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Abstract
The utilization of bricks made of styrofoam is expectedly able to be a soundproof for noise control and as a preventive action to reduce the steadily increasing
prevalence of hearing loss. This study aimed to assess the use of sound absorption material in which styrofoam was utilized to reduce the noise exposure.
In this study, fine aggregates (sand and styrofoam) were made with a mixture of cement with a composition of 1:4 and 1:6, also the addition of polystyrene
waste with a percentage of 0%, 20%, 40%, 60%, and 80%.  Determination of acoustical property of the mixture was done by testing the sound absorption
coefficient (α) using Four Microphones Impedance Tube (ISO 140-3). The results showed that the highest value of absorption coefficient was at a fre-
quency of 800 Hz with an additional 80% styrofoam for the composition of 1:4 at 0.4100 dB and at a frequency of 800 Hz with an additional 40% styrofoam
for the composition of 1:6 at 0.5870 dB. 
Keywords: Noise, sound absorption coefficient, sound transmission loss, styrofoam

Abstrak
Pemanfaatan batako yang terbuat dari styrofoam diharapkan dapat menjadi peredam bising guna pengendalian bising dan sebagai langkah pencegahan
untuk mengurangi prevalensi penurunan pendengaran yang terus meningkat. Penelitian ini bertujuan mengkaji penggunaan bahan penyerap suara
dimana styrofoam dimanfaatkan untuk mengurangi paparan kebisingan. Pada penelitian ini, agregat halus (pasir dan styrofoam) dibuat dengan cam-
puran semen dengan komposisi 1:4 dan 1:6, serta penambahan limbah polistirena dengan persentase 0%, 20%, 40%, 60%, dan 80%. Penentuan ke-
mampuan akustik dari campuran dilakukan dengan menguji koefisien penyerap suara menggunakan Empat Mikrofon Tabung Impedansi (ISO 140-3).
Hasil menunjukkan nilai tertinggi koefisien penyerap suara berada pada frekuensi 800 Hz dengan penambahan styrofoam 80% untuk komposisi 1:4
sebesar 0.4100 dB dan pada frekuensi 800 Hz dengan penambahan styrofoam 40% untuk komposisi 1:6 sebesar 0.5870 dB.
Kata kunci: Bising, koefisien penyerap suara, kehilangan transmisi suara, styrofoam
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Introduction
An ‘unwanted’ sound at certain amplitude that could

cause discomfort and disturb is called noise.1 In low- and
middle- income countries, 80% of over 275 million peo-
ple around the world suffer from noise-induced hearing
loss (NIHL).2 Although NIHL is irreversible but Hearing
Loss Prevention Program (HLPP) can be implemented to
prevent the damage. Employing engineering and admin-
istrative control are the innovation of the hearing conser-
vation program for the exposure level that closes to 85
dBA which is benefited to decrease the number of
NIHL.3 A method commonly implemented in many in-
dustries is employing personal protective equipment
(PPE) program only, such as providing the earmuff and
earplug, in which the use of the PPE depends on the
workers’ behavior and habit. The PPE program only pre-
vents the noise exposure indirectly, however, this pro-
gram needs to be strictly supervised.4

One of the engineering controls that can be consid-
ered to reduce the noise exposure is by using a sound-
proofing material (noise absorbent) which will reduce
the level of noise received by the workers. Some previous
studies are already conducted to develop any material ca-
pable of absorbing the noise by using many kinds of nat-
ural fiber wastes, such as cotton, jute fiber, palm fiber ,
rice husk, rice straw, coconut husk, sawdust, rice husk
powder, tea fiber leaf waste, wheat straw, glass-wool and
rockwool.5-14 However, the utilization of these fibers,
particularly the glass-wool and rockwool, has health and
safety impacts, such as damaging the lungs and eyes.14

Then the utilization of the fibers has disadvantages since
the natural fibers easily absorb the water and are also
flammable.15 In the previous study, styrofoam was added
on a brick production and the study found that styrofoam
created some air cavities within the transition zone of
styrofoam and cement-sand.16 The more styrofoam being
added, the more water will be absorbed by the cavities.16

This previous study also found that styrofoam is hydro-
phobic and has smooth surface which makes styrofoam
suitable to be mixed with cement and sand as the aggre-
gate. Based on these findings, it is hypothesized that sty-
rofoam might be used as alternative material in brick pro-
duction and reduce the noise since the air cavity created
by the styrofoam in the brick material potentially absorbs
the noise. In addition, the previous study presented that
by employing styrofoam as a sound-absorbing material
with a core thickness of around 30 mm and 40 mm, the
absorption coefficient of 0.628 and 0.574 at 500 Hz fre-
quency.17 In other words, the ability in absorbing the
noise was shown by using the styrofoam as the sound-ab-
sorbing material.17

The utilization of styrofoam can be increased by con-
ducting a further study to produce “light brick”. The abi -
lity of brick as a soundproof is expected to be used for

noise control, also as the preventive action of hearing
loss. Hence, the aim of this study was to obtain the ap-
propriate material capable of reducing the noise exposure
by finding the best composition of the mixture in which
the styrofoam was added. 

Method
This study used experimental method and primary da-

ta. Data analysis was by implementing ASTM E-1050-98
procedure to measure the sound absorption coefficient.18

Variable measured in this study was the ability of styro-
foam in a mixture to reduce noise exposure based on dif-
ferent composition of styrofoam in the mixture. Sound-
absorbing material was developed from cement, fine ag-
gregate, and water and the ratio of cement to fine aggre-
gate were 1:4, 1:6, and 1:8 as a composite. The treated
styrofoam wastes added to the composite were 0%, 20%,
40%, 60% and 80% of the total volume of the composite
(cement and fine aggregates). The styrofoam waste has
been cleaned before being added to the composite to en-
sure that it was free of dirt and grease which could affect
the composite’s quality. In addition, the styrofoam waste
was also sieved to ensure that the composite met the re-
quirements for fine aggregate referring to SNI-03-6821-
2002.1 There are three specimens on each mixture, and
as a result, the total sample in this study was 45 samples.
The specimens’ diameter was 10 cm. The detailed com-
position of each specimen is shown in the Table 1. 

The sound absorption coefficient test was conducted
in Acoustical Laboratory of Physics, Department Faculty
of Mathematics & Natural Sciences Universitas Sebelas
Maret Surakarta by using ASTM E-1050-98 procedure.
The absorption coefficient (a) test was conducted at 250
Hz, 400 Hz, 500 Hz, 800 Hz, 1000 Hz, 1250 Hz, and
1600 Hz. The frequencies were obtained from the test
results using Impedance Tube Method. 

After the styrofoam was cleaned and ready, the mix-
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Table 1. The Composition of Cement and Fine Aggregate with Various 
Additional Percentage of Styrofoam Waste

                            Cement Fine Aggregate Ratio      Additional % of Styrofoam 
                                                                                  Waste From the Total 
Sample code                                                               Volume of Cement and
                                                                                  Fine Aggregate
                             Cement             Fine Aggregate 

4-0                              1                           4                           0
4-2                              1                           4                         20
4-4                              1                           4                         40
4-6                              1                           4                         60
4-8                              1                           4                         80
6-0                              1                           6                           0
6-2                              1                           6                         20
6-4                              1                           6                         40
6-6                              1                           6                         60
6-8                              1                           6                         80
8-0                              1                           8                           0
8-2                              1                           8                         20
8-4                              1                           8                         40
8-6                              1                           8                         60
8-8                              1                           8                         80
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ing process began and included the cement, sand, and
styrofoam itself. The three mixture compositions were
cement : fine aggregate with ratio 1:4, 1:6, and 1:8 with
a percentage of 0%, 20%, 40%, 60% and 80% styro-
foam (value FAS = 0.645). This specimen fabrication
refers to the requirement of acoustic testing at low fre-
quency up to 1600 Hz. Then the absorption coefficient
(a) was determined. Absorption coefficient (a) is the ra-
tio of absorbed sound energy by the material towards to-
tal sound energy that hit the material itself. It has a range
of 0 to 1. Material with a= 0 shows that material has the
capability/potential to absorb 0 or reflection, and materi-
al with a= 1 shows that the material itself has the capa-
bility/potential of proper absorption, i.e. 100%.19 

Since there were three replications on each mixture,
the absorption coefficient (a) value was obtained by cal-
culating the mean of each mixture’s absorption coeffi-
cient. Then the equal variances across group of samples
was determined by using Lavene test. This test is used to
verify the assumption that the samples have equal vari-
ances. The ethical clearance of this study was obtained
from the Ethics Committee of Faculty of Public Health,
Universitas Indonesia (No.33/H2.F10/PPM.00.02/
2014).

Results
Two parameters were taken to examine the acoustic

capability or potential of styrofoam waste material, i.e.,
the sound absorption coefficient (a) and sound transmis-
sion loss (TL). The measurement of absorption coeffi-
cient (a) was performed at 125, 250, 500, 1000, 2000,
and 4000 Hz frequencies. This test was carried out using
an Impedance Tube.

Based on the table above, in composition of 1:4 be-
tween cement and fine aggregate, the maximum absorp-
tion coefficient (a) value was shown in sample code 4-8.
In the other words, the maximum capability to absorb the
noise was at which the styrofoam was added by 80% to
the fine aggregate among the 1:4 composition. The maxi-
mum ability to absorb the noise was in the frequency at
800 Hz and the absorption coefficient (a) value was
0.4100 (Table 2). 

On the other hand, in 1:6 compositions between ce-
ment and fine aggregate, the maximum value was present-
ed in sample code 6-4. It means that the maximum ability
to absorb the noise was at which 40% styrofoam was
added to the fine aggregate. The maximum ability to ab-
sorb the noise among the 1:6 composition was in the fre-
quency at 800 Hz and the absorption coefficient (a) value

Table 2. Absorption Ability of Styrofoam Waste Material on Mixed Composition of 1:4 and 1:6 Based on 
Variation of Styrofoam Addition

Sound Absorption Coefficient a
Sample Code

250Hz 400Hz 500Hz 800Hz 1kHz 1.25kHz 1.6kHz

4-0 0.0466 0.0288 0.3640 0.0838 0.0516 0.0644 0.0777
4-2 0.0140 0.0770 0.1540 0.2740 0.0825 0.0661 0.0992
4-4 0.0280 0.0865 0.1610 0.2580 0.0944 0.0953 0.1630
4-6 0.0179 0.0903 0.1650 0.2680 0.1070 0.1730 0.1170
4-8 0.0217 0.0781 0.1250 0.4100* 0.2050 0.1625 0.136
6-0 0.0355 0.1550 0.3130 0.2490 0.1040 0.1050 0.1950
6-2 0.0580 0.2170 0.3260 0.2760 0.1710 0.1080 0.1640
6-4 0.0392 0.1130 0.1650 0.5870* 0.2230 0.1700 0.1940
6-6 0.0792 0.2720 0.4630 0.2590 0.1580 0.2050 0.2760
6-8 0.0689 0.2200 0.2740 0.2550 0.1850 0.1600 0.2030
8-0 0.0799 0.2729 0.4139 0.1421 0.1013 0.1325 0.2272
8-2 0.0587 0.2188 0.4558 0.3539 0.1399 0.1231 0.1766
8-4 0.0858 0.3502 0.5138 0.1991 0.1286 0.1625 0.2643
8-6 0.091 0.288 0.5169* 0.318 0.1795 0.1553 0.2398
8-8 0.1292 0.2681 0.3524 0.217 0.1497 0.1677 0.2324

Notes:
*The maximum absorption coefficient (α) value 

Table 3. Lavene Test Results

Source                                    Type III        Df        Mean Square        F              p Value     Partial Eta 
                                       Sum of Squares                                                                                 Squared

Corrected Model                      2.730a           14             0.195             3.814           0.001         0.640
Intercept                                119.643             1         119.643       2340.746           0.000         0.987
Prosen_Sty                                0.462             4             0.115             2.258           0.086         0.231
Composition                              1.469             2             0.734           14.367           0.000         0.489
Prosen_Sty*Komposisi              0.799             8             0.100             1.955           0.088         0.343
Error                                         1.533           30             0.051                                                            
Total                                      123.906           45                                                                                  
Corrected Total                         4.263           44
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tions, so that the sound or noise is able to enter
through.28 Besides, styrofoam also has a high elastic
modulus.29 The results of this study are in accordance
with the prior studies, such as study by Sinarep, et al,30

finding that styrofoam with the thickness of 30 mm and
40 mm could reduce the noise and the absorption coef-
ficient value were 0.512 and 0.719. The absorption co-
efficient measurement showed that the development of
noise absorbent can be conducted by utilizing styro-
foam. The ratio of sound absorbed by the material per
total sound energy which stroke the material itself is the
definition of absorption coefficient. In addition, absorp-
tion coefficient calculates how much sound is absorbed
by the material and the transmission of sound through
it.31

Sound absorption ability of a material is divided into
six classes, if value of a< 0.1, the material was not in-
cluded as sound-absorbing material.8,32 According to the
results of this study, on the material without an additional
styrofoam and with additional 20%, 40%, and 80%
styrofoam at 1:4 composition presented that the ability
of this composition in absorbing the noise could be cate-
gorized into classification D (a between 0.30 - 0.55). On
the other hand, the addition of 60% styrofoam was cate-
gorized into classification C (a between 0.60 - 0.75).
Moreover, on the material without additional styrofoam
and with additional 20%, 60%, and 80% Styrofoam at
1:6 composition could be classified into classification D
(a between 0.30 - 0.55), while the additional 40% styro-
foam at 1:6 composition was categorized into classifica-
tion C (a between 0.60 - 0.75). Then in 1:8 composition,
either in the additional 20%, 60%, or 80% styrofoam,
most of the absorption coefficient results were catego-
rized into classification D.  

Based on the findings of this study and other prior
studies, the results commonly presented that fiber could
be used as a noise absorbent. Therefore, fibers can be
developed as simple materials for implementing the en-
gineering control and reducing the level of noise expo-
sure. According to a study, exposure to noise modifies
the function of human body systems and organs and can
be a significant factor to stress and a high blood
pressure.33 The other study also mentioned that noise
can cause stress, annoyance, and sleep disturbance.34

Hence, the development of noise absorbent also affects
the improvement of public health quality. Conducting
the interventions and educating the workers by the in-
dustries, insurance companies and the suppliers, provid-
ing the workers compensation are suggested to also
adopt engineering control to reduce the noise expo-
sure.20 A further study is recommended to determine
the ability of styrofoam as a noise barrier. A study also
suggested that vegetation can be useful to perceived the
noise barrier performance.35

was 0.5870. 
Furthermore, in 1:8 composition between cement and

fine aggregate, the maximum value was presented in sam-
ple code 8-6. It means that the maximum ability to absorb
the noise was at which 60% styrofoam was added to the
fine aggregate. The maximum ability to absorb the noise
among the 1:8 composition was in the frequency at 500
Hz and the absorption coefficient (a) value was 0.5169. 

The test results (Table 3) indicated that the composi-
tions of styrofoam (1:4, 1:6, or 1:8) were significantly cor-
related with the ability of styrofoam to absorb the noise (p
value < 0.05). In other words, the Lavene test showed
that the greater the composition of Styrofoam in the fine
aggregate, the better it is to absorb the noise. 

Discussion
According to the results, which is in line with the re-

sults of previous studies, styrofoam material can be used
as noise absorbent as proven by the findings showing that
the mixed compositions of styrofoam with 1: 4, 1: 6, and
1: 8 had the potential to reduce noise. Another study de-
clared that mixed composition of cement with fine aggre-
gates (rice husk and sand) with 10% and 100% noise ab-
sorbent get the result of 0.42 – 0.05.17 The absorption
coefficient value of composition mixture of 10% cement,
80% sand, and 10% rice husk was 0.42, in which this
value was the highest one.20 A prior study also showed
that the natural fibres, such as the rice straw and kenaf
fiber, were able to wave the noise effectively. These fibers’
mass and diameters had a big effect on sound absorption
coefficient.21

The previous study on noise absorbents using coconut
coir showed the average value of absorption coefficients
with a composition of 20% coconut coir, 20% recycled
rubber, and 25% polyurethane was 0.50.22 While anoth-
er study showed that the highest absorption coefficient in
the utilization of coconut coir was 0.83 on 3784 Hz fre-
quency with a 10 mm thickness of coconut coir.23 Based
on these studies, it could be concluded that sound-ab-
sorbing materials could be made by utilizing fibers. There
are some advantages in using natural fibers instead of sty-
rofoam since the natural fibers are recyclable, biodegrad-
able, also less in health hazards.24 However, the natural
fibers commonly only have higher sound absortion coef-
ficients at higher frequency range.25 In addition, all nat-
ural fibers usually absorb the moisture, especially during
the condition with high humidity.26 In general, the natu-
ral fibers are already hydrophilic in nature and tend to
absorb the water even from the air.27

The results of this study presented that the composi-
tion of fine aggregate and styrofoam gained the highest
absorption coefficient of 0.5870 on 800 Hz frequency in
1:6 composition. Styrofoam is one of the porous absorb-
ing materials that contain cavities, channels or intersec-
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Conclusion 
In this study, the results indicate that noise absorbent

material can be developed by utilizing styrofoam. The
potential use of styrofoam as ‘light brick’ to reduce the
noise is also suggested by the findings. Since styrofoam
is cheaper and lighter than other synthetic materials, its
utilization as noise absorbent performs a good potential. 

Acknowledgment 
This study is funded by PUPT BOPTN Grant. Hence,

the researchers would like to express gratitude for the
funder’s support. 

References
1. Daniel E. Noise and hearing loss: A review. Journal of School Health.

2007; 77(5): 225–31. 

2. Chadambuka A, Mususa F, Muteti S. Prevalence of noise induced hear-

ing loss among employees at a mining industry in Zimbabwe. African

Health Sciences. 2013;13(4): 899–906. 

3. Kirchner DB, Evenson E, Dobie RA, Rabinowitz P, Crawford J, Kopke

R, et al. Occupational noise-induced hearing loss. Journal of

Occupational and Environmental Medicine. 2012; 54(1): 106–8. 

4. Kateman E, Verbeek JH, Morata T, Coolsma B, Dreschler W,

Sorgdrager B. Interventions to prevent occupational noise induced hear-

ing loss. Cochrane Database of Systematic Reviews. 2009; 8(3): 1-6.

5. Korniejenko K, Fr czek E, Pytlak E, Adamski M. Mechanical Properties

of Geopolymer Composites Reinforced with Natural Fibers. Procedia

Engineering. 2016; 151: 388–93. 

6. Chen D, Li J, Ren J. Study on sound absorption property of ramie fiber

reinforced poly(l-lactic acid) composites: Morphology and properties.

Composites Part A: Applied Science and Manufacturing. 2010; 41(8):

1012–8. 

7. Zulkifli R, Nor MJM, Ismail AR, Nuawi MZ, Tahir MFM. Effect of per-

forated size and air gap thickness on acoustic properties of coir fibre

sound absorption panels. European Journal of Scientific Research. 2009;

28(2): 242–52. 

8. Kang CW, Oh SW, Lee TB, Kang W, Matsumura J. Sound absorption

capability and mechanical properties of a composite rice hull and saw-

dust board. Journal of Wood Science. 2012; 58(3): 273–8. 

9. Qin L, Qiu J, Liu M, Ding S, Shao L, Lü S, et al. Mechanical and thermal

properties of poly(lactic acid) composites with rice straw fiber modified

by poly(butyl acrylate). Chemical Engineering Journal. 2011; 166(2):

772–8. 

10. Fachrul MF, Yulyanto WE, Merya A. Desain penyusunan peredam ke-

bisingan menggunakan plywood, busa, tray dan sabut pada sumber sta-

tis. Makara Journal of Technology. 2011; 15(1): 63–7. 

11. Dharmantya MW. Pengaruh porositas pada tingkat redaman suara pa-

pan partikel serbuk sekam padi [Skripsi]. Semarang: Jurusan Teknik

Mesin Fakultas Teknik Univesitas Diponegoro; 2010. 1-20 p. 

12. Ersoy S, Küçük H. Investigation of industrial tea-leaf-fibre waste mate-

rial for its sound absorption properties. Applied Acoustics. 2009; 70(1):

215–20. 

13. Zou Y, Huda S, Yang Y. Lightweight composites from long wheat straw

and polypropylene web. Bioresource Technology. 2010; 101(6): 2026–

33. 

14. Zulkifli R, Zulkarnain, Mohd Nor MJ. Noise control using coconut coir

fibers sound absorber with porous layers backing and perforated panels.

American Journal of Applied Sciences. 2010; 7(2): 260–4. 

15. Ali A, Shaker K, Nawab Y, Jabbar M, Hussain T, Militky J, et al.

Hydrophobic treatment of natural fibers and their composites—A re-

view. Journal of Industrial Textiles. 2018; 47(8): 2153–83. 

16. Gusti I, Sudipta K, Sudarsana DK. Permeabilitas beton dengan penam-

bahan styrofoam. Jurnal Ilmiah Teknik Sipil. 2009; 13(2): 192–8. 

17. Sinarep, Catur AD, Hafidzul M. Redaman suara pada komposit sand-

wich polyester berpenguat serat sisal dengan core styrofoam. Dinamika

Teknik Mesin. 2014; 4(1): 30-7. 

18. Novak C, Kunio J. Comparative Study of the ASTM E1050 Standard

for Different Impedance Tube Lengths. Noise-Conference 2011. 2011;

1–9. 

19. Mediastika CE. Kualitas akustik panel dinding berbahan baku jerami.

DIMENSI-Journal of Architecture and Built Environment. 2008; 36(2):

127–34. 

20. Pratama A, Karo-Karo P, Sembiring S. Pembuatan dan karakterisasi

komposit batako ringan dengan campuran sekam padi sebagai bahan

pengisi untuk konstruksi bangunan redam suara. Jurnal Teori dan

Aplikasi Fisika. 2014; 2(1): 49–57. 

21. Zunaidi NH, Tan WH, Majid MSA, Lim EA. Effect of physical proper-

ties of natural fibre on the sound absorption coefficient. Journal of

Physics: Conference Series. 2017; 908(1): 1-6

22. Mahzan S, Zaidi  AM, Arsat N, Hatta MNM, Ghazali MI, Mohideen SR.

Study on sound absorption properties of coconut coir fibre reinforced

composite with added recycled rubber. International Journal of

Integrated Engineering. 2010; 2(1): 1–6. 

23. Zulkifli R, Nor MJM, Ismail AR, Nuawi MZ, Abdullah S, Tahir MFM,

et al. Comparison of acoustic properties between coir fibre and oil palm

fibre. European Journal of Scientific Research. 2009; 33(1): 144–52. 

24. Sathishkumar TP, Navaneethakrishnan P, Shankar S, Rajasekar R,

Rajini N. Characterization of natural fiber and composites - A review.

Journal of Reinforced Plastics and Composites. 2013; 32(19): 1457–76. 

25. Peng L, Song B, Wang J, Wang D. Mechanic and acoustic properties of

the sound-absorbing material made from natural fiber and polyester.

Advances in Materials Science and Engineering. 2015; 2015: 1–5. 

26. Patnaik A, Mvubu M, Muniyasamy S, Botha A, Anandjiwala RD.

Thermal and sound insulation materials from waste wool and recycled

polyester fibers and their biodegradation studies. Energy & Buildings

[Internet]. 2015; 92: 161–9. Available from: http://dx.doi.org/10.1016/

j.enbuild.2015.01.056

27. Ahmad F, Choi HS, Park MK. A review: Natural fiber composites selec-

tion in view of mechanical, light weight, and economic properties.

Macromolecular Materials and Engineering. 2015; 300(1): 10–24. 

28. Arenas J, Crocker M. Recent trends in porous sound-absorbing materi-

als. The Noise and Vibration Control Magazine. 2010; July: 12–7. 

29. Park J, Yang SH, Minn KS, Yu C Bin, Pak SY, Song YS, et al. Design

and numerical analysis of syntactic hybrid foam for superior sound ab-

sorption. Materials and Design. 2018; 142: 212–20. 

30. Sinarep, Catur AD, Hafidzul M. Redaman suara pada komposit sand-

wich polyester. Jurnal Dinamika Teknik Mesin. 2014; 4(1): 30–7. 

31. Bujoreanu C, Nedeff F, Benchea M, Agop M. Experimental and theoret-

Nasri et al, Utilization of Styrofoam as Soundproofing Material with Auditory Frequency Range



104

ical considerations on sound absorption performance of waste materials

including the effect of backing plates. Applied Acoustics [Internet].

2017; 119: 88–93. Available from: http://dx.doi.org/10.1016/j.apa-

coust.2016.12.010

32. Ia nicu I, Vasile O, Iatan R. The analysis of sound-absorbing perform-

ances for composite plates containing recycled textile wastes. UPB

Scientific Bulletin, Series D: Mechanical Engineering. 2016; 78(1): 213–

20. 

33. Hays J, McCawley M, Shonkoff SBC. Public health implications of en-

vironmental noise associated with unconventional oil and gas develop-

ment. Science of the Total Environment. 2017; 580: 448–56. 

34. Roswall N, Høgh V, Envold-Bidstrup P, Raaschou-Nielsen O, Ketzel M,

Overvad K, et al. Residential exposure to traffic noise and health-related

quality of life-A population-based study. PLoS ONE. 2015; 10(3): 1–

13. 

35. Hong JY, Jeon JY. The effects of audio-visual factors on perceptions of

environmental noise barrier performance. Landscape and Urban

Planning. 2014; 125: 28–37. 

Kesmas: National Public Health Journal, 2018; 13 (2): 99-104




