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Tensile Adhesion Mechanism of Asphalt Confined in Two

Aggregates Based on Molecular Dynamics
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(1. School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;
2. School of Civil Engineering, Fuzhou University, Fuzhou 350108, China)

Abstract: Based on molecular dynamics (MD) simulation, a model of asphalt confined in two aggregates was
constructed, and the effects of tensile rate and temperature on the tensile stress-displacement curve of
asphalt-aggregate interface were studied. The tensile failure mode and adhesion mechanism of asphalt-aggregate
interface were analyzed in atomic nanoscale. By fitting the tensile stress-displacement curves, the cohesive mod-
el for macro numerical analysis was proposed. The results show that the failure of asphalt-aggregate changes
from adhesive failure to cohesive failure when the tensile stress exceeds the peak stress. The peak stress increas-
es with the tensile velocity and decreases with the temperature. Before the tensile stress reaches the peak stress,
the asphalt remains in an elastic state, and the deformation is reversible. When the tensile stress exceeds the
peak stress, the damage 1s irreversible.
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Fig.1 Molecular structures of asphalt three-components
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Fig.2 Molecular model of restricted asphalt
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Fig. 3 Unit cell model of Si0O, and SiO, aggregate layer
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Fig.4 Model of asphalt confined in two aggregates
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Table 1 MD simulation and test values of cohesive energy density and solubility parameters of asphalt

Value CEDX10 %/ (J-m ) 8/ (Jeem )V o/ (Joem 2 8,/ (Jeem H?
MD simulation 3.342 18. 281 18.243 1.175
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Fig.5 o-s. curve of interface in MD simulation
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Fig. 6 Forward view and section top view of the corresponding point model in o-s. curve
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Fig.7 o-s. curves of interface at different temperatures
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Fig.8 o-s. curves of interface under different tensile rates
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