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Abstract One application of composite materials is for use as building walls. One characteristic of building walls is they
can absorb acoustic waves. Buildings near crowded streets perhaps need the walls which absorb sound better than other areas.
This paper presents the calculation of acoustic transmission of 1-D composite model containing two component materials. In
general, the wave intensity decreases when it comes to boundary surface of different media, and attenuated during
propagation in a medium. The acoustic impedance and attenuation coefficient data used are referred to wood and epoxy. To
study the influence of physical properties on the acoustic transmission of the 1-D composites, the output acoustic intensities
are calculated for several conditions: different total thicknesses for a pair of wood — epoxy, different fractions of wood
(17-58)% for a pair of wood - epoxy, and two different thicknesses: 0.8 cm and 0.4 cm of components for the arrangement of
one pair and two pairs of wood — epoxy (50:50), respectively, for the same total thickness. The acoustic transmissions are
calculated for incident acoustic intensity of heavy traffic, i.e. 80 dB (10 watt/m?). The results show that the output acoustic
intensity of the composite model is lower than that of wood and epoxy. The output acoustic intensity decreases as wood
fraction increases. It is also noted that the size of component affected the output acoustic intensity, where the smaller the size,

the lower the intensity.
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1. Introduction

Composite materials show specific properties which are
formed as a combination of its component properties. Many
studies focus on mechanical properties of composites. But
beside mechanical property, there are some other properties
that are also interesting to study, such as absorption /
transmission of acoustic wave through composites [1-5]. The
composite which transmits very low acoustic intensity is
potentially used for a sound-absorption wall.

Many new composite materials have been produced and
utilized in our daily life. One of important application of
composite materials is as building materials, such as
materials for use as roof and wall [5-7]. In busy cities, people
facing acoustic problems, especially for people who live near
crowded streets. Therefore, it may need walls which can
absorb acoustic waves (noise).

Studies on composites have been attracted many
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researcher. The studies cover experimental, numerical and
theoretical aspects [8-10]. All of these aspects are important
in composite study. This paper reports the study of acoustic
transmission intensity of 1-D composite models. In this
study, the acoustic transmission intensity through the 1-D
composite models are calculated, relative to the incident
acoustic intensity.

Simple composites contain only two components. The
components normally referred as matrix and filler. Even only
two components, there are some different ways to form a
composite. For example, variation in the component fraction,
sizes and the arrangement may result in composites with
different properties. This paper presents the calculation on
output acoustic intensity after sound at heavy traffic (80 dB)
propagates through 1-D of two components composite
model.

2. Theory

The incident acoustic waves from air go through
composite that consists of two components. The acoustic
intensity decreases when it goes through boundary surface to
the next media, i.e. from air to the first component. This
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decreasing intensity happens for each boundary surface.
Next, in each component, the acoustic intensity also
decreases as it propagates in the component. Thus, in total,
the intensity of transmitted acoustic waves will lower than
the initial intensity.

Theoretically, when waves come from medium 1 to
medium 2, it will face a boundary surface, and a part of the
waves will be reflected and the rest will be transmitted. The
intensity of reflection and transmission waves depends on
reflection and transmission energy coefficient which are
depend on acoustic impedances of the two media, according
to the following formulations [11].
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Ry, and Ty, is reflection and transmission energy
coefficient, respectively; and Z is mechanical impedance of
the respective medium.

When propagate in a medium, the waves facing particle /
molecules which disturb the propagation of the waves. This
make the energy of the waves will decrease. Energy of waves
is represented by intensity (I). The decrease in intensity in a
medium follows Beer-Lambert law [12]:
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I” and | is wave intensity after and before it propagate in a
distance L in the medium, and o is attenuation /absorption
coefficient.

Waves from air go through a medium will leave the
medium with lower intensity. The waves facing two
interfaces and attenuate in the medium, as illustrated in
Figure 1.
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Figure 1. Schematic picture of waves that is going through a medium: it is
facing two interfaces. I” and | is wave intensity after and before it propagate
in a distance L in the medium. The input wave intensity (l;) is higher than
output intensity (l,) due to interfaces and attenuation in the medium

Figure 2 illustrates Wave intensities for three different
medium in detail.
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Figure 2. Wave intensities for three different medium with mechanical
impedances Z,, Zy.1, and Zy.,
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Relation between incident intensity (upper index i),
reflective intensity (upper index r), and transmitted intensity
(upper index t) at medium n, n+1, and n+2 can be obtained
with help from Equations (1)-(3), which gives:
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The equations will be used repeatedly for composite with
several pairs of interfacing layers.

Similar situation happens for each component of a
composite. For a very simple composite that consists of a
pair of two components, the wave will face three interfaces
and attenuate in the 2 components, as illustrated in Figure 3.
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Figure 3. Schematic picture of waves that is going through a composite
consists of a pair of two components: it is facing three interfaces. The wave
attenuates when propagating in each component

The composite models can be seen as a series of
components. In this study, for the same total length of a
composite, the smaller the component width, the higher the
number of component pair, which means more interfaces.

16.67 % wood

50 % wood

83.33 % wood

I:I wood I:I epoxy

Figure 4. Illustration of variation of wood fraction for the same total width
of composite that is containing only one pair of two components

3. Method

Most of the data used in this study are referred to
wood-epoxy composite [13-15], i.e. mechanical impedance
(2) of air, epoxy and wood is 413 Rayl , 314 MRayl and 1.57
MRayl, respectively. Attenuation coefficient (o) of epoxy
and wood is 8 dB/cm (2 MHz) [14] and 22 dB/cm [15],
respectively. Attenuation coefficient depends on frequency,
but as an approach, the attenuation coefficient of epoxy and
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wood used in this work is 8 dB/cm and 11 dB/cm,
respectively. All the calculations are conducted using
common spreadsheet program.

In this study, the 1-D composite models containing two
rectangular components. The important factor in this model
is the width of the components, where the width of each
component represents its volume fraction. Thus variation of
component fraction is studied via variation of component
width. In the calculation, for the total width of 1.2 cm, the
fraction of wood is varied between 17 to 58 %.

On the other hand, a specific composition can be built
using many different number of component pair. In this
study, we investigate the influence of number of pair for the
component composition of 50:50. In this scheme, the more
number of pair represents smaller size of component.

1 pair of 2 components

2 pairs of 2 components

Figure 5. Illustration of 2 component composite (50:50) with two different
number of pairs

4. Results and Analysis

For all of the calculations, the initial wave intensity
before entering composites is defined as 80dB (intensity of
heavy traffic) [16]. The output intensity, i.e. after leaving
composites, is also calculated in dB unit.

4.1. Acoustic Attenuation of Composite Compared to Its
Components

The output intensity of 1-D composite model is shown in
Figure 6, together with output intensity of epoxy only and
wood only. The composite model used is containing epoxy
and wood with the same fraction (50% each). The total width
is varied from 1.2 to 2.2 cm.
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Figure 6. Transmission wave intensity plot shows that intensity of

transmission wave after goes through composite is in between of their
components, i.e. higher than that of epoxy but lower than wood

The attenuation coefficient of epoxy is lower than that of
wood, thus lo of wood is lower than that of epoxy. From

Figure 6, it can be seen that lo for the composite is lower
than that of epoxy and wood. It might be because of in the
composite model, there is more interface facing by the wave
during the propagation. The difference in mechanical
impedance between air and epoxy is higher than that of air
and wood, this result in transmittance between air and
epoxy is lower than that of air and wood. These two
constants (transmittance and attenuation constant) influence
the output intensity.

As the wave intensity decreases exponentially when it
propagates in a medium, it is expected that the I, will
decrease with increasing thickness. In Figure 6, this can be
seen for all the materials (wood, epoxy and the 1-D
composite model). As shown in Figure 6, the output intensity
decreases to zero for wood and 1-D composite at thickness of
1.8 cmand 1.5 cm, respectively.

4.2. The Influence of Component Fraction

To study the influence of component fraction on the
intensity of transmission wave after goes through composite,
the component fraction is varied from 17 to 58% for the
total composite model width is 1.2 cm.

Figure 7 shows the plot of I, versus wood fraction. I,
decreases linearly as wood fraction increases. This also
means that lo increases linearly as epoxy fraction increases.
This condition occurs because of attenuation coefficient of
wood is higher than that of epoxy, and higher wood fraction
means longer path in wood, thus the wave attenuated more.

It should be noted that the composite only containing one
pair of wood-epoxy, so that during propagation, the number
of interface between medium does not change: air-wood,
wood-epoxy, and epoxy-air. Therefore the mechanical
impedance does not play role in the effect of varied
component fraction for calculating I,.
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Figure 7. The influence of wood fraction on the intensity of transmission
wave after goes through composite

4.3. The Influence of Component Size

Two components 1-D composite model of a certain
fraction and same total thickness can be constructed in
different component sizes. To study the influence of
component size on the intensity of transmission wave after
goes through composite, we use two different thickness of
each component (epoxy and wood): 0.8 cm and 0.4 cm for
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the same total thickness: 1.6 cm. We use two compositions
for 1-D composite models: (1) wood (0.8 cm) and epoxy (8
cm); (2) wood (4 cm), epoxy (4 cm), wood (8 cm) and
epoxy (4 cm). Thus the fraction of wood is always 50%.

The calculated output intensity for model (1) and model
(2) is 19.27 dB and 18.25 dB, respectively. Smaller
component size gives more interface facing by the wave
during the propagation. This results in lower intensity of
transmission wave.

5. Conclusions

Acoustic absorption study of 1-D Composite Models has
been carried out using data referred to wood-epoxy
composite through the calculation of output intensity, .

As expected, this study shows that I, of composite is in
between of their components, i.e. higher than that wood of
but lower than epoxy. The I, of composite depends on the
fraction of the composite and the size of component. More
portion on component with higher attenuation coefficient,
results in lower output wave intensity. Smaller component
size gives lower transmission wave intensity. Using smaller
component size, it can be expected to have composite with
better acoustic absorption.
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