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To investigate the pavement mechanical responses considering the long-term field 
ageing via a finite element (FE) modelling approach.

I. OBJECTIVE

THE 13th IACIP Annual Workshop:
Adaptive Infrastructure under Climate 
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II. METHODOLOGIES
i. Multiphysics Field Ageing Modelling

ii. Time-Temperature-Ageing Shift Model
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Original free volume model

Extended model considering ageing

Time-temperature-ageing shift factor

iii. Coupled Field Ageing-Viscoelastic Modelling

𝜎𝑖𝑗 = 𝐾∞𝜀𝑘𝑘𝑣𝑒𝛿𝑖𝑗 + 2𝐺∞𝑒𝑖𝑗𝑣𝑒 + /0𝐾𝑚2𝜀𝑘𝑘𝑣𝑒 − 𝜀𝑘𝑘𝑚∙𝑣𝑖5𝛿𝑖𝑗 + 2𝐺𝑚2𝑒𝑖𝑗𝑣𝑒 − 𝑒𝑖𝑗𝑚∙𝑣𝑖56
𝑀

𝑚=1

 1 

!
𝜂𝑚𝐾 (𝑇, 𝐶𝐴) = 𝜙𝑇,𝐶𝐴𝜂𝑚𝐾 (𝑇𝑅, 𝐶𝐴𝑅) = 𝜙𝑇,𝐶𝐴𝐾𝑚(𝑇𝑅, 𝐶𝐴𝑅)𝜏𝑚(𝑇𝑅, 𝐶𝐴𝑅)
𝜂𝑚𝐺 (𝑇, 𝐶𝐴) = 𝜙𝑇,𝐶𝐴𝜂𝑚𝐺 (𝑇𝑅, 𝐶𝐴𝑅) = 𝜙𝑇,𝐶𝐴𝐺𝑚(𝑇𝑅, 𝐶𝐴𝑅)𝜏𝑚(𝑇𝑅, 𝐶𝐴𝑅)

 1 

!
"𝜙𝑇,𝐶𝐴𝜏𝑚*𝜀�̇�𝑘𝑚∙𝑣𝑖 + 𝜀𝑘𝑘𝑚∙𝑣𝑖 − 𝜀𝑘𝑘𝑣𝑒 = 0
"𝜙𝑇,𝐶𝐴𝜏𝑚*�̇�𝑖𝑗𝑚∙𝑣𝑖 + 𝑒𝑖𝑗𝑚∙𝑣𝑖 − 𝑒𝑖𝑗𝑣𝑒 = 0

 1 

!
"𝜙𝑇,𝐶𝐴 × 𝜏𝑚 × (𝑢1𝑚𝑡) + (𝑢1𝑚) − 𝑠𝑜𝑙𝑖𝑑. 𝑒𝑒𝑙𝑣𝑜𝑙: × 𝑡𝑒𝑠𝑡(𝑢1𝑚)

"𝜙𝑇,𝐶𝐴 × 𝜏𝑚 × "𝑢2𝑚𝑖𝑗 𝑡: + "𝑢2𝑚𝑖𝑗 : − 𝑠𝑜𝑙𝑖𝑑. 𝑒𝑒𝑙𝑑𝑒𝑣𝑖𝑗 : × 𝑡𝑒𝑠𝑡"𝑢2𝑚𝑖𝑗 :
 1 

𝑠𝑜𝑙𝑖𝑑. 𝑆𝑖𝑙𝑖𝑗 = *+𝐾𝑚(𝑠𝑜𝑙𝑖𝑑. 𝑒𝑒𝑙𝑣𝑜𝑙 − 𝑢1𝑚) + 2𝐺𝑚8𝑠𝑜𝑙𝑖𝑑. 𝑒𝑒𝑙𝑑𝑒𝑣𝑖𝑗 − 𝑢2𝑚𝑖𝑗 9:
𝑀

𝑚=1

 1 

Viscoelastic-ageing constitutive model

Weak form formulations in FE modelling

iv. Experiments and Numerical Modelling 
Sample Scale Asphalt mixtures

Dynamic modulus test Cyclic uniaxial compression test

Validation via master curves Validation via axial strains

Pavement Scale US 277 in Laredo, TX

Coupled field ageing-viscoelastic modelling

Validation via ageing gradient Prediction of mechanical response

III. MODEL VALIDATION RESULTS

IV. MODEL PREDICTION RESULTS

V. CONCLUSIONS

Sample Scale

  
(a) NuStar-4% (b) NuStar-7% 

 

   

(a) NuStar-4% mixture for 0 months ageing (b) NuStar-4% mixture for 3 months ageing (c) NuStar-4% mixture for 6 months ageing 

   

(d) NuStar-7% mixture for 0 months ageing (e) NuStar-7% mixture for 3 months ageing (f) NuStar-7% mixture for 6 months ageing 

 

Pavement Scale

LoadingAxis of
symmetry

Unaged 17 months ageing

42 months ageing10 years ageing

Von Mises stress in the asphalt layer

Von Mises stress in the asphalt layer

Relaxation modulus

q The time-temperature-ageing shift model provides an efficient approach to couple 
field ageing and mechanical analyses for the FE modelling of asphalt pavements.
q The proposed coupled field ageing-viscoelastic FE model can predict the field 
ageing gradients and obtain the mechanical responses of the aged asphalt pavements.
q The field ageing gradient leads to the change of the high stress regions in the 
pavements, from the bottom of asphalt layer towards its surface.
q The high stress region’s position is related to the pavement depth with the higher 
ageing gradient.
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Glover et al. 2014

Circular dependency of pavement field ageing

Free volume change due to
increased temperature and ageing level

Validation via dynamic modulus master curves

Validation via axial strains

Validation via ageing gradient


