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INTRODUCTION

The progress in technology and industrializa-
tion has resulted in the creation of various tools 
and equipment that are indispensable for meeting 
human need. These tools include production equip-
ment, transportation, communication, information, 
and entertainment facilities. However, the conse-
quence of these developments is the emergence 
of unwanted sound, commonly known as noise (I 
Made Astika, 2016). This form of environmental 
disruption affects residential areas, offices, educa-
tional institutions, etc., and is a problem that needs 

to be addressed. Noise control, following the hier-
archy of control, can be achieved by providing si-
lencer. Its production requires the use of eco-friend-
ly materials to minimize environmental impact.

The use of silencer material designed to ab-
sorb sound is an effective method adopted to min-
imize noise generated from various sources (Mi-
lawarni, 2017). The ideal choice for developing 
the material, which can also serve as composite 
filler, is natural fiber (Pratiwi et al., 2017). This 
preference for natural fiber is based on the inher-
ent ability to reduce sound levels for noise con-
trol, which is attributed to its higher porosity and 
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ABSTRACT
The use of machines and technology in the industrial sector has led to noise pollution, which requires attention. 
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to 83 dBA. Safe working distance from exposure before damper was 6.1 meters, which decreased to 1 meter after 
the intervention. In conclusion, there was a significant difference in noise intensity (p = 0.000) and safe working 
distance from exposure (p = 0.001) before and after the use of grinting grass as damper

Keywords: grinting grass composite, damper, noise intensity, safe working distance.

Received: 2024.10.10
Accepted: 2024.10.23
Published: 2024.11.01

Ecological Engineering & Environmental Technology, 25(12), 346–355
https://doi.org/10.12912/27197050/195183
ISSN 2299–8993, License CC-BY 4.0

ECOLOGICAL ENGINEERING 
& ENVIRONMENTAL TECHNOLOGY



347

Ecological Engineering & Environmental Technology 2024, 25(12), 346–355

amorphous structure compared to synthetic ma-
terials (Mutia et al., 2016). Meanwhile. grinting 
grass (Cynodon dactylon) contains 9.08% crude 
protein and 48.17% crude fiber, making it a suit-
able filler or composite material that can be effec-
tively used as silencer (Marselinus et al., 2020). 

Composite is defined as a combination of two 
or more materials mixed with a natural or synthetic 
binder (Erwan et al., 2015). The appropriate com-
position could effectively reduce sound in high-
noise environments. Several research focused on 
the use of composite for this purpose. For instance, 
Komaruddin (2006) used coconut coir and starch 
as filler and matrix to produce silencer composite. 
This type of composite successfully met the re-
quirements of ISO 11654, with a sound absorption 
coefficient (𝛼) greater than 0.15. Similarly, Farid 
et al. (2012) explored sugarcane fiber as sustain-
able acoustic absorber and reported that a 1.25 cm 
thickness hhadas an average absorption coefficient 
of 0.65 in the frequency range of 1.2 to 4.5 KHz. 
Kartikaratri et al. (2012) examined the production 
of coconut coir fiber and phenol formaldehyde 
resin composite and stated that the absorption co-
efficient was 0.94, in the frequency range of 752 to 
6400 Hz. Fajri (2015) used bagasse natural fiber as 
noise control and reported that the highest sound 
absorption coefficient was observed at 1000 Hz, 
relatively 0.961. These research collectively stat-
ed the benefits of using natural fiber in preparing 
composite material for noise reduction.

To ensure safe working distances in environ-
ments with potential noise exposure, the Minister 
of Manpower Regulation Number 5 of 2018 set 
a clear standard. It stipulated that the maximum 
permissible noise intensity should not exceed 85 
dB over 8 hours daily. To adhere to this regula-
tion and promote safety, an exposure mapping 
tool, the Surfer13 application, was used. This ap-
plication was represented by color-coded zones, 
clearly showing safe working areas for 8 hours 
per day or in the specified time limit. Workers can 
use ear protection devices to manage noise levels 
that surpass the permissible limit, although this 
approach has its limitations, particularly when 
used for extended periods. Therefore, a more ef-
fective and sustainable control method is using 
damper at noise source. This research is focused 
on maximizing the use of grinting grass as com-
posite material for noise reduction. This research 
about analysis of noise intensity and safe working 
distance from noise exposure in the use of Grint-
ing grass (Cynodon dactylon) as noise damper.

METHODS

This experimental research was carried out in 
the Laboratory of Physics at the Faculty of Math-
ematics and Natural Sciences, Sebelas Maret 
University. The equipment used included a mold 
measuring 50×30×3 cm, natural glue (starch), 
digital scale, mixer, mixing container, sandpaper, 
ruler, and marker. Meanwhile, the materials used 
comprised grinting grass, wood powder, starch, 
and wooden boards. The step-by-step research 
procedure was outlined as follows:
	• Initial preparation and setup of materials and 

equipment necessary for the production of 
biocomposite damper.

	• Preparation of the mold according to the pre-
determined size of the composite.

	• The composite assembly process included 
blending grinting grass composite and wood 
powder as filler, glued with starch.

	• The molding process of damper composite test 
specimen was subjected to further measurement.

	• The composite specimens were molded into a 
circular shape with a diameter of 15 cm and 
subjected to a pressure of 60 kg/cm² for 15 
minutes at a temperature of 80°C, then cooled 
until dry and prepared for testing (Table 1).

	• The testing of the specimen in the Physics 
Laboratory of Sebelas Maret University using 
a Bruel & Kjaer 4206 impedance tube. The 
composite specimen was placed at the center 
of the impedance tube, with the sound source 
positioned at one end of the tube.

	• Production of damper from grinting grass 
and ensuring it fits the dimensions required 
for the machine.

	• The testing of damper composite at the re-
search site and data collection of workplace 
noise intensity following the mandated proce-
dure (SNI 2008). 

	• The processing of noise intensity measure-
ment data using the Surfer13 application.

	• Analysis of noise intensity measurement data 
before and after using damper.

	• Evaluation of safe working distance measure-
ment data before and after using damper.

The research focused on two key variables, 
namely noise intensity and safe working distance, 
both assessed before and after the application of 
grinting grass as damper. These measurements 
were conducted in a noise-mapping area. The ex-
isting research adopted a pretest-posttest Control 
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Group Design, with data analysis performed us-
ing the Wilcoxon test. This statistical test was se-
lected to effectively compare noise intensity be-
fore and after the intervention (Sugiyono, 2015).

RESULTS AND DISCUSSION

Based on scanning electron microscopy (SEM) 
tests, the content of cynodon dactylon compounds 
including C = 59.99%; O = 34.95%; B = 1.94%; Mg 
= 1.33%; K = 0.90%; Cl = 0.79%; NI = 0.05%; Cr = 
0.03%; Fe = 0.03% (Figure. 1). The largest content 
of grass is carbon and Carbon is the most compati-
ble matrix for carbon fibers. Carbon fibers in carbon 
matrix composites (called C/C composites) serve to 
strengthen the composite because the carbon fibers 
are much stronger than the carbon matrix due to the 
crystallographic texture in each fiber. In addition, 

carbon fibers serve to strengthen the composite be-
cause the bond release between the fibers and the 
matrix provides a mechanism for energy absorption 
during mechanical deformation (Deborah, 2017).

According to the research by Lathiifah (2021), 
materials that can absorb sound possess character-
istics that are soft, porous, and fibrous. Therefore, 
grass with such properties can be utilized as an ef-
fective noise-dampening composite material. This 
study examines composite materials made from 
Cynodon dactylon grass and wood powder with 
varying compositions. The test results of the Cyn-
odon dactylon composite specimens with three dif-
ferent compositions tested at frequencies ranging 
from 250 to 1000 Hz using an impedance tube. Sub-
sequently, the tests yielded the following results: 

The highest sound absorption coefficient 
was found in composite C, surpassing the oth-
ers by 0.30, as shown in Table 2. This significant 

Table 1. Dimension of composite

Composite
Sample fraction

(grinting grass composite: 
wood powder)

Composite 
weight (g) Volume (cm3) Density (g/cm3) Thickness (mm)

Composite A
Composite B
Composite C

80 : 20
70 : 30
60 : 40

45
48
51

118.42
126.32
124.39

0.38
0.38
0.41

15
15
15

Figure 1. Scanning electron microscopy test of cynodon dactylon grass

Table 2. Sound absorption test results from a combination of grinting grass composite and wood powder

Composite
Sample fraction

(grinting grass composite: 
wood powder)

Sound absorption coefficient (α)

250 Hertz 500 Hertz 750 Hertz 1000 Hertz

Composite A
Composite B
Composite C

80 : 20
70 : 30
60 : 40

0.16
0.14
0.17

0.12
0.16
0.19

0.16
0.28
0.30

0.15
0.23
0.19
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achievement occurred at a specific frequency of 
750 Hz and was attributed to the 60:40 ratio of 
grinting grass composite and wood powder. The 
frequency at which this optimal sound absorp-
tion coefficient was observed tends to be directly 
related to the distribution of grinting grass com-
posite. This was consistent with Aristya (2011) 
that samples composed of 70% organic materi-
als exhibited the highest sound absorption coef-
ficient, followed by those with 90% and 100% 
organic materials. In simpler terms, a 100% or-
ganic sample has the highest density (lowest po-
rosity), while 70% has the lowest density (highest 
porosity). Consequently, the composite material 
efficiently absorbed sound energy, which is con-
sistent with Bahri & Suryajaya (2016). It was 
reported that the sound absorption coefficient of 
a material typically ranged from 0 to 1. A coef-
ficient of 1 simply implied that all sound energy 
was absorbed by the material or vice versa. Ad-
ditionally, Achmad and Syaifullah (2017) stated 
that all composite material compositions in the 
research could be used as silencer at frequen-
cies of 750 Hz and 1000 Hz because the resulting 
sound absorption coefficient met the ISO 11654 
requirements, namely α ≥ 0.15.

In Figure 2, the data showed specific trends in 
sound absorption coefficients at different frequen-
cies. For instance, sample B showed a lower sound 
absorption coefficient at 250 Hertz, while A showed 
a similar pattern at 500 Hertz, both compared to 
the performance at other frequencies. This lower 
absorption can be attributed to the sound waves 
propagated in the tube, where the wavelength (λ) is 
larger in reflection than absorption by the compos-
ite. The highest sound absorption coefficient was 
observed in sample C at a frequency of 750 Hertz 
with a value of 0.30. However, it is important to 
state that this coefficient experienced a decline at 

1000 Hertz. This occurs because 1000 Hertz is 
the optimum frequency at which energy dissipa-
tion in the sample increases the sound absorption 
coefficient (Sinaga et al., 2012). Additionally, this 
behavior may also be attributed to a known char-
acteristic of acoustic materials, referred to as reces-
sivity, where sound absorption coefficients tend to 
decrease at specific frequencies. 

Sample C showed the highest sound absorp-
tion coefficient across different frequencies, with 
the exception of 1000 Hertz. This was because 
sample C had the most optimal composition of 
grinting grass composite, making it easier for 
the material to absorb sound waves and enhance 
its absorption coefficient. damper had a sound 
absorption coefficient (α) less than 0.3, show-
ing high-quality material. This observation is in 
line with Grades et al. (2021), stating that good 
damper materials possess a sound absorption co-
efficient greater than or equal to (≥ 0.3). In ad-
dition, Eriningsih (2009) conducted research on 
sound-absorbing materials, with a specific focus 
on hemp fiber and waste composite. 

The noise-damper composite with the highest 
sound absorption is found in the composition of 
60:40 in composite C (Table 2). A box-shaped com-
posite (50×30×3 cm) was then created and tested 
on a grinding machine operating for 2 hours per 
day. The installation of the box composite required 
perforated plywood (hole of diameter = 3 cm), ply-
wood for attaching the composite damper that cov-
ers the entire machine. To create an effective noise 
damper composite, the choice of plywood layer 
and the size of the holes have taken into account the 
thickness of the plywood = 9 mm; this thickness 
provides better stability and can reduce resonance. 
Holes with diameters between 2–5 cm are gener-
ally effective. A diameter of 3 cm is often used as it 
provides a good balance between sound penetration 

Figure 2. Sound absorption coefficient results of composite
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and structural strength. The distance between the 
holes is regular and not too close; about 15 cm can 
be a benchmark to ensure optimal soundproofing. 
Noise measurements were taken at the holes of the 
composite plywood to obtain accurate results from 
the noise source. Noise measurements were con-
ducted before and after the installation of the noise 
damper accordance SNI 19-1714-2008.

The results of the noise intensity measurements 
before and after the installation of the noise damper 
are analyzed using surfer13 to determine the noise 
mapping area. The difference in the noise mapping 
area before and after the installation of the noise 
damper proves that the composite damper made 

of Cynodon Dactylon grass was able to reduce the 
noise intensity (Figure 3).

Grinting grass damper (sample C), ranges 
from 90 to 106 dBA, as shown in Table 3. This 
noise originated from production machines oper-
ating for 8 hours per day, with no control mea-
sures at the workplace. The specific measurement 
results of noise intensity are shown in Table 3:

Noise intensity levels, as shown in Table 3, are 
inconsistent with the Minister of Manpower Regu-
lation Number 5 of 2018 on Occupational Safety 
and Health in the workplace. In accordance with 
this regulation, the permissible exposure level for 
an 8-hour workday or 40 hours per week need not 

Figure 3. Measurement of noise intensity after used noise damper composite

Table 3. Measurement results of noise intensity and safe working distance from noise exposure

Measurement location
dBA measurement 

results
Safe working distance 

from exposure (m)
dBA measurement 

results
Safe working distance 

from exposure (m)
Before intervention After intervention

Point 1
Point 2
Point 3
Point 4
Point 5
Point 6
Point 7
Point 8
Point 9

Point 10
Point 11
Point 12
Point 13
Point 14
Point 15

106
98
96
97
91
98

102
90
98
98

105
100
98
90

100

6.1
4.3
3.8
3.2
2.1
3.5
4.8
2.1
3
3
5

3.5
2.8
2
3

89
85
84
83
84
85
87
83
86
84
88
87
85
84
86

2.3
1
1
1
1
1

1.8
1

1.5
1
2

1.8
1
1

1.5
Equivalent noise level (dBA) 97.85 85.35

Note: m – meter, dBA – decibel.
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surpass 85 dBA. Meanwhile, the regulation allows 
exposure to noise levels of 106 dBA for a maxi-
mum duration of 7.5 minutes per day. Sasmita et.al. 
(2018), Anshari et al. (2018), and Fredianta et.al. 
(2013) stated that the maximum exposure time de-
creased with higher noise intensity levels. 

According to Suma’mur (2014), it is essential 
to implement effective workplace noise control 
management. Technological engineering requires 
damper, which is a form of noise control. These 
are installed in machines or equipment that pro-
duce high noise levels, typically through a build-up 
process, leading to a significant reduction in noise 
levels. The National Institute for Occupational 
Safety and Health (1998), Indonesia, has set the 
noise threshold limited value for workplaces at 85 
dBA. Prolonged exposure beyond TLV for an ex-
tended period can lead to Noise-Induced Hearing 
Loss (NIHL). The results obtained before and after 
using damper on the production machines depicted 
a reduction in noise intensity, as shown in Figure 4.

The most significant reduction in noise inten-
sity, occurred at points 1 and 11, with an aver-
age of 16%, as shown in Figure 3. However, this 
value still exceeds the permissible limit because 
the production machines are closely positioned, 
resulting in the accumulation of noise from mul-
tiple sources at the measurement points. The 
smallest noise reduction was observed at point 14 
by only 6.7%, due to the distance from the pro-
duction machines as well as the location near the 
door and ventilation area.

Significant reductions in noise intensity, well 
below the permissible limit, were observed at 
points 4 and 10, showing a 14% decrease. This 
was attributed to the fact that point 4 is far from 
the production machines and close to a wide cor-
ridor leading to the parking area. Similarly, point 
10 had a substantial reduction in noise due to its 
proximity to the exit door of the production area.

Silencer made from grinting grass effectively 
reduced noise by an average of 12.47%, at an ef-
fectiveness rate of 60%, and recycled resources 
often considered weeds in the agricultural sector. 
Khuriati (2006), Thamrin (2013), and Yang et 
al. (2003) examined the development of sound-
absorbing material with the use of eco-friendly 
organic fiber or particle, which led to the design 
of related organic silencer. This silencer requires 
using materials such as coconut coir, wood pow-
der, rice straw, palm tree fiber, etc.

The results of the noise intensity measure-
ments taken before and after the installation of the 
Cynodon dactylon noise damper composite were 
input into Surfer 13 software to display a noise 
mapping areas and to indicate safe working dis-
tances. Below are the results of the noise mapping 
area showing the differences before and after the 
installation of the noise damper:

The intervention results are evident in the 
shifting color zones, where the red areas have 
transitioned into yellow and yellow areas into 
green, as shown in Figure 5. The points in the red 
and yellow areas, show that noise intensity tends 
to exceed the permissible limits. The use of noise 
distribution mapping with color-coded zones in 
the workplace served as a valuable control tool. It 
provides real-time information to workers about 
the exposure to increased noise levels in ac-
ceptable time frames and also assists industries 
in selecting appropriate control measures. This 
approach is in line with Casas et al. (2014) that 
noise mapping in industries aids in predicting dis-
tribution patterns in workplace areas, thereby fa-
cilitating the formulation of effective regulations 
for noise control or mitigation.

Based on Figure 3, the distribution of noise 
exposure points showed that the highest mea-
surement recorded at point 1 reached 106 dBA. 
In this scenario, work was performed for 8 hours 

Figure 4. Noise intensity before and after using damper
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daily, stressing the importance of maintaining a 
safe working distance of 6.1 m to ensure safety. 
In accordance with the Minister of Manpower 
Regulation Number Number 5 of 2018, exposure 
to a noise intensity of 106 dBA is only permis-
sible for a maximum duration of 3.75 minutes. 
To avoid continuous exposure to high noise lev-
els at the same point, task rotation or alternation 
was recommended. The results of noise mapping 
in the workplace showed the propagation range 
of sound-conducting airwaves from noise source 
or machines in the production area. Noise inten-
sity decreased as the distance from the source in-
creased. The highest noise intensity was observed 
in the production area of the animal feed industry, 
mainly due to the proximity of multiple machines 
in a 4 m radius, which resulted in a wide sound 
wave propagation pattern. This is consistent with 
Andaningsari and Rahman (2023) that the propa-
gation pattern depends on noise level and the dis-
tance between locations, with closer ones leading 
to higher ambient noise levels. According to Sas-
mita et al. (2021), this sound propagation pattern 
adversely affects health and leads to disturbances 
among workers. 

Noise mapping is a critical tool that provides 
essential information to workers regarding ex-
posure exceeding the permissible limit, thereby 
requiring attention to avoid health disturbances. 
This approach is in line with Aryo and Berliani 
(2021) and Romi et al. (2022), that noise map-
ping shows noise distribution pattern used as the 
basis for control efforts. According to Ikmalul et 
al. (2022), the results of noise mapping obtained 

using Surfer software showed the area affected by 
the operational machines of the ULPL Ampenan 
power plant.

Noise distribution mapping in the work-
place showed a change in the red area to yellow 
and green, supported by a statistically significant 
test result. The Z value of -3.529 and Asymp.Sig 
(2-tailed) of 0.000 < 0.05 depicted a decrease from 
high to lower noise intensity, with some levels fall-
ing below the threshold limited value. There was a 
significant difference in noise intensity before and 
after using grinting grass as damper. Syarah et al. 
(2019) conducted similar research using organic 
materials, namely rice husks and straw as dampers, 
and reported a significant difference in noise inten-
sity before and after treatment. Moreover, Oktavia 
et al. (2016) stated that using coconut husks con-
taining ligno-cellulose as damper resulted in an 
average noise intensity of 11.78 dBA, decreasing 
from 94.85 dBA to 83.07 dBA.

The test result showed a Z value of -3.410 and 
Asymp.Sig (2-tailed) of 0.001 < 0.05, implying 
a difference in safe working distance from noise 
exposure before and after using grass composite 
as damper. This change is evident in noise map-
ping, where the area previously characterized by 
high noise levels close to the production machines 
was marked in red, thereby advising workers not 
to be in approximately 1 m of the source. How-
ever, after using damper, the area transitioned to 
yellow, allowing workers to be in 1 m of the source 
under supervision and in a specified time. Syari-
fuddin (2015) stated that the yellow area, located 
farther from noise source, experienced less noise 

Figure 5. Noise mapping area before and after used damper
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production. Workers in the yellow area are still 
advised to use ear protection devices, such as ear-
plugs or earmuffs, to protect the hearing and over-
all health.

Maintaining a safe distance from noise source 
is a practical means of limiting workplace expo-
sure to high noise levels, thereby preventing neg-
ative consequences. This practice is in line with 
Ridley (2008) that the human ear cannot accom-
modate sounds louder than 115 dBA and stated 
the need for ear protection devices when exposed 
to levels exceeding 85 dBA for extended periods. 
Damayanti (2019) stated that source, the main 
component of sound control, was generated, and 
the path depicts the sound route through the air to 
reach the receiver or the ear. Effective noise man-
agement requires reducing the intensity of sound 
reaching the ear by establishing a safe working 
distance from noise source, with or without the 
use of ear protection devices.

CONCLUSIONS

In conclusion, the highest sound absorption 
coefficient of 0.30 was observed in composite C, 
composed of 60% grinting grass composite and 
40% wood powder at a frequency of 750 Hertz. 
Damper made from grinting grass composite ef-
fectively reduced noise by an average of 12.47% 
at a discernible safe working distance of 1 meter.

Based on the test results obtained, the objec-
tive of exploring the physical and chemical prop-
erties of the Cynodon dactylon grass fiber compos-
ite has been clearly achieved. The findings of this 
research reveal that the Cynodon dactylon grass 
fiber composite has sound absorption strength that 
can compete with conventional composite materi-
als. Many researchers have utilized natural fibers 
from various composite materials, but the use of 
grass as a damper composite, particularly Cyn-
odon dactylon, remains relatively unexplored.

This composite is produced using a starch-
based adhesive that is not durable, as starch can 
absorb moisture from the environment, which 
can reduce the adhesive strength and lead to 
delamination in the composite. These findings 
open prospects for further development in the 
utilization of Cynodon dactylon grass fiber 
composites, especially in construction applica-
tions and eco-friendly products from grass fi-
ber composites that have not been extensively 
explored by other researchers.{Gurauskiene, 

2006, Eco-design methodology for electrical 
and electronic equipment industry}
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