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Abstract

The porous characteristics of recycled natural fibres make them suitable for use as acoustic materials. Straw and water
hyacinth fibres are natural materials that can potentially be used as composites in damping devices. This study evaluated
the acoustic performance of two types of reinforced composites containing natural fibers (water hyacinth and rice straw)
and gypsum adhesives in reducing stress levels in the textile industry. The evaluation was carried out through laboratory
tests using impedance tubes and direct testing in a textile factory to reduce the stress level of production machine workers
and operators. Rice straw and water hyacinth fibres were thoroughly mixed in proven mass ratios of 10% and 30% with
water and gypsum plaster as a binder. The mixture was pressed into a mould at a pressure of 3 MPa before being heated in
an oven at 900°C for 5 hours. Perforations measuring 4 to 8 mm in diameter were then made at equal distances on the
panels. Acoustic panel performance tests were carried out with impedance tubes according to 1SO 10534-2 standards at
sound frequencies ranging from 0 to 6400 Hz. Field tests were also conducted at a textile factory, with each machine unit
generating a sound source of 100 to 110 dB. Heart rate data was collected, and noise measurements were carried out before
and after the panels were installed in the area around the operating machines. The results showed that the rice straw-gypsum
composite with four perforations performed the best, achieving an o coefficient of 1.0 at a frequency of 1500 Hz and an
NRC of 0.50, indicating effective noise reduction. The installation of acoustic panels around the noise source in the textile
industry reduced noise levels by up to 9.8 dB and was found to affect workers' heart rates, indicating reduced stress levels.
The questionnaire results also showed a significant effect on the stress levels of workers. The use of natural fibers in
composite materials has the potential to be an eco-friendly and sustainable solution for soundproofing applications.
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1. Introduction

Noise is any unwanted sound that interferes with human hearing. Sound has multiple frequencies and amplitudes,
while noise is sound that occurs at high frequencies. Types of noise include constant, continuous, fluctuating,
intermittent, impulsive, random, and impact noises. Noise affects the physiological, psychological, communication, and
deafness of the workforce or listeners. It often occurs in crowded areas, such as urban areas, due to the sounds of vehicles
and activities. In addition, in the manufacturing industry, noise is often caused by the operation of a group of industrial
machines. In an industrial sector where production machines are commonplace, the noises that factory equipment emits
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during operation are a nuisance that can potentially affect the comfort and health of its environmental components,
primarily the operators or employees who operate this factory equipment. Therefore, it is necessary to control the noise
levels in the factory environment for the benefit of employees and the factory environment.

Noise from transportation, industrial, and recreational activities has auditory and non-auditory effects. The effects
of noise-induced hearing loss (NIHL) stem from exposure to occupational and social noise as well as increasing age [1].
According to the Global Burden of Disease (2019) report, 1-3 million people have been affected by NIHL [2]. The
United States and Europe report that 23% of adults have NIHL, while the WHO states that there are 466 million people
with hearing loss globally [3]. The non-auditory effects of noise are mental health disorders [4-8], cardiovascular
diseases [9-11], cognitive performance [12, 13], and sleep disturbances [14, 15].

Acoustic damping devices are one of the multiple noise control methods that have been examined to decrease noise
levels. Although industries take noise levels into consideration while outlining their needs, the actual noise levels
produced were most likely unanticipated due to several factors, such as the expansion of production capacity, which
requires an increase in the number of operating machines. Furthermore, many small industries often do not prioritise
occupational health and safety in various regions. As such, noise-absorbing devices should be installed to decrease noise
levels as well as improve occupational health and safety.

Multiple aspects of acoustic damping devices, such as performance, design, materials, and efficacy; have garnered
significant attention recently. Of these, field testing potential noise-absorbing materials for acoustic absorber devices is
one of the most popular. Composite materials are often used in acoustic damping devices as they provide sound
management and control with the use of natural and waste materials. Porous materials are, generally, preferred for sound
attenuation devices. Therefore, a combination of both materials could be used to develop a damping device that
effectively decreases noise levels. Perforated panels and absorption membranes; which are types of resonance materials,
are commonly used as sound absorption materials in various applications. The basic working principle of perforated
panels is the prioritisation of the effect of internal resonance within a certain frequency range. Porous materials are ideal
sound absorbers as they are light as well as easy to handle and manufacture.

Natural composite materials play an integral role in acoustic control. As the use and material properties of natural
materials are on the rise, they present opportunities to design acoustic materials that are cheap and biodegradable. Natural
materials of varying compositions, porosities, thicknesses, and other properties are generally used as composite materials
in acoustic damping devices to improve and control their performance. Natural fibre materials are widely used in the
acoustics industry due to their internal porosity, which makes them ideal for sound absorption as they provide more
airflow resistivity. Furthermore, inherent material properties such as fibre diameter, fibre length, density, and porosity,
to name a few, play a significant role in sound absorption. Berardi et al. examined the sound absorption coefficient (a)
of natural fibres; such as hemp, kenaf, cotton, coconut, wood fibre, cork, and sheep wool. Other natural materials that
are commonly used to make composite materials, such as coconut coir, corn husk, kenaf fibre, and wood fibre; are still
in the development stage of improving their acoustic performance. Natural waste; such as rice straw and water hyacinth
fibre; also has significant noise-reducing potential.

Rice straw; the second largest agricultural waste after wheat, has several potential advantages. According to multiple
studies, rice straw comprises 7.36% silica, 38.7% carbon, 2.37% potassium, 1.13% calcium, 0.53% magnesium, and
water in its natural state. Rice straw is preferred over coconut fibre, husk, rice, hemp, sugar cane, and other agricultural
waste due to its outstanding mechanical, thermal, and acoustic properties [16-21]. The a of wood-rice straw composites
is 0.5 at a frequency of 2000 to 8000 Hz [22-27]. Rice straw has a noise reduction coefficient (NRC) of 0.8, which is
akin to that of hemp but lower than that of hemp and cotton waste [28]. Furthermore, rice straw- methylcellulose fibre
adhesive has been found to increase o by 2000 to 3500 Hz and decrease the frequencies that follow [29]. Bio-foam; a
mixture of 5% rice straw and polyurethane-urea; has an NRC of 0.116 [30].

Most countries consider hyacinth or Eichhornia crassipes a waste product [31] as it is a highly-proliferative and
invasive plant that grows in tropical and subtropical regions [32]. However, in the construction industry, water hyacinth
fibre is used to reinforce polymer composites [33] and to produce a cement composite [34] that has an o of 0.92, which
is made by blending water hyacinth fibre with recycled palm oil-based polyurethane foam (PUF) [35]. Gypsum plaster
is used as a binder as it is fire retardant, provides heat and thermal insulation [18], and has an NRC of 0.12 [36]. Rice
straw and water hyacinth are natural fibres that are usually mixed with cement, polymers, or wood chips. However,
studies into gypsum-reinforced rice straw and water hyacinth composites are limited. Therefore, this study used gypsum
as a binder to compare the use of rice straw waste and water hyacinth waste as reinforcement. Research related to natural
fibers has been carried out by various researchers in the field of materials. Such as egg container waste, wood, straw,
and water hyacinth. One of the studies conducted by Setyowati et al. (2021) [37] is a study related to water hyacinth
fibers used as acoustic panels. In the study conducted, water hyacinth fibers were reinforced with ceramics and
composites. The ceramic mixture is added to clay as a water hyacinth reinforcement. The results reviewed are the
acoustic performance which shows that the absorption coefficient of water hyacinth with ceramics averages 0.29. While
the resin composite has a worse absorption coefficient value of 0.10. Furthermore, research related to rice straw in the

1313



Civil Engineering Journal Vol. 9, No. 06, June, 2023

study by Abdullah et al. (2011) [20], said that the acoustic material with rice composites has good performance,
especially at frequencies above 2000 Hz and is comparable to classical synthetic absorption. In another study, water
hyacinth fiber was used as a fiber-reinforced polymer composite material as a reinforcing material for concrete restraints
[38, 39]. Research conducted by Jirawattanasomkul et al. (2021) [33] shows that the mechanical properties reinforced
by water hyacinth are acceptable for the purposes of strengthening concrete with good environmental friendliness. From
these two studies, it became a strong foundation and the finding that water hyacinth fiber reinforced by gypsum material
can be used as a good and environmentally friendly acoustic panel.

The aim of this study was to determine the acoustic performance of acoustic damping devices made of gypsum-
reinforced rice straw and gypsum-reinforced water hyacinth composites and field test them at a textile factory in
Surakarta City, Java, Indonesia. The perforated panels were first arranged on several frames before their manufacturing
processes were adjusted to satisfy the unique needs and conditions of the textile industry; the target market of this study.
The ability of these panels to decrease the stress levels of machine operators by decreasing the noise emissions of the
machines was examined. The findings of this present study that water hyacinth and rice straw, which are easily available
natural waste products in Indonesia, can be used to address occupational safety and health. The data was collected in
two stages. An impedance tube was used to examine the performance of the damping device in the first stage before the
the stress levels of operators using the machines was collected in the subsequent field test stage.

2. Materials and Methods
2.1. Material Preparation

This present study used raw materials; specifically, rice straw and water hyacinth; from local farms in Central Java.
The rice straw was cut into 10 mm lengths with scissors and crushed using a crusher. Rice straw and water hyacinth
fibres, at densities of 0.276 gr/cm® and 0.363 gr/cm?, respectively were subjected to 3 MPa of pressure. The composites
were produced by, first, cutting the 10 mm long rice straw and water hyacinth then crushing them with a five-mesh
crusher. The rice straw and water hyacinth were then weighed before a dose-dependent amount of water was added to
each. The rice straw and water hyacinth were mixed in separate containers with a gypsum reinforcement and adhesive.
Lastly, a gypsum compound and water were added to each form a strong material.

The rice straw-gypsum-water mixture was then poured into a steel mould and set aside three hours before a hydraulic
jack with a maximum capacity of 5 MPa was used to press the mould. This process was repeated with the water hyacinth-
gypsum-water mixture. The composites were then removed and dried in the sun for a day before being heated in an oven
at 900°C for five hours to homogenise the moisture. Table 1 provides the physical characteristics of the water hyacinth
and rice straw composites. Multiple samples of the rice straw and water hyacinth composites were prepared to either
contain 10% and 30% of rice straw and water hyacinth fibres. Solid samples as well as samples with one to four
perforations were also prepared. All the samples were 20 mm thick. The a of the samples was tested according to the
ISO 10534-2:1998 standard. Some samples were cut to measure 30 mm in diameter and tested using two-microphone
impedance according to the international ASTM 1050-98 standard. The absorption measurements were conducted at a
frequency of 0 to 6500 Hz.

Table 1. Sample preparation and characteristics of composites

sample Gypsum Water Rice Straw Wgter Eraction Design Diameter Depth

(9) (9) (9) Hyacinth (g) Perforation (mm) (mm)
RS_10%_0 690 552 33.12 - 10% No Perforation - 20
RS_10%_1 690 552 33.12 - 10% Perforation 1 8.46 20
RS_30%_1 536 429 99.36 - 30% Perforation 1 8.46 20
RS_30%_4 536 429 99.36 - 30% Perforation 4 5.40 20
WH-10%-0 690 552 - 43.56 10% No Perforation - 20
WH-10%-1 690 552 - 43.56 10% Perforation 1 8.46 20
WH-30%-1 536 429 - 130.68 30% Perforation 1 8.46 20
WH-30%-4 536 429 - 130.68 30% Perforation 4 5.40 20

The field tests were conducted at a textile factory in Surakarta City, Java, Indonesia by placing the panels around
several industrial machines. The sound acoustic panels were made separately with several frames (Figure 1). Figure 2
depicts the production space for the machinery. In one production room of the textile factory, there were 144 production
machines divided into three blocks of 48 devices each. In one work shift, 16 machines were working in Block 1. The
damping panels were placed in one of the production room blocks. Prior to collecting the sound attenuation data of the
panels, the noise level in Block 1 was measured at several location points and the highest noise value was recorded. The
machine operators also were equipped with Xiaomi® Mi Band 5 heart rate detection smartwatches to determine their
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stress levels due to engine noises. The heart rate of every participant was recorded at hourly intervals to assess their
stress levels. The heart rate data was collected both before and after the installation of the damping device. Apart from
heart rate data, the participants were also required to answer a questionnaire once every hour to monitor the compatibility
of the heart rate data and their subjective evaluations. The field test was conducted over a 30-day period. IBM® SPSS
Statistics was used to process the questionnaire data and determine if there was a correlation between the noise generated
by the industrial machines and the stress levels of the operators.
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Figure 2. The layout of production machines in the textile factory

2.2. Methodology

The research was started by making samples, as shown in the material preparation section above. Furthermore, lab-
scale testing is carried out on samples that are ready by adjusting the sample size on the impedance tube test equipment.
The objective of this study was to investigate the acoustic performance of gypsum-reinforced rice straw and water
hyacinth composites in reducing stress levels in the textile industry. The study was conducted in two phases: (1)
laboratory testing of the acoustic properties of the composites using an impedance tube, and (2) field testing of the
composites installed in a textile factory to measure their sound attenuation performance and their effect on workers'
stress levels. To evaluate the acoustic properties of the gypsum-reinforced rice straw and water hyacinth composites, an
impedance tube was used. The impedance tube was calibrated using a reference microphone, and the composites were
placed at the end of the tube to measure their sound absorption coefficient and transmission loss. The impedance tube
measurements were conducted in a reverberation-free laboratory environment at room temperature and atmospheric
pressure. The sound pressure level (SPL) in the textile factory was measured using a calibrated sound level meter. To
assess the effect of the composites on workers' stress levels, heart rate data was collected using smartwatches worn by
the workers. The smartwatches recorded the workers' heart rates continuously during their work shifts. To gather
subjective data on the workers' stress levels, a questionnaire was designed consisting of questions related to the workers'
perception of the noise level and stress level during their work shifts. The questionnaire was administered to the workers
after they had completed their work shift. The flow of research conducted is shown in the following flowchart (Figures
3to5).
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The layout of the production room and a sketch of the room used for the data collection showed that it had a length,
width, and height of 20x40x4 m, respectively. With these dimensions and with the number of machines in operation,
simulations were used to predict the distribution of acoustic pressure and sound pressure levels in Block 1 (Figure 6).
Figures 6-a and 6-b show the prediction of the pressure distribution from the resulting engine sound sources. Figure 6-
a shows an image of the sound pressure level in decibel units in the room used for testing while Figure 6-b shows the
resulting pressure distribution in MPa. The sound distribution predicted in the simulation was used to identify ideal
locations to collect the highest and lowest sound data. The purpose of identifying and collecting data at the location with
the lowest sound was to compare and statistically test the heart rate and questionnaire data of participations in that
location with their counterparts in other parts of the factory.

0 Tesa 2e-04 (mm) 0 Tes0d 2¢-04 (mm)
) )

e+l 1he-04 e+l 1.be-04

(a) (b)
Figure 6. Description of predicted (a) sound pressure level and (b) pressure in the textile factory room

Figure 7 shows the installation of the sound attenuation panels in the field and the data collection process. Each panel
was 3 m long and 2 m high with a composite thickness of 3 cm. Rice straw-gypsum acoustic panels with one to four
perforations were installed. The impedance tests results indicated that the rice straw-gypsum acoustic panel with four
perforations performed the best.

Figure 7. The installation of acoustic panels and data collection process

Figure 8 illustrates an impedance tube test of a sample by generating plane waves from the sound source in the
impedance tube. A sound source, usually a loudspeaker, is attached to one end of the impedance tube while a sample of
the tested material is placed at the other end. The speaker generates random fixed broadband sound waves, which are
propagated as plane waves and bounce off after hitting the sample. The decomposition of the selected sound wave
pattern into components that travel forward and backward in the tube produces a standing wave interference pattern. By
simultaneously measuring the sound pressure at two fixed locations (mics 1 and 2) and calculating the complex transfer
function, it is possible to determine the complex reflection coefficient, o, and normal acoustic impedance of the
specimen.
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Figure 8. A schematic diagram of the plane wave generated during acoustic measurement with a two-microphone
impedance tube

A sound level meter (Benetech GM1356) was used to measure the SPL before and after the installation of the acoustic
absorber panels. The meter was calibrated before each measurement, and measurements were taken at different locations
in the textile industry to evaluate the overall effectiveness of the panels. Each measurement was taken for a duration of
30 seconds, and the average value was recorded. The heart rate (HR) measurements were taken using a band Xiaomi®
Mi Band 5 smartwatch worn by the workers before and after the installation of the panels. The HR data were collected
using a heart rate monitor Xiaomi® Mi Band 5 smartwatch and analyzed to assess the stress levels of the workers. The
band was placed around the worker's chest, and the data were recorded for a duration of 5 minutes. Then the data
collected from the SPL measurements and HR measurements were stored on a computer to be analyzed. The data were
saved in CSV format for further analysis.

3. Result and Discussion
3.1. Tube Impedance Test Results

An impedance tube was used to determine the acoustic performance of four types; (1) solid, (2) 10% fibre with one
perforation, (3) 30% fibre with one perforation, and (4) 30% fibre with four perforations; of both the rice straw-gypsum
composite and the water hyacinth-gypsum composite. The tests were conducted using a Bruel & Kjaer® 4206 Impedance
Tube Kit (Norcross, GA, USA), which comes with two types of tubes; namely, a large 100-mm tube for measuring a
frequency range of 50 to 1600 Hz and a small 29-mm tube for measuring a frequency range of 500-6400 Hz. The
experiments in this present study were conducted using only the small 29-mm tube. Figure 9 depicts the composite
samples used for the tube impedance tests. Rice straw and water hyacinth fibres were chosen for their high cellulose
content. Cellulose is insoluble in water and present in all wood-containing molecules. Linear cellulose molecules are
crystalline, insoluble, and difficult to degrade chemically and mechanically. These characteristics were taken into
consideration in the choice of rice straw and water hyacinth as reinforcement in polymer composites [40].

Rice Straw

Image RS_10%_0 Image RS_10%_0 Image RS_30%_1
Water Hyacinth

Image WH_10%_1 Image WH_10%_1 Image WH_30 %_1 Image WH_30 %_4

Figure 9. The rice straw-gypsum composites and the water hyacinth-gypsum composites used in the impedance test
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Plant structures and cells comprise lignin, cellulose, and other fibres. Lignocellulosic biomass, consisting of 10-25%
lignin, is a natural polymer that is abundantly available in nature. Lignin is insoluble in water, remains stable, and acts
as a binding agent between cellulose and hemicellulose [41]. Lignin is a critical material between one component and
another in plants. Plants with lignin and fibre are analogous to building structures that use concrete with steel frames
[42]. Figure 10 shows the impedance testing of the acoustic samples. Impedance tests were conducted to evaluate the
characteristics and performance of the composite samples before they were mass-produced and installed in the textile
industry.

Figure 10. The impedance testing of composite samples

As seen in Figures 11 to 16, the examined test results included a, reflection coefficient, and the impedance ratio of
each material and their variations. The addition of perforations to the 10% rice straw-gypsum composite changed its a.
The a of the solid rice straw-gypsum composite reached 0.32. However, the addition of one perforation increased the o
of the 10% rice straw-gypsum composite to 0.89 at a frequency of 1500Hz, decreased it to 0.24 at a frequency of 3000
Hz, and increased it again to 0.60 at a frequency of 6400 Hz. The 30% rice straw-gypsum composite and one perforation
achieved a maximum o of 1.00 at a frequency of 1750 Hz, which decreased to 0.47 at a frequency of 3000 Hz then
increased to 0.91 at a frequency of 6400 Hz. Meanwhile, the a of the 30% rice straw fibre with four perforations reached
1.00 at a frequency of 1500 Hz, which then decreased at 3000 Hz then increased to 0.91 at 3000 to 6400 Hz.

10 —=—RS_10% 0
0.9 N
_ s -.@ -RS 10% 1
)
= 08 - -& - RS_30%_1
c
2 0.7 —8— RS _30% 4
E 0.6 /.
5] .
8 0.5 “~*_-‘-"“-‘_~‘~
& 04
2 03
2
g 0.2
g o1
=}
& 00
NS S e T N L S e R N S S N P N S S S PR N S S S PR N S S L IS NS SRR
S N O S S R S R A O SRR AR S A
Frequency (Hz)
Figure 11. The sound absorption coefficient (o) of the rice straw-gypsum composite
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Figure 12. The sound absorption coefficient (o) of the water hyacinth-gypsum composite
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Figure 15. The reflection coefficient of each sample in the impedance test
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Figure 16. The impedance ratio of the impedance test

The addition of four perforations to the rice straw-gypsum composite maximised its o to 1.00. At frequencies above
3000 Hz, it had an o of 0.33. Meanwhile, the o of the 10% rice straw-gypsum composite with one perforation increased
to 0.89 at a frequency of 1500 Hz then decreased to 0.25 at a frequency of 1500 Hz. At a frequency of 3000 Hz, the a
increased again to 0.60 at 6000 Hz. Therefore, the addition of rice straw fibre increased the a. Despite changes in the
frequencies, the addition of perforations increased the a. Figure 9 depicts the o of the water hyacinth-gypsum composite.

The a of the solid 10% water hyacinth-gypsum composite reached 0.37 at a frequency of 1500 Hz, which then
decreased to below 0.2 at a frequency of 1500 to 6400 Hz. The o of the 10% water hyacinth-gypsum composite with
one perforation was 0.91 at a frequency of 1500 Hz, which decreased to 0.35 at a frequency of 2500 Hz, increased to
0.51 at a frequency of 3500 to 3700 Hz, then decreased to 0.28 at 6400 Hz. The addition of one perforation to the 30%
water hyacinth-gypsum composite increased its o to 0.93 at 1500 Hz, which then increased to 0.49 at 6400 Hz. The
addition of perforations to the 30% water hyacinth-gypsum composite increased the o to 0.97 at 1000 Hz, which then
decreased to 0.29 at 3000 Hz, increased to 0.54 at 5000 to 5750 Hz, and decreased to 0.45 at 6400Hz. Therefore, the
higher the water hyacinth fibre content and number of perforations, the higher the a. Furthermore, the o of composites
containing different amounts of fibre remained relatively the same so long as the number of perforations remained the
same. However, the frequency did shift.

When sound waves enter a porous material, perforations support the sound absorption process and decrease the level
of sound reflection. Friction occurs between high-speed wind molecules and stagnant wind molecules. When the sound
waves rub against the rough surface of the porous walls, abrasion of the sound waves occurs. Sound absorption occurs
when the kinetic energy of sound waves is converted into heat energy [43]. Calculating the a of the rice straw-gypsum
composite and the water hyacinth-gypsum composite indicated how many decibels each composite was able to absorb.
Figure 10 shows the reduction in decibels of every composite variation. As seen, the rice straw-gypsum composite was
able to reduce noise levels better than the water hyacinth-gypsum composite. The composite with 30% fibre and four
perforations had the best design variation.

Both NRC and noise pressure reduction are interrelated. The sound reduction coefficient was obtained using the o.
The NRC is a rating that is used to measure how effectively a material absorbs sound. The NRC was calculated by taking
the arithmetic mean of the o of the material at 250, 500, 1000, and 2000 Hz and then rounding it off to the nearest 0.05.
Although the standard test procedure measures absorption efficiencies at 125 Hz and 4000 Hz, these values were not
used to calculate the NRC. The NRC approximates the centre frequency, making it suitable for most situations but not
all. The higher the NRC, the better the sound absorption of a material. The NRC obtained was then used to calculate the
decrease in noise pressure in the following equation.

d = —201og;o(1 — NRC) 1)

where d is the decibel drop (dB) while the NRC is the e sound reduction coefficient, which directly relates to the a when
a sample is tested. Based on the test results and with the above calculations, the rice straw-gypsum composite with four
perforations had the best dB (6.07 dB).

The 30% rice straw-gypsum composite with four perforations had the highest decrease in sound pressure (6.07 dB)
during the impedance tube test. The water hyacinth-gypsum composite with four perforations decreased noise by 5.39
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dB. As seen in Table 2, the highest decrease in noise that the water hyacinth-gypsum composite with four perforations
achieved was still less than that of the rice straw-gypsum composite with one perforation. Therefore, the higher the fibre
content and number of perforations in the rice straw-gypsum and water hyacinth-gypsum composites, the higher the
sound absorption and dB. As such, these composites could be used as absorbent walls in a noisy environment and
decrease auditory and non-auditory effects on persons exposed to noise.

Table 2. The noise reduction coefficient (NRC) and decibel drop (dB) of the composites

Ricestraw-gypsum Waterhyacint-gypsum
10%_0 10%_1 30%_1 30% 4 10%_ 0 10%_1 30%_1 30%4
NRC 0.14 0.31 0.47 0.50 0.11 0.24 0.32 0.46

dB drop (dB) 1.36 3.31 5.55 6.07 1.06 2.38 3.43 5.39

As seen in Figure 14 and Table 3, the NRC of the prepared composites were compared to that of the a of several
composite materials examined in extant studies to determine their feasibility [44]. The 3-1/2" fiberglass batt has the
highest NRC (0.90 to 0.95). Nevertheless, the prepared composites still performed better than some of the other
materials, such as the indoor-outdoor carpets, heavy concrete or foam rubber, polyurethane foam (1" thick, open cell,
reticulated), and wood. The NRC of the prepared composites were equivalent to that of the sprayed cellulose fibres (1"
thick on concrete) and better than that of the the gypsum reinforcement and adhesive material alone as pure gypsum
only has an NRC of 0.00 to 0.05. Thus, the innovation of making natural composites reinforced with gypsum is a good
improvement in the field of acoustics.

Table 3. A comparison of the NRC of acoustic materials examined and commercialised by extant studies and
the prepared composites

Material NRC
Carpet, indoor-outdoor 0.15-0.2
Carpet, heavy on concrete 0.2-0.3
Carpet, heavy on foam rubber 0.3-0.55
Fiberglass, 3-1/2" batt 0.9-0.95
Polyurethane Foam (1" thick, open cell, reticulated) 0.3
Sprayed Cellulose Fibers (1" thick on concrete) 0.50-0.75
Wood 0.05-0.15
Fiberglass, 1" Semi-rigid 0.50-0.75
Gypsum 0.00 - 0.05
Ricestraw-gypsum 0.5
Waterhyacint-gypsum 0.46

The dB performance also related to the reflection coefficient and the impedance ratio of the prepared samples. As
seen in Figures 15 and 16, there was an inverse correlation between the reflection coefficient and the o and dB. Adhesives
and gypsum were used as reinforcement due to the low density of the prepared samples. The fibre content and number
of perforations greatly affected the the reflection coefficient of the prepared samples. A fibre content of 30% performed
better than 10% while four perforations was the best design. Differences were also observed in the frequency range of
each composite. Samples with one perforation performed better at a frequency of 1500 Hz. However, at low frequency
ranges or below 1500 Hz, samples with four perforations performed better, especially at 1000 Hz. At high frequencies
of above 4000 Hz, composites with 30% fibre and one perforation performed best. These results were used to select
samples for the field test. Subsequent panels were made to contain 30% rice straw fibre reinforced with gypsum and
perforation. The selection was made based on several factors; such as better performance at low and high frequency
ranges and more straightforward sampling.

The results of the impedance tube tests showed that the rice straw-gypsum composite with four perforations
performed the best among all the tested composites. This composite achieved an o coefficient of 1.0 at a frequency of
1500 Hz, indicating that it absorbed almost all of the incident sound. The NRC of this composite was also high, reaching
0.50, which means that it could reduce noise levels effectively. These results were satisfactory compared to other
damping materials that have been studied, indicating that the rice straw-gypsum composite could be a promising material
for soundproofing applications.
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3.2. Acoustic Panels on Field Test Results

Figure 17 depicts the results of the field tests and show changes in the noise level and heart rate of each respondent.
Pre-panel installation, the average noise around the operator was 100.89 dB, with a maximum noise of 104.6 dB, and
the average heart rate of all the respondents was 56.56, with a maximum of 82. Post-panels installation, the noise and
heart rate of the respondents changed at all the sampling points. The noise level and overall heart rate decreased. The
heart rate trendline post-installation was visibly below the heart rate. The average noise post-installation at the same
point pre-installation was 94.16 dB, with a maximum noise of 96.2 dB while the average heart rate was 56.6, with a
maximum value of 79.

Therefore, there was a reasonably good reduction in noise, which also affected the heart rate of the machine
operators. As seen in Figure 17, one respondent in particular; Respondent 2; experienced the highest noise level of 104.6
dB pre-panel installation. When measured at the same point post-panel installation, Respondent 2 only experienced 94.8
dB; which is a reduction of 9.8 dB. Meanwhile, Respondent 25 experienced the lowest reduction in noise (2.8 dB). This
could may be explained by differences in the position of the machines that each respondent operates. More specifically,
operators of machines located in the middle of the room or in between two other machine operators experienced the
highest noise levels while those located the farthest from the sound source had the advantage of low noise levels even
pre-panel installation.
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Figure 17. The sound pressure during field testing and the heart rate of the respondent

The results showed that although the installation of panels was adequate to reduce the noise level, the panel design
and the number or dimensions of the panels could be improved to further reduce the noise level. Nevertheless, the
installation of panels had a good effect and was even able to reduce the stress levels of the respondents, as evidenced by
their heart rates. The relevant company had requested that the dimensions and number of panels be limited so that they
did not interfere with the activities of its employees and the operations of its machines. The maximum number of panels
that the company permitted was installed in the factory. Therefore, improvements could be made by selecting new
materials or creating new geometries to enhance the performance of the acoustic damping device.

The field test results indicated that the installation of acoustic panels around the noise source could reduce noise
levels in the textile industry by up to 9.8 dB. The maximum noise level reduction achieved was from 104.6 dB pre-
installation to 94.8 dB post-installation. The decrease in noise levels was also found to affect the heart rate of workers,
as indicated by the measurement results of the respondents. The trendline test showed that the heart rate decreased as
the noise level decreased, indicating that the installation of acoustic panels could improve the well-being of workers by
reducing their stress levels.

3.3. Stress Level Statistical Testing

Statistical tests were carried out to determine the stress levels of the respondents who were operating the machines.
These respondents were given a 42-question survey over a 30-day period that aimed to determine changes in attitudes
pre- and post-panel installation. Although questionnaires were distributed to 25 respondents, only 21 responses could
be used in the data processing stage as the responses of four respondents differed significantly.
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A Shapiro-Wilk normality test that was conducted to show the presence of noise pre-panel installation (p = 0.559)
and noise post-panel installation (p = 0.693). The distribution of the data was deemed normal and a paired t test could
be performed. Table 4 provides the results of the data testing. The difference in the mean noise pre- and post-panel
installation over the 30-day period was 6.1 dBA, with p = 0.00. There was a difference in the noise with the installation
of the rice straw-gypsum composite. The minus sign indicates that the mean noise post-panel installation was less than
the noise pre-panel installation.

Table 4. Noise paired t test pre- and post-panel installation

Noise (dBA) n Mean+SD Mean Difference + SD 1K 95% t p
After intervention 21 945+08 -6.1+2.1 -6.94s/d-5.1 -13.7 0.00
Before intervension 21 1005+ 1.6

The Shapiro-Wilk normality test showed that the results were normally distributed, and thus, the prerequisites for a
paired sample t test were met. The results of the paired t test showed that there was a significant difference between
heart rates. The mean heart rate post-panel installation (50.8) was lower than the heart rate pre-panel installation (65.5).

Table 5. The heart rate-based stress levels using paired t test pre- and post-panel installation

Stress level based on heart rate monitoring n  Mean+SD  Mean Difference + SD 1K 95% t p
Stress level (post-intervention) 21 50,8+ SD -146+119 -20.1s/d9.2 -5.6 0.00
Stress level (pre-intervention) 21  655+SD

Noise has direct and indirect effects on humans. Exposure to high noise through direct pathways damages the ear
and causes deafness while exposure via indirect pathways interfere with communication as well as cognitive and
emotional responses, thereby causing stress responses; such as discomfort and depression. Stress responses activate the
autonomic nervous system and endocrine system (pituitary gland and adrenal glands) and, if the stress occurs
continuously (chronic), it can affect blood pressure, blood lipids, blood viscosity, blood glucose, and cause heart disease
[45].

Dysfunction of the autonomic nervous system is associated with several psychiatric disorders [46]; such as
depressive disorders [47] post-traumatic stress disorders, anxiety disorders [48], and schizophrenia. Heart rate is a
transdiagnostic biomarker for clinical checks in identifying a subject’s risk of developing physical and psychiatric health
problems [49].

Heart rate had been used as an indicator of cardiac health. A resting heart rate above 80 bpm is associated with a
33% and 45% increased risk of cardiovascular death, and a heart above 60 bpm presents a risk of cardiovascular disease
(CVD) of 1.19 (0.95-1.50) at a 95% confidence interval. There is a non-linear correlation between heart rate and heart
failure [50]. Workers who are exposed to acute and chronic noise can produce biological stress responses in the form of
body pressure, hypertension, heart rate, cardiac arrhythmia, vascular resistance, and cardiac output. The heart rate
indicator for workers exposed to noise above 85 dB showed an increase in heart rate compared to exposure to noise
below 85 dBA [51]. Heart rate and blood composition can change due to exposure to noise, where the heart rate can rise
to 3 beats per minute for every 10% increase in the minutes of exposure to peak noise that does not disappear [52].
Noise exposure creates an autonomic imbalance, which results in a continuous increase in heart rate even though the
noise source has been turned off [53]

This study used heart rate and heart rate variability as stress response biomarkers from the autonomic nervous system
of workers exposed to noise. The stress prediction measurements were based on physiological signals from the workers
who were exposed to noise. Each worker had to wear a Xiaomi® Mi Band 5 smartwatch, which was equipped with a
photoplethysmogram (PPG) and a stress measurement sensor. The Xiaomi® Mi Band 5 has a PPG sensor and uses heart
rate data to determine the interval between each heartbeat. When using the stress feature, the Xiaomi® Mi Band 5 uses
the heart rate and heart rate variability (HRV) data to determine the interval between each heartbeat. Technical advances
have also made it possible to measure the HRV by detecting the pulse with a belt around the chest [54] or on the wrist
[55]. The respondents were workers worked eight hours a day in the loom-weaving section of a textile factory in Central
Java, Indonesia. A random sampling method was used to select the respondents. A Benetech® sound level meter was
used for the noise measurements while a Xiaomi® Mi Band 5 smartwatch was used for the stress measurements. Paired
t tests were performed to determine differences in noise levels and stress levels pre- and post-panel installation.

The variation in the length of time between each heartbeat is regulated by the body's autonomic nervous system
(ANS), which also controls the heart. The ANS consists of parasympathetic and sympathetic branches. The sympathetic
branch of the ANS is active when stress is being experienced and keeps the limbs in a state of alert while the
parasympathetic branch of the ANS is the relaxing part of the nervous system. When the sympathetic branch is active,
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the heart rate increases in a more regular rhythm so that the HRV decreases. When the parasympathetic branch is active,
the heart rate decreases according to the body's needs but with a rhythm that is not too strict, thereby increasing the
HRV. Heart rate variability (HRV) is an indicator of the balance of the activity between the two branches of the
autonomic nervous system. A low HRV means high stress, while a high HRV means low stress. It measures this balance
in the time and frequency domains and, as it is affected by stress, it can be used as an objective assessment of stress [56,
57]. This study conducted examined textile workers who were exposed to noise >85 dBA, which exceeded the
permissible level of noise by the Occupational Safety and Health Administration (OSHA) and the Indonesian Ministry
of Manpower. The pre-experimental one-group pretest-posttest design was used (pictured experimental design). Pre-
panel installation, the average noise level was 100.5 dBA with an average stress level of 65.5 (moderate stress category),
as measured by the heart rate and heart rate variability, which were converted to stress levels on the Xiaomi® Mi Band
5 smartwatch. After 30 days of using the rice straw-gypsum noise-absorbing material, the noise level had decreased by
6 dBA and stress level had decreased by 14.6.

The questionnaire results showed that the installation of acoustic panels had a significant effect on the stress levels
of workers in the textile industry. The results suggest that the installation of acoustic panels could provide a more
comfortable and less stressful working environment, which could contribute to improving the overall well-being of
workers.

4. Conclusion

The characteristics and performance of two types of reinforced composites and gypsum adhesives containing varying
amounts of natural fibre were evaluated using impedance tubes and field tests. The impedance tube test results were
satisfactory compared to other damping materials that have been studied. The acoustic performance of the prepared
samples in the impedance tube was evaluated by examining their a, NRC, dB, and reflection coefficients. The rice straw-
gypsum composite with four perforations performed best. The maximum a of the rice straw-gypsum composites reached
1.0 at a frequency of 1500 Hz, while that of the water hyacinth-gypsum composites with the same variations reached
0.97 at a frequency of 1100 Hz. The NRC of the rice straw-gypsum composites reached 0.50, while that of the water
hyacinth-gypsum composites reached 0.46. The NRC was good compared to other acoustic materials that have been
studied. The NRC of all the variations also exceeded the NRC of pure gypsum. Based on the NRC, the rice straw-
gypsum composites were able to decrease sound pressure by up to 6.0 dB. The reflection coefficient results indicate that
each sample had different characteristics.

The rice straw-gypsum composites had the best reflection coefficient performance in the high (above 4000 Hz) and
low (1100-1900 Hz) frequency ranges. The field test results indicated a correlation between sound pressure and heart
rate during the production process. It was proven that noise in the textile industry can be reduced by installing panels
around the noise source. The maximum noise level reduction achieved in the field was 9.8 dB. The maximum noise
measured in the field during pre-panel installation was 104.6 dB. This decreased to 94.8 dB post-panel installation.
Furthermore, the decrease in the noise level was proven to affect heart rate, as indicated by the measurement results in
the trendline test that was presented. To validate the measurements that were conducted on the respondents, a
questionnaire was used to subjectively evaluate each respondent. The results of the statistical tests showed significant
pre- and post-panel installations. Therefore, the installation of acoustic panels affected the stress levels of the
respondents. The findings of this study provide valuable insights for industries looking to improve their working
environment and reduce stress levels in their workforce. The use of natural fibers in composite materials also has the
potential to be an eco-friendly and sustainable solution for soundproofing applications. Future research could explore
the use of other natural fibers and adhesive materials to develop more efficient and effective soundproofing materials.

5. Declarations

5.1. Author Contributions

Conceptualization, M.P. and A.P.; methodology, M.P. and Sum.; software, M.P.; validation, M.P., A.P. and Sun.;
formal analysis, M.P.; investigation, M.P.; resources, M.P.; data curation, M.P.; writing—original draft preparation,
M.P. and A.P.; writing—review and editing, M.P.; visualization, Sun.; supervision, Sum., A.P., and Sun.; project
administration, M.P.; funding acquisition, M.P. All authors have read and agreed to the published version of the
manuscript.

5.2. Data Availability Statement

The data presented in this study are available in the article.

5.3. Funding and Acknowledgements

This research was funded by Universitas Sebelas Maret under Doctoral Research Funding number 260/UN27.22/
HK.07.00/2021.

1325



Civil Engineering Journal Vol. 9, No. 06, June, 2023

5.4. Conflicts of Interest

The authors declare no conflict of interest.

6. References

[1] Basner, M., Babisch, W., Davis, A., Brink, M., Clark, C., Janssen, S., & Stansfeld, S. (2014). Auditory and non-auditory effects
of noise on health. The Lancet, 383(9925), 1325-1332. doi:10.1016/S0140-6736(13)61613-X.

[2] Vos, T., Lim, S. S., Abbafati, C., Abbas, K. M., Abbasi, M., Abbasifard, M., Abbasi-Kangevari, M., Abbastabar, H., Abd-Allah,
F., Abdelalim, A., Abdollahi, M., Abdollahpour, 1., Abolhassani, H., Aboyans, V., Abrams, E. M., Abreu, L. G., Abrigo, M. R.
M., Abu-Raddad, L. J., Abushouk, A. 1., ... Murray, C. J. L. (2020). Global burden of 369 diseases and injuries in 204 countries
and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet, 396(10258), 1204—
1222. d0i:10.1016/s0140-6736(20)30925-9.

[3] WHO. (2018). Addressing the rising prevalence of hearing loss. World Health Organization (WHO), Geneva, Switzerland.
Available online: https://apps.who.int/iris/bitstream/handle/10665/260336/9789241550260-eng.pdf (accessed on April 2023).

[4] Hammersen, F., Niemann, H., & Hoebel, J. (2016). Environmental noise annoyance and mental health in adults: Findings from
the cross-sectional German health update (GEDA) study 2012. International Journal of Environmental Research and Public
Health, 13(10), 1-12. doi:10.3390/ijerph13100954.

[5] Ahmadi Kanrash, F., Alimohammad, 1., Abolaghasemi, J., & Rahmani, K. (2019). A Study of Mental and Physiological Effects
of Chronic Exposure to Noise in an Automotive Industry. Journal of Ergonomics, 7(1), 54—62. doi:10.30699/jergon.7.1.54.

[6] Sime, Y., Hailesilassie, H., & Alenko, A. (2022). Work-related stress and associated factors among employees of Hawassa
industrial park, southern Ethiopia: an institutional based cross-sectional study. BMC Psychiatry, 22(1), 387. doi:10.1186/s12888-
022-04032-9.

[7] Alimohammadi, I., & Ebrahimi, H. (2017). Comparison between effects of low and high frequency noise on mental performance.
Applied Acoustics, 126, 131-135. doi:10.1016/j.apacoust.2017.05.021.

[8] Klompmaker, J. O., Hoek, G., Bloemsma, L. D., Wijga, A. H., van den Brink, C., Brunekreef, B., Lebret, E., Gehring, U., &
Janssen, N. A. H. (2019). Associations of combined exposures to surrounding green, air pollution and traffic noise on mental
health. Environment International, 129, 525-537. doi:10.1016/j.envint.2019.05.040.

[9] Hwang, W. J., & Hong, O. (2012). Work-related cardiovascular disease risk factors using a socioecological approach: Implications
for practice and research. European Journal of Cardiovascular Nursing, 11(1), 114-126. doi:10.1177/1474515111430890.

[10] Assunta, C., llaria, S., Simone, D. S., Gianfranco, T., Teodorico, C., Carmina, S., Anastasia, S., Roberto, G., Francesco, T., &
Valeria, R. M. (2015). Noise and cardiovascular effects in workers of the sanitary fixtures industry. International Journal of
Hygiene and Environmental Health, 218(1), 163-168. doi:10.1016/j.ijheh.2014.09.007.

[11] Walker, E. D., Brammer, A., Cherniack, M. G., Laden, F., & Cavallari, J. M. (2016). Cardiovascular and stress responses to
short-term noise exposures—A panel study in healthy males. Environmental Research, 150, 391-397.
doi:10.1016/j.envres.2016.06.016.

[12] Rossi, L., Prato, A., Lesina, L., & Schiavi, A. (2018). Effects of low-frequency noise on human cognitive performances in
laboratory. Building Acoustics, 25(1), 17-33. d0i:10.1177/1351010X18756800.

[13] Reinten, J., Braat-Eggen, P. E., Hornikx, M., Kort, H. S. M., & Kohlrausch, A. (2017). The indoor sound environment and
human task performance: A literature review on the role of room acoustics. Building and Environment, 123, 315-332.
doi:10.1016/j.buildenv.2017.07.005.

[14] Mokarami, H., Gharibi, V., Kalteh, H. O., Faraji Kujerdi, M., & Kazemi, R. (2020). Multiple environmental and psychosocial
work risk factors and sleep disturbances. International Archives of Occupational and Environmental Health, 93(5), 623-633.
doi:10.1007/s00420-020-01515-8.

[15] Muzet, A. (2019). Sleep disturbance in adults by noise. Encyclopedia of Environmental Health, 677—681. doi:10.1016/B978-0-
444-63951-6.00249-7.

[16] Tao, Y., Ren, M., Zhang, H., & Peijs, T. (2021). Recent progress in acoustic materials and noise control strategies — A review.
Applied Materials Today, 24, 101141. doi:10.1016/j.apmt.2021.101141.

[17] Bhingare, N. H., Prakash, S., & Jatti, V. S. (2019). A review on natural and waste material composite as acoustic material.
Polymer Testing, 80. doi:10.1016/j.polymertesting.2019.106142.

[18] lucolano, F., Boccarusso, L., & Langella, A. (2019). Hemp as eco-friendly substitute of glass fibres for gypsum reinforcement:
Impact and flexural behaviour. Composites Part B: Engineering, 175(March), 107073. doi:10.1016/j.compositesb.2019.107073.

1326


https://apps.who.int/iris/bitstream/handle/10665/260336/9789241550260-eng.pdf

Civil Engineering Journal Vol. 9, No. 06, June, 2023

[19] Silva, C. C. B. da, Terashima, F. J. H., Barbieri, N., & Lima, K. F. de. (2019). Sound absorption coefficient assessment of sisal,
coconut husk and sugar cane fibers for low frequencies based on three different methods. Applied Acoustics, 156, 92-100.
doi:10.1016/j.apacoust.2019.07.001.

[20] Abdullah, Y., Putra, A., Effendy, H., Farid, W. M., & Ayob, M. R. (2011). Investigation on natural waste fibers from dried
paddy straw as a sustainable acoustic absorber. 2011 IEEE Conference on Clean Energy and Technology (CET).
d0i:10.1109/cet.2011.6041482.

[21] Jena, B. P., Jagdev, A., Satapathy, S., Nayak, B. B., Patel, S., & Mohapatra, T. K. (2018). An Investigation on noise reduction
by natural acoustic materials. Materials Today: Proceedings, 5(9), 19237-19241. doi:10.1016/j.matpr.2018.06.280.

[22] Yuvaraj, L., Jeyanthi, S., & Yogananda, A. (2021). An acoustical investigation of partial perforation in jute fiber composite
panel. Materials Today: Proceedings, 37, 665—-670. doi:10.1016/j.matpr.2020.05.632.

[23] Fatima, S., & Mohanty, A. R. (2011). Acoustical and fire-retardant properties of jute composite materials. Applied Acoustics,
72(2-3), 108-114. doi:10.1016/j.apacoust.2010.10.005.

[24] Taban, E., Khavanin, A., Ohadi, A., Putra, A., Jafari, A. J., Faridan, M., & Soleimanian, A. (2019). Study on the acoustic
characteristics of natural date palm fibres: Experimental and theoretical approaches. Building and Environment, 161, 106274,
doi:.1016/j.buildenv.2019.106274.

[25] Belakroum, R., Gherfi, A., Bouchema, K., Gharbi, A., Kerboua, Y., Kadja, M., Maalouf, C., Mai, T. H., EI Wakil, N., & Lachi,
M. (2017). Hygric buffer and acoustic absorption of new building insulation materials based on date palm fibers. Journal of
Building Engineering, 12, 132-139. doi:10.1016/j.jobe.2017.05.011.

[26] Nguyen, M. N., Dultz, S., Picardal, F., Bui, A. T. K., Van Pham, Q., & Schieber, J. (2015). Release of potassium accompanying
the dissolution of rice straw phytolith. Chemosphere, 119, 371-376. d0i:10.1016/j.chemosphere.2014.06.059.

[27] Yang, H. S., Kim, D. J., & Kim, H. J. (2003). Rice straw-wood particle composite for sound absorbing wooden construction
materials. Bioresource Technology, 86(2), 117-121. doi:10.1016/S0960-8524(02)00163-3.

[28] Singh, S., & Mohanty, A. R. (2018). HVAC noise control using natural materials to improve vehicle interior sound quality.
Applied Acoustics, 140, 100-109. doi:10.1016/j.apacoust.2018.05.013.

[29] Abdullah, Y., Putra, A., Effendy, H., Farid, W., & Ayob, M. (2011). Dried paddy straw fibers as an acoustic absorber: a
preliminary study. International Journal of Renewable Energy Resources 3 (2013), 52-56.

[30] Rahmawati, R. D., Masykuri, M., & Dewi, Y. L. R. (2020). Performance of biofoam polyurethane-urea/rice straw waste (Oryza
Sativa) as a noise reducer. AIP Conference Proceedings. doi:10.1063/5.0030733.

[31] Ajithram, A., Winowlin Jappes, J. T., Siva, I., & Brintha, N. C. (2022). Utilizing the aquatic waste and investigation on water
hyacinth (Eichhornia crassipes) natural plant in to the fibre composite: Waste recycling. Materials Today: Proceedings, 58, 953—
958. doi:10.1016/j.matpr.2022.02.301.

[32] Zhou, R., Zhang, M., Li, J., & Zhao, W. (2020). Optimization of preparation conditions for biochar derived from water hyacinth
by using response surface methodology (RSM) and its application in Pb2+removal. Journal of Environmental Chemical
Engineering, 8(5), 104198. doi:10.1016/j.jece.2020.104198.

[33] Jirawattanasomkul, T., Minakawa, H., Likitlersuang, S., Ueda, T., Dai, J. G., Wuttiwannasak, N., & Kongwang, N. (2021). Use
of water hyacinth waste to produce fibre-reinforced polymer composites for concrete confinement: Mechanical performance and
environmental assessment. Journal of Cleaner Production, 292, 126041. doi:10.1016/j.jclepro.2021.126041.

[34] Salas-Ruiz, A., & Barbero-Barrera, M. del M. (2019). Performance assessment of water hyacinth—cement composite.
Construction and Building Materials, 211, 395-407. doi:10.1016/j.conbuildmat.2019.03.217.

[35] Lisienkova, L., Nosova, L., Shindina, T., Komarova, L., Baranova, E., & Kozhinov, D. (2022). Assessing the Compliance of
Extrusion Foamed Polystyrene Production with the Environmental Standards Requirements. Civil Engineering Journal, 8(10),
2305-2317. doi:10.28991/CEJ-2022-08-10-018.

[36] Bouzit, S., Merli, F., Belloni, E., Akhrraz, R., Asri Ssar, S., Sonebi, M., Amziane, S., Buratti, C., & Taha, M. (2022).
Investigation of thermo-acoustic and mechanical performance of gypsum-plaster and polyester fibers based materials for
building envelope. Materials Today: Proceedings, 58, 1578-1581. doi:10.1016/j.matpr.2022.03.560.

[37] Setyowati, E., Hardiman, G., & Grafiana, N. F. (2021). The acoustical performance of water hyacinth based porous-ceramic
compared to the biomass fiber composites for architecture application. Civil Engineering and Architecture, 9(1), 139-149.
doi:10.13189/cea.2021.090112.

[38] Za’im, N. N. M., Yusop, H. M., & Ismail, W. N. W. (2021). Synthesis of Water-Repellent Coating for Polyester Fabric. Emerging
Science Journal, 5(5), 747-754. doi:10.28991/esj-2021-013009.

1327


https://doi.org/10.28991/esj-2021-01309

Civil Engineering Journal Vol. 9, No. 06, June, 2023

[39] Karatag, M. A., & Gokkaya, H. (2018). A review on machinability of carbon fiber reinforced polymer (CFRP) and glass fiber
reinforced polymer (GFRP) composite materials. Defence Technology, 14(4), 318-326. doi:10.1016/j.dt.2018.02.001.

[40] Nelson, D. L., Lehninger, A. L., & Cox, M. M. (2008). Lehninger principles of biochemistry. Macmillan, New York, United
States.

[41] Watkins, D., Nuruddin, M., Hosur, M., Tcherbi-Narteh, A., & Jeelani, S. (2015). Extraction and characterization of lignin from
different biomass resources. Journal of Materials Research and Technology, 4(1), 26—32. doi:10.1016/j.jmrt.2014.10.009.

[42] Walker, L. P., & Wilson, D. B. (1991). Enzymatic hydrolysis of cellulose: An overview. Bioresource Technology, 36(1), 3-14.
doi:10.1016/0960-8524(91)90095-2.

[43] Wang, D. W., Wen, Z. H., Glorieux, C., & Ma, L. (2020). Sound absorption of face-centered cubic sandwich structure with
micro-perforations. Materials and Design 186, 108344—108353. doi:10.1016/j.matdes.2019.108344.

[44] Jimenez-Espadafor, F. J., Villanueva, J. A. B., Garcia, M. T., Trujillo, E. C., & Blanco, A. M. (2011). Optimal design of acoustic
material from tire fluff. Materials & Design, 32(6), 3608-3616. doi:10.1016/j.matdes.2011.02.024.

[45] Hahad, O., Kroller-Schén, S., Daiber, A., & Miinzel, T. (2019). The Cardiovascular Effects of Noise. Deutsches Arzteblatt
International. doi:10.3238/arztebl.2019.0245.

[46] Kandola, A., Ashdown-Franks, G., Stubbs, B., Osborn, D. P. J., & Hayes, J. F. (2019). The association between cardiorespiratory
fitness and the incidence of common mental health disorders: A systematic review and meta-analysis. Journal of Affective
Disorders, 257, 748-757. doi:10.1016/j.jad.2019.07.088.

[47] Kemp, A. H., Quintana, D. S., Quinn, C. R., Hopkinson, P., & Harris, A. W. F. (2014). Major depressive disorder with
melancholia displays robust alterations in resting state heart rate and its variability: Implications for future morbidity and
mortality. Frontiers in Psychology, 5. doi:10.3389/fpsyg.2014.01387.

[48] Kemp, A. H., Brunoni, A. R., Santos, I. S., Nunes, M. A., Dantas, E. M., De Figueiredo, R. C., Pereira, A. C., Ribeiro, A. L. P.,
Mill, J. G., Andredo, R. V., Thayer, J. F., Bensefior, I. M., & Lotufo, P. A. (2014). Effects of depression, anxiety, comorbidity,
and antidepressants on resting-state heart rate and its variability: An ELSA-Brasil cohort baseline study. American Journal of
Psychiatry, 171(12), 1328-1334. doi:10.1176/appi.ajp.2014.13121605.

[49] Nelson, B. W., Low, C. A., Jacobson, N., Arean, P., Torous, J., & Allen, N. B. (2020). Guidelines for wrist-worn consumer
wearable assessment of heart rate in biobehavioral research. NPJ Digital Medicine, 3(1), 1-9. doi:10.1038/s41746-020-0297-4.

[50] Khan, H., Kunutsor, S., Kalogeropoulos, A. P., Georgiopoulou, V. V., Newman, A. B., Harris, T. B., Bibbins-Domingo, K.,
Kauhanen, J., Gheorghiade, M., Fonarow, G. C., Kritchevsky, S. B., Laukkanen, J. A., & Butler, J. (2015). Resting heart rate
and risk of incident heart failure: Three prospective cohort studies and a systematic meta-analysis. Journal of the American Heart
Association, 4(1). doi:10.1161/JAHA.114.001364.

[51] Sivakumaran, K., Ritonja, J. A., Waseem, H., AlShenaiber, L., Morgan, E., Ahmadi, S. A., Denning, A., Michaud, D., & Morgan,
R. L. (2022). Impact of Noise Exposure on Risk of Developing Stress-Related Metabolic Effects: A Systematic Review and
Meta-Analysis. Noise & Health, 24(115), 215-230. doi:10.4103/nah.nah_21_22.

[52] Lu, S. Y., Lee, C. L., Lin, K. Y., & Lin, Y. H. (2018). The acute effect of exposure to noise on cardiovascular parameters in
young adults. Journal of Occupational Health, 60(4), 289-297. doi:10.1539/joh.2017-0225-0OA.

[53] Said, M. A. M., Wellun, Z., & Khamis, N. K. (2022). Effects of Noise Hazards towards Physiology Especially Heart Rate
Performance among Worker in Manufacturing Industry and Their Prevention Strategies: A Systematic Review. Iranian Journal
of Public Health, 51(8), 1706-1717. doi:10.18502/ijph.v51i8.10251.

[54] Williams, D. W. P., Jarczok, M. N., Ellis, R. J., Hillecke, T. K., Thayer, J. F., & Koenig, J. (2017). Two-week test-retest
reliability of the Polar® RS800CXTM to record heart rate variability. Clinical Physiology and Functional Imaging, 37(6), 776—
781. d0i:10.1111/cpf.12321.

[55] Can, Y. S., Arnrich, B., & Ersoy, C. (2019). Stress detection in daily life scenarios using smart phones and wearable sensors: A
survey. Journal of Biomedical Informatics, 92, 103139. doi:10.1016/j.jbi.2019.103139.

[56] Kim, H. G., Cheon, E. J,, Bai, D. S., Lee, Y. H., & Koo, B. H. (2018). Stress and heart rate variability: A meta-analysis and
review of the literature. Psychiatry Investigation, 15(3), 235-245. do0i:10.30773/pi.2017.08.17.

[57] Miiller-Petke, M., & Costabel, S. (2014). Comparison and optimal parameter settings of reference-based harmonic noise
cancellation in time and frequency domains for surface-NMR. Near Surface Geophysics, 12(2), 199-210. doi:10.3997/1873-
0604.2013033.

1328


https://doi.org/10.1016/j.matdes.2011.02.024
https://doi.org/10.3997/1873-0604.2013033
https://doi.org/10.3997/1873-0604.2013033

