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Abstract: To address the issues of dispersed sound absorption prediction models for porous asphalt mixtures, inconsistent
parameter acquisition methods, and insufficient utilization of structural information, this study systematically reviews semi-
empirical impedance models, equivalent fluid models, poroelastic models, and pore-scale numerical models. The calculation
relationships among the sound absorption coefficient, characteristic impedance, complex wavenumber, and surface impedance
are elucidated, and the input parameters, physical assumptions, and applicable scopes of the Delany—Bazley, Miki, Johnson—
Champoux—Allard (JCA), Johnson—Champoux—Allard—Lafarge (JCAL), and Biot models are compared. The analysis indicates
that semi-empirical models require few parameters and offer high computational efficiency, but their adaptability to the
heterogeneous macroporous structure of porous asphalt depends on recalibration. The JCA and JCAL models can describe air—
pore wall dissipation through porosity, flow resistivity, tortuosity, and viscous and thermal characteristic lengths, making them
a primary pathway linking three-dimensional pore structure to sound absorption spectra. The Biot model can account for
skeleton vibration, but its parameter identification and computational cost are relatively high. Establishing a multi-source

parameter system by integrating CT three-dimensional reconstruction, numerical calculation of transport parameters, and

243



%2k MRS 5

impedance tube inversion, together with independent validation and uncertainty analysis, can improve the reliability of these
models in mix design and service performance evaluation.

Keywords: Porous asphalt mixture; Sound absorption model; Pore structure; Impedance tube inversion; Uncertainty analysis
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Fig. 1 Hierarchy and input information of sound absorption prediction models for porous materials
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Table 1 Comparison of characteristics of sound absorption prediction models for porous materials
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Fig. 2 Workflow of JCA/JCAL sound absorption prediction driven by CT-derived pore structure
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Table 2 Acquisition methods and structural implications of parameters in the JCA and its extended models
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