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Low Temperature Cracking 

Why do we Need a Thermal Cracking Model? 

 Binder important, but does not completely control: 

 Aggregate/mastic effects on mixture creep/fracture properties 

 Effects of RAP, WMA, fibers, and other additives 

 Final, constructed mixture volumetrics – voids, agg structure 

 Plant/field aging 

 Structural effects of temperature profile, fracture process 

 Modeling can provide: 

 True performance prediction (cracking vs. time) 

 Input for maintenance decisions  

 Insight for policy decisions 
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Low Temperature Cracking 

 TC Model 

 Stress Intensity Factor 

 

 
 

 Paris ‘Law’ 

 

 
 

 Crack amount model 

Old TC Model vs. IlliTC 
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 IlliTC 

 Finite element based thermal 

cracking prediction model 

with cohesive zone modeling 
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Low Temperature Cracking 

IlliTC Components 
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Input File 

Generator 

Geometric 

Data File  

(*.mesh) 

Intermediate 

File 

Climatic  

Information File 

(*.poly) 

Viscoelastic + Cohesive Zone Finite 

Element Analysis Engine 

Graphical User 

Interface: Visual LTC 

Input: 
- Material Properties* 

    - Viscoelastic 

    - Fracture 

- Location** 
* May be selected from pre-

existing library 

** Library of *.poly files contain 

climatic information for 

preloaded locations 

Output: 
- Critical Events for  

Thermal Cracking 

- Extent of Pavement 

Thickness Damaged 

and Cracked 

- Amount of Pavement 

Cracking 

Master 

Material Data 

File  

(*.mtr)         

Intermediate 

File 

Preanalyzer 
Intermediate 

File 



Low Temperature Cracking 

Required Inputs 
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Property Units Test 

Tensile strength MPa AASHTO T-322 or 

Extracted from DCT Test 

Fracture energy J/m2 ASTM D7313 1 

Option – 1 Unit weight g/cm3 AASHTO M323 

Mixture VMA 2 % AASHTO M323 

Aggregate coefficient of 

thermal expansion and 

contraction (CTEC) 2 

mm/mm/°C No standardized test 

Option – 2 Mixture coefficient of thermal 

expansion and contraction 

(CTEC) 3 

mm/mm/°C No standardized test 

Creep compliance test data (100 or 1000 

seconds for 3 temperatures) 

1/GPa AASHTO T-322 

Creep compliance test temperatures °C AASHTO T-322 
1 Fracture energy may be obtained with different test geometry; however the model is calibrated for the ASTM 

D7313 (disk-shaped compact tension, DCT) test procedure 
2 Mixture VMA and aggregate CTEC do not need to be entered if Mixture CTEC is provided 
3 Mixture CTEC will be calculated if mixture VMA and aggregate CTEC are provided 



Low Temperature Cracking 

Map of US Showing Climatic Locations 
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Low Temperature Cracking 

Thank you for your attention 

 Questions? 
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Thermal Stress in Longitudinal Direction near the Crack 

Path (MPa) 


