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In this paper, insertion loss of sound barriers made from specially designed kinds of micro-
perforated panel (MPP) absorbers are investigated to order to avoid the performance deteriora-

tion from multiple reflections between the parallel sound barriers. The MPP absorbers are de-
signed having broad sound absorption spectra to cover the main energy spectrum of traffic noise

to be blocked, through equipping MPP with sub-cavities at different depths designed by quad-

ratic residue sequences. Insertion loss of the sound barriers above is numerically investigated
through finite element modeling. Results show that, the presented sound barriers have distinct
performance advantage over the conventional rigid sound barriers, especially for parallel barrier
applications.

Keywords: multiple reflections, micro-perforated panel, insertion loss, finite element model-

ing

1. Introduction

Sound barrier is commonly seen in highways [1], railways [2] and factories, etc. Typically, a
sound barrier is placed between a noise source and the noise-sensitive region to shield the nearby
communities from noise. The direct components of the noise can be effectively blocked by the bar-
rier’s structure. Therefore, the primarily method to enhance the shielding effects of the barrier is to
eliminate the diffracted sound emanating from the barrier’s edges. Increasing the height of barrier is
a simple way to improve the performance of it, especially at low frequency. But this way is not suit-
able in practical for its potential cost and safety issues [3]. Under the premise of not increasing the
height of barrier, different barrier shapes including T-profiled, Y-profiled, cylindrical and jagged
edge have been investigated [4-8].

However, when the barriers are placed on opposite sides of a source, such as the roadsides of a
highway, degradation in performance caused by multiple reflections between the parallel barriers
has been reported [9, 10]. To suppress the multiple reflections, absorption materials were proposed
to apply on the inner surfaces of the barriers to absorb the sound energies, but the use of conven-
tional porous and fibre sound absorption materials may bring extra environmental problems. A tilt-
ed barrier with a 10° slope was designed to redirect the sound wave upward, so the diffraction at the
barrier top can be efficiently reduced [11]. Another solution that can redirect the sound waves
downward to the ground was realized by the multiple wedges barrier [12], which also called the
wave-trapping barrier for trapping the reflected waves by its semi-enclosed domain.

Barriers whose surfaces have inhomogeneous impedance were proposed by Wang et al [13].
Their results showed that the inhomogeneous impedance can change the behaviours of the sound
when the sound was multi-reflected by the parallel barriers, and then confine the sound energies
within the parallel barriers. Consequently, the degradation in performance of the parallel barriers
has been improved. It was noted that the impedance inhomogeneity of the barriers can be approxi-
mately realized by a closely spaced array of progressively tuned hollow narrow tubes. In one period,
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the depths of the tubes are evaluated by a specified formula, which is similar with the quadratic res-
idue diffuser (QRD), in spite of the depths of QRD wells are evaluated by a quadratic residue se-
quence [14]. The QRD is not only an effective diffuser, but also has absorption ability at low fre-
quency reported by Fujiwara et al [15-16]. Besides, when a single micro-perforated panel (MPP)
layer is applied on the opening of the QRD, a wide-band sound absorber called QRD-backed MPP
absorber can be formed [17].

QRD-backed MPP absorber is actually made up of a single layer MPP and an array of sub-
cavities with different depths. Its absorption characteristics, especially its absorption peaks, can be
easily adjusted to the noise spectra through tuning the depth sequence of the sub-cavities. Not as the
conventional porous and fibre sound materials, MPP absorber is a type of eco-friendly sound ab-
sorber that has been used in many applications [18-20]. In this paper, sound barriers made from
specially designed kinds of MPP absorber are proposed to avoid the performance deterioration from
multiple reflections between the parallel barriers. A finite element modeling procedure is imple-
mented to investigate the insertion loss of the proposed parallel barriers and compared with the re-
sults of parallel barriers with rigid wall and porous material.

2. Finite element modeling
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Figure 1: The FE model of the proposed parallel barriers. (a) The cross section of the MPP absorber; (b) two-
dimensional FE model of the proposed parallel barriers placed on opposite sides of a source on the ground.

A two-dimensional finite element (FE) model was developed to study the performance of the
proposed barrier. Fig. 1(a) shows the cross section (in the x-y plane) of the MPP absorber with one
period. As a preliminary design, the MPP absorber presented here has six sub-cavities with different
depths of 25, 100, 50, 10, 20 and 5mm. The width of a single cavity is 20mm, so the total width of a
MPP absorber in one period is 120mm.

Fig. 1(b) shows the two-dimensional FE model of the proposed parallel barriers placed on op-
posite sides of a source on the ground. The modeling procedure is established by the commercial
software COMSOL Multiphysics. Two acoustic domains are defined, the first domain is the calcu-
lation domain, which including the parallel barriers, ground, source S and receiver R. The height
and width of the two barriers are 4.0m and 0.1m, respectively. The distance between the two barri-
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ers is 16.0m, the source S is located at the middle of the two barriers with a coordinate (in x-y plane)
of (9.55, 0), 18.1m away is the receiver R. Each barrier consists of 34 stacked MPP absorbers and a
single backed panel. The MPP is defined as an impedance surface, the relative (to the characteristic
impedance of air) acoustic impedance of it is [21]:

Zypp =T+ joom. )

where r is the relative acoustic resistance, j:\/z is the imaginary unit, @ =2z f is the angular
frequency, m is the relative acoustic mass. r and wm can be calculated by:
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where f is frequency, po is the density of air, 7 is the viscosity coefficient of air, ¢ is the sound speed
in air; k; is resistance coefficient, ky, is mass reactance coefficient; o, d and t are the perforation ra-
tion, orifice diameter and panel thickness of MPP, respectively; k is the perforate constant of MPP,
which can be obtained by a useful design formula:

k=d/f/10. 4)

Other surfaces of the calculation domain, except for the MPP, are assumed to be rigid. The se-
cond domain is the perfectly matched layers (PMLs), which are artificial absorbing layers allowing
sound waves to propagate out from the domain with minimal reflections [22]. In other words, the
PMLs are used to simulate an infinitely extended sound field within a finite size domain for compu-
ting efficiency. As shown in Fig. 1(b), the PMLs are applied at the boundaries of the calculation
domain. Triangular elements were used to discretize the acoustical domains. Under the rule that
there should be more than six elements per wavelength at the highest frequency in the range consid-
ered, the maximum size of the triangular element was set to be 0.014m.

The performance of the sound barriers is defined as insertion loss (IL), which is given as:

IL:20Iogm£&

]- (5)
Py
where po and p; are the sound pressure at the receiver without and with the barriers installed, re-
spectively.

3. Discussions

3.1 Model validation

As a preliminary validation of the FE modeling procedure above, the performance of a single
barrier is simulated and compared with the results predicted by Kim’s model [23], which is a theo-
retical method based on the geometrical theory of diffraction (GTD). The numerical model validat-
ed consists of a single rigid barrier placed between a source and a receiver; the height of the barrier
is 2.0m, the source is located on the right side of the barrier with a height of 0.5m, the horizontal
distance between the barrier and source is 2.0m. The receiver is located on the left side of the barri-
er with a mirror image position of the source. The calculated frequency range is from 10 to 4000Hz,
with an interval of 10Hz. As shown in Fig. 5, the insertion loss of the single barrier predicted by the
current FE model agrees well with the results predicted by Kim’s model, which indicates that the
FE modeling procedure presented here is accurate.
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Figure 2: Comparison of the insertion loss of a single barrier predicted by the proposed FE model and Kim’s
model.

3.2 Results

Three numerical cases are employed to investigate the performance of parallel barriers, the dif-
ferent of them is the inner walls of the barriers are defined to have rigid, porous material and MPP
absorber, respectively. The structure of the MPP absorber is shown in Fig. 1(a), the properties of the
MPP are d=0.4mm, t=0.4mm, 6=1.8%. The thickness of the porous material is 40mm, and the flow-
resistance of it is chosen to be 3000 Pa.s.m?. As shown in Fig. 3, the sound absorption coefficient of
the MPP absorber is predicted by the analytical method proposed in Ref. 17, while the absorption
coefficient of the porous material is predicted by Delany and Bazley’s model [24].
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Figure 3: Sound absorption coefficients of the MPP absorber and porous material.

Fig. 4 shows the predicted insertion losses, in one-third octave band centre frequencies from
250Hz to 2000Hz, of the parallel barriers with rigid wall, porous material, and MPP absorber. It is
shown that in the low frequency range, roughly below 500Hz, the insertion loss curves of the three
cases agree well with each other, the differences between them are smaller than 2.5dB.This indi-
cates that the improvements of insertion loss obtained by the absorption materials, both porous ma-
terial and MPP absorber, are negligible in this frequency range. The reasons can be explained as
follows. First, in the current model, the insertion losses below 500Hz are mainly dominated by the
geometric configuration of the parallel barriers, which means the height of the barriers, the distance
of the parallel barriers, and the location of the source and receiver are the key parameters that affect
the performance of the parallel barriers. Second, as shown in Fig. 3, although the sound absorption
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coefficient of the MPP absorber at 500Hz is 0.7, but it drop sharply with the frequency decreasing.
And the sound absorption coefficients of the porous material below 500Hz are even smaller than
0.25. Neither of them have satisfactory sound absorption ability in this frequency range.
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Figure 4: Comparison of the insertion loss of noise barrier with MPA wall and rigid wall.

In the frequency range of 500~800Hz, the improvement of insertion loss brought by the MPP
absorber is observed. In comparison with the insertion losses of the parallel barriers with rigid wall
and porous material, the MPP absorber provides an average improvement of around 5dB in this
frequency range. This is because the average sound absorption coefficient of the MPP absorber is
around 0.8, while the sound absorption coefficients of the porous absorber are still smaller than 0.5.
It is also indicated that, the performance deterioration caused by the multiple reflections between
the parallel barriers is emerging in high frequency range (above 500Hz). The way to avoid the re-
duction in performance is to apply a high-absorption layer on the inner faces of the parallel barriers.
However, it is hard for porous material to achieve high-absorption in low frequency range for the
limitation of material thickness. Therefore, the performance of the parallel barriers with porous ma-
terial has little improvement in the frequency range of 500~800Hz.

Above 800Hz, the insertion loss of the barriers with rigid wall is consistently decreased until at
1250Hz, where an insertion loss dip is observed. While, the insertion losses of the parallel barriers
with MPP absorber and porous material increased with the increasing frequency. As a result, at
1250Hz, the insertion losses of the barriers with MPP absorber and porous material are around
18.9dB while that for the rigid wall ones is 7.6dB, hence an optimal improvement of 11.3dB has
been achieved. It is also shown that the improvements bought by MPP absorber and porous material
are almost the same level above 800Hz, which indicates the absorption layer is effective to avoid
the performance deterioration of the parallel barriers. But the porous material is unsuitable to be
used in practical projects for its low-absorption ability at low frequency range and potential envi-
ronmental problems such as the accumulation of dust and bacteria. The MPP absorber presented in
this paper overcomes the above inherent vice of porous material. It is an eco-friendly sound absorb-
er, and more importantly, its absorption spectra can be easily adjusted according to the needs of
traffic noise, through tuning the depth sequence of the sub-cavities shown in Fig. 1(a).

4. Conclusions

To avoid the performance deterioration of the parallel barriers, a type of barriers made from
specially designed kinds of MPP absorber were proposed in this paper. A FE modeling procedure
was implemented and the accuracy of it was validated through an analytical model. The insertion
loss of the parallel barriers with MPP absorber was numerically investigated and compared with
those with rigid and porous material. The results indicated that in the current model, the perfor-
mance of the parallel barriers below 500Hz is mainly dominated by the geometric configuration of
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the barriers; the absorption materials have little influences on the insertion losses of the parallel
barriers. In the frequency from 500~800Hz, the MPP absorber provides an average improvement of
around 5dB compared with the conventional rigid barriers, the performance deterioration of the
parallel barriers has been improved. While, the improvements bought by porous material are quite
small for its low absorption. Above 800Hz, both MPP absorber and porous material can efficiently
avoid the performance deterioration of parallel barriers. But the porous material is unsuitable to be
used in practical projects for its low-absorption ability at low frequency range and potential envi-
ronmental issues.

Thus it is concluded that the use of specially designed MPP absorber presented in this paper is
promising to improve the performance of sound barriers, especially parallel sound barriers. The
influences of the parameters, including the properties of the MPP and the depth sequences of the
sub-cavities, on the performance of sound barriers will be further investigated in future works.
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