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ABSTRACT

Soundproof tunnels block direct sound and minimize reflected sound, resulting in an excellent

noise reduction effect. However, soundproof tunnels have not been thoroughly examined in terms of
economic feasibility, stability, and usability. In particular, their high cost of installation and heavy
weight are considered disadvantages. Therefore, it is essential to ensure economic feasibility and re-
duce the weight of soundproof tunnels. However, in South Korea, panels used in soundproof tunnels
can be used only if they satisfy the required standards (sound transmission loss). Therefore, in this
study, while the acoustic performance standards (sound transmission loss) for soundproofing panels

were not met, a lighter and thinner membrane material was proposed for a soundproof tunnel, and

its noise reduction effect, weight, and economic feasibility were examined. To ensure marketability,

the noise reduction effect of the soundproof tunnel with the membrane structure was investigated us-

ing 3D modeling and real-scale experiments, and the findings were compared and analyzed with ex-

isting noise barriers.
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Fig. 1 Membrane material used in this study
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Table 1 Sound reduction index of 3 types of acoustic

panels
Sound reduction index (dB)
Frequency Laminated Transparency
(Hz) sl soundproof Membrane
(8.38 mm) panels (0.8 mm)
(8 mm)

100 20.6 20.6 7.9
125 22,5 18.9 11.2
160 24.7 17.4 9.9
200 25.0 21.4 10.6
250 26.1 21.1 14.0
315 27.0 233 15.9
400 28.6 24.6 17.6
500 31.8 26.1 19.4
630 28.2 27.8 19.5
800 31.5 29.4 19.8
1000 32.0 31.8 20.2
1250 29.9 333 21.3
1600 27.0 35.1 21.4
2000 28.2 36.7 19.8
2500 31.5 37.9 20.3
3150 31.6 38.0 21.8
4000 35.1 37.2 232
5000 39.4 30.5 253

g oF 42> NMPB-Roads-2008(french road noise
prediction method)< ©]-83I1oH, o5 Ao A ALt

H A
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Fig.2 3D Model of sources, soundproof tunnel and
receivers

U Py ey

(a) Cross-sectional shape of noise wall

) o o

(b) Cross-sectional shape of soundproof tunnel

Fig. 3 Cross-sectional shape of noise barrier
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Table 2 Noise reduction on building facade by each
noise barrier, dB(A)
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Fig.5 Mock-up of the soundproof tunnel with
membrane material
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Floors Noise wall tunnel structured of
the membrane
Lower floors
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Fig. 4 Characteristics of vertical sound pressure level distribution by each noise barrier
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Fig. 6 Designs for the experiment

Table 3 The noise level and difference by the location of the microphone

Fig. 7 Microphones installed outside of the sound-
proof tunnel

Measured noise levels through mock-up Predicted noise levels through 3D modeling,
Location experiment, dB(A) dB(A)

1-6 2-7 3-8 4-9 5-10 1-6 2-7 3-8 4-9 5-10

Interior 84.9 85.5 85.3 85.9 85.0 85.5 85.4 85.2 85.0 84.9

Exterior 69.9 71.2 69.0 68.8 638.4 66.8 66.2 66.6 65.3 65.0

Noise reduction 15.0 14.3 16.3 17.1 16.6 18.7 19.2 18.6 19.7 19.9
529 vholARES BY R ~sMS S Eel 9% 4245 B o 33dBA)Y] Aol
(6~ 1090l = AAZHE 1.0m o] AAR Aol Bk o= @R FA A BHE oF dA] 254
wgstel ARG AP A EHEe] FHE AYF & A e 280 Aol 9] 3D BAYL B
slom, Be oo dAE vlo]A=E2 Fig 791 4 AtE AeAs B 8% S4S w6 AddE =
Ehiigitt: F& geEdel e Yol "ok oz wi

i % A& e By e e
sl ENA SHH 2

g vlolazE A S48 22EE W A%z, 8
=48 9 ek 3
Ak

dlo
oX
olf
rlo
o,
s
o
=
Z
fru

Z WeHY

Azpe} vl FA ] QlE, AU 9] 2.29F 2.39]
A AARE 213 SUEA dEEa AeUS A9
o e As B4, 594, WEHYY ¥4 59
208 AE 2AY AFEY FAIA dHE

| 4
dB(A)E ALtE e, nfo]ARE YA
A 54 Adel AlEw o) AIFE Table 39 e}

.;L

@Y 592 B AV B T2 PeEdd o
A4S 3D RUPS B ANE B 2 pE

300 | Trans. Korean Soc. Noise Vib. Eng., 32(3) : 295~302, 2022

tlo g
>.
%y
4
1o,
d

F 2.0 dB(A),

¢

4
r-{u:
2 ¢
> "
=)
4
PO
o
dlo
v
i}
rlo
o
il
g
o, P

=Z=31

Tl

= 0.6 dB(A) EojA=
SRR
AA HoAA &3
]‘—31:14 EHJ.Z«]O]

F

o ﬂl
é tilo
“.4

ol

rg E][O
e

N
)
lo
i
o
= P1>
dlo
yg o
o o
Ko
g
~

o rr

>.\.L_>L

v
o

&

FUEHUN
Zg"
mn %
X2
oy

ofyi

Ty o o

N
ml
E’

o
o
o

2
oX

I
2w
2 X oo

N
& O o [l o O ff T -



Jisu Yoo et al.; Three-dimensional Modeling of the Noise-Reducing Impact of a Soundproof Tunnel Structured of ...

R EEA L RIEE LRI
P 71E WEB) FIERE 500 HoN 25
dB, 1000 HzolA] 30 dBo] grrE|ojopdt grh & vk
714 Sk WA, weE el B % AAE

4
S, o 2Aeh e A1ee) B8 i
71 el S 7)ol AR AY HeE el
g Azl U SRAeE B F Qe A
& A% 7129 Aol Basira weano,

2

FErEotrES] FE A At

References

(1) Ministry of Environment of the
Korea, 2021,
Noise and Vibration Management Policy of 2020.

(2) Park, J. H., 2020, Another Pain, Road-traffic Noise,
Hankookilbo, https://www.hankookilbo.com/News/Read/A
2020071918400005963 (accessed 3. 2. 2022).

(3) Na, H. S, Kim., Y. G. and Seong, T. R., 1999,

Reduction of Traffic Noise using Soundproof Tunnel,

Republic of

Performance by Cities and Provinces,

Proceedings of the Autumn Conference of the Korean
Society for Noise and Vibration Engineering, pp. 75~80.

(4) Lee, H. J. and Kim, J. S., The Effect of Noise
Barrier in Reducing Road Traffic Noise and Related
Problems, Journal of Korean Society of Environmental
Engineers, Vol. 26, No. 10, pp. 1166~1171.

(5) Korea Expressway Corporation Research Institute,
2014, A Study on Expressway Noise Abatement by
Effective Installing of Noise Mitigating Facilities, chap.
8, pp. 158~166.

(6) Noh, M. H. and Lee. S. Y., 2019, Lightweight
Soundproof Tunnel and Examples of the Performance
Evaluation, Journal of KSNVE, Vol. 29, pp. 10~14.

(7) Korea Standards 2016,
Korean Construction Specification, KCS 44 80 05,
Ministry of Land, Infrastructure and Transport.

(8) Lee, J. B, 2004, The Properties of Architectural
Fabrics,
Spatial Structures, Vol. 4, No. 1, pp. 6~12.

Construction Center,

Journal of the Korean Association for Shell and

(9 Kang, M. K, 2021,
Measurement of Sound Insulation of Building Elements-

Acoustics-laboratory

Part 2: Measurement of Airborne Sound Insulation, KS
F ISO 10140-2, Korean Agency for Technology and
Standards.

(10) Kang, M. K., 2017, Rating of Airborne Sound
Insulation in Buildings and of Building Elements, KS F
2862, Korean Agency for Technology and Standards.

(11) Lai, H. and Hamilton, B., 2020, Computer
Modeling of Barrel-vaulted Sanctuary Exhibiting Flutter
Echo with Comparison to Measurements, Acoustics, Vol.
2, No. 1, pp. 87~109.

(12) Odeon A/S, 2018, Odeon Room Acoustics
Software, Lyngby, Denmark.

(13) Trimble, SketchUp Official
https://www.sketchup.com (accessed 3. 3. 2022).

(14) Besnard, F., Hamet, J., Lelong, J., Doisy, S.,
N, Le Duc, E. 2011, Road Noise

Prediction, 1 - Calculating Sound Emissions from Road

Site,

Fiirst, et al,
Traffic, Sétra, Bagneux, France.

(15) Besnard, F., Defrance, J., Bérengier, M.,
Dutilleux, G., Junker, F., Gauvreau, B. et al., 2009,
Road Noise Prediction, 2 - Propagation
Computation Method Including Meteorological Effects
(NMPB 2008), Sétra, Bagneux, France.

(16) Kim, C., Kang, H., Chang T. and Chun, B.,
2017, Model and Parameter Analysis for Highway Noise

Noise

3D Calculations, Korea Expressway Corporation Research
Institute, Republic of Korea, chap. 2, pp. 11~14.

(17) POSCO, 2021, Development of a New Concept
Soundproofing Facility Made of a Membrane Structure
using High-performance Steel, SCRA, Republic of Korea.

Jisu Yoo received her M.S. degree
from the Energy and Environmental
System Engineering Department at
University of Seoul in 2019. She is
Ph.D.

Engineering at

currently a candidate in

Environmental

University of Seoul. Her research
interests are modeling and mapping of environmental
noise impact. Especially, her recent research is focusing
on Soundscape and Environmental noise impact on

green spaces.

Trans. Korean Soc. Noise Vib. Eng., 32(3) : 295~302, 2022 | 301



Jisu Yoo et al.; Three-dimensional Modeling of the Noise-Reducing Impact of a Soundproof Tunnel Structured of ...

302

Seo II Chang completed his Ph.D.
studies in the Herrick laboratories,
Dept. of Mechanical Engineering,
Purdue University in 1993 on non-
linear problems of mechanical sys-
tems including plates and shells. In

Trans. Korean Soc. Noise Vib. Eng., 32(3) : 295~302, 2022

1997, he started his academic professional career in the
Dept. of Environmental Engineering, the University of
Seoul. His major research interest has been the environ-
mental noise and vibration control and people in his lab

have generated noise maps of cities.



	3D 모델링을 이용한 막 구조 방음터널의 소음 저감 효과 분석
	ABSTRACT
	1. 서론
	2. 연구 방법
	3. 연구 결과 및 고찰
	4. 결론
	References


