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Wind Pressure Reducing Soundproof Wall Which Has Many Holes
on the Surface and Selectable Stop-Frequency Ranges

ABSTRACT

Applying diffraction of waves and muffler principle, the theory of macroscopic air ventilation with soundproofing was explained.
Soundproofing frequency range can be selected by this method. The sound wave was attenuated at the resonator located between
double-layered walls. A soundproof plate was designed and the experiment was processed. There are two air holes of diameter of 5cm
and thickness of 8cm on the surfaces per each soundproofing cell. There was a transmission loss of about 25dB and it is more than at
least 10dB compared with that of the Comnex technology of wave cancellation by air holes in Japan. Furthermore, there was no
soundproof frequency selection in the Comnex technology.
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aElE Apdehs A2 ¥le Apdske A B offn: W)
= Al Bk oloprfeh=s AlgES] g HolA] A
Tk 350 Baele 59k o 3heo] Al spgnTh 2R
THE T o FRIsh= tiile] do 2 HA)E= ofE0l(3]4,
diffraction) &/ eItk & Hlo] a2 2] FA) Aol
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Seh FHoE AR g ApdelR] eieth wEA 2kge]
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RZree) Al o7 o) olgahd 7S = o V1%
AR B2 & 5 Sl o] Aele o ol mAlg 7S
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S 24go] Psslth Al weulel T WA 5 ol
7hA) B gelo= Qlake] Al et Aol e
2)7go] uge] 1/38 1t} zholol A8 oti(Kim and Lee, 2014).
g5t seie v /2 = Fopart BE W 3
nojehggel, ris we] Werk vl WEL) BaE S
St £ H S2jo] 347} slo] sige] %] A4Ho R
stk o/ SRS B4 T oM SO v
=) 2 9PHe tRes} Zoi(Fang, 2006; Lee et al, 2014). Ha]gh
“4E B st wke Falste] vlg2A] thaAd goldrt
(Kim and Das, 2013; Kim and Das; 2012).
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Fig. 1. Evolution of a Diffraction Resonator
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2014).
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= exp(—kz).
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Fig. 2. Acoustic Waves Comes from the Left and Moves to the Right (Unit : cm)
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of Machinery and Materials, KIMM)2] Z&47FAg A%
vU 3 (mini-chamber)& ©]-§s}3lom P2 ZEe Fig.
49} 2tk muUgne] 3-9400) 201e] 2u)AE skl S9S
Taoton, 94 2 A A2 64| St
T FFARES o8] Ad5s SATIAT

Fig. 5 Al 72 7sle] 638 ] Fads 24
gk Aok A2Abe] 7les 7 HE BF ESAR vk
785-oll Feh=tl o)A A7t g7 oA Abetete] A=

Fig. 3. Soundproof Plate Model. The Diameter of the Air Hole is
5cm and the Thickness of the Window is 8cm
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Fig. 4. Experiment at KIMM

— N [p~l w
(5 B = R 5 N =}
I n | I

——filter #3
——filtertboard #3

——board #3

0 t t t t t t t
400 600 800 1000 1200 1400 1600 1800 2000

Frequency (Hz)

—_
[=]
I

Transmission Loss (dB)
o

Fig. 5. Transmission Loss. The Red One is for Filtered for Two
Holes Both. The Purple One is One Hole is Filtered and the
Other Hole is Blocked by Board Paper. The Blue One is
Blocked by Board Papers for Two Holes Both



dofr] ARkl X159 f,= ek 330Hzo | 5 ket
< 330~1,900Hzo]t}. SpARE 713E 918 o= Awe] FA}
Q3K AFoAFE F79ok gk

XS] FEFAPE 140mmE 267} = X335 s
AR Fig. 5] 287} HRk= =tk L olfi+= Eq. QA9 +}
A8 1 o) Ske] XEE AgH o2 ghash, Xl ofgt
FZhgo] 7[R AF0 R EAfelr] whZelrk T WE Tt
o #AE 7R F A} v, v visi el AebgEs
Feoll tha & W v Ao} HlssEith

o] A= VAo Z o P F He] A3 P}
(Kim and Lee, 2014; Lee et al., 2014). T3+ ol J=r9
AR A tigtolA] 2 ARAY Ere] Sl 7S 1L
I s Y] FEAE TS BSEE TEo] A 3
ForAzkast AL st Weber et al., 2015). XF&-Ftd]|
teises £ dyete] A3 A9 $d3 A9E Atk

77 Wizl 2 AR 5 glor,
o AAB} folsha, FRACR vl SgRR
Ak 57] o) fARg7} ek ek A Tet B}
goloka B F A= TFssich o] Eelglopd wxe
BEol3 A& At BEe| Autehd 5 Yol 1BFH o]k
o] A2l 01§ MRS wal Felol P B Ao
M} 7P Felel Adx95te] oF 14 ob PG Ak ol
A 2 wAREE ek teHKim, 2014).

Sk o] gn Tldeo] e e o we
DPARS B8 o] Wasich BARAE slete] WIS
VA e} Aaslolol shed] 371s) QIelevt Qjsfol g

320 GFE oF TGS Sa ulETE ofg B
7he Zasich

ERo Wshs 289 Fakeoks 2] ER Eolo]
% bl ate} chex)ek o7l 400Hzol4 2,500Hz Afolo]
W RS, o] ol sho] 8 2000Hzo de] IFRele
S9l3} 57040 Az} 21 A5 sHge] sk ek v
2B 2 A} ok s, skgo] 71 AFst o] ge]
Fa thgolck

o] e RE Tl QJoie ApusH Eskn B4 T

e

N

=

N

o
T

i=]

PIUR =
o,
f

T A S Slek W sFgT & 270 B v
% gk S Stfeke B ofet Age] HPEso 2 EAf)
V] FshiThe ustelE 290] BEws Pk ek e
AP she Tkl AFORIE FeRe 498 T
) SV B 1PEE H]2Es o] BRAolE F7bAlAok St
sivlel] i) Aol A Soke St F71Ee] 4%
2] Solok ek FUS Wt B ¢ Ghlel Vel of
I Aglo] o] FolA) ehsleh. FF U] ool ol

HEZ MU =S 2R el

ZAlol =2
B Qs FERETE|EEAKAIA, 2014-2015)8] #5)
o ool

References

Beranek, L. L. (1986). Acoustics, AIP, New York, pp. 128-143.

Comnex CO. (2012). “Soundproofing with miracle holes.” Available
at: https://www.youtube.com/watch?v=n7DqvNCr4d8 (Accessed:
March 2, 2015).

Fang, N., Xi, D., Xu, J., Ambati, M., Srituravanich, W., Sun, C. and
Zhang, X. (2006). “Ultrasonic metamaterials with negative modulus.”
Nature Mater., Vol. 5, No. 6, pp. 452-456.

Hyun, T.J., Hong, S. J., Kim, H. B. and Lee, S. (2013). “Estimation
of tire-pavement noise for asphalt pavement by mean profile
deph.” Journal of the Korean Society of Civil Engineering, Vol.
33, No. 4, pp. 1631-1638 (in Korean).

Jo, S. H,, Jang, J. S., Kim, W. S. and Kim, N. (2013). “A study on
noise reduction of quiet pavement through the noise level prediction
and the economic analysis.” Journal of the Korean Society of
Civil Engineering, Vol. 33, No. 3, pp. 1143-1151 (in Korean).

Kim, S. H. (2014). “Air transparent soundproof window 4.” Available
at: http://www.youtube.com/watch?v=VZ36PqHT9iw (Accessed:
March 2, 2015).

Kim, S. H. and Das, M. P. (2012). “Seismic waveguide of meta-
materials.” Modern Physics Letters B, Vol. 26, No. 17, p. 1350140
(8 pages).

Kim, S. H. and Das, M. P. (2013). “Artificial seismic shadow zone
made of acoustic metamaterials.” Modern Physics Letters B, Vol.
27, No. 20, p. 1350140 (9 pages).

Kim, S. H. and Lee, S. H. (2014). “Air transparent soundproof
window.” AIP Advances, Vol. 4, p. 117123 (8 pages).

Kinsler, L. E., Frey, A. R., Coppens, A. B. and Sanders, J. V. (1999).
Fundamentals of Acoustics, 4th ed., Wiley, New York. pp. 284-288.

Lee, Y. M,, Kim, S. H. and Lee, S. H. (2014). “A soundproof
window that is transparent to air flow by acoustic metamaterials.”
New Physics: Sae Mulli, Vol. 64, No. 9, pp. 940-945 (in Korean).

Vol.36 No.2 April 2016 195



Fo] thol S Eu A g ool deo] /st FUALY He

Nguyen, H., Sohei, N., Tsuyoshi, N. and Takashi, Y. (2009). “Sound
propagation in soundproofing casement windows.” Applied Acoustics,
Vol. 70, pp. 1160-1167.

Nguyen, H., Yusuke, T., Yuya, N., Sohei, N., Tsuyoshi, N. and
Takashi, Y. (2012). “Prediction and experimental study of the
acoustic soundproofing windows using a parallelepiped SVU.”
The Open Acoustics Journal, Vol. 5, pp. 8-15.

Wang, X. (2010). “Acoustical mechanism for the extraordinary sound
transmission through subwavelength apertures.” Appl. Phys. Lett.,

196 Journal of the Korean Society of Civil Engineers

Vol. 96, No. 13, p. 134104.

Weber, L. and Gomez-Agustina, L. (2015). “Investigation into the
application of an acoustic metamaterial for sound attenuation
with air-flow.” ICSV22 Proc., Florence, Italy, paper No. 52-
2015-0508105747633, pp. 1-8.

Yuya, N., Quang, N. H., Sohei, N., Tsuyoshi, N. and Takashi, Y.
(2010). “The acoustic design of soundproofing doors and windows.”
The Open Acoustics Journal, Vol. 3, pp. 30-37.



