Journal of Computational Methods in Engineering

X )l;l]ll\li\ll-‘r]’rll' - \ Journal of Computational Methods in Engineering
COMPUTATIONA

PrT— ," Journal homepage: https://jcme.iut.ac.ir/
ENGINEERING ISSN: 2228-7698 EISSN: 2423-5741

Original Article

Heterogeneous Numerical Modeling of the Viscoelastic Behavior of
Asphalt Mastic Based on Random Microstructural Geometry
Generation

Amir Taheri®, Ali Khodaii” @and Pouria Hajikarimi

Department of Civil & Environmental Engineering, Amirkabir University of Technology (Tehran Polytechnic), Tehran,
Iran.

Abstract: Asphalt mastic, composed of asphalt binder and mineral filler, plays a critical role in determining the
mechanical behavior and performance of asphalt mixtures. Conventional laboratory tests primarily evaluate the overall
mechanical response of mastics and cannot capture their local behavior at the microstructural scale. This limitation
highlights the need for numerical models that represent the heterogeneous microstructure of asphalt mastic. A key step in
such modeling is generating representative microstructural geometries that reflect the characteristics of real samples.
Since mastic behavior depends on both binder properties and filler characteristics, including gradation and volumetric
content, this study developed specialized software to generate three-dimensional random particle geometries based on
predefined gradation curves and volume fractions. Using this tool, two-phase numerical models were constructed
according to the specifications of actual mastic samples. The viscoelastic properties of two asphalt binder types, a fresh
binder and a reclaimed aged binder, along with their corresponding mastics, were determined through frequency sweep
tests using a Dynamic Shear Rheometer. These experimentally measured properties were incorporated into the generated
microstructures to develop finite element models of asphalt mastics. To validate the proposed approach, numerical
simulations of frequency sweep tests were conducted at selected temperatures and loading frequencies, and the results
were compared with experimental measurements. The comparisons demonstrated that the randomly generated geometries
effectively represent mastic microstructures, and that the developed models predicted viscoelastic behavior with high
accuracy, achieving average agreements of over 95% for complex shear modulus (G*) and over 90% for the phase angle
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Table 1. Basic properties of the asphalt binders
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Table 2. Properties of the mastic samples
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Table 3. Maximum applicable strain for the samples at each temperature to remain within the linear viscoelastic range
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Fig. 1. Generalized Maxwell's mechanical model.
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Fig. 2. Schematic representation of sinusoidal loading and the resulting response
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Table 4. Prony series coefficients of the asphalt binder and mastic samples at the reference temperature of 15 °C
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Table 5. Prony series coefficients of the asphalt binder and mastic samples at the reference temperature of 0 °C
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Fig. 3. (a) Particle size distribution (based on particle radius); (b) particle volume distribution based on particle radius; (c)

statistical parameters of the particle radius distribution; and (d) particle number distribution based on particle radius
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Fig. 4. (a) Spatial distribution of particles in the sample based on particle radius; and (b) particle number distribution in the

sample
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Fig. 5. (a) Radial distribution of particles in the sample and (b) Vertical distribution of particles in the sample
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Fig. 6. (a) Particles distributed within the sample and (b) particle distribution in a vertical cross-section of the sample
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Fig. 7. An example of the particle generation process and filling the sample volume with the generated particles
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Fig. 8. Geometric cutting procedure for the two-phase mastic models
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Fig. 9. Two-step generation and assembly of the two-phase mastic numerical model geometry: generation of the asphalt
binder matrix by subtracting the particle geometry from a cylinder with the same dimensions as the sample, and addition of
the particles to the matrix
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Fig. 10. Geometry of a cutaway mastic model
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Table 6. Poisson’s ratios of the asphalt binders used in the numerical modeling
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Fig. 11. Five loading cycles applied to the models: (a) frequency of 10 rad/s with 63 points defined per cycle and (b) frequency
of 62.8 rad/s with 100 points defined per cycle
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Fig. 13. Different linear viscoelastic behaviors with (a) identical J values and (b) identical G* values
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Abaqus/Standard 2022

Fig. 14. Magnitude of deformation induced by loading in one of the mastic numerical models at a specific time (0.4733 s) after
the start of loading at a frequency of 10 Hz
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Fig. 15. Magnitude of the principal stress induced by loading in one of the asphalt binder numerical models at a specific time
(3.100 s) after the start of loading at a frequency of 1.59 Hz
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Fig. 16. Stress concentration induced by loading at the interface between filler particles and the asphalt binder matrix in a
two-phase mastic model
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Fig. 17. G” values obtained from numerical modeling and experimental testing, along with the percentage errors, for the
asphalt binder samples
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Fig. 18. G* Values obtained from numerical modeling and experimental testing, along with the percentage errors, for the
mastic samples
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Fig. 19. Percentage errors of the numerical models in predicting the G*of the asphalt binder samples relative to the
experimental results
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Fig. 20. Percentage errors of the numerical models in predicting the G*of the mastic samples relative to the experimental
results
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