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Abstract: - The paper analyzes the possibility of determining the acoustic absorption coefficient by means 
of mathematical models from the literature for new composite porous materials. The materials studied were 
made of fir sawdust and flexible polyurethane foam with open pores. The acoustic absorption coefficient 
of the materials was determined experimentally by means of the impedance tube. The experimental results 
were compared with those obtained by modeling with the Maple 16 software, by inserting the material 
characteristics into the mathematical equations. The models used in this study were Delanz-Bayley adapted 
for foams, Allard-Champoux and Hamet-Berengeir. The results of this study show that the analyzed models 
are not suitable for new composite porous materials and that new models should be developed to correctly 
describe their acoustic absorption properties. 
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1. INTRODUCTION  
 

Noise pollution is regarded among the most serious 
environmental issues due to rapid developments of 
modern industries and transportation [1,2]. A solution 
for reducing sound pollution is to develop new 
materials with high sound absorption efficiency [1-3].  

Flexible polyurethane foams (FPFs) are used in 
thermal insulation and acoustic absorption [4, 5]. 
Sound absorption properties of FPFs can be improved 
by mixing with sawdust resulting new composite 
porous materials with open pores. These materials 
can absorb sound with high efficiency and can 
increase value of fir sawdust [6]. Porous materials are 
widely used as sound absorbing materials in noise 
control engineering [7]. They can be obtained by 
mixing various synthetic materials like sawdust, glass 
wool, minerals foams and fibers [7].  

One of the key issues is to determine the 
relationships between the structural parameters and 

the sound absorption coefficient of these new 
composite materials [8]. For this, models for 
predicting the acoustic impedance characteristics and 
propagation constant of fibrous materials were 
studied. In the last few years many models were 
developed. Delany and Bazley [9], model is obtained 
by best-fitting a large amount of experimental data; it 
only requires the airflow resistivity input parameter, 
witch is easily measurable, for it is a simple empirical 
approach that is however a good and fast 
approximation to the solution. Dunn and Davern [10], 
uzed the same method to define empirical relations 
between characteristics impedance and propagation 
constant of porous foam materials and multilayer 
absorbers and they calculated new regression 
constants for polyurethane foams, using few samples 
with low airflow resistivity values. Hamet [11], 
model take into account both viscous and thermal 
dissipation. The model requires three parameters to 
characterize the material and it is well-suited for 
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moderate porous materials. Qunli [12], proposed an 
empirical relation for acoustical impedance of foam 
materials using a large amount of experimental data 
with a wider range of flow resistivity. Attenborough 
and Buser [13], developed a rigid frame model to 
study the acoustical properties of light snow. This 
model was extended by Marco et al. [14] for higher 
densities. Another researcher, Miki [15], proposes an 
improved relationship based on Delany-Bazley 
model for a wider range frequency. 

The microscopic model of sound propagation is 
more complicated. More sophisticated models which 
take into account structural will not be considered 
because they feature a large number of parameters 
which are not always available.  

By analyzing national and international research, 
concerns have been identified about the possibility of 
using different types of waste in composite materials 
with different properties. In this paper we studied the 
possibility of obtaining the acoustic absorption 
coefficient using empirical models from the literature 
for the new composite porous materials based on 
waste. 

The materials analyzed in this study were made of 
fir sawdust and flexible polyurethane foam with open 
pores. The acoustic absorption coefficient for the new 
composite materials was determined experimentally 
by the impedance tube method. The experimental 
data were compared to those obtained from the Maple 
16 software, by inserting the material characteristics 
into the mathematical equations of the following 
models: Delanz-Bayley adapted for foams, Allard-
Champoux and Hamet-Bérengeir. 

 
 

2. MODELS FOR ACOUSTIC 
ABSORPTION 
 

Acoustic properties of a porous sound absorbing 
material, i.e. the characteristic impedance Zc and the 
propagation constant kc, are as follows: 
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where R is the real component, X is the imaginary 
component, A is the attenuation constant and B is the 
phase constant. 
 

Under well-defined pressure and temperature 
conditions, e.g. the air characteristic impedance, Zo is: 

 
cZ  00                          (2) 

 

where ρO is the density of air; c is the speed of sound 
in the air. 

Knowing the characteristic impedance of the 
material (Zc), calculated using mathematical models, 
the impedance can be determined on the surface (Z) 
of the material in a system as shown in Figure 1. 
 

 

Figure 1. Surface impedance determination system 
 

A material of (d) thickness and a characteristic Zc 
impedance located on a Zw impedance wall has a 
surface impedance (x = 0) given by the equation: 
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In practice, the material of (d) thickness is placed 

on a wall where impedance is considered infinite, in 
which case we will have [16]: 

 
)coth( dkZZ cc                      (4) 

 
Thus, the acoustic absorption coefficient can be 

calculated as follows (r is the sound pressure 
reflection coefficient): 
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2.1 Delany and Bazley model adapted for 
foams 
 

Equations for characteristic impedance (Zc) and 
propagation constant (kc) of the material are [9]: 
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where Z0 is the air characteristic impedance; f is the 
frequency; ω is the angular frequency; σ is the airflow 
resistivity; 1j ; c is the speed of sound in the air. 

 
This model is only applicable for the following 

condition:  
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2.2 Hamet and Bérengier model 
 

Hamet and Bérengier designed a 
phenomenological model for porous pavements [17]. 
This model depends on three parameters of the 
studied material: porosity, airflow resistance and 
tortuosity. In addition to the three parameters in this 
model, the parameters that target the material-fluid 
interaction were introduced, respectively the viscous 
and thermal dependences. Thus, the equations for the 
characteristic impedance (Zc) and the propagation 
constant (kc) of the material become as follows [17]: 
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where ϕ is the porosity; α∞ the tortuosity; γ the 
adiabatic constant; ka is the air propagation constant; 
fμ and fθ are viscous and thermal dependences, 
respectively: 
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where Npr is the Prandtl’s number. 
 
 
 

2.3 Allard and Champoux model 
 

Allard and Champoux [18] postulated a model that 
is based on the assumption that the thermal effects are 
dependent on frequency. The model describes a 
porous layer as a mixture of air and an elastic frame. 
This model aims to the prediction of two material 
parameters, i.e. the effective density ρ (kg/m3) and the 
bulk modulus K (Kg/ms).  
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The characteristic impedance (Zc) and the 

propagation constant (kc) of the material required to 
be able to calculate the acoustic absorption coefficient 
can be determined with the following equations: 

 

KZc   (15)

 

K
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3. MATERIALS AND METHODS 
 

Fir wood sawdust with a size greater than 2 mm, 
humidity of 10.1% and density of 0.033 g/cm3 was 
used for making the composite materials with sound 
absorbing properties. As a binder, a flexible two-
component polyurethane foam with open pores 
(Elastopor H 2400/5 system manufactured by BASF) 
was used. 

Two types of materials sample were used for 
experimental validation. These two samples are 
named 100-FPF (100% Flexible Polyurethane Foam) 
and 50-FPF (50% Flexible Polyurethane Foam and 
50% fir sawdust), see figure 2. 

The sound absorption coefficients were   
determined by the impedance tube method. The 
material measurements were based on a two-
microphone transfer-function method according to 
ISO 10534-2 [19]. 
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100-FPF  50-FPF

Figure 2. Materials used for determining the sound 
absorption coefficient. 

 
A medium Brüel&Kjaer Type 4206 A tube kit was 

used to measure various acoustic parameters for a 
frequency range of 100 ÷ 3200 Hz.  

The medium impedance tube kit consisted of a 63.5 
mm diameter tube and therefore materials were cut in 
round samples with a 63.5 mm diameter. Acoustic 
signal generated by the PULSE Analyzer 3560-B-030 
was amplified by the 2716 B&K Power amplifier and 
the results were recorded and processed on a PC. 

 
 

4. RESULTS AND DISCUSSIONS 
 

Flow resistivity of materials was estimated from 
empirical Eq. (17); the measurement of ZRe was 
performed by determining the surface impedance of 
two samples backed with a rigid wall, in relation with 
the material characteristic impedance [20] as follows: 
 

   75.0/175.0
00Re0 051.0/  fccZ        (17) 

 
The results obtained running the software (Maple 

16), using the following analytical models: Delanz-
Bayley adapted for foams, Allard-Champoux and 
Hamet-Bérengeir were plotted and validated with the 
experimental results. Figures 3 and 4 show the 
variation of the acoustic absorption coefficient with 
frequency for the two analyzed materials. 

Figure 3 shows the variation with frequency of 
acoustic absorption coefficient for the open-pores 
polyurethane foam (100-FPF). The figure shows the 
values of the acoustic absorption coefficient 
measured at normal incidence and the values 
calculated using the Delany-Bazley foam model [9], 
the Allard-Champoux model [18] and the Hamet-
Bérengeir model [17]. 

For a 100-FPF material, it is seen that the predicted 
(with Delanz-Bayley adapted for foams and Hamet-
Berengeir models) and measured values are fairly 
similar in the frequency range of 100-1700 Hz. This 
phenomenon is typical for the Delany–Bazley model 
as reported elsewhere showing that the model is 
inadequate for very low and very high           
frequencies [21]. 

The Delany–Bazley and Hamet-Berengeir methods 
are a good approximation for overall broadband trend 
of acoustic behavior for flexible polyurethane foam. 
 

 
Figure 3. Sound absorption coefficient of 100-FPF 

sample (100% Flexible Polyurethane Foam)  
 

Figure 4 shows the 50-FPF composite material 
acoustic absorption coefficient variation with 
frequency, measured at normal incidence and 
calculated using the three analytical models. 

 

 
Figure 4. Sound absorption coefficient of 50-FPF (50% 

Flexible Polyurethane Foam and 50% fir sawdust) 
 
The peak of absorption coefficient moved to lower 

frequencies for the composite materials. Two reasons 
may be described regarding this behavior as 
addressed by Wassilieff [22] for wood-based fibers 
and shavings. Firstly, the composite materials have a 
higher moist content than the polyurethane foams 
samples, causing the absorption coefficient to 
decrease. Secondly, sawdust stiffens the material 
skeleton which increases structural damping and 
moves resonances to lower frequencies. 
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Figure 4 shows the Delany–Bazley and Allard-
Champoux models as applied to the composite 
materials. It can be seen that the model is in 
agreement with experimental data at least for 
frequencies below 700 Hz. However, for higher 
frequencies, the Delany–Bazley model is unable to 
model sound absorption behavior of composite 
materials.  
 
5. CONCLUSIONS 
 

Comparing experimental data with plots obtaining 
by running various mathematical models shown that 
for the 100-FPF material, the predicted (with Delanz-
Bayley adapted for foams and Hamet-Berengeir 
models) and measured values of acoustic absorption 
coefficient are fairly similar in the frequency range of 
100-1700 Hz 

For the 50-FPF composite material Delany–Bazley 
and Allard-Champoux models is in agreement with 
experimental data for frequencies below 700 Hz. 

The models were not accurate at high frequencies 
for the new composite materials. However, for some 
configurations shown herein the difference between 
the measured and predicted values is relatively small. 
It is difficult to use this empirical approach, as the 
optimum flow resistivity has to be obtained 
experimentally. 

The overall results of this study show that 
composite porous materials have a very complex 
behavior in absorption of sound waves. For these 
more complex models are needed for understanding 
this behavior. In order to obtain a more suitable model 
for composite materials, it is necessary to achieve a 
higher number of experimental measurements of both 
the mathematical parameters and the acoustic 
characteristics in order to subsequently identify the 
optimal coefficients in the mathematical equations. 
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