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02 POROUS MATERIALS - Introduction

• Porous materials are those materials in which the solid mass is permeated
with canals, i.e. pores, interconnected in a continuous network.

• The sound penetrates deep into the pores of these materials, where, due to
high friction, the acoustic energy is converted into heat.
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02 POROUS MATERIALS –Airflow Resistance

1. Airflow Resistance

 If the material is not porous enough, sound bounces off the surface (high
reflectivity)

 If the material is too porous, sound passes through it without significant
attenuation (high transmission)

 Optimal porosity allows for maximum interaction of the sound wave with
the inner surface of the material, which is crucial for high absorption
coefficients (1)

.
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02 POROUS MATERIALS – Viscous and Thermal losses

Mechanism of sound energy dissipation in porous materials:

 Viscous losses

 Thermal losses
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Model Delany & Bazley
(Empirical  model)

In 1970, Delany & Bazley presented a model for determining the characteristic 
impedance and the propagation coefficient depending on the resistance to air 
flow.
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33



04 MODELS FOR PREDICTING 
THE ACOUSTIC PROPERTIES 
OF POROUS MATERIALS

34



1. A model for determining the acoustic 
characteristics of low-density PU foam

04 EXAMPLES OF ACOUSTIC 
MODELS FROM THE LITERATURE
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1. An example of an empirical model
Radičević B.

04

A model for predicting the sound absorption of open-cell polyurethane foams

36
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2. Model - JCA
(Phisical model)

It contains five physical parameters: porosity (ϕ); air flow resistance (σ); tortuosity (α); 
viscous characteristic length (Λ); thermal characteristic length (Λ’)

According to the JCA model, the effective density ρe(ω) and bulk modulus K(ω) of porous 
materials can be calculated using the following expressions:
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Characteristic impedance Zc(ω) and 
the complex expansion constant k(ω)
of porous materials can be deduced 
from Eqs
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2. Model - JCA
(Theoretical  model)

Considering that the porous material of thickness d is covered by a rigid boundary, the
sound absorption coefficient (SAC) α of the porous material can be denoted by the
following equations:
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EXAMPLES OF ACOUSTIC 
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where Zs(ω) is the surface characteristic impedance, Z0 is the air characteristic 
impedance and is equal to ρ0c0 where c0 is the sound speed and R is the sound 
reflection coefficient.

Where d is the sample thickness.

38



04 MODELS FOR PREDICTING 
THE ACOUSTIC PROPERTIES 
OF POROUS MATERIALS

39

2. An example of an phisical 
model

Radičević B

,,,ᇱ = 𝑓(𝑡, 𝑙)
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2. An example of an theoretical 
model Radičević B.

04
Sound absorption prediction methods and their accuracy in partially open cell polyurethane 
foams
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Statistical models

The software package Design Expert v.9.0.6.2 was used to create and analyze
Statistical models. The choice of the regression model depends, first of all, on the
available number of experimental points.
The sound absorption coefficient can be expressed by a polynomial function, as given in the
expression for open and partially open cell polyurethane foams:

04
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where d is the thickness of the material in m, and f is the frequency in Hz.
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3. An example of an statistical model
Pajović & Radičević B.
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Acoustic properties of highly elastic polyurethane foam Vapen HR 3744
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4. An example of an statistical model
Kolarević , Radičević, Bjelić, Grković 

04

Acoustic properties of porous materials

Elaborates:

1. Acoustic properties of 
polyurethane foams

2. Acoustic properties of 
granular recycled materials

3. Acoustic properties of 
multilayer granular recycled 
materials

4. Acoustic properties of fibrous 
materials
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Optimization models

In the JCA model, there are five non-acoustic parameters to be identified: porosity, airflow
resistance, tortuosity, viscous characteristic length, and thermal characteristic length. Often
this problem boils down to finding four unknown parameters, as porosity can be determined
with high accuracy from measured density. In this way, the dimension of the vector
x=[σ,α∞,c,c’ ] is reduced by one.

Non-acoustic parameter identification is essentially a constrained multidimensional
parameter optimization problem.

04
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where T is the number of sampling frequency points in the test frequency range, ƒi is the
ith frequency point sampled in the experiment, αEXP denotes the sound absorption
coefficient measured at the frequency ƒi and αJCA denotes the sound absorption
coefficient predicted by the JCA model at the same frequency.
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5. An example of an optimization
model Dulović T. & Radičević B.

04
Optimization of non-acoustic parameters of fibrous materials using biologically 

inspired algorithms 

Illustration of 
updating search agent 
positions in the GWO 
algorithm 
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AI models

AI models learn the relationship between material properties and
acoustic response directly from data, without explicit physical
equations.

𝑦 = ℱ(𝑥; 𝜃)
𝛼(𝑓) = ℱ(𝑓, 𝜎, 𝜙, 𝛼ஶ, Λ, Λᇱ; 𝜃)

𝜃∗ = arg min
ఏ

෍ 𝛼௜
௘௫௣

− ℱ(𝑥௜; 𝜃)
ଶே

௜ୀଵ

04

where: 𝑥— input parameters (frequency, airflow resistivity, porosity, microstructure) 
𝑦— acoustic response (e.g., 𝛼(𝑓)) 
𝜃— model parameters learned from data 

Valid only within the domain of the training dataset.
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a) Recicled rubber b) Recicled plastic c) Sand

Different thicknesses of samples: 10 mm, 20 mm, 30 mm, 40 mm, 50 mm
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a) Recicled rubber b) Recicled plastic c) Sand

Sound absorption coefficient at normal incidence
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Sound absorption coefficient for recycled rubber:

3D representation of the statistical model; 2- contour diagram
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Absorption properties of the mixture of granular materials
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Simplex – Centroid 
design
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Three-component Simplex - Centroid design
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Mix (seven mixes) - Process 

(60 process combinations; 5 sample thicknesses x 12 frequencies)
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Coefficients of sound absorption for the combined process ternary mixture system
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Partial model

Integral model
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Optimal SB 
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Level 3

Level 4
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Classification of criteria for selecting traffic noise barriers
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Calculation of criteria weighting coefficients
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Importance of criteria in the model

Consistency analysis
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Sub-criteria comparison matrix

Display of the importance of 
subcriteria in the model

Consistency analysis
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Alternatives Decision matrix
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Evaluation and ranking of alternatives
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Ranking of alternatives
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Sensitivity analysis
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Sensitivity analysis by tested variants

Alternative A2 
(Magnum AL12) 
is the best.
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