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1 Introduction

The last decades, a lot of research has been done about the propagation of sound in heterogeneous
and porous materials. Especially the two-phase nature of the poro-elastic material leads to inter-
esting physical phenomena. During recent year, several measuring methods have been developed
to determine the material parameters.
However, a lot of problems aren’t solved yet. Because of the visco-elastic behavior of a lot of
these materials, the elastic moduli will become frequency dependent (rubberlike behavior at low
frequencies and glasslike behavior at high frequencies). Experimental data about the frequency-
and temperature dependence of the elastic moduli are scarce because of experimental difficulties.
Some results about this subject will be presented in this paper.

2 Measurement method: the burst method

2.1 Measurement setup

The most important elements of the measurement setup are the laser Doppler vibrometer (which
will serve as a detector for the displacements caused by the Rayleigh wave), a magnetic transducer
(which is used as a source) and a function generator. A detailed description of the measurement
setup can be found in [BOE-05]. This whole setup is placed in a temperature-controlled chamber.
The setup is showed in figure 1.

Figure 1: Schematic view of the experimental setup of the burstmethod.

2.2 Experimental determination of the phase velocity and damping

The phase velocity and damping of a wave can be determined by detecting the wave at various
distances of the source. The phase velocity is the slope of the curve which is obtained by plotting
the distances as a function of the arrival times. From the phase velocity, elastic moduli like
the shearmodulus can be determined. The entire setup in mounted in a temperature controlled
chamber, which allows to obtain data from -40◦C to +50◦C. The damping can be determined
by taking into account that the amplitude decreases with 1/

√
rexp(=(kR)), when the distance

r to the source increases. A detailed description of the determination of the phase velocity and
damping can be found in [BOE-05].
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3 Experimental results

In this section, some experimental results about the frequency- and temperature dependence of
the elastic moduli will be showed for a porous material. The sample used in this study was
Urecom ([DES:07], material of recticel). In figure 2, the phase velocity and damping are shown as
a function of the temperature for 2, 3 and 4 kHz.
Globally, when the temperature decreases, the phase velocity increases. At certain temperatures,
there is a huge increase in the phase velocity. Obviously, when this happens, there is a peak in
the damping at the same temperature. When the frequency increases, this peak shifts to higher
temperatures.

Figure 2: Pase velocity and damping of Urecom as a function of temperature at different
frequencies.

The left graph in figure 3 shows the phase velocity as a function of frequency for different
temperatures. The full lines are numerical fits of the experimental data taking in account the
full Biot theory. From these fits, the shear modulus can be determined (right figure). Numerical
simulations show that with a frequency independent shear modulus, the A0-mode should be in the
Rayleigh regime above 1 kHz. But the experimental data show that this isn’t the fact. The phase
velocity continues to increase and becomes constant at higher frequencies. For some temperatures
(for example 0◦C) the phase velocity is constant in a certain frequency domain, and then increases
with higher frequencies. This shows that for all the temperatures in figure 3, the material is visco-
elastic. The same measurements were done for higher temperatures until 50◦C. Also there the
experimental data can only be fitted with a frequency dependent shear modulus. Again, at the
temperatures where there is a sudden increas in fasevelocity, a peak in the damping was observed.
When the temperature is decreased, this peak shifts to lower frequencies.

Figure 3: Phase velocity (left) and shear modulus (right) as a function of frequency at
different temperatures.
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