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OUTLINE

• ERAPave PP components 

• Component models

• Mechanical model

• Material models

• Temperature model

• Performance model

• Report dashboard

• Questions?



ERAPAVE PP COMPONENTS 
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MECHANICAL MODEL - RESPONSE

• Layered elastic theory is used to 

estimate stresses ands strains

• Modulus and poisons ratio of each 

layer are the input parameters

• A circular contact area is assumed 

for the analysis
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MECHANICAL MODEL - MATERIAL

• Master curve parameters for asphalt mixtures and resilient modulus for UGMs
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TEMPERATURE MODEL- BACKGROUND

Main heat transfer modes to be considered:

• Conduction/Convection

• Radiation

• Convection

*Dore & Zubeck (2009)
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T Temperature [°C]

z
Depth within the pavement layer [m]

ρ Dry density of the material [kg/m3]

c Mass specific heat capacity [J/(K·kg)]

k Thermal conductivity constant [W/(m⋅K)]



TEMPERATURE MODEL

• Finite control volume method (FCVM)

• A numerical approach for solving the 

heat equation

• Discretization into small control 

volumes

• Input for analysis

• Air temperature

• Wind speed

• Solar radiation Bottom Boundary Condition

Layer 1
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Layer 3

Layer n-1

Layer n

Shortwave Solar Radiation

Heat Convection

Longwave Radiation



TEMPERATURE – EXAMPLE

• Test section - Svappavaara
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PERFORMANCE MODELS - RUTTING

• Permanent deformation/rutting 

• Asphalt 

𝜀𝑝 𝑁 = 𝑎𝑇𝑏𝑁𝑐𝜀𝑟

Studded wear tire 

𝜀𝑤𝑒𝑎𝑟𝑖𝑛𝑔 𝑁 = VTI model 

• Unbound base/subbase/subgrade

𝜀𝑝 = 𝑎𝑁𝑏(𝜀𝑟)𝜀𝑟

T Temperature [°C]

S Degree of saturation

r Elastic strain [m/m]
N Number of load cycles

a, b, c Model parameters
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PERFORMANCE MODELS - RUTTING

• Permanent deformation/rutting 

• Asphalt 

𝜀𝑝 𝑁 = 𝑎𝑇𝑏𝑁𝑐𝜀𝑟

• Unbound base/subbase/subgrade

𝜀𝑝 = 𝑎𝑁𝑏(𝜀𝑟)𝜀𝑟

T Temperature [°C]

S Degree of saturation

r Elastic strain [m/m]
N Number of load cycles

a, b, c Model parameters
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PERFORMANCE MODELS – CRACKING

• Fatigue cracking – bottom-up fatigue cracking

• Asphalt

𝑁𝑓 = 𝑘1𝜀𝑡
−𝑘2𝐸−𝑘3

t Elastic strain [m/m]
k1, k2, k3 Model parameters

Nf Number of cycles to failure due to fatigue
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PERFORMANCE MODELS - FROST

• Frost heave - SSR model

Stefan (1889)

kf∇T− = L
∆z0

∆t
+ kt∇T+ + LwSP ∇T−

Skaven Haug (1971) Konrad & 

Morgenstern (1981)

• Conductivity - frozen and unfrozen

• Particle and bulk – density

• Segregation Potential, SP



PERFORMANCE MODELS - EXTREME LOADING 

z



ERAPAVE PP - LAYOUT

• Define Pavement

• Define Traffic

• Define Climate

• Control for frost action

• Control for extreme loading

• Long term performance – rutting

• Long term performance – fatigue



PROGRAM LAYOUT - STRUCTURE



PROGRAM LAYOUT - DATABASE

• Material database



NTNU/VTI DATA
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DATABASE - UGMS

• UGM – Resilient modulus
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PROGRAM LAYOUT – TRAFFIC 

• ESAL

• WIM



PROGRAM LAYOUT-CLIMATE

• Air temperature

• Wind speed

• Solar radiation

• Deg. of saturation



PROGRAM LAYOUT- MANUAL INPUT
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PROGRAM LAYOUT – FROST HEAVE

Inputs

• Winter temp.

• Freezing index



PROGRAM LAYOUT – EXTREME LOADING



PROGRAM LAYOUT – RUTTING/FATIGUE



REPORT

Summary

• Input data

• Predicted damages

• rutting and wear

• fatigue

• frost



FUTURE WORK

• Update the material database

• Database of weather stations/data

• Improve user interface

• Calibration/Validation of the component models



Thank you for your attention!


