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in inches  25.4 millimeters mm  
ft feet  0.305 meters m  
yd yards  0.914 meters m  
mi miles  1.61 kilometers km 

AREA 
in2 square inches  645.2 square millimeters mm2  
ft2 square feet 0.093 square meters m2  
yd2 square yard  0.836 square meters m2  
ac acres  0.405 hectares ha  
mi2 square miles  2.59 square kilometers km2 

VOLUME 
fl oz fluid ounces  29.57 milliliters mL  
gal gallons  3.785 liters L  
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MASS 

oz ounces  28.35 grams g  
lb pounds  0.454 kilograms kg  
T short tons (2000 lb)  0.907 megagrams (or "metric ton") Mg (or "t") 

TEMPERATURE (exact degrees) 
°F Fahrenheit  5 (F-32)/9 Celsius °C 

  or (F-32)/1.8   
ILLUMINATION  

fc foot-candles  10.76 lux lx  
fl foot-Lamberts  3.426 candela/m2 cd/m2 
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N  newtons  0.225 poundforce lbf  
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*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.  
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CHAPTER 1.   INTRODUCTION 
 
Background 
 
National Cooperative Highway Research Program (NCHRP) Projects 1-37A and 1-40D 
collectively developed a mechanistic-based pavement design guide that utilizes existing 
state-of-the-practice mechanistic pavement design/analysis algorithms and calibrated 
the design procedure using field performance data. Version 1.0 of the Mechanistic-
Empirical Pavement Design Guide (MEPDG) was completed in 2007 (Darter et al., 2007) 
and adopted as an American Association of State Highway and Transportation Officials 
(AASHTO) interim pavement design standard in 2008 (AASHTO, 2008).  
 
The MEPDG was calibrated using data derived mostly from the Long Term Pavement 
Performance (LTPP) database.  The LTPP database contains pavement design, 
materials, climate, traffic, and performance data from several hundred flexible and rigid 
experimental pavement projects situated throughout the United States. These data were 
used to develop “nationally calibrated” performance models under NCHRP Projects 1-
37A and 1-40D. 
 
It was noted in NCHRP Project 1-37A that model validation and, perhaps, local 
calibration may be needed for specific geographic areas if (1) the inference space used in 
the national calibration exercise did not adequately represent local site and design 
factors and (2) significant differences were found between the predicted and measured 
distresses and smoothness using local data.   
 
Given this, it should be pointed out that local calibration should be performed only 
after a rigorous validation study indicates that there is a bias or error in pavement 
performance predictions for a local condition. Also, since the MEPDG has a sound 
mechanistic basis, the validation can be performed with relatively fewer data points 
than a purely empirical approach.  
 
Thus, for this project, a validation exercise was performed as the first step to determine 
if the nationally calibrated models were sufficiently accurate when used to predict the 
performance of the real-world pavements in Ohio.   
 
Scope 
 
Although both new and rehabilitated pavements were of interest to the Ohio 
Department of Transportation (ODOT), the model validation effort was limited to new 
or reconstructed hot mix asphalt (HMA) pavements and jointed plain concrete 
pavements (JPCP) because the data required for validation were available for only these 
two pavement types. Data were not available at this time for HMA overlaid rubblized 
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portland cement concrete (PCC) and unbonded JPCP overlays of existing PCC 
pavements—the common rehabilitation types of interest to ODOT.  
 
The following performance indicators were of relevance to this local model 
validation/calibration effort: 
 

• Flexible pavements. 
o Total rut depth. 
o Transverse “thermal” cracking. 
o Load-related alligator cracking, bottom initiated cracks. 
o Smoothness (measured as International Roughness Index [IRI]). 

• JPCP 
o Mean transverse joint faulting. 
o Load-related transverse slab cracking (includes both bottom and surface 

initiated cracks). 
o Smoothness (IRI). 

 
These models predict the predominant structural and functional distresses that occur on 
the selected pavement types in Ohio. Although HMA longitudinal cracking is of 
interest to the ODOT, an active research is ongoing under the NCHRP program to 
develop models for predicting top-down, longitudinal cracking in HMA layers. 
Therefore, a decision was made not to consider longitudinal cracking models in this 
implementation. 
  
Validation involved verifying whether the nationally calibrated models accurately 
predicted the performance of selected pavements from Ohio which had readily 
available, high-quality traffic, foundation, design, materials, and performance data.  
Based on the results of the validation study, deficient MEPDG models were 
recalibrated. 
 
Organization of Report 
 
This report presents the results of validation and recalibration of selected MEPDG 
models for new HMA pavement and JPCP in Ohio. Chapter 2 describes the MEPDG 
models selected for validation and recalibration. Chapter 3 describes the LTPP projects 
used in this study. Chapter 4 describes the model validation and recalibration effort.  
Sensitivity of the recalibrated models is presented in chapter 5.  Chapter 6 discusses the 
summary and conclusions from this effort. 
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CHAPTER 2.   NEW HMA AND NEW JPCP PERFORMANCE 
PREDICTION MODELS 

 
This section presents a brief description of the MEPDG models listed in chapter 1. 
Detailed descriptions of these models and the entire MEPDG design procedure have 
been presented in several publications, including AASHTO’s MEPDG Manual of 
Practice (AASHTO, 2008) and the reports developed under NCHRP Project 1-37A 
(ARA, 2004) and NCHRP 1-40D ( Darter et al., 2007). 
 
New HMA Pavements 
 
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, ∆DI, is calculated by dividing the actual 
number of axle loads by the allowable number of axle loads (note that computation of 
damage is based on Miner’s hypothesis) 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, 2008): 
 

    ( ) ∑∑ 









=∆=

− TplmjHMAf
Tplmj N

nDIDI
,,,,

,,,,  (1) 

where: 
   n =  Actual number of axle load applications within a specific  
     time period 
   j =  Axle load interval 
   m =  Axle load type (single, tandem, tridem, quad, or special axle  
     configuration 
   l =  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 

        Nf-HMA =  Allowable number of axle load applications for a flexible  
      pavement and HMA overlays 
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The allowable number of axle load applications needed for the incremental damage 
index computation is shown in equation 2 (AASHTO, 2008).  
 
    ( )( ) ( ) ( ) 3322

11
ffff k

HMA
k

tfHfHMAf ECCkN ββεβ=−  (2) 
 
where: 

  Nf-HMA  =  Allowable number of axle load applications for a flexible  
      pavement and HMA overlays 

        εt   =  Tensile strain at critical locations and calculated by the  
      structural response model, in/in 
      EHMA =  Dynamic modulus of the HMA measured in compression,  
     psi 
         kf1, kf2, kf3 =   Global field calibration parameters (from the NCHRP 1-40D  
      re-calibration; kf1 = 0.007566, kf2 = -3.9492, and kf3 = -1.281) 
  βf1, βf2, βf3 =   Local or mixture specific field calibration constants; for the  
      global calibration effort, these constants were set to 1.0 
 
                  MC 10=  (3) 
      
 

     







−

+
= 69.084.4

bea

be

VV
V

M  (4)  

 
           Vbe =   Effective asphalt content by volume, percent 
           Va =     Percent air voids in the HMA mixture 
           CH =     Thickness correction term as follows: 
 

      
( )HMAH

H

e

C
49.302.111

003602.0000398.0

1

−+
+

=  (5) 

  
           HHMA =    Total HMA thickness, in 
 
Alligator cracking is calculated from the cumulative damage over time (equation 1) 
using the relationship presented as equation 6 (AASHTO, 2008).  
 

             








+






=

+ ))((
4
'
22

'
11160

1
BottomDILogCCCCBottom

e
CFC    (6) 

where: 
       FCBottom =  Area of alligator cracking that initiates at the bottom of the  
  HMA layers, percent of total lane area 
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       DIBottom =  Cumulative damage index at the bottom of the HMA layers 
         C1,2,4 =  Transfer function regression constants; C4= 6,000; C1=1.00;  
  and C2=1.00 

       
      *

2
*
1 2CC −=       (7) 

 
     ( ) 856.2*

2 1748.3940874.2 −+−−= HMAHC    (8) 
 
where:  HHMA  =  Total HMA thickness, in 
 
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, 2008). 
 
                    ( )nC A K∆ = ∆  (9) 
where: 
   ∆C =  Change in the crack depth due to a cooling cycle 
   ∆K =  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 A and n can be obtained from 
the indirect tensile creep-compliance and strength of the HMA in accordance with 
equations 10 and 11 (AASHTO, 2008). 
 
     ( )( )nELogk mHMAttA σβ 52.2389.410 −=  (10) 
where: 

                  10 8 1.
m

η  = +  
 (11) 

     kt  =  Coefficient determined through global calibration for each  
      input level (Level 1 = 5.0; Level 2 = 1.5; and Level 3 = 3.0) 
   EHMA =  HMA indirect tensile modulus, psi 
   σm =  Mixture tensile strength, psi 
    m =  The m-value derived from the indirect tensile creep  
     compliance curve measured in the laboratory 
   βt =  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 (equation 12). 
 
     ( )( )56.099.145.0 otip CK += σ  (12) 
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where: 
   tipσ  =  Far-field stress from pavement response model at depth of  
     crack tip, psi 
   Co =  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 (AASHTO, 2008). 
 

     















=

HMA

d

d
t H

C
LogNTC

σ
β 1

1  (13) 

where: 
 TC  =  Thermal cracking, ft/mi 
 βt1  =  Regression coefficient determined through global calibration (400) 
 N[z] =  Standard normal distribution evaluated at [z] 
 σd  =     Standard deviation of the log of the depth of cracks in the  
        pavement (0.769), in 
 Cd  =  Crack depth, in 
 HHMA =  Thickness of HMA layers, in 
 
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 (1) the 
pavement layer properties change with temperature (summer versus winter months) 
and moisture (wet versus dry) and (2) applied traffic could be very different. 
 
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. 
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ββεβε ==∆  (14) 
 
where: 

 ∆p(HMA) =  Accumulated permanent or plastic vertical deformation in 
the HMA layer/sublayer, in 

 εp(HMA)  =  Accumulated permanent or plastic axial strain in the HMA 
layer/sublayer, in/in 

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

  h(HMA)  =  Thickness of the HMA layer/sublayer, in 
  n  =  Number of axle load repetitions 
  T  =  Mix or pavement temperature, °F 
  kz  =  Depth confinement factor 

 k1r,2r,3r  =     Global field calibration parameters (from the NCHRP 1-40D    
       recalibration; k1r = -3.35412, k2r = 0.4791, k3r = 1.5606) 
 β1r, β2r, β3r,  =     Local or mixture field calibration constants; for the global    
       calibration, these constants were all set to 1.0 

  
     ( ) D

z DCCk 328196.021 +=  (15) 
  
    ( ) 342.174868.21039.0 2

1 −+−= HMAHMA HHC  (16) 
  
    ( ) 428.277331.10172.0 2

2 +−= HMAHMA HHC  (17) 
     
             D     =  Depth below the surface, in 
  
        HHMA =  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.   
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where: 
  ∆p(Soil)  =  Permanent or plastic deformation for the layer/sublayer, in. 
     n  =  Number of axle load applications 
    εo   =  Intercept determined from laboratory repeated load  
      permanent deformation tests, in/in 
    εr            =  Resilient strain imposed in laboratory test to obtain material  
     properties εo, β, and ρ, in/in 
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     εv      =  Average vertical resilient or elastic strain in the  
      layer/sublayer and calculated by the structural response  
      model, in/in 
    hSoil  =  Thickness of the unbound layer/sublayer, in 
     ks1      =  Global calibration coefficients; ks1=1.673 for granular  
      materials and 1.35 for fine-grained materials 
     βs1      =  Local calibration constant for the rutting in the unbound  
      layers; the local calibration constant was set to 1.0 for the  
      global calibration effort 
 
     ( )cWLog 017638.061119.0 −−=β     (19) 
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  Wc  =  Water content, percent 
  Mr  =  Resilient modulus of the unbound layer or sublayer, psi 
  a1,9  =  Regression constants; a1=0.15 and a9=20.0 
  b1,9  =  Regression constants; b1=0.0 and b9=0.0 
 
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 within the 
LTPP program and are embedded in the MEPDG to predict the IRI over time for new 
HMA pavements (AASHTO, 2008). 
 

( ) ( ) ( ) ( )RDTCFCSFIRIIRI Totalo 0.400080.0400.00150.0 ++++=  (22) 
where: 
  IRIo  =  Initial IRI after construction, in/mi 
   SF  =  Site factor, refer to equation 23 
      FCTotal  =  Area of fatigue cracking (combined alligator, longitudinal,  

 and reflection cracking in the wheel path), percent of total 
lane area. All load related cracks are combined on an area 
basis – length of cracks is multiplied by 1 foot to convert 
length into an area basis 

TC  =  Length of transverse cracking (including the reflection of  
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   transverse cracks in existing HMA pavements), ft/mi. 
  RD  =  Average rut depth, in 
 
The site factor (SF) is calculated in accordance with the following equation. 
 

5.1* AGESWELLFROSTHSF +=       (23) 
 
where:  

FROSTH =  LN([PRECIP+1]*FINES*[FI+1])  
SWELLP = LN([PRECIP+1]*CLAY*[PI+1])  
FINES =  FSAND + SILT   
AGE = pavement age, years 
PI  = subgrade soil plasticity index 
PRECIP =  mean annual precipitation, in. 
FI   =  mean annual freezing index, deg. F Days 
FSAND =  amount of fine sand particles in subgrade  

    (percent of particles between 0.074 and 0.42 mm) 
SILT =  amount of silt particles in subgrade  

    (percent of particles between 0.074 and 0.002 mm) 
CLAY = amount of clay size particles in subgrade  

    (percent of particles less than 0.002 mm) 
 
New JPCP 
 
Transverse Slab Cracking 
 
The MEPDG considers both bottom-up and top-down modes of transverse “slab” 
cracking in JPCP.  Under typical service conditions, the potential for either mode of 
cracking is present in all slabs—any given slab may crack either from bottom-up or 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 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, 2008): 
 

      
( ) 98.11

1
−+

=
FDI

CRK      (24) 

where: 
CRK  = Predicted amount of bottom-up or top-down cracking (fraction). 
DIF = Fatigue damage calculated using the procedure described in this section. 
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The general expression for fatigue damage accumulations considering all critical factors 
for JPCP transverse cracking is as follows (based on Miner’s hypothesis): (Miner, 1945) 

   ∑=
onmlkji

onmlkji
F N

n
DI

,,,,,,

,,,,,,         (25) 

where: 

DIF       =  Total fatigue damage (top-down or bottom-up) 
ni,j,k, ...   =  Applied number of load applications at condition i, j, k, l, m, n 
Ni,j,k, …  =  Allowable number of load applications at condition i, j, k, l, 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) 
l =  Load level (incremental load for each axle type) 

 m =  Equivalent temperature difference between top and bottom PCC surfaces. 
 n =  Traffic offset path 
 o =  Hourly truck traffic fraction 
 
The applied number of load applications (ni,j,k,l,m,n) is the actual number of axle type k of 
load level l that passed through traffic path n 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: 
 

   ( )
2

,,,,,
1,,,,,log

C

nmlkji

i
nmlkji

MRCN 









⋅=

σ
 (26) 

where: 
Ni,j,k,… =  Allowable number of load applications at condition i, j, k, l, m, n. 
MRi =  PCC modulus of rupture at age i, psi. 
σi,j,k, . =  Applied stress at condition i, j, k, l, m, n 
C1 =  Calibration constant, 2.0 
C2 =  Calibration constant, 1.22 

 
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. 
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 ( ) 100⋅⋅−+= −−−− downTopupBottomdownTopupBottom CRKCRKCRKCRKTCRACK  (27) 
 
where: 

TCRACK = Total transverse cracking (percent, all severities). 
CRKBottop-up = Predicted amount of bottom-up transverse cracking (fraction). 
CRKTop-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.  
 
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, 2008): 
 

  ∑
=
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where: 

Faultm  =  Mean joint faulting at the end of month m, in. 
 ΔFaulti  =  Incremental change (monthly) in mean transverse joint  
    faulting during month i, in. 

FAULTMAXi =  Maximum mean transverse joint faulting for month i, in. 
FAULTMAX0 =  Initial maximum mean transverse joint faulting, in. 
EROD   =  Base/subbase erodibility factor. 
δcurling  =  Maximum mean monthly slab corner upward deflection  
   PCC due to temperature curling and moisture warping. 
PS   =  Overburden on subgrade, lb. 
P200  =  Percent subgrade material passing No. 200 sieve. 
WetDays  =  Average annual number of wet days (greater than 0.1 inch   

 rainfall). 
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DEi  =  Differential energy of subgrade deformation  
  accumulated during month i  

  ( )( )ULLULL wwwwkE −+= *
2

D          (32) 

  K = modulus of subgrade reaction, psi/in. 
     wL is the corner deflection under the loaded slab. 

     wUL is the corner deflection under the loaded slab. 
C1,2,3,4,5,6,7,12,34 =  Global calibration constants (C1 = 1.29; C2 = 1.1; C3 =  
  0.001725; C4 = 0.0008; C5 = 250; C6 = 0.4; C7 = 1.2; and C12 and  
  C34 are defined by equations 33 and 34). 

 25.0
2112 *C CC FR+=   (33) 

 25.0
4334 *C CC FR+=   (34) 

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. 
 
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 variety of design, 
materials, foundations, and climatic conditions.  The following is the final globally 
calibrated model (AASHTO, 2008): 
 
   IRI = IRII + C1*CRK +C2*SPALL + C3*TFAULT + C4*SF     (35) 
 
where: 

IRI   =  Predicted IRI, in/mi 
IRII  =  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 mi, in 
C1   =  0. 8203 
C2   =  0.4417 
C3   =  0.4929 
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C4   =  25.24 
SF    =  Site factor 

 
   SF =AGE (1+0.5556*FI) (1+P200)*10-6        (36) 

where: 

AGE =  Pavement age, yr. 
FI  =  Freezing index, °F-days. 
P200 =  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 37, 
which was calibrated using LTPP and other data (AASHTO, 2008). 
 

   





+





+
= +SCF)AGE*(-12005.11

100
0.01AGE

AGESPALL  (37) 

 

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 (38) 

– 0.2 (FTcycles • 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 
f'c   =  PCC compressive strength, psi 
FTcycles  =  Average annual number of freeze-thaw cycles 
HPCC  =  PCC slab thickness, in 
WCPCC  =  PCC water/cement ratio 
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CHAPTER 3.   LTPP PROJECTS USED FOR ANALYSIS  
 
Overview of Candidate LTPP Projects for Model Evaluation and Recalibration 
 
The LTPP database contains design, materials, construction, site (i.e., traffic, climate, 
and subgrade), and performance information for a wide variety of experimental 
pavement project types in Ohio; however, only those from the new HMA pavement and 
new JPCP experiments were relevant to this effort (LTPP, 2008). Table 1 is a detailed 
listing of the relevant projects from the LTPP Specific Pavement Studies (SPS) 1, SPS 2, 
SPS 8, SPS 9, and General Pavement Studies (GPS) 3 experiments that were potential 
candidates for use in this study. Figure 1 and Figure 2 show the layout and geographic 
locations of these projects, and Table 2 presents the basic design information. 
 
The SPS projects were located on a 3.3-mi section of U.S. Route 23 in Delaware County, 
25 miles north of Columbus. Its flat topography and uniform soil conditions and 
weather made the site ideal for pavement experiments (Sargand et al., 2007). 
 

• Three of the four LTPP experiments at this site are located on new traffic lanes 
built in the median of U.S. 23 as follows: 

o The new northbound lane contains an LTPP SPS-2 experiment, which 
compares the performance of different structural designs for PCC 
pavements.  

o The new southbound lane contains an SPS-1 experiment, which compares 
different structural designs for asphalt concrete pavements.  

o The new southbound lane also includes an SPS-9 experiment to validate 
the SuperPave binder specification and to evaluate the performance of 
SuperPave mixes relative to the ODOT's own asphalt mix.  

• Two LTPP SPS-8 experiments (HMA and JPCP) intended to isolate the effects of 
weather on PCC and HMA pavements are located on a southbound on-ramp to 
the old lanes of U.S. 23 and are now serving as low-volume frontage roads.  

• The SPS-1, SPS-2, and SPS-9 pavements carried an average annual daily traffic 
(AADT) of 26,000 vehicles, 20 percent of which are trucks when opened to traffic 
in 1996.  

 
The LTPP GPS-3 projects, LTPP 39_3013 and 39_3801, were constructed in 1970 and 
1983, respectively. LTPP 39_3013 is located on the southbound (outer lane) of US 68, 
southeast of Cincinnati, approximately 1.7 mi north of St-125 and south of Hamer Road. 
LTPP 39_3801 is located on the southbound (outer lane) of US 7, south of Wheeling, 
approximately 0.46 mi south of St-147. 



 

 

Table 1.   LTPP projects identified for potential use in MEPDG validation in Ohio (LTPP, 2008). 

 
SHRP 

ID 
Pavement  

Type County Functional 
Class 

Route 
Signing 

Route 
No. 

Direction of 
Travel 

Mile 
Point 

Elev., 
ft Location Info 

01001 
HMA over 

various base 
types5 

Delaware 
Rural 

Principal 
Arterial 

US 23 South 20.9 950 North of Delaware 

02002 
JPCP over 

various base 
types6 

Delaware 
Rural 

Principal 
Arterial 

US 23 North 17.6 955 North of Delaware 

08003 
HMA and 
JPCP over 

aggregate base 
Delaware Rural Local 

Collector US 23 South  950 Onramp onto Us-23 from 
City of Norton 

09004 HMA over 
aggregate base Delaware 

Rural 
Principal 
Arterial 

US 23 South 18.5 955 South of S-229 (Norton 
Road); North of Delaware. 

3013 
New JPCP 

over cement 
treated base 

Brown Rural Minor 
Arterial US 68 South 21.7 960 

1.7 mi N. of St-125 -- W. of 
US-62 -- 0.48 mi S. of 
Hamer Rd. -- SE of 
Cincinnati 

3801 
New JPCP 

over cement 
treated base 

Belmont 
Urban Other 

Principal 
Arterial 

US 7 South 12.33 655 

0.46 mi S. of St-147 -- 1750' 
N. of Bridge over R.R. -- S. 
of Wheeling, Oh. -- S. of 
Bellaire 

1. Includes 12 regular LTPP, 2 supplemental, and 5 replacement (i.e., replaced the originally built sections due to premature failures) new 
HMA projects. 

2. Includes 12 regular LTPP projects and 7 supplemental new JPCP projects. 
3. Includes 2 regular new HMA, 2 regular new JPCP, and 2 new HMA replacement projects. 
4. Includes 3 regular new SuperPave HMA projects. 
5. Base types include dense graded aggregate (DGAB), lean concrete (LCB), asphalt treated (ATB) and permeable asphalt treated (PATB) 

materials. 



 

 

 
 
 
 

 
 

Figure 1.  Layout of the Ohio Strategic Highway Research Program (SHRP) Test Road (Sargand et al., 2007).
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SPS-1, 
SPS-2, 

SPS-8, & 
SPS-9

39_3013

39_3801

 
Figure 2.  Map showing selected Ohio LTPP projects used for model validation. 
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Table 2.   Detailed summary of project type and design features  
(Sargand et al., 2007). 
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Table 2.   Detailed summary of project type and design features, continued                   
(Sargand et al., 2007). 

 
 

Section Station 
PCC Layer Lane 

Width 
(ft) 

Base Type and 
Thickness Drain Strength 

(psi) 
Thickness 

(in) 
393013 21.7 880 8.3 12 4” Soil Cement No 
393801 12.33 750 9.2 12 4.4’ CTB Yes 

  *Strength = 14-day PCC flexural strength. 
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Conditions and performance of the experimental pavements are monitored by several 
thousand sensors. Pavement sensors measure horizontal strain, vertical displacement, 
vertical pressure, pavement temperature, frost depth, and moisture. Weigh-in-motion 
(WIM) sensors in the northbound and southbound lanes of U.S. 23 measure the truck 
counts, weights, and speeds. A weather station measures air temperature, precipitation, 
wind, relative humidity, and solar radiation. 
 
Identification of Suitable LTPP HMA Projects 
 
Of the 19 LTPP HMA sections originally constructed, the following 6 failed and were 
replaced soon after they were constructed and opened to traffic (Sargand et al., 2007): 
 

• Four SPS-1 projects: 390101, 390102, 390105, and 390107. All four projects were 
replaced with more robust pavement sections of interest to ODOT with 
underdrains.  

• Two SPS-8 HMA projects: 390803 and 390804.  They were replaced with identical 
designs, except that lime was added to the subgrade to improve the stiffness of 
that layer. No underdrains were added to the SPS-8 replacement sections.  

 
Table 3 summarizes the pavement buildup, design features, and station limits of the 
replacement sections.  In Section 390164, PG 64-28 binder was used in both the TI and 
TII mixes, a bituminous prime coat was used between the permeable asphalt treated 
base (PATB) and the TII layers, and a tack coat was used between the TII and TI layers. 
No reclaimed material was used in the TI or TII mixes. Unstapled Tensar BX1100 fabric 
was placed between the subgrade and DGAB (Sargand et al., 2007). 
 
In 2002, the SPS-1 sections in the southbound lanes were closed because of an imminent 
failure in Section 390103 and significant rutting in Sections 390108, 390109, and 390110. 
These four contiguous sections were replaced in 2003 with a new HMA pavement 
designed for extended service (390165).  
 
The six failed original projects were excluded from analysis. The six replacement 
projects (39A803, 39A804, 390161, 390162, 390163, and 390164) also were excluded from 
analysis because of a lack of adequate materials and performance data.  
 
Identification of Suitable LTPP JPCP Projects 
 
JPCP projects from the LTP SPS-2 and GPS-3 experiments were identified for analysis. 
The SPS-2 sections were constructed in two phases—most of the sections at the south 
end of the project were constructed in August/September 1996, while the others were 
constructed in October 1996.  The section layout is presented in Figure 3. 
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Table 3.   Design and station limits of replacement sections. 
(Sargand et al., 2007). 

 
 

 
Figure 3.  Layout of the Ohio SPS-2 projects showing specific construction periods. 

(Sargand et al., 2007) 

According to Sargand et al. (2007), Sections 0205 and 0206 showed signs of pumping at 
both the transverse joints and pavement/shoulder longitudinal joint. Also, both 
sections contained a longitudinal crack that started near the pavement edge and passed 
continuously through several slabs as it moved to the right wheel path and back near 
the pavement edge. By 2006, numerous transverse cracks had developed in projects 
0201, 0202, 0204, 0205, 0206, 0210, 0212, and 0259. Section 0206 had extensive transverse 
cracking. 
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A review of pertinent data and characteristics of the severely cracked and uncracked 
SPS-2 sections revealed the following: 
 

• Six of the eight severely cracked sections had high strength (780 psi average or 
as-built 14-day strength) concrete as specified by the SHRP experiment.  It must 
be noted that higher strengths were obtained by increasing the cement contents 
in the mix design. The remaining 11 sections had ODOT standard concrete mix 
design (550 psi nominal 14-day strength). 

• Five of the eight severely cracked sections had an 8-in-thick PCC slab, and the 
remainder had an 11-in-thick slab.  

• Of the eight severely cracked sections, four were built on a dense graded 
aggregate base (DGAB), three on lean concrete, and one on a PATB. 

• Five of the eight sections had standard width lanes (i.e., 12-ft lanes), and the 
remainder had widened (14-ft) lanes. 

• The concrete temperatures at placement for the severely cracked sections (which 
were very close to the maximum air temperature noted in the daily logs of the 
inspector) were on average 9oF higher than those for sections that did not crack.  
The range of temperatures was between 75oF and 85oF for the former sections 
and between 60oF and 75oF for the latter. 

• The post-placement drop in ambient temperature for the severely cracked 
sections was 25oF, on average, with the maximum drop recorded for section 0205 
of 36oF.   

 
It is plausible that relatively large temperature drops after paving coupled with the high 
internal heat of hydration that is expected to be generated in many of the high strength 
mixes could have lead to the development of a “thermal shock” leading to: 
 

• High curling stress related tensile stresses and potentially hairline or micro-
cracking at the top of the slab. These cracks would have been aggravated over 
time by traffic loadings resulting in observable macro-cracking. 

• High built-in curling gradients.  
 
Rapid loss of moisture at the surface of the concrete due to the high water demand of 
the high cement factor mixes used also could have contributed to a large effective built-
in gradient. Sargand et al. (2007) also noted that curling and warping might be factors 
contributing to the premature deterioration of some of the SPS-2 concrete pavement 
sections. 
 
Based on the information gathered, it was realized that the extensive premature 
cracking observed on some sections of the SPS-2 experiment in Ohio could be linked to 
factors that typically contribute to early age cracking in concrete pavements and not to 
traffic alone. (There are sections with design similar to the failed sections at the 



 

 24 

experimental site which have undergone similar traffic and environmental loadings but 
have not failed.) Early age cracking is related primarily to materials, environmental, and 
construction factors acting singly or in concert (more common) prevalent at the time of 
construction or within a few weeks after construction before the pavement is opened to 
traffic. In the case of the SPS-2 experiment, the risk factors that could have led to early 
cracking or, at the very least, extensive pre-traffic loading of the pavement in the form 
of built-in stresses include: 

• Large ambient temperature swings (trigger factor). 
• High surface evaporation rate (trigger factor). 
• High cement factor concrete (material variant). 
• Shrinkage susceptible mix (material variant). 

 
A more detailed investigation of ambient conditions and materials factors may need to 
be performed to ensure a more exhaustive effort that covers all the other associated 
variables. Nevertheless, the larger point here is that traffic-induced fatigue damage is 
perhaps not the only force that caused the premature failures. No doubt, repeated 
traffic load applications could have aggravated the built-in stresses or early age hairline 
cracking built in to the pavement at the time of construction. Since the MEPDG would 
need a more precise set of inputs than are available to accurately model the pavement 
sections that have prematurely cracked, they have been excluded from the model 
validation analysis undertaken in this study.  Moreover, for local validation and 
calibration purposes, it is desirable to adopt sections that exhibit more typical 
accumulation of distress. 
 
The failed SPS-2 sections were replaced with SPS-2 projects 390266, 390267, 390268, 
390269, 390270, 390271, and 390272 (see Figure 3). These sections also were excluded 
from the analysis due to a lack of adequate performance data. 
 
Finally, the two GPS-3 projects identified were included in analysis. 
 
Detailed Description of the LTPP Sections Selected for MEPDG Model Validation 
 
The candidate projects shortlisted for analysis are listed below: 
 

• New HMA SPS-1 and SPS-9 pavement (13 projects). 
 

o 390103 
o 390104 
o 390106 
o 390108 
o 390109 

o 390110 
o 390111 
o 390112 
o 390159 
o 390160 

o 390901 
o 390902 
o 390903 
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• New JPCP SPS-2 and GPS-3 (14 projects). 
 

o 390203 
o 390207 
o 390208 
o 390209 
o 390211 

o 390212 
o 390260 
o 390261 
o 390262 
o 390263 

o 390264 
o 390265 
o 393013 
o 393801 

 
 
Although these projects typically had adequate amounts of good quality data required 
for analysis, an in-depth review was performed to identify the projects that actually had 
the data required. A summary of the review and the final list of projects selected for 
analysis are presented in the following sections.  
 
Data Types, Data Sources, and Data Processing 
 
For the LTPP projects selected, a majority of the required MEPDG inputs were available 
in the LTPP database. MEPDG national defaults or ODOT-specific defaults were used 
for the inputs for which data were not available in the LTPP database. Sources of data 
used in model verification are presented in Table 4. A summary description of these 
projects is presented in the following sections. 
 
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 
393801 in Figure 4. This project was constructed in September 1983, and the measured 
performance data are available until 2006. The MEPDG must thus run over a period of 
25 years to cover this time period. A summary of pavement construction dates and 
analysis life is presented in Table 5. 

 
 



 

 26 

Table 4.   Predominant sources of data used for MEPDG performance models 
verification in Ohio. 

 
Input Group Input Parameter Validation Input 

Level Used Data Source 

Truck Traffic 

Axle Load Distributions (single, 
tandem, tridem) Level 1 

LTPP traffic 
module and ODOT 

traffic database 
Truck Volume Distribution Level 1 LTPP traffic 

module Lane & Directional Truck 
Distributions Level 1 

Tire Pressure Level 3 
MEPDG (national) 

defaults Axle Configuration, Tire Spacing Level 3 
Truck wander Level 3 

Climate 
Temperature, Wind Speed, Cloud 
Cover, Precipitation, Relative 
Humidity 

Level 1 Weather 
Stations NCDC* 

Material 
Properties 

Unbound 
Layers & 
Subgrade 

Resilient Modulus – Subgrade 
All Unbound Layers 

Level 1; 
Backcalculation LTPP 

Resilient Modulus – Base/subbase Level 3 
Ohio MEPDG 

related literature or 
MEPDG defaults 

Classification & Volumetric 
Properties Level 1 LTPP 

Moisture-Density Relationships Level 1 LTPP 
Soil-Water Characteristic 
Relationships Level 3 MEPDG defaults 

Saturated Hydraulic Conductivity Level 3 MEPDG defaults 

HMA 

HMA Dynamic Modulus Level 2 LTPP 

HMA Creep Compliance & Indirect 
Tensile Strength Levels 3 

Ohio MEPDG 
related literature or 

MEPDG defaults 
Volumetric Properties Level 1 LTPP 
HMA Coefficient of Thermal 
Expansion Level 3 MEPDG defaults 

PCC 

PCC Elastic Modulus Level 1 & 2 LTPP 
PCC Flexural Strength Level 1 & 2 LTPP 
PCC Coefficient of Thermal 
Expansion Level 1 &2 LTPP 

All Materials 

Unit Weight Level 1 LTPP 

Poisson’s Ratio Levels 1 and 3 
Ohio MEPDG 

related literature or 
MEPDG defaults 

Other Thermal Properties; 
conductivity, heat capacity, surface 
absorptivity  

Level 3 MEPDG defaults 

* National Climatic Data Center 
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Figure 4.  MEPDG general information requirements (example using project 39-3801). 

 

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 was backcast from historical IRI data available for each section. An 
illustration of how the initial IRI is backcast from historical IRI information is shown for 
project 39-0101 in Figure 5. For this project, an initial IRI in 1995 was estimated from 
backcasting to be 75.4 in/mile. Figure 5 also presents the MEPDG input screen for this 
input category for project 39-0101. A summary of initial IRI values for all the LTPP 
sections analyzed as part of this study is presented in Table 6. 

 
Although there was a wide range of backcasted initial IRI values, most of the estimated 
values appear reasonable when compared to common pavement construction practice. 
This is because most of the pavements evaluated (with the exception of the two GPS-3 
projects) were newly constructed and IRI was measured and reported by LTPP within 
the first year of construction, when the pavement had been subjected to very little 
deterioration. An exception to this is the GPS-3 project 393013 for which the backcasted 
initial IRI was relatively high (151 in/mi). This high value was found to be 
unreasonable and was excluded from IRI analysis. 
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Table 5.   Summary of construction dates and analysis periods for all selected LTPP 
projects. 

LTPP ID Date Construction 
Began 

Date Construction 
Completed 

Design Life, 
yrs 

390103 30-Aug-95 26-Oct-95 9 
390104 17-Aug-95 09-Oct-95 9 
390106 17-Oct-95 26-Oct-95 9 
390108 15-Sep-95 26-Oct-95 9 
390109 18-Sep-95 26-Oct-95 9 
390110 15-Sep-95 26-Oct-95 9 
390111 21-Aug-95 09-Oct-95 9 
390112 21-Aug-95 09-Oct-95 9 
390159 23-Sep-95 26-Oct-95 9 
390160 23-Sep-95 26-Oct-95 9 
390203 17-Oct-95 17-Oct-95 9 
390207 30-Oct-95 30-Oct-95 9 
390208 06-Nov-95 06-Nov-95 9 
390209 23-Oct-95 23-Oct-95 9 
390211 19-Oct-95 19-Oct-95 9 
390260 02-Oct-95 02-Oct-95 9 
390261 26-Sep-95 26-Sep-95 9 
390261 19-Oct-95 19-Oct-95 9 
390262 27-Sep-95 27-Sep-95 9 
390262 11-Oct-95 11-Oct-95 9 
390263 16-Oct-95 16-Oct-95 9 
390265 25-Sep-95 25-Sep-95 9 
390901 09-Oct-95 07-Sep-95 9 
390902 09-Oct-95 22-Aug-95 9 
390903 09-Oct-95 22-Aug-95 9 
393013 — 22-Mar-70 40 
393801 — 22-Sep-83 25 
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Figure 5.  MEPDG initial IRI input screen and backcast initial IRI. 
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Table 6.   Summary of initial IRI estimated for all projects analyzed. 

LTPP 
Section ID 

Initial IRI, 
in/mi 

LTPP Section 
ID 

Initial IRI, 
in/mi 

39_0101  89.2 39_0203  66.3 

39_0102  79.7 39_0207  76.4 

39_0103  99.1 39_0208  86.0 

39_0104  54.8 39_0209  61.4 

39_0105  68.9 39_0211  82.8 

39_0106  78.6 39_0260  68.8 

39_0107  82.4 39_0261  72.6 

39_0108  56.8 39_0262  76.6 

39_0109  42.3 39_0263  76.1 

39_0110  75.6 39_0264  77.2 

39_0111  60.1 39_0265  90.3 

39_0112 66.2 39_3013 151.4 

39_0160  98.2 39_3801 113.0 
 
Traffic  
 
Many of the traffic inputs for the Ohio LTPP projects were obtained at Level 1, since 
WIM and automated vehicle classification (AVC) data were available for all the projects.  
For the SPS-1, SPS-2, and SPS-9 projects, AVC and WIM data were obtained from 1996 
to 2005. For the GPS-3, both historic and actual counts of traffic volume were available 
along with WIM data collected in the 1990’s. Because of the differences in traffic data 
available in the LTPP database and ODOT traffic databases, traffic data processing was 
done differently for the SPS and GPS projects. A description of the traffic processing 
effort is presented in the following sections. 
 
SPS 1, 2, & 9 Traffic Data Processing 
 
ODOT provided an actual count of single, tandem, tridem, and quad axles that were 
applied to the SPS-1, -2, and -9 projects from 1996 through 2005:  

• Daily file size tables (provided information on the days for which the north or 
southbound lanes were open or closed to traffic from 1996 through 2005). 

• Vehicle class count data. 
• Counts of single, tandem, tridem, and quad axles applied for each of the four 

lanes (northbound and southbound) based on the following: 
o Day of the month. 
o Month and year. 
o Axle load grouping. 
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An example of the data provided is presented in Table 7 for single and tandem axles. 
Note that counts for penta and hex axles also were provided. These were added to the 
quad axles, as the MEPDG does not directly consider these axle types.  
 
The data presented in Table 7 were used to develop the MEPDG traffic inputs used for 
analysis; in other words, a traffic file was created containing monthly estimates of 
average daily counts of all axle types and axle load groupings for each month of the 
analysis period. The process used to create the traffic analysis file was as follows: 
 

1. Determine mean daily axle counts for each axle type and axle load grouping for 
each month of the analysis period, 1996 through 2004. 

2. Match the mean daily axle counts for each axle type and axle load grouping to 
the specific days within the given month. In other words, the average axle counts 
for Mondays in November of 1996 were matched to all Mondays in that given 
month. The same was done for all the other days for that given month and all the 
other months within the analysis period. 

3. Step 2 assumed that the LTPP pavements were opened to traffic all throughout 
the analysis period. Information provided by ODOT on the periods for which the 
test pavements were opened to traffic, however, suggested otherwise. That is, 
there were prolonged periods when the northbound lanes, or southbound lanes, 
or both lanes were closed to traffic. Using the information provided by ODOT on 
traffic closure times, all days for which the northbound lanes, southbound lanes, 
or both were closed was identified and truck traffic for those days were assumed 
to be zero.  

4. The adjusted traffic estimates in step 3 were summarized in an Excel spreadsheet 
that was read directly by the MEPDG and used for analysis. 

 
Examples of the data provided for lane 11 are presented in Figure 6 through Figure 8. 
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Table 7.   Example of daily single and tandem axle load spectra summary for Mondays 
in November 1996. 

 
Single Axle Tandem Axles 

Wt. 
Lane 

Sum Wt. 
Lane 

Sum 
11 12 52 51 11 12 52 51 

3 12 2 28 308 350 6 8 1 3 8 20 
4 30 13 31 831 905 8 22 10 17 11 60 
5 78 11 16 531 636 10 112 13 26 43 194 
6 93 26 17 250 386 12 309 39 43 70 461 
7 57 4 29 131 221 14 335 38 39 175 587 
8 108 6 51 92 257 16 258 31 20 211 520 
9 167 14 36 102 319 18 172 28 13 237 450 

10 465 38 51 181 735 20 179 24 13 250 466 
11 578 66 18 205 867 22 148 13 17 156 334 
12 442 32 16 364 854 24 110 11 19 138 278 
13 84 3 9 276 372 26 99 6 14 123 242 
14 58 3 6 379 446 28 95 11 12 114 232 
15 37 2 4 234 277 30 146 14 16 109 285 
16 57 3 2 173 235 32 179 11 7 110 307 
17 56 5 4 131 196 34 295 27 14 95 431 
18 81 3 2 80 166 36 171 9 8 101 289 
19 61 7 4 65 137 38 46 10 7 105 168 
20 15 1 3 43 62 40 25 3 4 86 118 
21 12 0 2 50 64 42 5 0 3 124 132 
22 2 0 2 32 36 44 2 0 0 111 113 
23 3 0 2 45 50 46 0 0 2 126 128 
24 2 0 0 36 38 48 1 0 4 103 108 
25 0 0 0 33 33 50 0 0 0 81 81 
26 2 0 2 25 29 52 0 0 0 51 51 
27 1 0 0 25 26 54 0 0 0 62 62 
28 1 0 0 13 14 56 0 0 0 31 31 
29 0 0 0 17 17 58 0 0 0 18 18 
30 0 0 0 15 15 60 0 0 0 12 12 
31 0 0 0 11 11 62 0 0 0 8 8 
32 0 0 0 2 2 64 0 0 0 5 5 
33 0 0 0 3 3 66 0 0 0 1 1 
34 0 0 0 0 0 68 0 0 0 0 0 
35 0 0 0 0 0 70 0 0 0 0 0 
36 0 0 0 0 0 72 0 0 0 0 0 
37 0 0 0 0 0 74 0 0 0 0 0 
38 0 0 0 0 0 76 0 0 0 0 0 
39 0 0 0 0 0 78 0 0 0 0 0 
40 0 0 0 0 0 80 0 0 0 0 0 

Sum 2502 239 335 4683 7759  2717 299 301 2875 6192 
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Figure 6.  Hourly estimates of truck traffic for lane 11 (November 1996). 
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 Figure 7.  Estimates of truck traffic for each single axle load grouping for lane 11 

(November 1996). 
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Figure 8.  Estimates of truck traffic for each tandem axle load grouping for lane 11 

(November 1996). 

 
GPS 3013 & 3801 Traffic Data Processing 
 
For the GPS projects, traffic was estimated in the more conventional manner (that is, 
providing required user traffic inputs directly to the LTPP). The raw data provided 
were then used by the MEPDG to produce the traffic analysis files required for analysis.  
 
Traffic Volume 
 
Key traffic volume inputs provided are presented in Figure 9 through Figure 11. Note 
that the initial average annual daily truck traffic (AADTT) and traffic growth rate for 
393013 were 565 and 0 percent linear, respectively, and for 393801 were 195 and 16.8 
percent (linear), respectively. 
 
Axle Load Data 
 
The MEPDG also requires single, tandem, tridem, and quad axle load distribution 
factors for analysis. For all sections analyzed, the single and tandem axle load 
distributions were developed using WIM data obtained from the LTPP sites. Examples 
of axle load distribution factors computed for the truck class 9 for projects 39_3013 and 
39_3801 are presented in Figure 12 and Figure 13.  
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39_3013 

 
39_3801 

 
Figure 9.  MEPDG traffic volume inputs. 

 

 
39_3013 

 
39_3801 

Figure 10.  Monthly truck volume adjustment factors. 
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39_3013 

 
39_3801 

Figure 11.  Lateral truck wander and mean number axles/truck. 
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Figure 12.  Single axle distribution for class 9 trucks (averaged over all months). 
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Figure 13.  Tandem axle distribution for class 9 trucks (averaged over all months). 

 
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-related data for analysis. The 
SPS experiments had a weather station located nearby at the Newark-Heath Airport. 
This site was therefore used in analyzing all the SPS sections. For the GPS sections, 
climate data were generated using up to six of the closest weather stations to the section 
as identified by the MEPDG. Typically, each weather station had 96 to 116 months of 
climate data. Another piece of information that is required is an estimate of depth to 
water table level. For this project, a default depth to water table of 10 ft was adopted, 
based on the value used for national calibration. Details of project locations for all 
projects analyzed are presented in Table 8. An example of MEPDG coded climate 
information for project 39_0112 is presented in Figure 14. 

Table 8.   GPS coordinates of Ohio LTPP sections selected for use in 
validation/calibration. 

LTPP ID Elevation, 
ft 

Longitude, 
deg 

Latitude, 
deg 

Depth to Water 
Table, ft 

39_0100 955 -83.08 40.43 10 
39_0200 955 -83.08 40.43 10 
39_0900 950 -83.08 40.43 10 
39_3013 960 -83.89 38.88 10 
39_3801 655 -80.75 40.00 10 
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Figure 14.  Climatic data input for project 39_0112. 

 
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.   
 
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. 
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Details are presented in Table 9. 

Table 9.   JPCP project design features. 

 

LTPP ID 
Joint 

Spacing, 
ft 

PCC Slab Edge Support Transverse Joint Load Transfer 
Slab 

Width, ft 
Tired PCC 

Shoulder (Y/N) 
Dowel 

Diameter, in 
Dowel 

Spacing, in 
39_0203 15 14 N 1.5 12 
39_0207 15 14 N 1.5 12 
39_0208 15 12 N 1.5 12 
39_0209 15 12 N 1.25 12 
39_0211 15 14 N 1.5 12 
39_0260 15 12 N 1.5 12 
39_0261 15 14 N 1.5 12 
39_0262 15 12 N 1.5 12 
39_0263 15 14 N 1.5 12 
39_0264 15 12 N 1.5 12 
39_0265 15 12 N 1.5 12 
39_3013 17 12 Y 0 0 
39_3801 20 12 Y 1.25 12 

1. A built-in temperature gradient of -10oF was used (MEPDG default).   
2. A full friction condition was assumed at the PCC-base interface for the entire design period for 

all base types. 
3. A silicone transverse joint sealant type was used. 

 
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 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 LTPP database 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 Ohio-specific defaults were 
assumed. The sources of key material inputs are as follows: 
 

• Asphalt mix volumetric properties: These were obtained through lab testing or 
asphalt concrete (AC) cores extracted by LTPP. The cores were extracted within 6 
to 8 months of placement and after the pavement had been subjected to very 
little traffic.  
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• PCC strength and modulus: For SPS-2 PCC materials, the 14-, 28-, and 365-day 
modulus of rupture (flexural strength) and elastic modulus values were 
measured by LTPP. For the GPS sections, only the long-term (mostly 5 years or 
more) compressive and tensile strength and elastic modulus were tested and are 
available. The available data were used to estimate Level 1 MEPDG inputs (14-, 
28-, and 90-day MR and EPCC) for SPS projects and Level 3 MEPDG inputs (28-
day MR and EPCC) for GPS projects. 

• PCC coefficient of thermal expansion (CTE): For both the SPS-2 and GPS-3 
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): The subgrade lab 
resilient modulus (Mr) at optimum moisture content is the required input when 
the Integrated Climatic Model (ICM) is used to determine the seasonal effects 
over time. This input is then used in the program to backcalculate a k-value for 
each month which is used in to calculate the stresses and deflections used to 
compute damage (for JPCP). However, LTPP does not provide the required 
subgrade lab resilient modulus (Mr) at optimum moisture content. Thus, for both 
JPCP and HMA pavements, Falling Weight Deflectometer (FWD) data from the 
LTPP database were used to backcalculate a long-term in-situ subgrade resilient 
modulus and k-value as appropriate. The point in time chosen for the 
backcalculation was selected to represent a long-term value (presumably when 
equilibrium moisture contents are reached in the field) when the subgrade is not 
either saturated or frozen (summer months). An appropriate subgrade lab 
resilient modulus (Mr) at optimum moisture content value was then selected 
through trial and error to obtain an MEPDG estimate of the long-term in situ 
resilient modulus (for HMA pavements) and k-value (for JPCP) which was 
similar to the field tested value. Comparisons of long-term, in situ field tested 
and MEPDG computed flexible subgrade resilient moduli and JPCP subgrade k-
values are presented in Figure 15 and Figure 16, respectively. 
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Figure 15.  Field tested and MEPDG computed flexible pavement in-situ subgrade 
resilient modulus. 

 

 
 

Figure 16.  Field tested and MEPDG computed JPCP in-situ subgrade k-value. 



 

 42 

Performance Data 
 
The SPS-1 and SPS-2 projects had up to 10 years of distress data on average while the 
two GPS-2 projects had up to 30 years of distress/IRI data. For the GPS projects, 
however, distress/IRI was reported for the period 19 to 23 years for section 3013 while 
the period 6 to 24 years was reported for section 3801. 
 
Generally speaking, all the candidate projects had sufficient amounts of distress/IRI 
data for use in analysis. Data quality varied as reported in the following sections. 
 
HMA Alligator Cracking 
 
All the SPS-1 and SPS-9 projects experienced both alligator and longitudinal cracking. 
Several of the SPS-1 sections experienced premature alligator cracking. A review of the 
historical trends of cracking development versus time for these sections indicated that 
the wheel path cracking, in many instances, initially manifested in the form of low 
severity longitudinal cracking which, with repeated traffic applications deteriorated 
and formed alligator cracking (see Figure 17 and Figure 18).  
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Figure 17.  Plot of alligator and longitudinal cracking progression for project 0106. 
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Figure 18.  Plot of alligator and longitudinal cracking progression for project 0903. 

 
A detailed forensic investigation of some of the SPS-1 projects indicated that the 
longitudinal cracking probably was due to defects in construction equipment and may 
not have been fatigue related (Sargand et al., 2007). Other causes of the premature 
cracking and failures identified were debonding of the HMA layers due to the 
infiltration of water between HMA layers and a lack of tack coat between the asphalt 
layers during construction.   
 
The questionable origins of the alligator cracking recorded for the SPS-1 and SPS-9 
sections, and the plausibility that they may not be related to traffic-induced fatigue 
alone, resulted them in not being considered suitable for further analysis.  
 
Other Distresses/IRI for HMA Pavements 
 
There was a considerable amount of good-quality performance data available for HMA 
pavements. The data were reviewed for quality by reviewing plots of measured 
performance versus age for each project. The performance characteristics for HMA 
pavements included:  

• HMA Transverse Cracking 
• HMA Rutting 
• HMA Smoothness (IRI) 

 
A plot of measured performance versus age was examined for each performance 
characteristic to determine anomalous data and potential errors. Obvious errors and 
outliers were removed. 
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JPCP Performance 
 
 In a similar fashion, the performance data of JPCP was reviewed. The performance 
characteristics for JPCP included: 
 

• JPCP Transverse Cracking 
• JPCP Faulting 
• JPCP Smoothness (IRI) 

 
Plots of measured performance versus age for examined for each performance 
characteristic of JPCP, and subsequently errors and outliers were removed. 
 
Summary 
 
Data from as many projects as possible were assembled into a project database and used 
for analysis. Not all the projects could be used, for a variety of reasons, the most 
common being: 
 

• Lack of reliable data (SPS-8 projects had no reliable traffic data, reconstructed 
SPS-1 projects had no reliable performance data). 

• Observed anomalies and potential errors in performance data. 
• Pavements with materials properties or design features that are not in agreement 

with current ODOT pavement design philosophy (e.g., joint spacing > 20-ft (e.g., 
39-0159 had a permeable cement treated base). 

 
With the exception of the projects that were removed from the project database 
completely due to early failures, lack of adequate data, and so on, as much information 
as possible was assembled on a model type basis and used accordingly.  In order words, 
the fact that a given project had no rutting data did not mean that it was not used for 
validating the transverse cracking models if transverse cracking data were available.  
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CHAPTER 4.   VALIDATION/RECALIBRATION OF SELECTED 
MEPDG MODELS 

 
Framework for MEPDG Model Validation 
 
This chapter presents a summary of work done to determine selected MEPDG model 
adequacy under Ohio conditions, specifically the prediction capability, accuracy, and 
bias of the selected MEPDG models. The work under this effort included: 

1. Assembling all relevant data for creating MEPDG input files. 
2. Processing assembled data (vehicle class distribution, backcalculated modulus of 

subgrade reaction, percent JPCP slabs with transverse cracking, etc.) to develop 
MEPDG input files and time series pavement performance data to be used for 
model evaluation. 

3. Evaluating model adequacy.   

Items 1 and 2 were discussed in the previous chapter; this chapter discusses item 3. 
 
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, computation of 
diagnostic statistics such as coefficient of determination (R2) and standard error of the 
estimate (SEE) used to determine model adequacy was either not possible or 
meaningless. For such situations, a simple comparison was made of measured and 
predicted distress/IRI categorized into as many groups as needed.  The range of 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, while measured and predicted distress residing in different groups 
suggested otherwise. 
 
For situations where the measured distress/IRI values were non-zero, statistical 
methods were used to determine model adequacy as follows: 

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

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

3. Perform statistical analysis to check model adequacy (i.e., prediction capability, 
accuracy, and bias). 

4. Perform local calibration, as needed, for the MEPDG models evaluated. 
5. Perform sensitivity analysis of the recalibrated models (discussed in chapter 5) 
6. Summarize results including revised model coefficients, where applicable. 

The statistical analysis performed is described in greater detail in the following sections. 
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Determine Model Prediction Capability 

The predictive capability of a given performance model was assessed by determining 
the correlation between measured and MEPDG predicted distress/IRI. The diagnostic 
statistic used for making this comparison was the coefficient of determination, R2. The 
estimated R2 was compared with R2 obtained from NCHRP 1-40D (see Table 10). 
Engineering judgment was then used to determine the reasonableness of the estimated 
R2 as follows: 

• 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 implied the MEPDG distress/IRI prediction model was not 
predicting distress/IRI reasonably and may need to be recalibrated to improve 
prediction capability. 
 
Estimate Model Accuracy 

The 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 the SEE obtained from 
NCHRP 1-40D (see Table 10), and engineering judgment was used to determine the 
reasonableness of the SEE. An SEE value much greater than that reported from NCHRP 
1-40D implied distress/IRI predictions was not very accurate. Model prediction 
accuracy was improved through recalibration in such situations. 
 

Table 10.  Summary of NCHRP 1-40D new HMA pavement and new JPCP model 
statistics. 

Pavement Type Performance 
Model 

Model Statistics 
Coefficient of 

Determination, R2 
Standard Error of 

Estimate, SEE 
Number of Data 

Points, N 

New HMA 

Alligator cracking 0.275 5.01 percent 405 
Transverse 
“thermal” cracking 

Level 1*: 0.344 
Level 2*: 0.218 
Level 3*: 0.057 

— — 

Rutting 0.58 0.107 in 334 
IRI 0.56 18.9 in/mi 1926 

New JPCP 

Transverse “slab” 
cracking 0.85 4.52 percent 1505 

Transverse joint 
faulting 0.58 0.033 in 1239 

IRI 0.60 17.1 in/mi 163 
*Level of inputs used for calibration. 
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Determine Bias 
 
Bias was defined as the consistent under- or over-prediction of distress/IRI. Bias was 
determined by performing linear regression using measured and MEPDG predicted 
distress/IRI and performing the following two hypothesis tests in the sequence listed.  
A significance level, α, of 0.05 or 5 percent was assumed for all hypothesis testing. 

• Hypothesis 1: Determining whether the linear regression model developed using 
measured and MEPDG predicted distress/IRI has an intercept of zero:  

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: 

i. H0: 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.  

• 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: 

i. H0: 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: 

• Hypothesis 3: Paired t-test. 
a. Perform a paired t-test to test the following null and alternative 

hypothesis: 
i. H0: Mean measured distress/IRI = mean predicted distress/IRI. 

ii. HA: Mean measured distress/IRI ≠  mean predicted distress/IRI.  
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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. 

 
Note that hypotheses 1 through 3 were performed sequentially. A rejection of any of the 
null hypothesis implied that the model was biased and, therefore, there was no need for 
further testing. Models that successfully passed all three tests were deemed to be 
unbiased. 
 
The results of both the non-statistical and statistical analysis as appropriately applied 
were used to determine overall MEPDG distress/IRI models adequacy. Where the 
MEPDG models were deemed inadequate for Ohio conditions, the models were 
recalibrated. The recalibrated models were evaluated for prediction capacity, accuracy, 
and bias.  
 
New HMA Pavement Models 
 
HMA Alligator Cracking 
 
Validation and Recalibration 
 
As discussed in chapter 4, the alligator cracking data recorded on the LTPP SPS-1 and 
SPS-2 projects were confounded with construction-related cracking. It was not possible 
to separate construction-initiated top-down cracking from fatigue related bottom-up (or 
alligator) or top-down cracking; hence, the alligator cracking model was not evaluated 
or recalibrated due to a lack of adequate data for analysis.  
 
HMA Transverse Cracking 
 
Validation 
 
Figure 19 presents a histogram of all measured (including time series) transverse 
cracking for the LTPP projects evaluated. The plot shows that approximately 90 percent 
of all measured transverse cracking values ranged from 0 to 20 ft/mi. The information 
in Figure 19, therefore, shows that the majority of the pavement projects used in 
analysis had minimal transverse cracking.  
 
Applying conventional statistical tests to such data will not produce meaningful 
diagnostic statistics. Thus, a simple non-statistical comparison of measured and 
predicted transverse cracking was done. 
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Figure 19.  Histogram showing distribution of measured transverse “thermal” cracking. 

 
For this comparison, transverse cracking was categorized into four groups as follows: 

 
• 0-250 ft/mi. 
• 250-500 ft/mi. 
• 500-1000 ft/mi. 
• 1000-2000 ft/mi. 

 
The goal was to determine how often measured and predicted transverse cracking fell 
in the same grouping. The range of each group was determined using engineering 
judgment. Results of the comparison are presented in Table 11. Table 12 shows the same 
information broken down by binder type.  
 
A review of the information presented in Table 11 and Table 12 showed that, for both 
conventional and SuperPave binders, all measured transverse cracking data fell in the 
same grouping. 
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Table 11.  Comparison of measured and predicted transverse cracking (percentage of all 
measurements). 

 
MEPDG Measured 

Transverse Cracking, 
ft/mi 

MEPDG Predicted Transverse Cracking, ft/mi 

0-250 250-500 500-1000 1000-2000 

0-250 71 0 0 0 
250-500 0 0 0 0 
500-1000 0 0 0 0 

1000-2000 0 0 0 0 
 
Table 12.  Comparison of measured and predicted transverse cracking (percentage of all 

measurements) by binder type. 
 

Binder Type 
MEPDG Measured 

Transverse 
Cracking, ft/mi 

MEPDG Predicted Transverse Cracking, ft/mi 

0-250 250-500 500-1000 1000-2000 

Conventional 
binder (AC-20) 

0-250 63 0 0 0 
250-500 0 0 0 0 
500-1000 0 0 0 0 

1000-2000 0 0 0 0 

SuperPave 
binder (PG 64-

22) 

0-250 8 0 0 0 
250-500 0 0 0 0 
500-1000 0 0 0 0 

1000-2000 0 0 0 0 
*Note that conventional binder was used for the SPS-1 projects and project 0901. Project 0902 & 
0903 used SuperPave binders. 

 
Based on the results presented for a limited number of SPS-1 and SPS-9 projects, it is 
concluded that the nationally calibrated MEPDG transverse cracking model predicted 
transverse cracking adequately. However, based on the researchers’ experience with 
MEPDG implementation efforts with other agencies, the MEPDG default creep 
compliance and tensile strength estimates overestimated the true creep compliance of 
HMA mixes and underestimated thermal cracking. This discrepancy comes into sharper 
focus when measured thermal cracking from colder climates is compared to the 
MEPDG predicted thermal cracking using Level 3 defaults. It is recommended that 
ODOT reassess the thermal cracking model using data from northern Ohio sites before 
making a final decision. 
 
Recalibration 
 
Although the predictions for the SPS-1 and 9 sites selected are reasonable, given the fact 
that all these sites are located in a single climatic region, it is recommended that the 
model’s prediction capability be reassessed using data from colder sites in Ohio.   
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HMA Rutting 
 
Validation 
 
Figure 20 presents a histogram of all measured (including time series) rutting for the 
HMA pavement projects used in analysis. The plot shows data ranging from 0.06 to 0.41 
in and a mean of 0.17 in. Evaluating such data statistically should produce reasonable 
and meaningful diagnostic statistics that can be used to assess the model’s predictive 
capability, accuracy, and bias. Thus, a statistical comparison of measured and MEPDG 
predicted rutting was performed. The results, presented in Figure 21 and Table 13, 
show the following trends: 
 

• Bias in predicted and measured rutting, as indicated by the results of hypothesis 
testing of items (1) and (3). It is also obvious that the MEPDG over-predicts the 
rutting. 

• A poor correlation between measured and MEPDG predicted rutting. 
• SEE less than 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. 
Because the data set is small and all the sections are drawn from a single site, this 
recalibration effort should be viewed more as a feasibility or model exercise. A more 
rigorous effort involving a larger data set of sections that are more representative of the 
diverse design and site factors that exist in Ohio will be needed for the results to be 
valid for a general design/analysis use. 
 
Recalibration  
 
The first step in recalibration involved a thorough review of the HMA, base, and 
subgrade rutting predictions to determine if they pass engineering judgment. Findings 
of this review of predicted rutting along with modifications applied to the MEPDG 
model coefficients are described below: 
  

• The trends in HMA, base, and subgrade layer rutting were as expected, with the 
predicted rutting decreasing with increasing HMA thickness. 

• Predicted HMA layer rutting ranged from 17 to 44 percent of predicted total 
rutting for all the projects analyzed. This is surprising considering that most of 
the LTPP SPS-1 and SPS-9 sections were relatively thick. This indicated that the 
rutting accumulated in the unbound layers and subgrade needed to be adjusted 
downwards through calibration. Therefore, unbound base/subgrade submodels 
coefficients βS1 and βS2 were modified as needed to improve predicted rutting. 
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Figure 20.  Histogram showing distribution of measured total rutting. 
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Figure 21.  Plot of measured versus MEPDG predicted HMA pavement total rutting. 
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Table 13.  Statistical comparison of measured and predicted rutting data. 
 
Goodness of Fit 
 
     N    = 101 
     R2   = 0.64 
Adj R2 = 0.64 
  SEE    = 0.035 in 
 
Hypothesis Testing 
 

Hypothesis DF Parameter 
Estimate 

Std. 
Error t Value p-value 

(Pr > |t|) 
95 Percent Confidence 

Limits 
(1) Ho: Intercept = 0 1 0.2178 0.0059 36.8 <0.0001 0.21 0.23 
(2) Ho: Slope = 1.0 1 1.02280 0.0571 13.49 <0.0001 0.65 0.88 
(3) Ho: Measured 
Rutting – MEPDG 
Predicted Rutting = 0 

101   -52.7       <0.0001   

 
• The slope of the rutting versus age (traffic) curve was not matched well by the 

MEPDG. As a consequence, the MEPDG over-predicts rutting for the lower 
magnitudes of measured rutting and under-predicts rutting for the higher 
magnitudes of measured rutting. This requires an adjustment to the β2r and β3r of 
the HMA rutting submodel. Adjustments to these coefficients should be based on 
laboratory investigation of accumulation of permanent deformation with 
repeated loadings. Such investigations are being performed in NCHRP Project 9-
30A project. It is recommended that ODOT follow this research (due for 
completion in 2010) and implement its findings. ODOT also should plan on 
performing repeated load permanent deformation testing on its typical mixtures 
to validate the permanent deformation model in the MEPDG.  

 
Based on the findings of the review, recalibration was limited to modifying the local 
calibration coefficient β1r of the HMA rutting submodel and the local calibration 
coefficients βS1 and βS2 of the base and subgrade rutting submodels (see equations 14 
through 21). Recalibration was performed using the selected LTPP SPS-1 and SPS-9 
projects described earlier. The recalibrated model, including new model coefficients, is 
presented below: 
 
  TRUT   =  0.51*ACRUT + 0.32*BASERUT + 0.33*SUBGRUT  (39) 
 
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) 
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  SUBGRUT = Rutting in the subgrade layer predicted using the 1-40D models  
    (see chapter 2) 
     β1r = HMA rutting prediction local calibration factor = 0.51 
          βB1 = Unbound base rutting prediction local calibration factor = 0.32 
          βs1 = Subgrade rutting prediction local calibration factor = 0.33 
 
A statistical comparison of measured and MEPDG predicted rutting was performed to 
determine accuracy and precision. The results, presented in Figure 22 and Table 14, 
indicate the following: 

• A fair correlation between measured and MEPDG predicted rutting.  
• SEE much less than that reported for the national MEPDG rutting model.   
• Significant bias in predicted and measured rutting, as indicated by the results of 

hypotheses (1) and (3). 

Although the goodness of fit of the recalibrated model was adequate, the model 
predictions still were significantly biased, suggesting that the revised model is still 
deficient. The presence of bias post recalibration was due mainly to the inability of the 
MEPDG to match the shape of the rutting versus age (traffic) curve. A more 
comprehensive evaluation of ODOT HMA pavement mixtures and a larger calibration 
data set will be necessary to calibrate the models for ODOT conditions. 
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Figure 22.  Plot of measured versus MEPDG predicted HMA pavement total rutting. 
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Table 14.  Statistical comparison of measured and recalibrated rutting model predicted 
rutting data. 

Goodness of Fit 
 
     N    = 101 
     R2   = 0.63 
Adj R2 = 0.63 
  SEE    = 0.014 in 
Hypothesis Testing 

Hypothesis DF Parameter 
Estimate 

Std. 
Error t Value p-value 

(Pr > |t|) 
95 Percent Confidence 

Limits 
(1) Ho: Intercept = 0 1 0.083 0.0024       34.4 < 0.0001 0.078         0.087 
(2) Ho: Slope = 1.0 1 0.952 0.049 19.4      0.3395 0.855         1.05 
(3) Ho: Measured 
Rutting – MEPDG 
Predicted Rutting = 0 

101   -5.62       < 0.0001   

 

HMA Smoothness (IRI) 
 
Validation 
 
Figure 23 presents a histogram of all measured IRI for the SPS-1 and SPS-9 projects 
included in the analysis. The plot shows that the IRI data range from approximately 40 
to 180 in/mi and have a mean of 81 in/mi. A statistical comparison of the measured 
and MEPDG predicted IRI was performed to determine the nationally calibrated 
model’s predictive ability and accuracy. The results are presented in Figure 24 and 
Table 15 and indicate the following: 
 

• There is significant bias in predicted IRI. It can be gathered that the MEPDG 
over-predicts the IRI for the lower magnitudes of measured IRI and under-
predicts it for the higher magnitudes of measured IRI. In other words, the slope 
of the predicted versus measured IRI does not match the 1:1 slope represented by 
the line of equality. 

• There is a poor correlation between measured and MEPDG predicted IRI.  

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

 
A recalibration effort was needed to remove the identified significant bias. Just as with 
the rutting model recalibration effort, this recalibration effort should be viewed as an 
example or model exercise. To be implementable in design, a broader data set including 
sections representing the diverse site and design factors in Ohio will be needed. 
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Figure 23.  Histogram showing distribution of measured total IRI. 
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Figure 24.  Plot of measured versus MEPDG predicted HMA pavement IRI. 
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Table 15.  Statistical comparison of measured and MEPDG predicted IRI data. 
Goodness of Fit 
 
     N    = 134 
     R2   = 0.008 
Adj R2 = 0.0009 
  SEE    = 9.8 in/mi 
 
Hypothesis Testing 

Hypothesis DF Parameter 
Estimate Std. Error t Value p-value 

(Pr > |t|) 
95 Percent 

Confidence Limits 
(1) Ho: Intercept = 0 1 76.6 2.48        30.8       <0.0001 71.7        81.5 
(2) Ho: Slope = 1.0 1 1.008         0.032       31.2       0.78 0.94        1.07 
(3) Ho: Measured IRI 
– MEPDG Predicted 
IRI = 0 

134   -4.18 <0.0001   

 
 

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

 ( ) ( ) ( ) ( )RDTCFCSFIRIIRI Totalo 4321 αααα ++++=  (40) 
where: 
  IRIo  =  Initial IRI after construction, in/mi 
   SF  =  Site factor, refer to equation 41 
      FCTotal  =  Area of fatigue cracking (combined alligator, longitudinal,  

 and reflection cracking in the wheel path), percent of total 
lane area. All load related cracks are combined on an area 
basis – length of cracks is multiplied by 1 foot to convert 
length into an area basis 

TC  =  Length of transverse cracking (including the reflection of  
   transverse cracks in existing HMA pavements), ft/mi. 

  NRD  =  Average rut depth (computed using the recalibrated rutting   
     model presented as equation 39)  
 α1, α2, α3, α4 = New model coefficients obtained through recalibration 
 
The site factor is calculated in accordance with the following equation. 
 
   5.1* AGESWELLFROSTHSF +=            (41) 
where:  

FROSTH =  LN([PRECIP+1]*FINES*[FI+1])  
SWELLP = LN([PRECIP+1]*CLAY*[PI+1])  
FINES =  FSAND + SILT   
AGE = pavement age, years 
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PI  = subgrade soil plasticity index 
PRECIP =  mean annual precipitation, in. 
FI   =  mean annual freezing index, deg. F Days 
FSAND =  amount of fine sand particles in subgrade  

    (percent of particles between 0.074 and 0.42 mm) 
SILT =  amount of silt particles in subgrade  

    (percent of particles between 0.074 and 0.002 mm) 
CLAY = amount of clay size particles in subgrade  

    (percent of particles less than 0.002 mm) 
 
As shown in equations 40 and 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: 
 

• The model generally over-predicted IRI for IRI less than 80 in/mi and under-
predicted IRI for IRI greater than 80 in/mi.  

• Bias still present in the recalibrated rutting model was passed on to the IRI 
model. 

 
Recalibration was done using the selected LTPP SPS-1 and SPS-9 projects described 
earlier (project 0159 was excluded because of bad performance data). The recalibrated 
model, including new model coefficients, is presented below: 
 
              ( ) ( ) ( ) ( )RDTCFCSFIRIIRI Totalo 6.1701.037.1066.0 ++++=  (42) 
 
where all variables are as already defined. 
 
A statistical comparison of measured and MEPDG predicted HMA IRI was done to 
determine recalibrated model prediction capacity, accuracy, and bias. The results are 
presented in Figure 25 and Table 16 and show the following: 
 

• A very good correlation between measured and predicted smoothness from the 
recalibrated HMA IRI model.  

• SEE was about the same as the original MEPDG HMA IRI model.  

• Although both hypotheses (1) and (2) were rejected and hypothesis (3) accepted, 
the levels of bias reported were more reasonable when compared to the 
nationally calibrated model. 
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Figure 25.  Plot of measured versus MEPDG predicted HMA pavement IRI. 

 

Table 16.  Statistical comparison of measured and predicted recalibrated HMA model 
IRI data. 

Goodness of Fit 
 
     N    = 134 
     R2   = 0.69 
  Adj R2 = 0.69 
  SEE    = 15.9 in/mi 
Hypothesis Testing 
 

Hypothesis DF Parameter 
Estimate 

Std. 
Error t Value p-value 

(Pr > |t|) 
95 Percent 

Confidence Limits 
(1) Ho: Intercept = 0 1 22.9 3.67        6.25       < 0.0001 17.7        30.2 
(2) Ho: Slope = 1.0 1 0.95 0.017 54.7     < 0.0027 0.912         0.981 
(3) Ho: Measured IRI – 
Recalibrated Model 
Predicted IRI = 0 

134   0.75       0.455   
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New JPCP 
 
Transverse Slab Cracking 
 
Validation 
 
Figure 26 presents a histogram of all measured PCC slab transverse cracking for the 
LTPP projects evaluated. Sixty-six of the 68 reported measurements of percent slabs 
cracked were zero. Thus, the MEPDG JPCP transverse cracking model was evaluated by 
comparing measured and predicted percent slabs cracked in a non-statistical manner.   
The measured transverse cracking was divided into eight groups; the range of each 
group was determined based on engineering judgment. The goal was to determine how 
often measured and predicted percent slabs cracked remained in the same group.  
Measured and predicted percent slabs cracked remaining in the same group implied 
reasonable and accurate predictions with little or no bias, while measured and 
predicted distress residing in different groups suggested otherwise.  The results of the 
comparisons are summarized in Table 17. 
 
A vast majority of the measured and predicted transverse cracking (approximately 97 
percent) fell within the same measured and predicted transverse cracking grouping. All 
of these were for pavements with very little cracking distress. There were two data 
points for which predicted percent slabs cracked was higher than measured. The 
difference was, however, less than 10 percent and was deemed not significant. 
 
For the levels of cracking evaluated in this analysis, the JPCP transverse cracking model 
predicted cracking with reasonable accuracy and without significant bias. Higher levels 
of cracking present on moderate to highly distressed pavements were not evaluated, as 
none of the projects included in the analysis experienced this level of cracking. Thus, 
although the JPCP transverse cracking was found to predict the distress reasonably 
well, there is a the need for additional analysis to include moderate to highly distressed 
pavements and projects that fully represented Ohio site and pavement design and 
construction practices. 
 
Recalibration 
 
Recalibration of the MEPDG JPCP transverse cracking model was not warranted at this 
stage. 
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Figure 26.  Histogram showing distribution of measured transverse slab cracking. 

 

Table 17.  Comparison of measured and predicted transverse slab cracking (percentage 
of all data points). 

Measured Percent 
Slabs Cracked 

MEPDG Predicted Percent Slabs Cracked 
0-2 2-5 5-10 10-20 20-40 40-60 60-80 80-100 

0-2 66 0 0 0 0 0 0 0 
2-5 1 0 0 0 0 0 0 0 

5-10 1 0 0 0 0 0 0 0 
10-20 0 0 0 0 0 0 0 0 
20-40 0 0 0 0 0 0 0 0 
40-60 0 0 0 0 0 0 0 0 
60-80 0 0 0 0 3 8 0 0 

80-100 0 0 0 0 0 0 0 0 
*Total data points = 68. 
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Transverse Joint Faulting 
 
Validation 
 
Figure 27 presents a histogram of all measured mean transverse joint faulting for all the 
SPS-2 and GPS-3 pavement sections included in this analysis. The plot shows that the 
measured mean joint faulting ranges from 0 to 0.14 in. Evaluating these data should 
produce reasonable and meaningful diagnostic statistics that can then be used to assess 
the model’s predictive capacity, accuracy, and bias. Thus, a statistical comparison of 
measured and MEPDG predicted transverse joint faulting was done. The results are 
presented in Figure 28 and Table 18 and indicate the following: 
 

• A good correlation between measured and MEPDG predicted faulting.  
• SEE less than that reported for the national MEPDG faulting model.   
• No bias in predicted and measured faulting as indicated by the results of 

hypotheses (1), (2), and (3). 
 
Therefore, it can be concluded that the MEPDG mean joint faulting model’s prediction 
capacity was very good and had no significant bias. 
 
  

 
Figure 27.  Histogram showing distribution of measured transverse joint faulting for all 

projects evaluated. 
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Figure 28.  Plot of measured versus MEPDG predicted JPCP faulting. 

 

Table 18.  Statistical comparison of measured and MEPDG predicted transverse joint 
faulting data. 

Goodness of Fit 
     N    = 66 
     R2   = 0.71 
Adj R2 = 0.71 
  SEE    = 0.011 in 
Hypothesis Testing 

Hypothesis DF Parameter 
Estimate 

Std. 
Error t Value p-value 

(Pr > |t|) 
95 Percent 

Confidence Limits 
(1) Ho: Intercept = 0 1 0.00009745 0.00141       0.07      0.9452 -0.00272         0.00292 
(2) Ho: Slope = 1.0 1 0.88807        0.06499 2.97     0.0897 0.75830         1.01783 
(3) Ho: Measured 
Faulting – MEPDG 
Predicted Faulting = 0 

66   -0.55       0.5823   

 

 
Recalibration 
 
Recalibration of this model is still warranted given the limited amount of data from 
sections with higher amounts of faulting distress. In a future validation/calibration 
effort, it is recommended that data from projects with higher faulting distress be 
included in the experimental factorial. 
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JPCP Smoothness (IRI) 
 
Validation 
 
 
Figure 29 presents a histogram of the measured IRI data for the selected SPS-2 projects 
included in analysis. The plot shows that the measured IRI ranges from 60 to 250 in/mi 
with a mean of 81 in/mi. A statistical comparison of the measured and MEPDG 
predicted IRI was performed. The results are presented in Figure 30 and Table 19. 
 
The results showed the following: 
 

• An excellent correlation between measured and MEPDG predicted IRI.  
• SEE less than that reported for the national MEPDG JPCP IRI model.   
• Bias in predicted and measured JPCP IRI as indicated by the results of 

hypotheses (1), (2), and (3). 
Although the model’s predictive capacity was excellent, there was a need to perform 
recalibration to remove the significant bias identified.  
 
 

 
 

Figure 29.  Histogram showing distribution of measured JPCP IRI. 
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Figure 30.  Plot of measured versus MEPDG predicted JPCP pavement IRI. 

 
Table 19.  Statistical comparison of measured and MEPDG predicted JPCP IRI data. 

Goodness of Fit 
 
     N    = 128 
     R2   = 0.98 
Adj R2 = 0.98 
  SEE    = 4.1 in/mi 
 
Hypothesis Testing 
 

Hypothesis DF Parameter 
Estimate 

Std. 
Error t Value p-value 

(Pr > |t|) 
95 Percent 

Confidence Limits 
(1) Ho: Intercept = 0 1   8.04080        1.04733       7.68 <0.0001 5.96833        10.11327 
(2) Ho: Slope = 1.0 1 0.90059        0.01110      81.12      <0.0001 0.87862         0.92256 
(3) Ho: Measured IRI – 
MEPDG Predicted IRI = 0 128   17.72 <0.0001   
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Recalibration  
 
Recalibration involved modifying the original MEPDG JPCP IRI prediction model as 
follows: 

   IRI = IRII + C1*CRK +C2*SPALL + C3*TFAULT + C4*SF (43) 
 
where: 

IRI   =  Predicted IRI, in/mi 
IRII  =  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 mi, in 
C1, C2, C3, C4 = Recalibration coefficients 
SF    =  Site factor 

 
   SF =AGE (1+0.5556*FI) (1+P200)*10-6    (44) 

where: 

AGE =  Pavement age, yr. 
FI  =  Freezing index, °F-days. 
P200 =  Percent subgrade material passing No. 200 sieve. 

 
As shown in equations 43 and 44, 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 the selected LTPP SPS-2 and GPS-3 projects 
described earlier. The recalibrated model, including new model coefficients, is 
presented in equation 45. It should be noted once again that the recalibration exercise 
undertaken here is limited by the constraints imposed by the data set used. It is 
anticipated that, before finalizing this model for design use, a wider inference space 
representing the range of site and design factors of interest to ODOT will be used in a 
future recalibration effort. 
 
   IRI = IRII + 0.82*CRK +3.7*SPALL + 1.711*TFAULT + 5.703*SF (45) 
 
All variables are as already defined. 
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A statistical comparison of measured and predicted JPCP IRI was done to determine 
recalibrated model prediction capacity and accuracy. The results are presented in Figure 
31 and Table 20 and show the following: 
 

• An excellent correlation between measured and predicted IRI from the 
recalibrated JPCP IRI model.  

• SEE was about the same as the original MEPDG JPCP IRI model which was less 
than that reported for the national MEPDG JPCP IRI model.   

• No significant levels of bias as indicated by the results of hypotheses (1), (2), and 
(3). 
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Figure 31.  Plot of measured versus recalibrated JPCP IRI model predicted IRI. 
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Table 20.  Statistical comparison of measured and predicted recalibrated JPCP model IRI 
data. 
Goodness of Fit 
 
     N    = 128 
     R2   = 0.98 
Adj R2 = 0.98 
  SEE    = 4.13 in/mi 
 
Hypothesis Testing 
 

Hypothesis DF Parameter 
Estimate 

Std. 
Error 

t 
Value 

p-value 
(Pr > |t|) 

95 Percent 
Confidence 

Limits 

(1) Ho: Intercept = 0 1 2.04752 1.05691 1.94 0.0549   -
0.04391         4.13896 

(2) Ho: Slope = 1.0 1   0.99389         0.00389 2.46     0.1190 0.98618         1.00159 
(3) Ho: Measured IRI – 
Recalibrated Model Predicted 
IRI = 0 

134   -0.81       0.4200   

*Borderline when compared to a significance level of 0.05. 
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CHAPTER 5.   SENSITIVITY ANALYSIS OF RECALIBRATED MEPDG 
MODELS   

 
Introduction 
 
A sensitivity analysis is the process of varying model input parameters (subgrade type, 
base type, PCC strength, etc.) over a practical range and observing the relative change 
in model response. By doing this for typical Ohio conditions, the MEPDG models can be 
evaluated for reasonableness.  
 
For this study, a comprehensive sensitivity analysis of the nationally calibrated MEPDG 
models was done and presented in Volume 3 of this report. Supplemental sensitivity 
analysis was required to augment the results presented in Volume 3 due to the 
recalibration of the HMA rutting and IRI models and the JPCP IRI model. 
 
Baseline designs were developed for deep-strength HMA pavement and JPCP using a 
central Ohio location’s site conditions and other inputs that typically would be used. 
The baseline designs were used in both the comprehensive sensitivity analysis and the 
supplemental sensitivity analysis described here. A full and detailed description of the 
baseline designs is presented in Volume 3, along with the range of various input factors 
around the input baseline values established for the baseline designs.    
 
This supplemental analysis was conducted by varying the design features, material 
properties, climate, etc. of the baseline design to determine how changes to these 
MEPDG input parameters influence the prediction of the following recalibrated models: 

• New HMA rutting. 
• New HMA IRI. 
• JPCP IRI. 

The goal was to compare predictions from the recalibrated models with those from the 
nationally calibrated MEPDG models, thereby deducing the effect of all key inputs 
variables on predictions from the recalibrated models. 
 
Sensitivity Analysis Results for New HMA Pavements Recalibrated Models 
 
Effect of Base Type on MEPDG Predicted HMA Pavement Performance  
 
The base types considered were the DGAB and ATB_301. Both base types were 6 inches 
thick. Figure 32 and Figure 33 show the effect of base type on new HMA rutting and 
IRI. The information presented shows that, as reported by the nationally calibrated 
MEPDG models, unbound aggregate base causes the highest levels of the rutting and 
IRI. Compared to the nationally calibrated MEPDG models, the recalibrated models  
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Figure 32.  Plot showing the effect of base type on predicted rutting. 
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Figure 33.  Plot showing the effect of base type on predicted IRI. 
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predicted less rutting and IRI. An evaluation of the trends in predicted rutting and IRI 
using the recalibrated models showed reasonable predictions that were in agreement 
with the trends in pavement deterioration observed in Ohio.  
 
Effect of Climate 
 
The effect of climate on recalibrated models predicted rutting and IRI was determined 
by selecting representative weather stations from the north (Cleveland) and south 
(Cincinnati) of the state. The objective was to determine whether the effect of climate on 
the recalibrated models was reasonable and how it compared with the nationally 
calibrated models. Climatic conditions were simulated using approximately 9 years of 
climate data collected from available weather stations. The results of the sensitivity 
analysis are presented in Figure 34 and Figure 35 for rutting and IRI, respectively. 
 
The trends were similar to those of the nationally calibrated models, with climate 
having a moderate effect on predicted rutting and IRI. For the recalibrated models, 
however, the magnitude of the difference in predictions of rutting and IRI due to 
variation in climate conditions was less than that observed for the nationally calibrated 
models. Therefore, the recalibrated models were less sensitive to the effect of climate. 
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Figure 34.  Plot showing the effect of climate on predicted rutting. 
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Figure 35.  Plot showing the effect of climate on predicted IRI. 

 
Effect of HMA Thickness 
 

HMA thickness had a large effect on rutting and IRI for both the nationally calibrated 
models and the recalibrated models. These effects are shown in Figure 36 and Figure 37 
for HMA thickness ranging from 5 to 11 in. The trends shown by the recalibrated 
models were reasonable and as expected. The recalibrated models were thus deemed 
reasonable. 

 
Effect of Subgrade Type 
 
The effect of subgrade type on performance was determined by simulating a new HMA 
pavement constructed over a fine-grained (A-7-5) and coarse grained (A-1-b) soil 
foundation. 
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Figure 36.  Plot showing the effect of HMA thickness on predicted rutting. 
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Figure 37.  Plot showing the effect of HMA thickness on predicted IRI. 
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The subgrade soil properties represented by these two soil types are summarized 
below: 

• Coarse-grained soil: 
o Resilient modulus: 26,500 psi. 
o Percent passing the No. 200 sieve size: 13.4 percent. 
o Maximum dry density: 127 pcf. 
o Optimum moisture content: 7.5 percent. 
o Hydraulic conductivity: 0.066 ft/hr 

• Fine-grained soil: 
o Resilient modulus: 11,500 psi 
o Percent passing the No. 200 sieve size: 61.1 percent. 
o Maximum dry density: 112 pcf. 
o Optimum moisture content: 14.6 percent. 
o Hydraulic conductivity: 0.00004 ft/hr 

 
The most significant property affecting distress development is the resilient modulus, 
which affects stress, strains, and deformations in the pavement and subgrade. As the 
subgrade modulus decreases, tensile strain in the bottom of the HMA layer and vertical 
strain at the top of the subgrade increase. Figure 38 and Figure 39 present the effect of 
subgrade soil type on predicted rutting and IRI. In general, the lower the subgrade 
type/modulus, the higher alligator fatigue cracking, rutting, and IRI. The trends shown 
by the recalibrated models were reasonable and as expected. The recalibrated models 
were thus deemed reasonable. 
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Figure 38.  Plot showing the effect of subgrade type on predicted rutting. 
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Figure 39.  Plot showing the effect of subgrade type on predicted IRI. 

 
Effect of HMA In-Situ Air Voids 
 
Changes in HMA air voids have a considerable effect on rutting and IRI, since air voids 
affect HMA dynamic modulus—a key input for estimating permanent strain within the 
HMA layer.  
 
Figure 40 and Figure 41 show the effect of the air voids in the base HMA layer 
(lowermost HMA layer) on predicted rutting and IRI. As can be seen, an increase of in-
situ air void content in the lowermost HMA layer results in a large increase in both 
rutting and IRI. Figure 42 and Figure 43 show that an increase of in-situ air void content 
in the uppermost two layers also increases the rate of progression of rutting. IRI shows 
the same trend but is not affected much by a change of in-situ air void content over this 
range. The trends shown by the recalibrated models were reasonable and as expected. 
The recalibrated models were thus deemed reasonable. 
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Figure 40.  Plot showing the effect of HMA air voids in bottom layer on predicted 
rutting. 
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Figure 41.  Plot showing the effect of HMA air voids in bottom layer on predicted IRI. 
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Figure 42.  Plot showing the effect of HMA air voids in top layer on predicted rutting. 
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Figure 43.  Plot showing the effect of HMA air voids in top layer on predicted IRI. 
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Sensitivity Analysis Results for New JPCP Recalibrated Models 
 
Effect of Climate 
 
The effect of climate on predicted JPCP IRI was determined by selecting representative 
weather stations in Cincinnati and Cleveland to determine whether the effect of climate 
was captured by the recalibrated IRI model. The results of the supplemental sensitivity 
analysis are presented in Figure 44, which shows that IRI was moderately influenced by 
climate across Ohio. The trend shown by the recalibrated JPCP IRI model was 
reasonable and as expected. The recalibrated model was thus deemed reasonable. 
 
Effect of PCC Flexural Strength and Modulus of Elasticity 
 
Concrete strength is expected to have a considerable effect on IRI since it has a 
significant effect on slab cracking—a key IRI model input. When PCC strength increases 
for the same mix, the modulus of elasticity also changes. This sensitivity analysis 
included the natural change in the modulus of elasticity along with strength. (Note that 
other PCC properties such as shrinkage and CTE also could change with a change in 
strength, depending on how the strength change was accomplished in the mix design.  
However, for simplicity, only elastic modulus—which has the strongest and well 
established correlation with strength by far—has been chosen to co-vary with strength).  
These two effects tend to negate each other to some extent, in that as the modulus 
increases the stress also increases. Figure 45 shows that a change in PCC strength and 
elastic modulus has a moderate effect on IRI. The trend shown by the recalibrated JPCP 
IRI model was reasonable and as expected. The recalibrated model was thus deemed 
reasonable. 
 
Effect of PCC Slab Length/Joint Spacing 
 
The standard joint spacing in Ohio is 15 ft, and this was used as the baseline design. 
Spacing was varied from 12.5 to 20 ft to show its impact. As joint spacing is increased, 
additional joint opening and curling stresses occur, leading to an expectation of 
increased joint faulting and slab cracking (key inputs for IRI). Figure 46 shows the 
sensitivity plot for IRI. As joint spacing increases, smoothness decreases greatly, as 
expected. The trend shown by the recalibrated JPCP IRI model was reasonable and as 
expected. The recalibrated model was thus deemed reasonable. 
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Figure 44.  Plot showing the effect of climate on predicted JPCP IRI. 
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Figure 45.  Plot showing the effect of PCC flexural strength and elastic modulus on 
predicted JPCP IRI. 
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Figure 46.  Plot showing the effect of joint spacing on predicted JPCP IRI. 

 
Effect of Subgrade Type 
 
The subgrade properties included in the MEPDG that change with the various subgrade 
soil types are resilient modulus, gradation, and Atterberg limits. The most significant 
property affecting distress development is the resilient modulus, which was selected 
based on AASHTO soil classification as shown in Table 21.   
 
Subgrade type affects joint faulting and slab cracking considerably and has a moderate 
effect on IRI, as shown in Figure 47. The trend shown by the recalibrated JPCP IRI 
model was reasonable and as expected. The recalibrated model was thus deemed 
reasonable. 
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Table 21.  Recommended subgrade/embankment resilient modulus input (at optimum 
density and moisture) for rigid pavements and rehabilitation of rigid pavements.   
[Do not use these resilient modulus values for compacted base or subbase course.  Use 

appropriate table for base/subbase course resilient modulus]. 
 

 
 

Subgrade 
AASHTO 
Soil Class 

Optimum 
Dry Density 
(mean, std. 

dev.)* 

Optimum 
Moisture 
Content 
(mean)* 

Design Guide 
Input Resilient 

Modulus at 
Optimum 

Density/Moist. 
(mean, std. dev.)** 

Design Guide 
Backcalculated 

Output 
Dynamic  
k-value 

(mean, std. 
dev.)** 

Recommended 
Input Subgrade 

Resilient Modulus 
(Opt. 

Density/Moisture 
Content) 

A-1-b 122, 
9 11% 14,760, 

8,817 
335, 
92 18,000 

A-7-6 102, 
8 20 13,218, 

322 
203, 
53 13,000 

*Information provided in this table was obtained from the LTPP database (optimum density and 
moisture). 
**Information obtained from Design Guide backcalculation and from use of the Design Guide (input 
subgrade resilient modulus, Mr, at optimum density and moisture).   
***These results are based on about 250 JPCP and CRCP pavements located across the U.S. and used in 
the calibration of the Design Guide rigid pavements. 
 

60

80

100

120

140

160

180

200

220

240

0 5 10 15 20 25 30

IR
I, 

in
/m

i

Age, years
MEPDG IRI (A-1-b) Recalibrated Model IRI (A-1-b)
MEPDG IRI (A-7-6) Recalibrated Model IRI (A-7-6)  

Figure 47.  Plot showing the effect of subgrade type on predicted JPCP IRI. 
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CHAPTER 6.   SUMMARY AND CONCLUSIONS 
 
Summary 
 
New HMA 
 
Results for the MEPDG models evaluated for new HMA and new JPCP are summarized 
as follows:  

• Alligator fatigue cracking:  A full evaluation of this model could not be 
conducted due to the lack of data.   

• Transverse “thermal cracking” cracking: A full statistical analysis could not be 
conducted because there was no cracking measured on the projects. The non-
statistical comparison of predicted and measured cracking data showed that all 
measured and MEPDG predicted transverse cracking data fell in the same 
grouping. Thus, on this limited scale, the transverse cracking model performed 
adequately. A more detailed review to determine the adequacy of MEPDG 
default HMA creep compliance and tensile strength is needed to determine 
reasonableness of these defaults throughout Ohio’s climate zones. 

• Rutting:  The MEPDG rutting model was inadequate (predicted rutting with 
significant bias) and therefore was recalibrated. Recalibration produced local 
calibration factors for all three rutting submodels (HMA, base, and subgrade).  
Local calibration significantly improved the model accuracy but not the bias.  
Laboratory testing of typical ODOT HMA mixtures and a larger calibration 
dataset will be needed to refine this model before it can be used. 

• HMA IRI:  There was poor correlation between measured and MEPDG predicted 
IRI, while SEE was less than that reported for the national MEPDG IRI model.  
There was significant bias in predicted and measured IRI. With the model 
prediction capacity inadequate along with significant bias in predicted IRI, there 
was the need to perform recalibration to remove the identified significant bias. 
Local calibration significantly improved on the model accuracy and removed 
some of the existing bias. The recalibrated model still had some bias in its 
predictions. 

 
New JPCP 
 
Prediction models for new JPCP are as follows: 
 

• Transverse “fatigue” cracking in the slab:  Sixty-six of the 68 reported 
measurements of percent slabs cracked were zero. Thus, the MEPDG JPCP 
transverse cracking model was evaluated by comparing measured and predicted 
percent slabs cracked categorized into eight groups. Results were as follows:   
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o Approximately 97 percent of the measured and predicted transverse 
cracking fell within the same measured and predicted transverse cracking 
grouping. All of these were for pavements with very little cracking 
distress.   

o There were two data points for which predicted percent slabs cracked was 
higher than measured. The difference was, however, less than 10 percent 
and was deemed not significant. 

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

o Although the JPCP transverse cracking was found to predict the distress 
reasonably well, there is a need for additional analysis to include 
moderate to highly distressed pavements and projects that more fully 
represent Ohio site conditions and pavement design and construction 
practices. 

 
• Transverse joint faulting:  The MEPDG model predicted faulting reasonably well 

as summarized below: 
o A good correlation between measured and MEPDG predicted faulting.  

o SEE less than that reported for the national MEPDG faulting model.   

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

However, although the model was found to predict joint faulting reasonably 
well, there is a need for additional analysis to include more moderate to highly 
distressed pavements and projects that more fully represent Ohio site conditions 
and pavement design and construction practices. 

 
• IRI:  Predicted IRI using the MEPDG showed the following: 

o An excellent correlation between measured and MEPDG predicted IRI.  

o SEE less than that reported for the national MEPDG JPCP IRI model.   

o Bias in predicted and measured JPCP IRI as indicated by the results of 
hypotheses (1), (2), and (3). 

  Although the model’s prediction capacity was excellent, there was a need to 
perform recalibration to remove the identified significant bias. The new local 
calibration coefficients are as follows: 
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Pavement Type JPCP IRI Model Local Calibration Coefficients 
CRK (C1) SPALL (C2) TFAULT (C3) SF (C4) 

New JPCP 0.82 3.7 14.66 5.703 
 
Local calibration significantly improved model accuracy and removed all 
significant bias. 

 
Conclusions 
 
The MEPDG models were reviewed thoroughly for use under Ohio conditions using 
LTPP SPS-1, SPS-2, SPS-9, and GPS-3 projects. All the SPS projects were relatively 
young, with approximately 10 years of distress/IRI data. The projects were located 
mostly at the same site and thus did not represent all of Ohio’s site conditions or 
pavement design and construction practices. 
 
A limited review of the MEPDG models indicated that while some of the MEPDG 
models predicted distress/IRI reasonably, others exhibited significant bias and poor 
model accuracy. Based on the analysis performed, the original MEPDG and recalibrated 
models presented in this report appear to predict distress/IRI reasonably well, within 
limitations including: 
 

• HMA alligator cracking was not evaluated. 
• Recalibrated HMA rutting and IRI models still have some bias. 
• The HMA rutting, HMA IRI, and JPCP IRI models must be used only with the 

local calibration coefficients specified. 
• The models may be valid only for the limited conditions under which they were 

evaluated. 
 
A more comprehensive evaluation effort is needed that would include moderately to 
highly deteriorated pavements.   
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