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Pavement Temperature Profile Prediction 

Improvement of the Heat Transfer model [Han et al., 2011 
(TAMU)] 

 Enhanced boundary conditions. 
 Variable pavement surface radiation properties. 

 
Application of Finite Control Volume method (FCV) with 

Implicit Scheme [Zia et al., 2014 (UNR)] 
 Considering discontinuity in pavement layers’ material. 
 Improving the time efficiency of calculation. 
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Pavement Temperature Profile Prediction 
Heat Transfer Model Concept 

 
 
 
 
 
 
 

 
Heat Transfer Balance Between Pavement Structure & Surrounding Environment 

Solar Radiation 
(Albedo) 

Incoming 
(Absorption) and  
Outgoing (Emissivity) 
Radiation Heat Convection 

(Wind speed) 

Heat Diffusion 
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Pavement Temperature Profile Prediction 
Numerical Computation: Finite Control Volume Method (FCVM) 

 
 
 
 
 
 
 

 

Energy Balance in Each of Control Elements 

http://www.wrsc.unr.edu/
http://www.arc.unr.edu/


www.wrsc.unr.edu ; www.arc.unr.edu          Slide No. 5 

Pavement Temperature Profile Prediction 
Standalone Software: TEMPS (Alpha Version) 
Temperature Estimate Model for Pavement Structures (TEMPS) 
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Pavement Temperature Profile Prediction 
TEMPS – Input 

•
•
•
•
•
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Pavement Temperature Profile Prediction 
TEMPS – Materials 
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Pavement Temperature Profile Prediction 
TEMPS – Climatic Data 
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Pavement Temperature Profile Prediction 
TEMPS – Surface Characteristics 
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Pavement Temperature Profile Prediction 
TEMPS – Pavement Structure 
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Pavement Temperature Profile Prediction 
TEMPS – Mesh Generator 
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Pavement Temperature Profile Prediction 
TEMPS – Run Analysis 

Time Efficiency of Computation: Implicit Scheme 
 
Run time for 1 years analysis period  
(3.10 GHz proc. and 4.00 GB RAM) 
 
< 10 seconds using 1 hour time step* 
 
* Note: 1 hour time step was chosen without jeopardizing 
the model accuracy for prediction. 
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Pavement Temperature Profile Prediction 
TEMPS – Output Results 

http://www.wrsc.unr.edu/
http://www.arc.unr.edu/


www.wrsc.unr.edu ; www.arc.unr.edu          Slide No. 14 

Pavement Temperature Profile Prediction 
TEMPS – Output Results 
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Pavement Temperature Profile Prediction 
TEMPS – Output Summary 
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Pavement Temperature Profile Prediction 
TEMPS – Output Summary 
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Pavement Temperature Profile Prediction 
TEMPS – Predicted versus Measured 
Great Falls, MT at depth of 0.09 m (3.5 inch) 
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Particle Swarm Optimization (PSO) Algorithm:  
Single yearly surface characteristics 
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Pavement Temperature Profile Prediction 
TEMPS – Predicted versus Measured 
Great Falls, MT at depth of 0.09 m (3.5 inch) 
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Particle Swarm Optimization 
(PSO) Algorithm:  
Single yearly surface 
characteristics 

Optimization need to be 
refined to include monthly 
surface characteristics 
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Pavement Temperature Profile Prediction 
TEMPS – Additional Improvements 

• Optimize the surface characteristics for the US (Albedo, 
Emissivity, Absorption) using Particle Swarm Optimization 
(PSO) Algorithm 
– Monthly or seasonal values.  

• Create/Include input files for LTPP SMP sections. 
• Provide a summary of the average 7-day pavement 

temperature at various depths. 
• Provide a summary of pavement cooling/warming rates 
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