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screens that require user entry of data are coded red.  Those that have default values but not yet 

verified and accepted by the user are coded yellow.  Default inputs that have been verified and 

accepted by the user or when the user enters design-specific inputs are coded green.  The program 

will not run until all input screens are either yellow or green. 

 

The user may choose to run the analysis by clicking on the “Run” button after all inputs are 

provided for the trial design.  The software executes the damage analysis and the performance 

prediction engines for the trial design input when this is done.  The user can view input and output 

summaries created by the program when the execution of the run is complete.  The program creates 

a summary of all inputs of the trial design.  It also provides an output summary of the distress and 

performance prediction in both tabular and graphical formats.  All charts are plotted in both PDF 

and Microsoft Excel and can be easily incorporated into electronic documents and reports. 

 

 

 

Figure 1.5  M-E Design Software Splash Screen 

 
 



Overview 

• Types of cracking predicted by ME Design 

• Model forms and enhancements (made 
and planned) 
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Cracking Models & Transfer Functions 

Bottom-up cracking 
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Transverse cracking Reflection cracking 

 

Top-down cracking 



Mixture Properties for Cracking Models 
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Types of Cracks Mixture Properties 

Bottom-Up • Fatigue strength from flexural beam 
fatigue test 

Top-Down • Fatigue strength from flexural beam 
fatigue test 

Transverse 
(Thermal) 

• Indirect tensile strength 
• Indirect tensile creep compliance 

Reflection • None (regression equation) 



Bottom-Up Alligator Cracking 
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Bottom-Up Cracking Prediction 
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Steps Mixture Properties 

Allowable load 
applications 

Cumulative 
damage index 

%Lane area of 
cracking 

Notes • No changes or enhancements and none planned 
for the short-term 



Top-Down Longitudinal Cracking 
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Top-Down Cracking Prediction 
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Steps Mixture Properties 

Allowable load 
applications 

Same as bottom-up  
(assumes cracks initiate at the surface) 

Cumulative 
damage index 

Same as bottom-up 

Length of 
longitudinal 
crack (ft/mi) 



Top-Down: Planned Enhancements 

• ISSUE: 

 MEPDG Manual of Practice recommends the length of 
top-down cracking predicted by Pavement ME Design not 
be used to make revisions to the design. 
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NCHRP 1-42A    (Kim & Roque) 

 

2 Primary Models: 

 

1.VECD-based crack initiation model 

(time and location of crack initiation) 

  

2.HMA-FM-based crack growth model 

(predict propagation of cracks over time) 

 

Framework for approach… 



Top-Down: Planned Enhancements 
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• Targeting a fracture mechanics approach, similar to 
approach used for: 

– ME based transverse cracking (low temperature) model 

– ME based reflection cracking model 



Transverse Thermal Cracking 

11 



Transverse Cracking 
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Steps Mixture Properties 

Stress intensity 
factor 

Change in crack 
depth 

A & n 
parameters 

From indirect tensile creep-compliance and 
strength 

Amount of 
thermal 
cracking (ft/mi) 



Transverse Cracking 

• Current AASHTO software predicts transverse cracks 
only caused by low temperature events. 

• Multiple local calibration projects, summary of results: 

– Transverse cracks exhibited in warmer climates 

– MEPDG will not predict transverse cracking without a 
significantly high local calibration factor of the transfer 
function 

• Mechanism of transverse cracks in warm climates 
questioned for predicting transverse cracks: 

– AASHTO white paper prepared, but no action taken to date 
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Reflection Cracking 
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Reflection Cracking: v2.1 and Earlier 

• Version 2.1 and earlier versions: 

– Prediction of reflection cracks was based on an empirical 
regression equation and only applicable to load-related 
cracks. 
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Where: 

RC = percentage of cracks reflected 

t = time (yr) 

a = 3.5 + 0.75 hac 

b = -0.688584 – 3.37302 hac
-0.915469 

hac = HMA overlay thickness (in) 



Reflection Cracking: v2.2 Enhancement 
(Developed from NCHRP 1-41, Lytton) 

• Integrated the ME based fracture mechanics model in 
the software for predicting reflection cracks.  

• Applicable to load and non-load related cracks of flexible, 
semi-rigid, intact PCC, and fractured PCC pavements. 

• Key features include: 

– Traffic impact 

– Temperature profile computed using ICM 

– AC mix and binder properties and thermal stress computation 
done using existing ME Design approach 

– Utilization of ME Design AC material properties A, n 

– Adapting procedure for cracking for the longitudinal and 
transverse directions (i.e., for alligator cracking) 
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Reflection Cracking Mechanisms 
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1 Differential vertical deflections 

across joints & cracks. 

Traffic 

Induced 

Crack initiates & 

propagates in shear. 

2 Bending or increased tensile 

strains above joints & cracks. 

Traffic 

Induced 

Crack initiates in 

tension & propagates 

in tension & shear. 

3 Thermal expansion & 

contraction of joints & cracks. 

Thermal 

Induced 

Crack initiates & 

propagates in tension. 

AC Surface

PCC Base

AC Surface

PCC Base



Thermally Induced Reflective Cracking 
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Figure 5.6b.  Mechanisms of Thermally Induced Reflective Cracks of HMA Overlays 
 

 

Existing Rigid or Flexible Pavement Existing Rigid or Flexible Pavement 

HMA Overlay 
Crack Initiates in Tension & 

Propagates in Tension & Shear 

Thermal expansion & contraction 
caused by temperature changes 

Subbase and Foundation 



Bending Response Mechanism 
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Share Response Mechanism 
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Reflection Cracking - Observations 

• From calibration, shear is significantly more critical 
than for the bending and tensile mechanisms. 
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AC Surface

PCC Base

AC Surface

PCC Base



Reflection Cracking Prediction Process 
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Define layer properties 
subjected to bending, shear 

& thermal stresses. 

Generate stress intensity 
factors for specific 

rehabilitation strategy. 

Calculate damage increments 
& crack propagation from 

three mechanisms. 

Characterize existing 
transverse cracks and fatigue 

cracks. 

Predict total transverse & 
fatigue cracks. 



MEPDG Cracking: Summary 
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Cracking 
Designation 

Status 

Bottom-Up 
• No changes or enhancements;  

none planned for the short-term 

Top-Down 
• No changes to date; 

changes anticipated (NCHRP 1-52) 

Transverse 
(Low Temp) 

• No changes to date;  
need for changes identified (long-term) 

Reflection 
• Major enhancements in Version 2.2 

(replaced regression with M-E) 
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Questions? 

Kevin Hall 

(kdhall@uark.edu) 

 

Nam Tran 

(nht0002@auburn.edu) 
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