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Abstract. Sound or noise pollution has become one major issues to the
community especially those who lived in the urban areas. It does affect the
activity of human life. This excessive noise is mainly caused by machines,
traffic, motor vehicles and also any unwanted sounds that coming from
outside and even from the inside of the building. Such as a loud music.
Therefore, the installation of sound absorption panel is one way to reduce
the noise pollution inside a building. The selected material must be a
porous and hollow in order to absorb high frequency sound. This study
was conducted to evaluate the potential of egg tray and coir fibre as a
sound absorption panel. The coir fibre has a good coefficient value which
make it suitable as a sound absorption material and can replace the
traditional material; syntactic and wooden material. The combination of
pyramid shape of egg tray can provide a large surface for uniform sound
reflection. This study was conducted by using a panel with size ] mx 1 m
with a thickness of 6 mm. This panel consist of egg tray layer, coir fibre
layer and a fabric as a wrapping for the aesthetic value. Room
reverberation test has been carried to find the loss of reverberation time
(RT). Result shows that, a reverberation time reading is on low frequency,
which is 125 Hz to 1600 Hz. Within these frequencies, this panel can
shorten the reverberation time of 5.63s to 3.60s. Hence, from this study, it
can be concluded that the selected materials have the potential as a good
sound absorption panel. The comparison is made with the previous
research that used egg tray and kapok as a sound absorption panel.

1 Introduction

Noise also known as the unwanted sound has been recognized as part of environmental
nuisance. A person can face progressive loss of hearing with an increase in the threshold of
hearing sensitivity due to the continuous exposed to the noise that is 86-90 dBA over a
lifetime in industrial settings [1]. Excessive noise can cause the negative effects such as
hearing impair, sleep disturbance, communication interface and health effect [2, 3]. In
recent years, the demand for noise barrier has increased due to its importance as part of
noise pollution control management.
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Along with the development of technology, noise control management has become one
of the major requirements to improve the quality of living environment. One of the best
methods that can control to reduce these unwanted sounds is by using sounds absorption
material. The best practice applied is to install sound absorption panels at desirable area. A
sound absorption panel has been installed at certain part in the building to reduce the sound
level. However, sound absorption panels that are available in the market nowadays used
fiberglass as their primary material [4], which has negative impact not only towards the
environment but to the human health as well. Although synthetic fibres sound absorption
panels performed well, it is costly and not sustainable [5]. These days, natural fibre
materials from agricultural such as coconut, rice husk, coir fibre and oil palm frond fibre
have widely used as a substitute to synthetic fibres and wood—based material for acoustic
absorption purpose [6]. Hence, researchers are more interested in reviewing the application
of wood [7], rice straw [8], rice husk [9], wheat straw [10], and bamboo [11] as absorption
panels’ materials. These sustainable materials are easy to obtain and safe to be use in the
environment. This study was conducted by emphasis the characteristics of coir fibre that
potentially be a good sound absorber. The coir fibre, which has porous and hollow space,
has the ability to absorb the sounds well.

The orientation of sound-absorbing material plays an important role in the effectiveness
as a sound absorber. Effect of geometric orientation in the rate of sound absorption has
been investigated based on the triangular orientation, semi-circular, rectangular and plate
[12]. Result shows that the triangle or pyramid structure can be a good sound absorber for
high frequency. This type of structure can be seen on the surface of egg tray and indirectly
become the main factor of material selections for this study. The egg tray structure is
capable to absorb and reflect the sound waves [13]. Hence, the objective of this study is to
identify the characteristics of sound absorption panel based on the natural and recycling
materials, which are egg tray and coir fibre as a sound absorbing panel. This study was
focused on the use of environmentally sound absorption panel in the reverberation room
with a low frequency such as classroom and lecture hall.

2 Sound Absorption Panels

All construction materials have acoustic criteria where it does absorb, rebound or transmit
sound. Generally, acoustic materials are designed to be used for sound absorption. In
acoustic architecture and manual prepared by the manufacturers, these commercial acoustic
materials are characterized by sound absorption coefficient where the mean value is taken
at 250 Hz, 500 Hz, 1000 Hz and 2000 Hz frequency. These values are useful in comparing
the overall absorption level of commercial acoustic materials for reducing sound level.

This study focused on effectiveness characteristic of coir fibre as natural fibre sound

absorption panels based on its porous composition. According to [2], an excellent sound
absorption coefficient at low frequency is when the room is covered with hollow plats. The
increasing of the absorption coefficient can be done by increase the surface density of the
materials and increase the airflow obstacles.
The material orientation for sound absorption panels also plays an important role to ensure
its effectiveness. A study on the effect of the materials orientation has been done by [12]
that based on basic orientation such as triangle, hemisphere, rectangular and plate and the
result concluded triangle/pyramid orientation gives the best absorption for high level
frequency. This pyramid orientation can be seen and easily obtained from egg cartons. As
supported by [13], the orientation of egg cartons is capable of dispersing and rebound
sound wave.
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Fig. 1. Sound Wave when hit the egg tray surface [13].

3 Methodology

Fig. 2 shows the main materials used for this study; coir fibre, egg cartons, plywood. The
combination of these materials helped in strengthening and improving sound absorption
characteristics.

Fig. 2. Basic Materials for sound absorption panels; (a) Coir fibre, (b) Egg cartons, (c) Plywood.

3.1 Panels Fabrication

An impedance tests were carried out to determine the sound absorption coefficient (SAC)
before both design could be made. For the fabrication of the composite egg-carton cores,
the plywood was used. The design of the panel is illustrated as in Fig. 3. By using stapler
gun, each of egg-carton cores were then filled with coir fibre before it been wrapped by
black cloth as a layer of finishing for the panels.
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Fig. 3. Absorption Panels Design Stage.

Thirteen panels were made for the study and were hanging in a room with dimensions
as described in Fig. 4. According to [14], the testing room must be filled at least 15 to 20
percent with the absorption panels. Due to that, 15% of the corresponding testing room
were filled with absorption panels. The characteristics of the design panels are listed in

Table 1.
Table 1. Details sound absorption panels
Parameter Unit Panels
Structure - Sound Absorption Panel
Material - Egg-carton and coir fibre
Thickness mm 45.0
Density kg/m’ 0.42
Area m? 0.0036

3.2 Reverberant Field Method

Fig. 4 shows the equipment setup for the tests and layout of the echo chamber located at
Acoustic Laboratory, FKAAS, UTHM. This room was designed represented a real situation
to investigate maximum effect of noise from various angles. Absorption panels have been
tested in echo chamber concedes to the ISO 354 standards. The required parameter that
needed is an echo time (seconds) for the empty room and room with the absorption panels.
This echo time were collected at two different positions of microphone; Microphone 1 and
Microphone 2.
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Fig. 4. Equipment setup and layout of the echo chamber.

4 Results and discussions

Echo that produced due to the hitting of the sound waves to any obstacles is different
depending on the obstacle material. It can be heard in small space with hard walls such as
in a cave. But, if these echoes meet a soft surface, the sound wave will be absorbed. In this
study, there is difference of echoes time obtained for the room with and without absorption
panels. Fig. 5 and Fig. 6 both shows the results for Microphone 1 and Microphone 2
respectively. The result shows an obvious different of echoes time loss at low frequency
between 31.5Hz — 1600Hz compared to high frequency. Generally, the echoes time at both
microphones is shorter in a room filled with absorption panel than the empty room. The
maximum echoes time loss for the empty room is 5.63s and 5.74s for Microphone 1 and
Microphone 2 respectively. While for room filled with absorption panels, the echoes time
losses are 3.60s for Microphone 1 and 3.73s for Microphone 2. Due to that matter, it is safe
to conclude that this absorption panel that are made from egg-cartons and coir fibre is an
excellent absorption panel for low frequency. This can be related with the size of coir fibre
itself. As highlighted in [12] study, the fine fibre can increase the coefficient of sound
absorption. Since this material used in the original size, this panel is more suitable for low
frequency. So, it’s proven that agricultural waste is in an absorbing material group [10].
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Fig. 5. Echoes time for Microphone 1.
MICROPHONE 2
7
6
Y VAN
g4
= / N
o 3 .
£ —o— Room without panel
o
2
./ —— Room with panel
1
0
PP PSS SLSLSSS
» TS S
frequency, Hz

Fig. 6. Echoes time for Microphone 2.

5 Conclusions

There are many other ways in utilizing recycled materials like egg-cartons and coir fibre.
Stepping up to the challenge, this study has proven that the useable egg-cartons and coir
fibre have the criteria of performing an effective sound absorption pane that is more
environmental friendly. For future study, other natural fibers can be used to replace the
egg-cartons.
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