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Article Information ABSTRACT

The research sought to characterize the acoustic properties of gypsum composite which

Received: _]une 29, 2023 contained 2% pineapple leaf fibre (PALF) and plain gypsum with different thicknesses. The
impact of composite thickness and 2%PALF inclusion on the acoustic properties of the

Accepted: July 23, 2023 PALF-gypsum composite (sound absorption coefficient and sound transmission loss) were
5 . examined. A comparison of the sound transmission loss and sound absorption coefficient
LB 3R 8 plezon w52 12, 2028 for frequencies between 60 and 1600 Hz was made possible by acoustic tests using an
impedance tube. The sound absorption results showed that adding 2 percent PALF to
gypsum significantly improves acoustic properties when compared to plain gypsum. When
comparing composite samples 2% PALF (C2) to control samples (C0), the noise reduction
coefficient (NRC) result revealed a 50% increase. The composite materials containing 2%
PALF had the highest NRC value of 0.18. Furthermore, due to the increase in composite
thickness, the sound transmission loss of 2% PALF resulted in greater acoustic insulation in
the range of 30 dB. The findings of the experiments show that PALF can greatly increase
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the insulating qualities of gypsum composites.

INTRODUCTION

Sound absorption material design is gaining importance
on a worldwide basis. Noise pollution can disturb sleep
and result in a number of health problems. As a result,
creating a noise control system is essential in engineering
practice. The sound absorption panel is one of the most
important parts of an industrial noise control system
since it aids in lowering the sound energy generated by
visco-thermal action. In buildings, the absorber panel
is frequently used to alter the acoustic environment
of a space where speech comprehension is crucial.
The creation of adequate sound-absorbing materials
is one of the pressing issues that has to be resolved in
order to maintain an acceptable acoustic environment.
Understanding the absorption and isolation capabilities
of these materials requires research on their acoustic
characteristics. Natural fibre composite materials have
showed promise as building materials due to a variety of
desirable qualities, including cheap cost, biodegradability,
and renewable resources (Bledzki e 4/.,2002; Mohammed
et al., 2015 and Pecas e¢f al., 2018). The two forms of
natural fibre research are fibre added to binders like
gypsum, giopolymers and polymer matrix research.
Gypsum-based composite materials have advanced
significantly in recent years as a consequence of the need
and demand for durable and affordable materials that are
stronger, lighter, and more robust. Gypsum board is a
useful material for composite manufacture due to its low
energy consumption, fire resistance, light weight, acoustic
and thermal insulation, and quick healing time in interior
partitions, drywall, and facade panels (i a# al, 2003;
Rahman ez al.,, 2007 ; Zhang et al., 2011; Mohandesi ez a/.,
2012 ; Garg & Pundir 2014; Aghace ¢t al., 2015).

Ismail e al. (2014) investigated how hybridization

affected the ability of coconut coir fibre and shredded
paper-gypsum composites to absorb sound at different
levels. The panel’s sensitivity varies between 0.3 and 0.4
for frequencies between 250 and 8000 Hz, as seen in the
data. The composites manufactured with 25% coconut
coir fibre and 75% shredded waste paper had the greatest
maximum sound absorption coefficient of 0.40 at 8000
Hz when compared to other samples. The exceptional
thermal insulation properties of wool and the durability
of coir to enhance gypsum ceiling tiles were coupled in
a study by Guna ef al. (2021). The composites’ strength
increases with rising coir concentrations, reaching a
peak of 0.35 sound absorption coefficient at 5500 Hz.
In terms of acoustics, coir fibres fared better than wool
fibres. This could be because the surface morphology
of coir fibre is rougher than that of wool fibre, which
is smoother. Another work on using demolition wood
waste as a bio-composite with gypsum was published by
Pedrefio-Rojas ef al. (2017). Along with its physical and
mechanical properties, the researchers also evaluated
the material’s acoustic properties. The sound absorption
coefficient appeared of the composites was ascertained
using the impedance tube technique, in accordance with
UNE-EN-ISO 354 standatds. 10% and 20% of the
samples, respectively, were made up of wood shavings
and sawdust. The reference sample was also put to the
test against a perforated gypsum-wood plate by the
researchers. The outcomes were contrasted with those
of alternative readily accessible absorbent plates. When
evaluated at a frequency of 2000 Hz, the bio-composite
material improved by 20% with sound absorption
coefficient of 0.53, the 20% perforated material performs
better acoustically as compared to reference gypsum
board. Cork-gypsum composites were the subject of yet
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another experiment by Hernandez-Olivares ez al. (1999),
who discovered that although they are ineffective sound
absorbers, they may also serve as sound insulators. Cork-
gypsum composites have a sound absorption coefficient
appeared 0.2 to 0.3 high frequency field. Recent studies have
showed that the acoustic insulation qualities of gypsum-
rubber sheets increase sound insulation capabilities against
loud impacts. The particle size of the rubber sheet was
always larger than the percentage rise of the composites
(Herrtero et al., 2013).

In their study, Adamopoulos e a/. (2015) examined the
sound absorption of gypsum-reinforced wood and rubber
residues and discovered no appreciable differences in the
sound absorption between various proportions of wood
and rubber. The optimal sound absorption coefficient
of this solid block made of gypsum was 0.72 when the
frequency was raised from 2 to 4 KHz. The best value
was 0.43 when the frequency was raised from 2 to 4 KHz.
Elkhessaimi et al. (2017) also investigated the usage of glass
wool and citric acid in gypsum. The study concentrated
on how the materials’ microstructural effects affected
the transmission loss of gypsum board. The composites’
thickness and density were increased, which enhanced
their acoustic insulation properties. According to the study,
the 50-mm thick gypsum board with a glass wool core
and citric acid has exceptional insulating properties. In a
separate experiment, Ramezani e a/. (2012) assessed the
acoustic characteristics of wood fibre mortars with partial
gypsum substitution (10:90, 15:85, 20:80, 25:75, and 30:70
by ratio). With a transmission loss of 18 dB compared
to 15 dB for plain gypsum samples, the results showed
that substituting gypsum with wood fibre in a 30:70 ratio
enhanced transmission loss characteristics over plain
cement. Additionally, it was determined from the data that
increasing the thickness from 1.0 cm to 1.5 cm reduced
transmission loss across the whole frequency range under
study. Oliveira ef a/. (2019) looked at the effects of gypsum
composites made of expanded polystyrene and leftover
cellulosic pulp. The researchers observed that there was no
appreciable fluctuation in the quantities of any substance
and that the greatest outcomes were achieved at a low
frequency (250 Hz). The proposed composite materials’
acoustic insulating properties, however, were verified. For
the measured frequencies of 250 Hz and 500 Hz, the recipe
with the highest cellulose pulp content had the highest
sound absorption coefficient appeared of 0.33 and 0.16,
respectively, while the second sound absorption coefficient
appeared is 0.12 for the frequency of 1000 Hz. Arroyo et
al. (2020) also found that 5% micro silica added to gypsum
foam considerably enhanced the strength of gypsum
composites, particularly at low frequencies. The sound
absorption coefficient appeared is 0.64 at a frequency of
200 Hz.

On the other hand, a number of Malaysian researchers
have mentioned employing extracted PALF for sound
absorption. (Putra ez al, 2018;Yahya e al., 2019) Initiatives
to incorporate PALF in craft goods have just lately
started, despite Malaysia being one among Southeast
Asia’s top producers of pineapple (Mohamed ef al., 2009).

Satyanarayana e/ a/ 1990 found that the mechanical
properties of PALF make it suitable for a wide range
of applications. Because they are frequently discarded,
pineapple leaves can also serve to reduce environmental
consequences. As a result, the focus of this study is on the
acoustic performance of the PALF-gypsum composite.
The aim of the study has lately been impacted by the
quest for ecologically friendly building materials. The
study’s conclusions will be beneficial to the building sector,
which calls for the adoption of more lightweight and
sound-insulating materials. As a consequence, composites
comprised of PALF and gypsum were created, and their
acoustic characteristics were studied.

MATERIALS AND METHODS

Materials

Pineapple Fibre

The PALF utilized in this study was obtained from the
Faculty of Chemical Engineering at Universiti Teknologi
Malaysia and was crushed to a size of 15 mm. This PALF’s
surface treatment was also completed. Sodium hydroxide
(NaOH) at a concentration of 6 percent was used as an
alkali therapy for PALE At a constant temperature of
25°C, the fibre was soaked in an alkali solution for 24
hours. A PALF sample utilized in the investigation is
shown in Figure 1.

Figure 1: Pineapple leaf fibre with 15 mm size.

Gypsum

For this study, gypsum powder was obtained from a
Malaysian supplier. The gypsum powder was created
with the intention of being used in the production of
gypsum plasterboard, which is commonly used in ceiling
plastering. A gypsum sample utilized in the investigation
is shown in Figure 2

Figure 2: Gypsum powder.
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Sample Preparation

With thicknesses of 9 mm, 12 mm, and 15 mm
depending on market thickness, the gypsum base PALF
composites were created utilizing a 2-weight percent fibre
composition (C2) and reference gypsum (C0). A viscous
combination of gypsum and water was created. Prior to
volume measurement, the fibre and gypsum were weighed
on a precision weighing scale with a resolution of 0.01 kg;
The mold was taken from its location and relocated for
two minutes to a vibrating device for quick compaction
of the composite components, ensuring that the mixture
was properly compressed to generate composites with
fewer air spaces. A 24-hour period of room temperature
solidification was given to the composite compositions
in the mold. In order to make sure the samples were
completely dry, they were then put in an oven set at
105°C for 24 houts.

Testing Specimen

Figure 3 depicts the results of measuring sound absorption
using an ASTM C384-04 Bruel and Kjaer impedance tube
on large samples (100 mm) at frequencies ranging from
50 Hz to 1600 Hz. The samples were positioned at the
impedance tube’s end and protected by a flat surface. To
keep the sample stable, a sample holder with a 100 mm
diameter was placed at the impedance tube’s end. In order
to pick up sound waves from the speaker, the sample
surface was placed at the other end of the impedance
tube. Two microphones that can pick up sound waves
were employed with a loudspeaker generator, and a value
between 0 and 1 was established as the sac indication
value. The output was processed after the technique was
converted into digital signals using user-friendly software.
Scalar numbers, which reflect the amount of sound
energy absorbed when it impacts a surface, were used to
determine the NRC. Values around 0 show strong surface
reflection, while values close to 1 suggest high surface
absorption, hence values can be used to identify the
existence of a surface. The arithmetic mean was widely
used to specify the NRC at four distinct frequencies: 250,
500, 1000, and 2000 Hz. The formula is as follows, where
o is the sound absorption coefficient at the selected
frequency:

NRC: (2'25()+ai(}[)+a]()(1()+a20(){) )/4 (1)
The 100 mm samples were put through three tests using
a 100 mm inner diameter tube and microphones spaced
at the usual intervals. It took 30 seconds to finish each
exam. Throughout the studies, each sample in each
tube arrangement had to be rotated three times within
the sample holder, 90 degrees each time. The average
of three measurements for each tube configuration was
noted and preserved for subsequent data processing
The measurement data were stored in Microsoft Excel
workbook format for reporting and post-processing, In
the range of 63 to 1600 Hz, this produced a thorough
collection of sac frequencies. The mold and samples
utilized for the test of the acoustic characteristics are
shown in Figures 4 and 5.

Figure 3: Impedance Test according to ASTM C384-04.

Figure 4: Mould for acoustic properties.

y

Figure 5: Samples for acoustic properties test.

Sound (STL) at
frequencies ranging from 63 Hz to 1600 Hz were carried

transmission loss measurements
out on large samples using the transfer function technique
according to ASTM C384-04 Bruel & Kjaer impedance
tube (100 mm). The microphones were uniformly spaced
apart, and each 100 mm sample was measured once
within a tube that was 100 mm in diameter. Additionally,
the 100 mm inner diameter tube and the wide spacing
microphones were used to examine each 100 mm sample
once. Each circular sample was put through two testing
cycles. The test began with the specimen being tested
being placed into a very absorbent foam cone at the
other end of the testing chamber. For the second part
of the test, the end of the test chamber had to be left
open and the foam cone removed. Each test took around
30 seconds. After being examined in each of the three
impedance tube configurations, the three sets of data
for each sample were combined. This produced a whole
set of transmission loss statistics covering the frequency
range of 63 to 1600 Hz. The whole frequency data set
was averaged for each of the three experiments.

RESULTS AND DISCUSSIONS

Acoustic Properties of PALF- Gypsum Composites
Plain gypsum and PALF-gypsum composite materials
underwent acoustic testing to evaluate their acoustic
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properties. As a result of the experiment, the sound
absorption coefficient and Sound transmission loss
values of ordinary gypsum and gypsum with PALF were
determined.

Sound Absorption Coefficient

This section discusses the plain and PALF-gypsum
composite sound absorption coefficient. This is seen in
Figure 6. The frequency band between 1500 and 1600
Hz saw a little 0.23 rise in specimen C2. In the middle,
between 200 and 500 Hz, there is no discernible uptick.
Samples of ordinary gypsum had a lower degree of
resonance at frequencies under 1000 Hz. In prior tests,
ordinary gypsum had a comparable effect. A simple
sample peak absorption of 0.1 at a lower frequency of
600 Hz was determined by Bouzit ez /. (2019). When
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compared to standard gypsum, Figure 6 demonstrates a
slight rise in C2 in the 1000-1600 Hz frequency range
(CO). This was made possible because of the profile’s
downward frequency decrease at that time. Incorporating
PALF dramatically improved Gypsum’s
response between 500 and 1600 Hz. A description of their
results provided by Oliveira ez al. (2019) lends weight to
this view. A clear relationship exists between the amount

frequency

of residual cellulose pulp and expanded polystyrene and
how they affect gypsum composite boards. According
to Elkhessaimi ef al. (2017) research, adding aggregate to
gypsum composite board improved its ability to absorb
sound. Pedrefio-Rojas ef al. (2017) study on the acoustic
properties of ceiling plate composites manufactured
from reclaimed wood and gypsum found that gypsum
plate composites outperformed pure gypsum materials

0 500

1000 1500 2000

Frequency, Hz

-e--2 —8—C0

Figure 6: Comparison of sound absorption coefficient of 15 mm plain gypsum with 2% PALF-gypsum composite.

In comparison to conventional gypsum, adding 2 percent
PALF to it had very little of an impact on the sound
absorption coefficient (Figure 6). The inclusion of PALF
produced a 0.23 advantage for frequencies between 1200
and 1400 Hz. The frequency of C2 rose from about 500
to 1250 Hz. Overall, C2’s traits looked to have significantly
improved. The test only examined frequencies up to 1600
Hz, hence the research opted for this number rather
than 2000. The NRC value is calculated using the same
frequency of 1600 Hz by Flores Medina e# al. (2016).
The averages for the three samples at each frequency

Table 1: C2 NRC values and NRC percent reduction as
compared with the control.

Sample NRC Y%lIncrease
15mm (CO0) 0.12 -
15mm (C2) 0.18 50

STL value of 44 dB at 400 Hz. Ramezani et al. (2012)
found equivalent outcomes when contrasting wood fibre
with ordinary gypsum board. Comparative to the current
study, a comparable investigation showed lesser increases
in STL. According to Table 2, specimen sample C2 had
the greatest STL, surpassing control sample CO. There
is an 18% increase in STL at 500 Hz when comparing

were calculated by the NRC, as shown in Table 1. The
highest NRC was found in sample C2, showing that
sample C2 had more absorption than the control sample
CO. Therefore, compared to the CO gypsum control mix,
these mixtures ate able to absorb more sound waves. It
was found that the NRC had increased by 50% when the
percentage change in NRC from CO to C2 (Table 1) was
compared. Gypsum forms sound absorption coefficient
to a greater extent when PALF is added at a 2 percent
concentration.

Sound Transmission Loss Performance

Figure 7 displays the Sound transmission loss (STL)
for CO and C2. Over the majority of the frequencies
examined, the control sample (C0), which was free of
PALFE, had the lowest STL. Furthermore, it appears that
PALF reduces the frequency of sound waves that travel
through gypsum above 850 Hz. The control specimen’s
STL, which is close to 450 Hz, is below the 850 Hz
threshold. The STL of the C2 was greater in this range
than that of regular gypsum (CO0). Sample C2 exhibits a
greater STL across the whole studied frequency range,
with values of 55 dB at 400 Hz and 44 dB at 125 Hz.
The suggested PALF-gypsum composite material fared
well when compared to ordinary gypsum, which had an
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Figure 7: Comparison of STL of 15 mm plain gypsum with 2% PALF-gypsum composite.

the percentage change in STL from CO to C2 (Table 2).
A greater degree of STL is often produced by adding 2
percent PALF to gypsum.

Table 2: Comparison of STL between C0 and C2 Specimen.

Thickness Effects on Acoustic Properties
Depending on their intended function and the necessity
to absorb sound, acoustic materials come in a variety of
thicknes.

Sound Absorption

The effect of a 2 percent weight PALF composite
material thickness on the sound absorption coefficient
from 63 to 1600 Hz for each octave band is shown
in Figure 8, it illustrates how the material’s growing
thickness caused the volume to expand. In the observed
frequency range, it was found that the frequency rose with
increasing material thickness (from 63 Hz to 1600 Hz).
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This is because materials that are thicker absorb more
acoustic energy than those that are thinner. A 9 mm thick
PALF-gypsum composite material’s sound absorption
coefficient stabilized in the 0.10 to 0.15 range after 500
Hz. Within the frequency range of 500 Hz-100 Hz, the

Frequency | STL(CO) STL(C2) “YIncrease | sound absorption coefficient increased in thickness by
(Hz) 12 mm, going from 0.09 to 0.21. The sound absorption
500 43.49 51.2 18 coefficient is 0.25 for a 15 mm thickness at 1200 Hz.
1000 34.74 43.72 26 In conclusion, thicker materials get a greater sound

absorption coefficient delivered at a lower frequency than
thinner materials. The results of Lim e a/ (2018) and
Putra ¢ al. (2018) lend credence to this hypothesis. They
observed that as the thickness of the enlarged sound
absorption coefficient expanded, so did its low frequency.
Figure 9 displays the thickness of CO at various
thicknesses. The highest peak, which was about 0.21 at
about 600 Hz, was seen in the 9 mm sample. As can be
observed, a 12 mm sample’s density for the 800-1000 Hz
range was 0.19. All of the examined sample thicknesses
shown a considerable reduction in absorption in the
frequency range over 1200 Hz. At a frequency of 1000
Hz, the sac for the 15 mm sample was 0.2. All of the data
included peaks between 600 and 1000 Hz.

Sound absorption coefficient,a

500

1000

1500

2000

Frequency,Hz

—8——Omm ==8=-12mm 15mm

Figure 8: Sound Absorption Performance of C2 in different thicknesses.

Figure 10 shows the NRC results, which showed a nearly
50% increase above the control using the averages of
each frequency for the three samples analyzed. The PALF
(C2) sample displayed the highest NRC over a range of

thicknesses, suggesting a greater level of absorption than
the control sample thicknesses (C0). Gypsum board
produces more scarification when PALF is combined
with ordinary gypsum.
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Figure 10: NRC comparison for each sample thickness CO and (C2)

Sound Transmission Loss (STL)

The STL of the C2 at samples with thicknesses of 9
mm, 12 mm, and 15 mm is shown in Figure 11 and was
measured by utilizing an impedance tube. STL seems to
increase with sample thickness. The STL for a sample
that was 9 mm thick at a frequency of 500 Hz was 46
dB, 49 dB for a sample that was 12 mm thick, and 51
dB for a sample that was 15 mm thick. All three of the
thicknesses had STLs of 40 dB or less at 1000 Hz, with
the 9 mm sample having an STL of 29 dB. At 1000 Hz,

Sound Transmision loss,dB

the 12 mm sample showed a 39 dB STL. At 1000 Hz, the
15 mm sample showed a 40 dB STL. All thicknesses had
adrop in STL at 1250 Hz. As a result, thickness should be
taken into account more when constructing a composite
material for acoustic sound quality. The capacity of a
material to block the transmission of sound is dependent
on its thickness, density, and stiffness of the specimen
(Elkhessaimi ez al., 2017). The researchers found that
composite materials perform better when they are thicker
and denser. Similar findings were made in this inquiry’s

30 230 430 630

830 1030 1230 1430

Frequency, Hz

coiloes OMM

Figure 11: STL of C2 in different thicknesses
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Figure 12: STL of CO in different thicknesses.

assessment of the thicknesses of various PALF-gypsum
specimens. The material with the thinnest thickness
had the lowest STL in the majority of the frequencies
examined. The STL for various CO thicknesses is shown
in Figure 12. For frequencies up to 500 Hz, the STL of
the 9 mm panel was 45 dB, while for frequencies up to
1000 Hz, it was 31 dB. The 12 mm panel generates 49 dB
STL at 500 Hz and 1000 Hz frequencies (35 dB). At 500
Hz, the STL of the 15 mm panel was 48 dB, and at 1000
Hz, it was 45 dB. As a result, as CO’s thickness rose, its
STL changed to the higher number

Relationship between Acoustic Properties and
Thickness

The acoustic performance of a material is affected by
its thickness, density, and porosity. It was looked at how
acoustic characteristics affected non-acoustic factors as
density, porosity, and thickness. The porosity and density
values were 48 percent and 1280 kg/m3, respectively,

[=]
=
=2}

0.16
0.14
0.12

o
[

0.08

0.06
8 9 10 11

Noise Reduction Coefficient,a

for each thickness of 9 mm, 12 mm, and 15 mm. When
the specimen thickness was compared to the NRC, it
was found that the NRC values rose as the specimen
thickness did.

Relationship between NRC and PALF-Gypsum
Composite Materials Thickness

Figure 13 demonstrates how a PALF-gypsum composite
material’s NRC value rises with thickness, reaching a
maximum at 15 mm for both samples CO and C2. The
graph shows that when specimen thickness rose, the NRC
increased as well. With correlation coefficients of 0.99 for
C2 and 0.96 for C0, it is found that the link between NRC
and growth in thickness has very little dispersion and that
it climbs evidently almost linearly as a function of NRC.
The sound absorption coefficient appeared to benefit
from increases in thickness, as seen in Figure 14. However,
there didn’t seem to be any obvious advantage to adding
PALF to the gypsum mix proportions because the NRC

R?=0.9959

R?=0.9643

12 13 14 15 16

Thickness,mm

©— (0 O-@

Linear (CO)

Linear (C2)

Figure 13: Relationship between NRC and thickness of PALF-gypsum composites.

values for all thicknesses were less than 0.35. According
to past research, materials with a sound absorption
coefficient appeared of 0.35 or less are regarded reflective
for acoustic applications while materials with a sound
absorption coefficient appeared of 0.35 or higher are
considered effective absorbers (Cuthbertson ez a/., 2019).
The composite substance is therefore inefficient as an
absorber. Applications that need for improved sound
energy reflection, particularly in sound frequency bands

below 2,000 Hz, may benefit from the usage of PALF
composite gypsum board.

DISCUSSION

The goal is to determine whether this material can
be utilized as a component of an acoustic material to
help reduce noise in buildings. The addition of PALF
to gypsum reduces sound waves passing through the
composite material at most frequencies, according to a
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detailed examination of STL data. Advanced acoustic
applications that demand greater STL properties may
benefit from PALF-gypsum composite materials. The
increase in thickness within the lower and higher thirds
of the 63 to 1600 Hz observed frequency test range
resulted in a rise in the sound absorption coefficient, a
measurement of the amount of sound waves absorbed
by a substance at a certain frequency. When compared to
C2, the frequency spectrum’s centre in plain gypsum (C0)
displayed some modifications. The NRC increased by
more than 50% on average when C2 data was compared
to control samples (C0), showing that it did so at 1000
Hz (C2). The outcomes demonstrated that adding PALF
to gypsum greatly enhanced sound absorption when
compared to the control. The majority of the examined
frequency ranges showed the impact. The gypsum
composite material, however, cannot be claimed to have
robust characteristics because the NRC values are less than
0.35. When enhanced sound energy reflection is desired,
especially below 1000 Hz, this PALF-gypsum composite
material may be employed. The composite’s acoustic and
thermal insulation qualities are significantly influenced
by the thickness of the material at the conclusion of the
experimental studies. The sound absorption coefficient
appeared and STL get better as sample thickness increases.
The strongest measure of how well a material can increase
STL, as this essay has shown, is the composite thickness.
The acoustic tests revealed that while the STL was
enhanced, there was only a little gain in sound absorption
when PALF was added to the composite materials. As
a result of meeting both structural and acoustic criteria,
the composite material has the ability to act as a sound
insulator. Advanced acoustic applications that demand
greater STL properties may benefit from PALF-gypsum
composite materials. The suggested acoustic material
will be used in artificial ceilings or walls. In particular
for insulating gypsum board, which can take the role of
plaster boards as acoustic insulators in constructions.

Acknowledgement

The Research Management Center (RMC) of the
Universiti Teknologi Malaysia (UTM), which provided
support under Grant No. FRGS RJ130000.7822.4F887,
is warmly acknowledged by the authors. We are grateful
for their assistance.

Conflict of Interest
On behalf of all authors, the corresponding author
affirms that there are no conflicts of interest.

REFERENCES

10534-2, 1. (1998). Acoustic-Determination of sound
absorption coefficient and impedance tubes. Standard
International, 1998, 11-15.

Adamopoulos, S., Foti, D., Voulgaridis, E., & Passialis,
C. (2015). Manufacturing and properties of gypsum-
based products with recovered wood and rubber
materials. BioResources, 10(3), 5563-5572.

Aghaee, K., Yazdi, M. A., & Yang, J. (2015). Flexural
properties of composite gypsum  partition  panel. (July).
https://doi.org/10.1680/ensu.14.00058.

Arroyo, E.N., Christoforo, A. L., Salvini, V. R., Pelissari, P.
1. B. G. B, Pandolfelli, V. C., Luz, A. P., & Cardoso, C.
A. (2020). Development of plaster foam for thermal
and acoustic applications. Construction and Building
Materials, 262, 120800. https://doi.org/10.1016/j.
conbuildmat.2020.120800

Bledzki, A. K., Sperber, V. E., & Faruk, O. (2002). Na‘ural
and wood fibre reinforcement in polymers 13, iSmithers
Rapra Publishing.

Bouzit, S., Laasti, S., Taha, M., Laghzizil, A., Hajjaji, A.,
Merli, E, & Buratti, C. (2019). Characterization of
natural gypsum materials and their composites for
building applications. Applied Sciences (Switzerland),
9(12). https://doi.org/10.3390/app9122443

Cuthbertson, D., Berardi, U., Briens, C., & Berruti, F.
(2019). Biochar from residual biomass as a concrete
filler for improved thermal and acoustic properties.
Biomass and Bioenergy, 120(October 2018), 77-83.
https://doi.org/10.1016/j.biombioe.2018.11.007

De Oliveira, K. A., Barbosa, J. C., Christoforo, A. L.,
Molina, ]. C., Oliveira, C. A. B., Bertolini, M. S, ...
Ventorim, G. (2019). Sound absorption of recycled
gypsum matrix composites with residual cellulosic
pulp and expanded polystyrene. BioResources, 14(2),
4806-4813.

Egan, M. D. (2007). Architectural acoustics. ]. Ross Publishing;

Elkhessaimi, Y., Tessier-Doyen, N., & Smith, A. (2017).
Effects of microstructure on acoustical insulation
of gypsum boards. Journal of Building Engineering,
74(August),  24-31.  https://doi.org/10.1016/j.
jobe.2017.09.011

Flotres Medina, N., Flores-Medina, D., & Hernindez-
Olivares, E (20106). Influence of fibres partially coated
with rubber from tire recycling as aggregate on the
acoustical properties of rubberized concrete. Construction
and Building Materials, 129, 25-36. Retrieved from
http://dx.doi.otg/10.1016/j.conbuildmat.2016.11.007

Garg, M., & Pundir, A. (2014). Investigation of properties
of fluorogypsum-slag composite binders - Hydration,
strength and microstructure. Cement and Concrete
Composites, 45, 227-233. Retrieved from http://
dx.doi.org/10.1016/j.cemconcomp.2013.10.010

Guna, V., Yadav, C., Maithri, B. R., Ilangovan, M.,
Touchaleaume, F, Saulnier, B., ... Reddy, N. (2021).
Wool and coir fibre reinforced gypsum ceiling tiles
with enhanced stability and acoustic and thermal
resistance. fournal of Building Engineering, 41(March).
https://doi.org/10.1016/j.jobe.2021.102433

Hansen, C. H. (2001). Fundamentals of acoustics.
Occenpational Excposure to Noise: Evaluation, Prevention and
Control. World Health Organization, 23—52.

Hernandez-Olivares, E, Bollati, M. R., Del Rio, M., &
Parga-Landa, B. (1999). Development of cork-gypsum
composites for building applications. Construction and
Building Materials, 13(4), 179—186.




Am. J. IR 4. Beyond 2(2) 30-38, 2023

@oalli

Herrero, S., Mayor, P., & Hernandez-Olivares, F. (2013).
Influence of proportion and particle size gradation
of rubber from end-of-life tires on mechanical,
thermal and acoustic properties of plaster—rubber
mottars. Materials & Design, 47, 633-642. http://
dx.doi.otg/10.1016/j.matdes.2012.12.063

Ismail, E Z., Rahmat, M. N, & Ishak, N. M. (2014).
Sustainable Absorption Panels from Agricultural Wastes. 5,
1-6.

Lim, Z. Y., Putra, A., Nor, M. J. M., & Yaakob, M. Y.
(2018). Sound absorption performance of natural
kenaf fibres. Applied Acousties, 130(June 2017), 107—
114. https://doi.otg/10.1016/j.apacoust.2017.09.012

Losso, M., & Viveiros, E. (2005). Sound insulation of
gypsum board in practice. International Congress on
Noise Control Engineering 2005, INTERNOISE 2005,
2, 1218-1228.

Mohamed, A. R., Sapuan, S. M., Shahjahan, M., &
Khalina, A. (2009). Characterization of pineapple
leaf fibres from selected Malaysian cultivars. Journal of
Food, Agriculture & Environment, 7(1), 235-240.

Mohammed, L., Ansari, M. N. M., Pua, G., Jawaid, M.,
& Islam, M. S. (2015). A review on natural fibre
reinforced polymer composite and its applications.
International Journal of Polymer Science, 23(1), 291-305.

Mohandesi, ]. A., Sangghaleh, A., & Nazari, A.
(2012). Strength Assessment and Bonding Study
of Aluminum Short Fibre-Reinforced Gypsum
Composites. International Journal of Damage Mechanics,
21(1), 129-149.

Pecas, P, Carvalho, H., Salman, H., & Leite, M. (2018).
Natural fibre composites and their applications: a
review. Journal of Composites Science, 2(4), 66.

Pedreno-Rojas, M. A., Morales-Conde, M. J., Pérez-
Galvez, E, & Rodriguez-Linan, C. (2017). Eco-
efficient acoustic and thermal conditioning using
false ceiling plates made from plaster and wood waste.
Journal of Cleaner Production, 166, 690-705.

Putra, A., Or, K. H., Zulke, M., Jailani, M., & Nor, M.

(2018). Sound absorption of extracted pineapple-leaf
fi bres. Applied Aconstics, 136(February), 9-15. https://
doi.org/10.1016/j.apacoust.2018.01.029

Rahman, T. Lutz, W. Finn, R., Schmauder, S., &
Aicher, S. (2007). Simulation of the mechanical
behavior and damage in components made of strain
softening cellulose fibre reinforced gypsum materials.
Computational Materials Science, 39(1 SPEC. ISS.), 65-74.
https://doi.otg/10.1016/j.commatsci.2006.01.032

Ramezani, H., Shahdab, S., & Nouri, A. (2012). Study on
effects of wood fibre content on physical, mechanical,
and acoustical properties of wood-fibre-filled gypsum
composites.  Materials  Research, 15(2), 236-241.
https://doi.otg/10.1590/51516-14392012005000018

Satyanarayana, K. G., Sukumaran, K., Mukherjee, P. S,
Pavithran, C., & Pillai, S. G. K. (1990). Natural fibre-
polymer composites. Cement and Concrete Composites,
12(2), 117-136.  https://doi.org/10.1016/0958-
9465(90)90049-4

Thomas, R. (2000). Environmental design: an introduction for
architects and engineers. Taylor & Francis.

Tie, T. S., Mo, K. H., Putra, A., LLoo, S. C., Alengaram, U. J.,
& Ling, T. C. (2020). Sound absorption performance
of modified concrete: A review. Journal of Building
Engineering, 30(November 2019), 101219. Retrieved
from https://doi.org/10.1016/j.jobe.2020.101219

Vinet, L., & Zhedanov, A. (2011). A “missing” family
of classical orthogonal polynomials. In Journal of
Physics A: Mathematical and Theoretical, 44, https:/ /doi.
org/10.1088/1751-8113/44/8/085201

Yahya, K., Haron, Z., Hamid, S. N. S. A., Fasli, N. M., &
Taiwo, E. M. (2019). The Potential of Pineapple Leaf
Fibre as an Acoustic Absorber. AWAM International
Conference on Civil Engineering, 919-931.

Zhang, W. H., Li, G. Z., & Liu, M. R. (2011). Properties
research of cotton fibre reinforced gypsum based
composites. _Advanced Materials Research, 194-196,
1759-1762.




