA overlaid Rubblized PCC 1.07 0 0
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A statistical comparison of measured and predicted rutting using recalibrated rutting model was
done to determine reasonableness. The results are presented in Figure 24 and Table 20.
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Figure 24. Plot of measured versus locally calibrated model predicted new HMA pavement total

rutting.

Table 20. Statistical comparison of measured and predicted rutting from the recalibrated model.

Goodness of Fit

N =183
R* =0.52
SEE =0.051 in
Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate (Pr>t) Limits

(1) Ho: Intercept =0 1 0.017 0.05 0.0000 0.035
(2) Ho: Slope = 1.0 1 0.974 0.322 0.9234 1.025
(3) Ho: Measured Rutting — MEPDG o o o
Predicted Rutting = 0 183 0.943
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The results indicate the following:

e A fair correlation between measured and MEPDG predicted rutting.
e SEE much less than that reported for the national MEPDG rutting model.

e No significant bias in predicted and measured rutting as indicated by the results of
hypotheses (1), (2), and (3).

Sensitivity Analysis

A limited sensitivity analysis was performed to determine the reasonableness of the locally
calibrated rutting model. A plot showing the changes in predicted rutting for different levels of
model inputs is presented in Figure 25. The following conclusions can be drawn by comparing
the information presented in this plot with the sensitivity of the nationally calibrated model
(Figure I-113 of Volume I):

e The overall magnitude of the predicted baseline rutting is lower for the locally calibrated
model.

e The ranking of the factors influencing total rutting is different, and perhaps more
accurate, for the locally calibrated model. The factors arranged by their order of
importance are: HMA thickness, climate, asphalt grade, air voids, and asphalt content.
Key differences between the nationally calibrated and locally calibrated total rutting
models are noted below:

0 The effect of climate is more pronounced on the predicted cracking but the
relative order of the climate stations is still the same, i.e., the coldest location had
the highest predicted thermal cracking and vice versa generally speaking. There
is a general agreement in the ordering of the weather stations and the magnitude
of rutting predicted, i.e., the hotter locations had higher predicted rutting than the
cooler locations.

0 The impact of binder type is more pronounced.

0 Subgrade type and modulus have a smaller impact on the predicted rutting.

The sensitivity results showed that the recalibrated model is reasonable.
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Figure 25. Plot showing sensitivity analysis results of locally calibrated rutting model.

4.2.4 New HMA and HMA/HMA Smoothness (IRI)

Validation

Figure 26 presents a histogram of all measured (including time series) IRI for the projects
included in the analysis. The plot shows that the IRI data ranges from approximately 30 to 110
in/mi and a mean of 65 in/mi. A statistical comparison of the measured and MEPDG predicted
IRI was performed to determine the nationally calibrated IRI model’s predictive ability and
accuracy. Note that MEPDG predicted IRI reflects the adjustments made to both the rutting and
transverse cracking prediction models as part of local calibration effort. The results are
presented in Figure 27 and Table 21.
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Figure 26. Histogram showing distribution of measured IRI.
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Figure 27. Plot of measured versus MEPDG predicted IRI (nationally calibrated) for new HMA
and HMA overlays of existing HMA pavements.
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Table 21. Statistical comparison of measured and MEPDG predicted IRI (nationally calibrated)
for new HMA and HMA overlays of existing HMA pavements.

Goodness of Fit

N =125
R® =0.54
SEE =13.2 in/mi
Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate (Pr>t) Limits

(1) Ho: Intercept =0 1 13.5 0.0037 4.48 22.52
(2) Ho: Slope = 1.0 1 1.03 0.0953 0.994 1.066
(3) Ho: Measured IRI - MEPDG o - o
Predicted IRI =0 183 0.0182

The results indicate the following:

e There is bias in predicted and measured IRI as indicated by the results from testing
hypothesis (1) and (3) in Table 21. It can be gathered from Figure 27 that the MEPDG
underestimates IRI for the higher magnitudes of measured IRI. However, this was not
very significant.

e There is a fair correlation between measured and MEPDG predicted IRI (see R? in Table

21).

e The SEE is less than that reported for the national MEPDG IRI model.

Recalibration was done to remove the identified bias and improve the correlation statistics.

Recalibration

Recalibration involved modifying the original MEPDG HMA IRI prediction model as follows:

IRI = IRI, + a,(SF) + a,(FC,,,, )+ a;(NTC) + at,(NRD) (41)

where:
IRI,
SF
F CT otal

NTC

NRD

Initial IRI after construction, in/mi

Site factor, computed using equation 42

Area of fatigue cracking (combined alligator and longitudinal,
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. For HMA
overlaid HMA pavements, the reflected cracking in the wheel path
is included.

Length of transverse cracking (including the reflection of
transverse cracks for HMA overlaid HMA pavements), ft/mi.
Transverse cracking was computed using locally calibrated model.
Average rut depth (using MoDOT locally calibrated model), in
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o, O, O3, Olg = model local calibration coefficients.
The site factor (SF) is calculated in accordance with the following equation:

SF = Age(0.02003(PI +1)+0.007947(Pr ecip + 1)+ 0.000636(FI +1))  (42)

where:
Age = Pavement age, years
PI = Percent plasticity index of the subgrade soil
FI = Average annual freezing index, degree F days

Precip = Average annual precipitation or rainfall, in

As shown in equation 41, all four of the new HMA model coefficients can be modified as needed
to improve predicted HMA IRI.

Recalibration also involved reviewing the measured and predicted HMA IRI to determine the
possible sources of bias. The review indicated the following:

e The model generally predicted IRI well.
e There was no single factor contributing to bias.
e A simple adjustment in model local calibration coefficients was deemed enough to
provide needed improvements to the nationally calibrated model.
Recalibration

Recalibration was done using all the selected projects described earlier with good measured IRI
data. The recalibrated model, including new model coefficients, is as presented below:

IRI = IRI, +0.01(SF)+0.975(FC,,,, )+0.008(TC)+17.7(RD) (43)

where all variables are as previously defined.
A statistical comparison of measured and predicted HMA IRI using the locally calibrated model

was done to determine the recalibrated model’s prediction capacity, accuracy, and bias. The
results are presented in Figure 28 and Table 22.
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Figure 28. Plot of measured versus MEPDG predicted IRI (locally calibrated) for new HMA
pavements and HMA overlays of existing HMA pavements.

Table 22. Statistical comparison of measured and MEPDG predicted IRI (locally calibrated)
data for new HMA pavements and HMA overlays of existing HMA pavements.

Goodness of Fit

N =125
R® =0.53
SEE =13.2 in/mi
Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate (Pr>|t)) Limits

(1) Ho: Intercept =0 1 12.41 0.0092* 342 214
(2) Ho: Slope = 1.0 1 0.978 0.225 0.942 1.013
(3) Ho: Measured IRI - MEPDG o o .
Predicted IRI =0 183 0.6265

*Borderline when compared to a significance level of 0.05.

The results presented in Table 22 show the following:

A reasonable correlation between measured and predicted IRI from the recalibrated HMA

IRI model.
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e SEE was lower than that of the original MEPDG HMA IRI model
e Although hypothesis (1) was rejected and hypotheses (2) and (3) were accepted, the
levels of bias reported were deemed reasonable.

Sensitivity Analysis

A limited sensitivity analysis was performed to determine the reasonableness of the locally
calibrated IRI model. A plot showing the changes in predicted IRI for different levels of model
inputs is presented in

Figure 29. The information presented shows the following:

The most sensitive input was HMA thickness.

Climate had a significant impact on predicted IRI.

The HMA binder grade had a considerable impact on predicted IRI.
Subgrade soil type had a considerable impact on predicted IRI.

HMA binder content and air voids had a moderate effect on predicted IRI.
All other key inputs had little to no effect on predicted IRI.

The sensitivity results showed that the new model is reasonable.
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Figure 29. Plot showing sensitivity analysis results of locally calibrated HMA IRI model.
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4.25 HMA/PCC Pavement Smoothness (IRI)
Validation

Figure 30 presents a histogram of all measured (including time series) IRI for the limited number
of composite HMA pavement projects evaluated. The plot shows IRI ranging from 70 to 90
in/mi and a mean of 81 in/mi. Although limited, evaluating such data statistically should
produce reasonable and meaningful diagnostic statistics that can be used to assess model
predictive capacity and reasonableness.

A statistical comparison of measured and predicted IRI was done. The results are presented in
Table 23 and Figure 31.

FREQUENCY
3]

30 50 FiL 99 119

Measured IRI, in/mi

Figure 30. Histogram showing distribution of measured IRI.
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Table 23. Diagnostic statistics used for evaluation of Missouri Composite HMA IRI model.

Goodness of Fit

N =11
R? =0.65
SEE =5.3 in/mi

Hypothesis Testing

Hypothesis DF Estimate

Parameter

p-value
(Pr>]t])

95 Percent Confidence

Limits

(1) Ho: Intercept =0 1 21.8

0.0974

-4.75

48.28

(2) Ho: Slope=1.0 1 0.945

0.0259*

0.898

0.992

(3) Ho: Measured IRI - MEPDG 183 o
Predicted IRI =0

0.05

*Borderline when compared to a significance level of 0.05.
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Figure 31. Plot of measured versus predicted flexible and composite pavement IRI.

From the limited data analyzed, the following can be seen:

e A reasonable correlation between measured and predicted IRI from the nationally

calibrated IRI model.

e SEE was lower than that of the original MEPDG composite HMA IRI model

73




e Although hypothesis (2) was rejected and hypotheses (1) and (3) were accepted, the
levels of bias reported were deemed reasonable.

Recalibration

Recalibration of the nationally calibrated model was not necessary for this pavement type at the
present time.

4.3 NEW JPCP
4.3.1 Transverse Slab Cracking
Validation

Figure 32 presents a histogram of all measured (including time series) percent PCC slab with
transverse cracking for the projects evaluated. As shown in the figure, approximately 78 percent
of all the measured slab transverse cracking (percent slabs cracked) reported ranged from 0 to 6
percent. Although a majority of cracking reported for the projects evaluated was zero, there
were sufficient numbers of distressed projects to make it possible to evaluate this model
statistically.

FREQUENCY
60 7

50-;
40-;
30-;
20-;

10

6 18 30 42 54 66 ]

Percent Slabs Cracked
Figure 32. Histogram showing distribution of measured JPCP slab cracking.
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Thus, a statistical evaluation of the nationally calibrated MEPDG transverse cracking prediction
model was done. The results are presented in Figure 33 and Table 24.

100
R2=0.91 3

90 T—see=9.25 percent /
N=75
80 T— /
70
60 *
/ )
50 /
40 /
30

20 /
10 /

T * T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100
Measured percent slabs cracked

Predicted percent slabs cracked

o
*

Figure 33. Plot of measured versus MEPDG predicted JPCP transverse cracking.

Table 24. Statistical comparison of measured and MEPDG predicted transverse cracking.

Goodness of Fit

N =75
R* =091
SEE =9.25 percent
Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF | Estimate | (Pr>1t) Limits

(1) Ho: Intercept =0 1 0.1784 0.8821 -2.21 2.56
(2) Ho: Slope = 1.0 1 1.0352 0.2811 0.9705 1.099
(3) Ho: Measured Transverse Cracking — 75 o 05283 - o
MEPDG Predicted Transverse Cracking =0 '
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The results presented in Figure 33 and Table 24 indicate the following:

e An excellent correlation between measured and MEPDG predicted transverse cracking.
e SEE higher than that reported for the national MEPDG transverse cracking model.
e No bias in predicted and measured transverse cracking as indicated by the results of
hypotheses (1), (2), and (3).
Therefore, it can be concluded that the MEPDG nationally calibrated transverse cracking model
was adequate.

Recalibration

Recalibration of this model is not imperative for its use in routine design. However, as
additional data becomes available, the model validation exercise can be repeated to verify the
findings and to see of the model error reduces.

4.3.2 Transverse Joint Faulting
Validation

Figure 34 presents a histogram of measured transverse joint faulting used in model evaluation®.
A review of the information presented in Figure 34 shows that the projects evaluated had very
little faulting (faulting ranged from 0 to 0.04 in). This is typical for doweled JPCP with joint
spacings less than 20 ft.

FREQUENCY
30

0.003 0.009 0.015 0.021 0.027 0.033 0.039

Transverse Joint Faulting, in

Figure 34. Histogram showing distribution of measured mean transverse joint faulting for only
doweled JPCP with joint spacing less than 20 ft.

? Note that candidate JPCP sections whose designs are not representative of current MoDOT design philosophy were
excluded from this analysis. These include undoweled pavements and pavements with greater than 20 ft joint
spacings or lane widths less than 12 ft.
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Thus, a non-statistical approach was adopted for evaluating the MEPDG JPCP transverse joint
faulting model. The measured transverse joint faulting was divided into two groups; the range of
each group was determined based on engineering judgment. The goal was to determine how
often measured and predicted transverse joint faulting remained in the same group. Measured
and predicted transverse joint faulting remaining in the same group implied reasonable and
accurate predictions with little or no bias, while measured and predicted transverse joint faulting
residing in different groups suggested otherwise. The results of the comparisons are summarized
in Table 25.

As shown in Table 25, a vast majority of the measured and predicted transverse cracking
(approximately 94 percent) fell within the same measured and predicted faulting grouping. All
of these were for pavements with very little faulting distress. There were two data points for
which predicted faulting was higher than measured and three data points for which it was less.
The difference was, however, deemed as not significant.

For the levels of faulting evaluated in this analysis, the JPCP transverse joint faulting model
predicted faulting with reasonable accuracy and without significant bias. Higher levels of
faulting present on moderate to highly distressed pavements were not evaluated, as none of the
projects included in the analysis experienced this level of faulting.

Table 25. Comparison of measured and predicted mean transverse joint faulting
(numbers in table represent percentage of all data points).

Measured Transverse MEPDG Predicted Transverse Joint Faulting, in
Joint Faulting, in 0-0.03 in 0.03 - 0.05
0-0.03 81% 2%
0.03 - 0.05 3% 0%

*Total data points = 68.

Recalibration

Recalibration of this model is not imperative for its use in routine design. However, as
additional data becomes available, the model validation exercise can be repeated to verify the
findings and to improve the model accuracy.

4.3.3 Smoothness (IRI)

Validation

Figure 35 presents a histogram of all the measured (including time series) IRI data for the JPCP
projects included in analysis. The plot shows that the measured IRI ranged from 40 to 180 in/mi

with a mean of 85 in/mi. A statistical comparison of the measured and MEPDG predicted IRI
was performed. The results of this analysis are presented in Figure 36 and Table 26.

77




FREQUENCY
60 ]

50 ]

45 60 5 90 105 120 13% 150 165

Smoothness (IRI1), in/mi

Figure 35. Histogram showing distribution of measured JPCP IRI.
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Figure 36. Plot of measured versus MEPDG predicted JPCP IRI (nationally calibrated model).
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Table 26. Statistical comparison of measured and MEPDG predicted JPCP IRI (nationally

calibrated model).

Goodness of Fit

N =130

R* =0.63

SEE = 12.lin/mi

Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate (Pr>t) Limits

(1) Ho: Intercept =0 1 14.76 0.0005 6.55 22.97
(2) Ho: Slope = 1.0 1 1.0352 <0.0001 0.8362 0.8858
(3) Ho: Measured IRI - MEPDG o o o
Predicted IRI =0 75 < 0.0001

The results presented in Table 26 indicate the following:

e An adequate correlation exists between measured and MEPDG predicted IRI from the
nationally calibrated smoothness model.

e An SEE less than that reported for the national MEPDG JPCP IRI model was obtained.

e A bias in the JPCP IRI predictions was observed as indicated by the results of testing
hypotheses (1), (2), and (3) (see Table 26).

Although the model’s predictive capacity was adequate, there was a need to recalibrate the
national model to remove the significant bias identified.

Recalibration

Recalibration involved modifying the original MEPDG JPCP IRI prediction model as follows:

where:
IRI
IR[;
CRK
SPALL
TFAULT
Cl, C2, C3 C4
SF
where:
AGE
FI
Py

IRI = IRI; + CI*CRK +C2*SPALL + C3*TFAULT + C4*SF (44)

SF

Predicted IRI, in/mi

Initial smoothness measured as IRI, in/mi

Percent slabs with transverse cracks (all severities)
Percentage of joints with spalling (medium and high
severities)

Total joint faulting cumulated per mi, in
Recalibration coefficients

Site factor

=AGE (1+0.5556*FI) (1+P20)*10° (45)

Pavement age, yr.
Freezing index, °F-days.
Percent subgrade material passing No. 200 sieve.
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As shown in equations 44 and 45, all four model coefficients can be modified as needed to
improve predicted JPCP IRI by removing bias.

Recalibration also involved reviewing the measured and predicted JPCP IRI to determine the
possible sources of bias. The review indicated that there was no obvious source of bias.

Recalibration was performed using all the selected projects described earlier. The recalibrated
model, including new model coefficients, is presented in equation 46.

IRI = IRI; + 0.82*CRK +1.17*SPALL + 1.43*TFAULT + 66.8*SF (46)
where all variables are as previously defined.
A statistical comparison of measured and predicted JPCP IRI for the recalibrated model was

done to determine recalibrated model prediction capacity and accuracy. The results are
presented in Figure 37 and
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Table 27.
200
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180 +— SEE =12.3 in/mi
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Figure 37. Plot of measured versus predicted IRI using the locally calibrated JPCP IRI model.
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Table 27. Statistical comparison of measured and predicted IRI from the locally calibrated JPCP

IRI model.

Goodness of Fit

N =130

R* =0.73

SEE = 12.3in/mi
Hypothesis Testing
. Parameter p-value 95 Percent Confidence
Hypothesis DF Estimate (Pr>t) Limits

(1) Ho: Intercept =0 1 7.614 0.073 -0.72 15.94
(2) Ho: Slope = 1.0 1 0.977 0.0645 0.953 1.001
(3) Ho: Measured IRI - MEPDG 130 o 0.1831 - o

Predicted IRI =0

The results presented in
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Table 27 showed the following:

e A very good correlation exists between the measured and predicted IRI from the
recalibrated JPCP IRI model.

e An SEE approximately equal to the nationally calibrated MEPDG JPCP IRI model was
obtained.

e No significant levels of bias as indicated by the results of testing for hypotheses (1), (2),
and (3) .

Sensitivity Analysis

A limited sensitivity analysis was performed to determine the reasonableness of the locally
calibrated JPCP IRI model. A plot showing the changes in predicted IRI for different levels of
model inputs is presented in Figure 38. The information presented shows the following:

e The most sensitive input was PCC slab thickness. This is as expected, as the baseline
design used was doweled.

Joint spacing and slab width had a significant effect on predicted IRI.

PCC mix properties had a considerable impact on predicted IRI.

Climate had a considerable effect on predicted IRI.

Base type and subgrade soil type had moderate impact on predicted IRI.

All other key inputs had little to no effect on predicted IRI.

The sensitivity results showed that the new model is reasonable.
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Figure 38. Plot showing sensitivity analysis results of locally calibrated JPCP IRI model.

44  UNBONDED JPCP OVERLAYS
An analysis of unbonded overlays of existing JPCP could not be performed since all the four

projects evaluated had no recorded distresses to date. The MEPDG also predicts no distresses
for these sections.
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CHAPTER 5. SUMMARY AND CONCLUSIONS

5.1 SUMMARY

The best available data from LTPP and MoDOT PMS sections were used in validating and
calibrating the MEPDG models. Input data for the calibration sections was obtained an
extensive materials sampling and testing program. The major findings of the model validation
and calibration exercise for Missouri specific conditions are presented below.

5.1.1 Findings from Model Validation and Recalibration of the MEPDG Performance
Models for New HMA, HMA/HMA, HMA/PCC, and HMA/Rubblized Pavements

e Alligator (bottom-up) fatigue cracking: Although a full statistical analysis could not be

conducted due to the inadequacy of the measured cracking data (near zero or zero
distresses recorded on a majority of the sections), a non-statistical comparison of
predicted and measured cracking was conducted.

(0]

A majority of the paired measured and predicted alligator cracking
(approximately 96 percent) points fell within the same alligator cracking grouping
of 0 to 2 percent total lane area cracked.

The MEPDG nationally calibrated alligator cracking prediction model was
deemed reasonable for routine design use although it is highly recommended that
the model be fully evaluated for its predictive capacity when data from highly
fatigued HMA pavements becomes available.

e Transverse (thermal) cracking: A statistical analysis was conducted with the HMA

transverse cracking data available. The analysis indicated that:

(0]

The nationally calibrated thermal cracking model that utilizes the MEPDG default
creep compliance and tensile strengths underpredicts the HMA transverse
cracking significantly.

The replacement of the MEPDG default creep compliance and tensile strengths
with MoDOT laboratory measured values improved the predictions but further
local calibration was necessary to remove bias or overprediction of distress
quantities.

The replacement of the MEPDG default creep compliance and tensile strengths
with laboratory measured values and further adjustment of local calibration
coefficients significantly improved the predictions of HMA transverse cracking.
Using the locally calibrated cracking model along with MoDOT HMA creep
compliance and HMA tensile strength values produces reasonable transverse
cracking estimates.

e Total Rutting

o

o

The nationally calibrated MEPDG rutting model was inadequate and predicted
rutting poorly.

Recalibration using the data available produced local calibration factors for all
three rutting submodels (HMA, base, and subgrade). The locally calibrated
rutting model was deemed reasonable for routine design use.
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5.2

New HMA and HMA overlaid HMA pavement IRI
0 The nationally calibrated model was inadequate and was thus recalibrated to make
it more suitable for Missouri conditions. The locally calibrated model increased
model accuracy and reduced bias, making it suitable for use in routine design.
Composite HMA overlaid JPCP IRI
0 The nationally calibrated model was evaluated using limited data from a few
projects. The results show a reasonable model with accurate predictions of IRI
and little or no bias. The national model was thus deemed adequate.

Findings from Model Validation and Recalibration of the MEPDG Performance
Models for JPCP

Transverse (fatigue) cracking
0 This model was evaluated using a statistical approach. The nationally calibrated
MEPDG model predicted transverse cracking accurately with little or no bias and
was thus deemed adequate.
Mean transverse joint faulting
0 This model was evaluated using a non-statistical approach. Comparisons of
nationally calibrated MEPDG model predictions and measured faulting showed
they matched reasonably well with no significant bias. Note that model
evaluation was performed only for doweled JPCP with joint spacing less than 20
ft.

0 The predicted IRI using the nationally calibrated model in the MEPDG showed
significant bias but reasonable prediction accuracy. The national model was thus
recalibrated.

CONCLUSIONS

The MEPDG models were reviewed thoroughly for use under Missouri conditions. The review
indicates that while some of the nationally calibrated MEPDG models predicted distress/IRI
reasonably, others needed to be recalibrated. Based on the analysis performed, the following
conclusions are drawn:

Projects from which moderate to high levels of distress/IRI could be obtained tended to
be older and were constructed using outdated design philosophy and materials (e.g., JPCP
with 30-ft joint spacings). Thus, evaluation was done using mostly relatively new
projects with little distress/IRI. As these pavements mature and more distresses start to
appear, they need to be re-evaluated to verify model accuracy. Therefore, evaluation of
the MEPDG distress and IRI models needs to be a continuous process to fully consider
the impacts of current pavement design and construction practices on long-term model
predictive capacity. The calibration database set up as part of this project can be use for
model re-evaluation purposes.

The nationally calibrated and locally calibrated MEPDG models deemed adequate appear
to predict distress/IRI reasonably well, within limitations. The limitations included:
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Only lab tested HMA creep compliance and tensile strength must be used in order
to obtain reasonable prediction of HMA transverse cracking.

The new HMA rutting, transverse cracking, and IRI model must be used only
with the local calibration coefficients specified.

The JPCP cracking model must be applied only to doweled pavements with joint
spacings less than 20 ft.

The new JPCP IRI model must be used only with the local calibration coefficients
specified.

In general, predictions were reasonable for younger pavements in relatively good
condition. Predictions over 15 years must be used with caution. An increase in
reliability for such predictions may be warranted.
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