ZENSIEI|SXEAE s

= =< Hots=
F|SEIM(YuaH ) o],
FEUNES Atele NEE TENEI|SE
TENsysY| =S e I ERNEE!
~ ZZtoi et AlHH S _
—_"—_'—I —_ o = —1 E:_
S-H02= o Il et atH S 21CTAP-C152289-03
EI0605 100%
S HE 2O o2t 2 oMK M2 st S7|8 wIEYY|s e
of = Development of Air-transparent Noiseproof Tunnel Technology  for Preventing
o Railway Incidents and Reducing Micro Dust
S HEo 2O o2t 2 oMK M2 fst S7|8 WIEYEI|s e
of = Development of Air-transparent Noiseproof Tunnel Technology  for Preventing
o Railway Incidents and Reducing Micro Dust
7|3y ShScistn Atskeistt
— ($)27469, SHEE SFA| o™ a2 50
= | A o A n
A 2019.04.01. — 2021.12.31. (32.574¥)
14 X} 2019.04.01. — 2019.12.31. (971 &)
24 x| 2020.01.01. — 2020.12.31. (1270 ¥)
3 X} 2021.01.01. — 2021.12.31. (1270 ¥)
HEX| JlEEe (a2 sl xpE -
o4 7 2| o4 7 2| AERRER [ZIEH ) B
= = = |dg|d=EdadE]| = = A
600,000 | 21,860 | 179,140 - - - 621,860 | 179,140 | 801,000
134,000 4,860 | 40,140 - - - 138,860 40,140 | 179,000
195,000 7,220 | 57,780 - - - 202,220 57,780 | 260,000
271,000 9,780 | 81,220 - - - 280,780 81,220 | 362,000
7| &y = 2| X}
ol A B LE|of| & utel 5
Mo ZIME L o] AtARIS =telstod, ek ARAO| ot A 2t HE ol w2l X xY
o 20| E ZsiAlEycct
20224 02¢ 11
FHATHYAR ¢ Huu  [FH)
Fodpo|ge| B HRDECNED Arete
SEATII B (F)oATYE| 02




(9]
o Eg
_ SR |3
(@] K0 — oK
[e¢) 2 Tl B Q_o 20
N Mol T D ol RT
I F,_Iu “_uu__u: fl < In i xr = )
_ = | = — = < o T = o H
a w |KHH i~ © s
< < < PN D._w Zl < ofm ME — Kq oL . .
= N o n 4 r 0w ol - il ol oll
(@) T N o - __O._ o_ =0 S = o ol
— T ] - _A_u I_M_”_ M = |r_”_ w - m ~ ~
N T T - |T<% IR X0 < o J0 |3
o || & |EM B E = i 70 B i | E©
o o | w0 (M| |KCKO W= 2 0o 0o gt 5 13
3 wlm | I K o mA_u 10 10 10 M = 2
— | = ) _ - )
¥ NIPRE: ol 4 0 &) T T oo
a W |2 sewe o e e )
N BB u 2 L 1o S gr U0 - <
EL F | oF | T a0 N X0 < o = ool bt
™ on | ow | 2 _ oo i0J KM 7l 0 4_m“_ o] 20
= 1 .r_m = = X 20 RV _ W= o g T =
g x|l xS z o B < W X K T o |ro xr i ol
el = & KD HET K B ~ T P IH A %
Ko K| T o o oL U0 mo _ o
8| = — oF X0 =or ool B3 o | I il <r _|8
_|_|_ o+ o = 0 I_E O__”_ =
|z |° o & ur w O R N L LI
o | T3 RN 0lo _, TR0l W o 200 (302 o = E_T
ol | T e - ol 0 7o <4 R o X0 = n = RO oK S~ T 70| I
ES T 1k z K o o0 w3 B ol R
ERI2R = = ok WEs¥H Sy o w |z & g U S
S |B| T & o < ol RO @ my B U o) _ = X0 R =~ 2o
B S22 0 o W0 3 H i =) Jo D KT [RT K ol ol .=
Kl S| B - 2 I ol 2 0 00 <+ = RO oK =l .A..o - — T 0 10d = Hio
i _Ao 0 oft w 1o NN O __“_ v [M] - T s E._o O — —
i % | % 7 I A = Q 0 KIo g, S B0 30 o Xg . 2ok WL B <
[ b - — = o 2
= o | o & = o W Y IS [ e RN R o o W !
» | 2 z = W = = o Sy R % 0| o o B s oK T
_._.:o % ﬂ_._._ ] 3 1° 7._ 1o} ._|_|=_ =) _._._N_.= =S .A__._ — = T _Ir o__”_ — M ~ 0
5 | g 7 % oo = o] ] S o o P i i T 30 w X AT o
I o =5 T o Do Mo ©1<] n ® To@m ™ ?
_ 00 R0 my L Rl B, 1ol /@ ™ _
i K2 8o 0 50 30 %aw_m_ S g D U000 < HIX ___mo BB <l K !
K = Hr o fll _._._N_AE B ™~ = n I 57 10 10 @r__”_ olo| ojn w o oK A :.l_ =
H_ﬂo w ~N wu_._m H = w .Am_m__ ol . S s = 70 70 70 10| 10 &E <) ol =lojn ofn Gl
) Rz AL G R AN B B® 5 o E I EE T E oy
o Lo 0 2w ® @ <+ op U0 U0 N NI~ 1o 3 = ilw o
- O I m ™ ar Bl E HIE w0 =
50| B | 70 | Z0 D 5 140 w0 =) 0 R BN~ ol
5 m_.=._ = N = ™ _-._o _AI INEEN =
T0 | &I oy (s & = 0F | wr I O olo . <o wo ._.ﬁ
RS PlalE i w7 b o i B ¢
| 5OIEE b O o
< |ar T un“__/h_ s uu“__m =AY Ko 0 mr
== e o ™~ =4 o —_ _
=g v N ESEL s = .
Ko | 81| & pox N P
%l = i _
0_ K
ol B —, 00 N

O

N

]




o o 34 T
Ko < pzd - < NI K
Hg © A mm_ i o @
2 o wr 0 w < o i | o
0 = ol N < 0 E N o 0|2
— - A =
- — e o N o =
MO ol mn_a mm prd M_ | .._Aw Lo w o 0K >
LRRR om T I A Wl g
w |k & T (B g o R w@ ; K g
— _ K H_o =0 .__m__. _ m ol W\ —
oyl oW Y 2| @B 2| I @ & .
- _/_“_ J: < = T 1o
T - KO X KO T < "
L ) i N - = T ioll 7= o
- ~Y| R mE 3 ° » =k % I w3 on | £
R A TH|TIE N % Ein| & | = g oF ABE |FE 4| <
Bl u/t o mﬁ = ﬁ == T W W. = (w0 ol K o ~ o K W | ©
ooE R o w® | wIgpgrEaR T OF | wl wa X l s - RN
R < 7 ot i < K < = | B2 ol ot e L = =
a5 Y R PTIRYEE B [ = | Z & io] D R ~ @ =
e ol oo | 1ot I i B~ = |0 < H _ i ol &l
| <0 7 o T <0 T 20 %) oo dof = ™ W_ o il - ®l= 4 or ra ) o
- == —_ o - - = - - L.
W % B X0 _ﬂo R Wo =0 <0 I ﬂlh. ES # | m“_ o m._ ilZ g w_/o =| o __ﬁ =
oy L ! — 1 - _, = ! - _— - _
m__.e 20 ) Mo < mm JM_. B 31| 3 m__w_ L Bl o |B 4 =0 > " o 1o " 3| & L@ - M X
m =1 oo < T “___o K II H7__.= I ol ol o = o = | o -t Mo L ln_ o _M % W | s =
Dggﬂmxwé%um SH g g BAW oI IH| = o N 5z L
L T E TN I A T Sk zmal e i °
o B = B i MWW ., RO H 1] S v | @l 2 o — W W or o G
10d |A..o ~N =_._o Kl oF =1 1 . Tod e _o._ x_o nl 7 _:J = pal o_n ML S ~ 0 &0
P = ORI WK of 30 W K T 0. o - = —
2ol X km T e <l o] < ko Kol Kl = L o | S
ol TE N M- oHo o] 0| X ol ol o e o R o > oK o <M _ = 0 [l | o —
mﬂmO_=4m44AAoAﬂo4_,_nk_4o.&|ulk iy w K{ o 0 IR = T a2
EE © T o2 N E KI @r__”_ i om = __Iom ® ._Um <V N 10d o ojn Mo ) — <0 M_.o Bl < KO Rr JIn_.E oo S c
I g B0 o < 20 s W g oo wg o T ok ) Ymm Ko 0 0 a9 o <0 =8 3 |S 2
ol ¢ A_ W ol W OB 1o do — % ot e F Al wjr K THr H - = - for: A il 2
—u ) = 0 _.I._ m | 0 < W oK < 0 =.___._._ (\_.__o ol o A_._._ __o._ 3 2]
0 2 I N w0 TN w0 X0 c Y X B W oW — = ﬂ_”_HT_o_._ B o
mo%mHEodMuL_/zo 7o_=MﬁC1ﬁx|@__g oM — or IF = = 0o N~owr u.._% - |
S PRI A W= mTan T " ax T 5
o ° ° o . . [ S T - il = o o _ —_ —_
= oo|g*° ° °° T |or._H_=_u=_O|,7L|o~||_ = % @
O ° o o = R ) K — [ .__o N 10 gl K
B Py 0 E_ -— K -~ ~N r= =l L_._._ E_ AN © — o
t* W | 0> wom TR o 30N T ] R
0f0 - WV jloow 00 or © ol o u S)
Hr - 202 |21 = 20 70 ~ o oo ol a om | o
- VZ s 203~ ok & 50 ~0 T G 4 o
[s) ok N 1m0 NI =m0 oK ~ 0 Q
|_.AI o ° ° o O ° . A ™ _.mm .m
3 c] 7 5 o OF|  or :
i 3 2 gy g | zT
B =30 = Sl I T E|aEaz
i RS by aw |BHTRSIS
C. | &.____._ N ~ 2 = N < %0 Hr o _ = (@)
) R | o LS
gl | 3B1UD Bl wo 250 L




D

At

mr

9_:|_—rLj|.| I:él-jl_l_x-“g_l 7H_9._

1.

0fo

=
110

A
e

AT LotH o ™ oty

2.

21

AT e abA o

3.

33

ul_._

ol

4

33

HH Zofoll oigh 7lof Ex

i
—_

2o 3l

7H

?.

O:

%

5.

34

ol

1o

ol

i



1.

oH =
W WA
i0d o — "
o of o _ _p._o
_ ul o)
I r
ujo %: Pl = M =
= ® i M__ m
K o] R0 00
il m____ = @ m_o -
dm~ 00 ST
< i —_— ™ ur & | M
T oo W 955
_u.__._l ) G._ “_un_ OF m._w
ke ot K
. = ofl I=a i
ol = W.nw _.A hi[ =_
of o L= ¥ o
Py w0 i 3
i Ol Jm W =
R < w_m %D or_m 30 - 3
1 ol =X 0 10 1 A < ~
T R W 5 ® o I X
ol o [0S A B = - o0 5
= XNl N Ko = 3 ! IH < o0 3
= 5 N = b T Kl
s D @ o2 =\ °t ol o © M iof 7
L N s KH = » ° "y o] - -
<£h BT ORG 2 \el* =0 4 s 3 20 6 o
= REE X o T & o @0 DI
U ok oo g ro 3" Ki K e
H oo g 30 - . ol® o o 3 H ol K
ol of 0 m.,_ EY - oI < < & N = = Ir
_ X ki 00 o0 T IH i ~ < i >
= ur e AL — oy — 30 T U I
- ol Mo = 1o 20 © w H o = =k W = ©f Wl
i wﬂue__beﬁajm_@ v I N TR
1 S e — %. ELSR- I IR " sk 3 ok o _A_w Mo E )
m g oo ™ = ® —:Y . - RE o Ny X
do | T o= % a SoF = 0 3 8 U wrR R N w
— c 2 o =< . r > oK g OH U0 ~ ol = = _
K] — 0 — 3 W o B KT ol o = T0 Wo oK
< cH S W 1= i - . o= o o T o <
ol S kB = o = 0o w0 o ol el KT < <
d IR X oo 0 ok il K BT Ko i R
3 zmoﬂgmwﬂimsmog S gl M%Mﬁa%ﬂe__ﬂ_._amg% K WO g
o mnm_o_nueu___LMoﬁ__ram_u o — __oE_Eﬂop_Dﬂm_._ozom.___mlﬁ_ ONWEHH%
il Hr - T DR = o s ol < m o Ir i X 1o & RU oo O
= ok ol i w = [ ol = J K E A e W o0 T IM
N — 0 oo = o R 0 23 1 B0 ol a] 5 X0 X <
- _UWMOMO%NE%MIH_ =) MHE%:O+E@_QI WE W R P
™ RU = U o B S o o o = 0wz o d R =3
. o w0 T o mo p0 <k <= ~ H - T+ &% zr @l 20 o o XI_. o . Ml ol _|nm
1 bt I | - 5 B 8ol F < doﬂﬂoM_.x LS L
3l ry__owaﬁ|__wm__o___uo% y . KKK &
S O__/_oEoA_IOA_.ML.7HNLmom
D o b Koo T B0 A
D O ! | | |




T
i |

Jo
0

Hi

ol

ok

<l

X

K]

oln
o0

160

o
O

or
Jjo

-

X0
ok

-,

Kl

Hi

@

Tof
_r
"

K]

10l
oF
o
0fo
Rr

ll

oln
o0

H

o

0 3t ¢

USAAE MAYIY Y A doE
=< o —

Hl=

719

O

or

i

10l

ofu

lo

-

28 MAFEXM A

Al

ojn

__o_l
Ko
ol
=
s
1ol
1Ho
o
ol
<N
oK
T

——
1o

- Bench scalet® A

AHlAt 28

M
=

St

ool

ok

<+

band

- AAH

Klo
ol

o
%0
1ol
o

@r_a
Kl

Hi

ol

Ko
'

2l
o -

b AAZ1H

N

ol
oF
i
ol
30
<




o | omqumg | SA APALEE] HA = -9 e e ZEA IIEX
TE | HTHESE | aooiwanie) | sizsE =55 " aA | (%)
=70 23He
. A Tl=
EJ|dd dHiSA| AH| %7|§ %F%Alﬁ'%! 2:x-|7|~° 8% o_T_'_|7|OE — 30
ojl% o T I_DGHA'I ||:H [ o= (o} [=) =)
PRV ERs
S2EY ZYsd c=e
24 SSEld W A4S A2Ed
=2 sfATH = MEER - 20
=X A} AT EAL
2019
(2019) _ L =7 ekZ o]
solg we . et . 20
A
7! S| 47|
s71d 23 E o
Moo XA S|y Se
T £7]3 uem M| 25dB(500Hz) |AIEE £nl&A|  KS F ISO %0
A7 30dB(1000Hz) | 20dB(500Hz) | 10140-2:2010
20dB(1000Hz)
718 wsAag . SRR ) 20
718 weA Al (EATY 2|50 47|
Gl = o S: L=2
AR A/ S weAAE g 0, | B71BYSEY . 20
Mt 8 ASRIAHMATH - ESESESW IRt
SEHE AN o m g e o Conch so
encn scaile
L tst bench scale - _ - 20
2 A X} ao Al T2 Ay 2t
(2020)
71y gsw . 718 yen . 20
7|4 s A7
5718 w23=
& = EJ|getent
7HA|_-' E!cl AI?:]' M 5 [X=Xv3 & =] S oo
o EIBEET Bl osdpisooHn) | AEE Satea | KS FISO 20
== oA 1% % 95| 3008(1000H2) | 250B(500H2) | 10140-2:2010
= 25dB(1000Hz)
b
soly weaan SENES 12% o5y wey
S718 weAxd gl o, ol MEixl M2t | T - 25
= =
A7 e o 25%
AMSEIE2 AT
ASEE MY GSEY U AlS| AlE_s|AlZl t%enEchjdsgfIEe .
o= | = —
== ZE o 47| 2 10% el | o 52 S
o —
SRS =HEE
(2021) £7|8 9SE M| 250B(500Hz) |AIEE £32A | KS F ISO .
AZAHEE MsAAHIH 30dB(1000Hz) | 25dB(500Hz) | 10140-2:2010
T 2 MAIY Z 30dB(1000Hz)
Heot, Alg=tdet H| =LA D
Ae _ NETIPIRCRE B
) A et - oA e °
Al




AT 7H L mbH 2

2.

i

tod Ol

°

HE 7|2 JHLstaxt

SEHE HE== L2

BE A7

Hl =
=

o

ofet

ZIA Al

__A_I
il

E

2) AN

TN
- mw Ko
G- K
| T o
K ET
KO *_M__l Alo
Ko ]
oln
N
K ol
- =
al <
T N
o T
)
= | oo
= | m0 =0
ELEE
R S N
| %0 uo
3l U
10
oH &
H
el
0
K
=]

o0

ol

il

juay
I

=

7|

-

<k

of

.ﬂ.l [T o I S N

o

=)

KO

Ay

el

ﬂ — i~ i i

e

Bl

WE BTy
N ol o
_./._A._H_uool

oo TR W

3l
= fall}
~N
- o _
ol =
al, |e|BEl L 3
= S K 4o 1 - 3 — _
A ool ©f & N30 N =
Nyl e = |~ H0
ol B B Ul I B N
™ - N 70 A0
o] A1 B frl % W = il L
LHo S| FT|D ™ o ol ol
Mo | = fo 3| o I oo o = 10
K il R U B T
T T | W3
m__“_ ‘Kl D0 <
H_O [
MI& IS
- 0
T owk
ou_o N 3l T O_E Kl
q_m_ﬂmou._u@gAH@ﬁﬂ_@u
e T ) il owouﬂm#AA
TR o | = = | W 0=
| = A ~N | ] <] =
MEMM@% m__ﬁ__ MMH%
7l S| H 2T
AL
ol | ke = 00 7 C
ud om | 0 5 bl
o~ WA
W R0 & " M




Kyra | ®imi
ofl ¢4 A oEss L
TN o =& 2o w
ol <0 __._._o L.H_ i WA
oo~ o ﬂﬁn_\__o_. Zoup & Eos
tLFwm S S 3 3 S o -
51305 o = S S Q S o s
el S 1 1 S S 38 3
— Yo} = < ] S 3 5 g S
al — e < o < S S S = S g
o IV ™ N =] S & S S :
o 9 o o < F
— : - 4
o
K0
ol
7l
KE
]
<
(a9}
Al
Eall
@ |7 W .
_M_I mmH_ H_I _._.E H__.._ M_|
5 e Jo M z :
= < = X0 — = 3 < El z "
) _M/___ xﬂ._ K KT M or K < X0 = ik o
gy = ol s | X K < w e ‘
£y ) 0 Ey R = £ =1 - K4 B K4
) = Kr - < : o S z .
e T o7 | R g < | o ;< :
il 1) I R ol =, ] o D n _ I K0
il 3 & = 103 I - ! W zr =< ok b <
0 T © il © i 0 5. al 2 0 2 : a
H o < re) K Pl -0 ol 2 1o o olo v uﬂ o 7 -
— Ik e = 19 © K AT 70 00 S <H 70 ~
e 1o N 3 = | | = K 2 P
oll Tl . o <! ~ Kl = o ol i
- 7 TV < R
" Rl 2o > .
. <
[sp)
<




=X odN AT |
— Hgrn) |
o 6| 7 (ctg: | &=
e | 71
e e
£718 weE MY 215,500 o%i)
A E x| 5h A 35,500
NEE Mz 2 120,000
M=ol e 60,000
2 5718 wWeAlry Hed
Nod o M 32500 | (221
skl
M QAR 27| of 7,500
MA QIR oA Alag] = 10,000
Algeloldg S8t & X5t M 15,000
T g2 Ed L) =| Absd
e T R 45000 | (28
skl
bench scaleT = 5,000
bench scaleTt = 37,000
A-AlEZ 2 3,000
S B
A5t ot HE 18,000 | (22
el 2)
ZlE/ME Z=AL 18,000




H

al

[13

Ka= | Blm<l | T~ oy == )
i@ | 25= o ™ BUg el 21
o
"_Mﬂ&? =y Ao_m__ro_. Zoup T
i ol = 3n =T [ s ; o
° K3 w7 [ or R
—_ .. (=] o
P o o o
Do 3 = S = S o = o o o o o o o
R =) S | 2| S o 28] g 2 =S 2 g g
> = ) = 2 1 1 )
Al
(@]
D
(e0)
KO
omj ™~
Kl ©
K-
Lo
<
(ep]
[aV]
RO Klo
Klo
H ol =1 W_o
3 < il ° <0 ol 0
EL L I 7w = R
== A_._._ 0 <0 _ o [
00 D N < = il R - od Al z
= I T0d oK ofl I = < N =7 70 n
+ = o = o o K ol > — z
I a o w | @ | x| F | = S
© < o = ot = &l = - e >
ol — K — il o ™ - ™ N all
ofo < el m Y IR Kil il < Tl )= Ir T bl ij=
.l_..__E e K 0 W:._ < H Pl =0 il U_. % © [\ iy =
w o__”_ T — < o__”_ oK v - M.H &) o -
0l 29 = < o =" K o Al 4 5 3 0j0 (L < r
0 = " o o o < o < R o0 I 4
50 K |o _A|_. 50 o K0 T o 0 mu_o Qe o] L K| o
H = N w i = 0 = = KT 3 iy ol Rl N
~ ~N T N 0 10 et 20 —
T o] Rl 4o PRl H jof sl E o
Ik : o R <0 <
QN ™ <




4) ATFUHE

60

ok

ol

o]
o3

r
-

i

Helel 29 LSEE XAl AFEC

- 9

ol

|

ojn

100

o

Corrugates Steel Plate Noise Barrier Tunnel

Diffused Reflection

Verification by Sound Camera Video Technique

(Acoustic Camera, Noise Indicator, ACOEM, Germany)

Moo

|5 4471

o| otH=of U

=
[Lm

Tof dAY

=E]
=

ol
oF

ojr
T
[ITe)
100
oln

ok

T
3

o
0fl

)

—_—
110

=
10

L=
F L,

— Fluent

=l
A

62.05C2 LEI &

—
—

51.24¢, Case 2

FARE AECH17% 82 25

I+

SR ERCIE R

=11 S)

2 X
= -

2 LIEf

0l
=

1
o<

&

__A_._._._
3K

i

oll
0fo

ofu
=
ojn

S |

0f0

ofu

233 Pachyderm Acoustics= Ol

iT

- sus4

Hoste Ao =2 LIEG 2o

Al
o

of dlweh mf 2dB ~ 3dB

=)
T

=z

ol
AR

7HT7¢

Kl

Temperature

T
——
1o

100
oj

oK
Lo
ol

i
=
olo
0




Ao A7 o

&

E}

pal
00
olo

ol
oF

ol

-

Jjo

Jjo

Hio

St

| A Al 22

ol
T

=

0

L

[=}

he HAlE

Hlo
O -

FRGlA T|Hot M HE

<
ofu
HH

o
He
0f0

—_

E
ol
10

60
<
<l

=]
i\l

T

==
1o

~

—r
I[e}

=

10
K4
o
Ir

==
1o

==

=278

— Fluent

[ x|of o2t

o

=18

E|

[st
S

|t 35.5°CWHA|

A

Z|

SEY HAol 53

tof g
EE z2 1117,

CERTE-T

o

=2
=

F

H
o

=]
f\{l
i

i
4
ol
Tl

oln
o0

tol 37I7s AlE30ld 7|

tol CFD

°

=)

=
o

ol

=

=
EHLATIY g

— ANSYS FLUENT

o A

M ZIE 0|83

sl

tol ==& Atetnt Abx|

)

=
S

i
il

=]
[\l

by

0]

K

oK

KH

=

ol
83

I[e}

M AlsH

=
=

P

S|
=

BAFE (km/h)

——20—e—25 —4—30

250
.00

050

40 45 50 55 50

35
HAESHEES] 72l (m)

to{ ofx|

30

e D S e—

°

2
S

25

ol

20

=

=

A
)

M

300km/hr, M

—_
of
-
I0

o o S

@ 2

al
=

He

<a
Ko
H

<H




O S7|dYsHYE HAZERM i

| +=8 S4zt 7|& dAZIE

Mo
A=ped

LSSl
= &=H

—_—
[I[e]

ojn

160

g1l

==
1o
md

e

of cHah AR

LA
=

M
-1 o

=N
o
o0

160

ol
&

XAl st
- grSE{doll of

=2
=

ol

o
T
1o
o
ok
T
1o

100
olo

t= (1)

ZSPN

AA

I

<)
—

o
%0
il
i
o=
30
oK

K

ok

=
o
10

60

I.OCIQ
=]

°

Aol 2EtAIE HA|

olo
0

160

HASHA =

HAME

| & A

Z|

5] ol
=2

o35 |

A

By MAHEX>

a1 2017

t

7t E 2

M7EX X|EHo| &

5

S

Total Applications _
-

AnnualGrolell I. |

'99 '00 '01 ‘02 '03 '04 ‘05 '06 ‘07 ‘08 '09 10 11 12 13 14 °15 16 17 18 19

oooooo

110
ur

i

B-2

SH
o

(

S A7| T

(=]
=
o

(2) &=8E W &=t

L

SAlHof

I

0

ol
ol

}

ol
|

oln
0
oK

|r
o
20

160

o

ulo
o0
<0
o
pal
Bl
olo
10
oK
<qr
Hio

<0
150

I+

ojo

ol
AR

A
T

b

t7b Acts Ade &

B3

4

of wazt FstE

AL HE S2 Al DHE Xt

7ol
=

0

i

oln

Ho

1
110

_‘IO_



B

g

oo | omrm— -1 D Zill D S
P PR e e e e oS
[ 005 [ %1 015 02 025 03 Opening of side wells [%) e 4 5 3 7 g 9 10 11 12
epooamnsilin e MW oy e
<STFIEA-ZAMUS AaztA >
(2) 2XtA =
O 87/gur3E{doll th$t Bench Scale 2 A
- H3HE 1/50 scale FS22H S 0[50 £3d LIT TS0l mE &, ¥, RHE AHFE F
Mot 37|8 HFE E&ESIUS
- A4S U3Tol B85t gdEHATs S7)d S3Eel X gd| g0 o2t dag g2, E5tE g
of Z&st= A= 8719 Y3 Hel Mgd|g0 U2l SItste AR LIEHH
- Ol 345 HFRE Soll Est5 Estso| Jd&s F= A2z motEM JIF88 MAEsHH MAEsS
of MM Fstso| dax= JHFES MdyYsioreg
" vnsestins © et " wnasestioss [e—— Windsposd(mfs)
<Bench Scale A& Z1p>
(3) XA
O &7/gut3edoll thst Bench Scale 12 A
- 87|18 ggmo| M8E w3edel MHMAE 2sto] 2ot ZT7|Fs3 o|MHX] HUE MES 2
ot siAMY|HE MESIHS
- SEHY FAHH HFEI JAS 9 FotE MY 2ote =M™ 2F 15%, =10 2F 30%7HX| LtEf
GoLl, X0 HFEIE JUS dolle FAHAHL IR 29 @2 AU 2uE HMelstH SstE A
Z 5o EREX] gt ol et 2= HEHYE XS0l TR0 AS 49 LMot FtHo|
2 MUAZl Aoz HekE
- HSEHYE XS0 JHTEE MdxM2S f HAte| dFsto] X HARo2 5% ~ 10% HEel Sot5
M 21 LEgteE2 SHEHE R 2ENMZA 2ot =2 X8 JiFE AR Als FAEAH o
it JHAEE St Aol Z2E
£ 2 ————
= :2:]“-—;:::::1 f:#:::é
' ettt B w0
<EE T ctHo| ZolE 2 Hi>




t

99 2

oM X]

=
=

off cct

~

A
T

=13
=

ofu

o=z Liejd

A e v N
nwm«%uma%u:.
TR
KRRy

RIS

VATAVATE i

-
NBORREER

R
e

i
L N
RO
5 L

N

IR
NERT

S

N
N

PNAANNNNARY

Seaeas

AV
RSOk
BRI mm

k-3

3.65%

0.02%

18250

193%

0.03%

275%

001%

6.14%

003%

641%

0.05%

12820 |20467 |275.00 |6433

278%

0.00%

Point A | Point B | Point C | Point D | Point E | Point F

1.88%

003%

62.67

o

i

"

#8EY 0|

0
2

A

oo
kS

”
(8)

Y8EHE

(f) 1.0sec

(1) 1.6sec

(b) 0.2sec

(e) 0.8sec

(h) 1.4sec

(c) 0.4sec (a) 0.0sec

(b) 0.2sec

(a) 0.0sec

() 1.0sec

(d) 0.6sec

(d) 0.6sec

() 0.8sec

2

(h) 1.4sec

() 1.2sec

(k) 2.0sec

(i) 1.8sec

(k) 2.0sec

(i) 1.8sec

O M| H X Z>

al
=

l

A AL Z=AL

160

ujo

B
ojo
0

—_

=
il

ojn

Ex= &

T 20M At

al
=

ol

_x_l

1
)

7
Klo

Eief 7=

ol

2k

3

x|
S

t

HEA

S71&0 w2t 3H E2Y,

27} LpER

;nﬂ

i |

i =Lh 2l

]

£ 2N 2

A AL

=iy

c

60

a1
M0

oK

ol
oFl

i

IH

|

CiA| &

a8k ¥ 20164 Ol%

2+
=

ALK A

& 0|F 2013

t 2008

=goL

o=z dt

P
A

7

=
e

i

2 motsof, F7|

0l

a[H]

il d

oM

Klo

ol
oFl
_KI=

KM

*
o
oH
K

o

=

Al
S

o

ol
1

HH

N
oFl

K

—_

- 1 ;2 -



06-09,4.10-12,5. 14~ 17 (@HEE)

47, 198012, °02-105,3

w0 160

V. 3|57| £
saae

o m @ @ ® w0 20

EERE LR

sHas

YA 20| A ElE A2|

=it

UBY A H2E 12 (EAT MY |2+ BY BN DY B

3

4530 HEN01 FE 4N > YBAN G BYEI BN LD WY

E

B

2l
© B32 FAUHS MUAM WU 0TRSO HOT F0l WEHU G BUST E2 HOT HME

©oUR> EAY wyE

7ol

Citation

|Z74 AH gl
[== R

3

I

MR A, 3

74 AH
(=R

- F19=

HA7I8 7o

[

X

00

A A

S8 TRHM7[HE 0[E3510{ o F5t1

=44 o

A
g

1100
[m]

Ho
1
N

ol
10
X0

Ho

|22 5(main module)Zt EHE 2 S(side module)2 TA =0y, HERE2 dt2H#H X|Fof &

7

0l
Al
ol
0

oln

[=}
I
Bl
o
o0

Tr
LH
o<

&

ﬂma
ol

Main module

Side Module

ol

—_—
1o

|

110

<+

oln
Ir

=
1o

Pachyderm Acoustics& 0|&73}0q

sl Z=zaol

3

(=3
S

=2
=

]
H
Y
:
§

soundproofing system

Omni-Directional wound saurce

dRxots A2 LEtgoLt, &t

or

olo

oM

o+

[e]
L

b

ol M=

A
T

P

Zx

A 72| olafel

b= 210l A

7ol
0]
A

ol
T
)

M
=

ot

M=Ets

C
[

F

I
—

ne=z

telut, 2t

_13_



160

o
x|I

10
0

4
or

K

60

10

1
K
ol
10
20

o

ol

ok

Kl

Hio
I

—_

=N
olo

AM
S

F 7122 &(main module)@t EHR 2 &(side module)2 T

A+s
1 =

H 5mm OFAEZE X

=

ol &

=
e

st sEE2| 2

Ef = |

sz
S

00

i

A

l

==
1o

Ef 2f

sz
S

1235t 20, 28

HEZ *®

Zst0{ Zhute

=2 M
= =

471 2

=
=

i partition 707} ct

[

st7|

dee ol

to| partition ZH==0f| 2

olo

or

ofu
o

8 23} 500Hz0lA] 22.9dB, 1,000Hz0ll Al 26.8dB2]
= F |2l 500Hz01Al 20.0dB, 1,000Hz01A] 20.0dB

SAl

-
4

_14_



-

ABEEA

-

ABEHM

E=PES

SAH

Kt

<X

HA7I8 7o

[

TR

60

——
1o

Al 2

= sl Zatet A Al

1,000hPaz

=2
[

50%, M (static air pressure)

A
=

ol
m
©
o

Z3} 1,000Hz 2HE M=ol 3 M=tEo] ZYFETST} 630HZ0l A LIE}

- TEA A

of
=

ol
o3

&

2 HEtgtent, O 99

o]

&
=

A sYFub oM A

A

n

2
=
HelolAM ZEK|

Ir
1o
100
ol

IH

10
X0
K

-,

Kl

i

ol

—_

=
oo
0

60

Ho

M5

=
=

tol sdS2l 37|

110

ojn

ojn

1 A S S

H =H

&
=

AEZ Al

<2

== tjedol M Fmbs t§<3(400—315Hz)

._.
o

ojo
o<

&

oll

ol
BN

1

o

2 ol=

i)

_15_



O srlgysH

- BHROINE M 7E, M 8E YSAlMel SnaM, 538
S wesMse ME0| SEANUAAS S oke

- 3y 43z =4 J|&E 500Hze|l 2o cHsto] 25dBO|4t,
1000Hz2| T304 30dBO BoIGIBAIE Zet vlmato] M4l By
s ZHesiys

- 23y ysw 2 jwsion], 228 IYI|Y WSEX 3
H|7t & o

- HAX & SES Mz2ZHols 3YF

= SSE e[ E0l el 2YEs W2 R LIEE
- 1871 AlglAlof CioiAM MA SYFutpet ASAYE SUF oL Hluwe 20 HFE LRISHX|E
s W52 Znt (X0 wet SEFupIt 2 e AR LEIL £ SHY| ool tfet
(@]

A HESt

0

[s13
=

‘ . ’ - 2AY 3RS IR S
il AR

dEEEREL] AR we [ aa | we | am

crod = Chod — PVL-60-30 344 726 als 630

= L - PVL-80-30 353 656 315 500

n PVL-100-30 362 613 315 630

PVL-80-40 360 670 315 630

TC-100-50 TE-100-F50 PVH-80-30 435 704 400 630
i 1 i PVH-50-30L 613 930 630 1000
PVH-50-305 504 1143 1000 1250

- i TS4-50-30 480 &38 400 800

L s . TS5-50-30 531 880 500 300
straight 4 partition TS6-50-30 608 927 630 1000

TW-50-30 418 816 400 800

3 : TW-75-0 418 456 400 500

dEE EEE Eh il d@mm{@ EEEL TW-100-30 418 618 400 500

TC-100-B50 TMI-30-40 - - - o TD-100-20 402 623 400 400
CtEE CHE B TD-100-50 433 671 400 630

~ TD-100-118 447 692 630 630

TH-100-30 357 610 400 400

TC-100-30 441 690 400 400

| TC-100-50 44 696 400 630

TC-100-F50 414 696 400 500

TC-100-B50 444 696 400 500

I f TM1-30-40 527 1063 500 1250

8 partition 16 partition TM2-30-40 745 1186 800 1250

™M2-50-10 TM3-30-5 TM3-30-5 384 774 315 400

<dAA & XSAE Z2fovla>

EV|SHuSm AHE Mz 2 Ms 2AM
- ASH s M| sl o|Fol|l MsAIEES RS clrol AlgA & 2EHoZ M50| 2= A
XM E 7|FEC2 sHE HId|lE HAst 37X Ao #3Hs MESIF S
- 0| S7|¢ Y3 =& Hct dFst chesioly| fs X TxE YUSES IS CE 2XF A
HES Che UAY 27 XS JE AMYHES Z2ESH 170, & 39HE MESIRS
o — P — For s a— = ==
\ | \ !
H g 8 l [ ]] %ﬁ
I 00 ‘. :
_ Be= || 01 fj:=
o R = -
! | 1k B B

<BAHAE AHE EH>

_16_



— 7partition B 2 XSdsSAIE &A1t 500Hz0IAM 26.3dB, 1,000Hz0A 34.4dB2| 2ZX 0| LERRE:
oo, FotEA FHEX|Ql 500Hz0A 25.0dB, 1,000Hz0A{ 30.0dBE Sst¥ =

— Dual A 2" ZIet FAISHA 2t S3H7|el SHForolM 20 FofE4do| LiEHX] @820 400Hz,
1250Hz ¥ 2 o|S35tect ol& &Safl AH sYFurs F Y79 FHMIsYF o 2ot &7
(500Hz—400Hz), = 2=3YFuts 2ot =2 (1000Hz—1250Hz) HEH-H= A2 EHEHE

— Dual 2layer2 Dual A

A 2o SYFEDSI} 670Hze! BYIIE 25 Fx= A
ZA3teb bl mah

670Hz = lLF—rOiI/\‘I Hlwd Fatedol JHdE A
7= gl S F ok 0|SAIFIA] &

NESEN oo

HAHEEEE AHE E BELHBEEER

O S7\gerso 2 HMHT|H et
- IMA™ol dEEx zyWFosE o|Sst 724D B0 wSmhl Mg &3 JNFREe End
corrections 28 st =HAIS MHA|sI¥ 2, F 7l A Al OshM AYA™ siMMoz HESIFS

=== s ‘ S38 204
Helmholtz v [ S
Resonance Frequency(f) fﬁ?\*’ VL'
effective length(L') I'=t+085w L' =t+26w
. il I
D*f*ln[sin‘fﬂt']
End correction i 2
. 0.85 or 0.6 5
factor (8) ma”
=
D2
sonance Freauo v w Ry I
Resonance Froquency(f) | 5o\ T P +ossw) | 2r | ZgZGt+20w)
AES X 235 o= glss A Al
<E|::E§9|' EA%’ _é_o_l_-"Ll'T E7;”_| |:||J7'|—>

- ASAHZY AN -20 SYFoo| 7ol dF oo =H

S ZAN-z10 FYF Ot k2t Forsaol
o 37+ oA e, 2™ ol =M M= SYWFLFE ZEste WA AsXAd 23t
7b Ho|ln{, FntaAle A LEbctct w2k 500Hz, 1000HzES Z&stHAM Z(A -2 10 ZHFulso
Mol =Chst WA MA = ojof gfMQl EEM5E HS = U

- SNt ASHSAIE Hl Zof WSRO oA FobaA of 10dBe| Xto|E Ho|X| 2t =i
FutaAo| WSt ST O S22 Z LELD] i 2o SEF o Y2 =elsty| s & ol
AME g S 525 Z0| Jtse Zdo 2 HHChE




g
8

a) 500Hz model

(

1000Hz

500Hz

Straight

(c) Cavity(=A)

M-S Sot Parameter study ZIp>

700

<=

up=7t

Stz =H7|2] Jt2 MZ dH|gof a2t

__.A_
ol
o
frall

e §
o

3

LIEFLEX| OF

oln

ZlE/AME Z=AL

ol st

O =

=
BN
ol
0

of g

=0| Erf

ur
=

= =7 2= 74

x

2o =Alo] Ziytol i

St =

A
g

59
=i

dez & HAQ|

(=i =)
g2 A

70!

Klo

o

Kkl

&l_-n.
oK

X0
0

H

<

oK

-

ol

H
0l

g

Jtel Hoz 7=
- M| &9

—_—
110

NFY SEE x93

oK

oK

o

7ldsoll of

ol
o
=]

F2HE

e
ELR L]
KOBELLO
ouR veweERED)

e

F8 48

LRk

g
B
]

—
—
e
e
e—
—
\—
]
——

..........

| & /A1 FA}

=y

S

O Y2 dol o

HAd

o

Mozl =of o

¥

A S7tst

JHMIE 2

MILR| X|EHo| &

51

S

Total Applications _

ssssss

000 0102 3 0405 06 07 08 03 10 11 12 13 14 15 16 17 18 10

_18_



- =2 52k oA 500 o|&el oftto] HSAldol FAEHM, I LSEHES 137420 AX[=0f U
on{ tfFE 20104 Oo|=ol| /HS=HAUZ. &= X7t ofHE XA AN LYZEHES 2= &7t A
oz oA

AE-NE0L S F0| " [awenan
w0000 s00 T o
sow w
<ASAE UY HE W WS oL

- 2% 4ol ojae| HIEHES dAY Al EVALE HASIES ¥ eH, SSHE dF =0 &

S8 welte M8siH &| Mu| MxH82 MUY £ AS

92 St
- V| Ee AR FUe WEsH AEES PES A¥E Aoz J|dEu, w3H i Mg FXHEo| cf
T EXot A0 FAT|PZE A Ge AIE 20| oAEHE2Z J|E Jls tiH] 7|&d ANEMol =2 &
71850 thet SAEC 7l 7ie 2 XHAMAE SHE St 7/ SN 2 A SEH X9 g
HE &% 7|Y ol Sttt €eF

- SWOT EA2 Saf SOUELz 7|32 A5t Qe M2k, ST(UXEz Qe 3ushy| 9st ®™
2f), WO(LEe=z 7|3& =AIX 27| flet d2), WT(ZEZE ol iSst7] f/st M2hznh 22
Cross SWOT M2 &%

Internal Factors External Factors Al BBHE 22 The Business Model Canvas

-
S
@,
-
s —
z -7l S jol oiF s
;.‘. -ER YE93 ¥RE BB
e Ijeg s

Tt ae

FULE T3}
z Jle sge
& IR0 G AT 2
- -HRIHE &
& AR 3 A
3
= —
a -7|ECE 7|89 SeE
g 28 HEFEE 23
@ - SiiEzE 8¢ lH2Ry

it
E7|d dt=2mo| = A
<o7 t=} OI:IJ"’ SWOT ™— =

P&
8 Wemel AlZ WIHE 245D MAIE

AR @8 ) [T RS E A T TS




O s7|da= -
s7|dasHd
==
= M
M o 7 /Al 2
=L PPN
- o

160

160

_20_



24 2|

E

ol

oA 17|

E)
[\

=
[}

gl

KIr

ool A 2|

il

oM
I

—_

ul
olo
0

160

1o
1

i

o uel

L
=

| Mz 80| &3H

1

12 JlsR

o
=

| =0l M 7Huts] x|

AR
(il

M

ol=, K8 5

i

o

oln

ofu

O walM, 2 A7

of2 M&0| 7tsol 2 m=g27t of

=
—

g U3HE

bt AHA =

| &SEHE T2 RAIS

o

By TZ0llA

160

1

i

YSEHE W7

AH

=M =

o A

Hl=2

o] Zl2 =z,

T A0, o[MEHX Mgz

el

ol
o3

<+

Toll

o

o

ol

70!

= Z|=of of

wl

)
)

olo

oll

__o“_
4

olo

|
=

Z5 371 7|ch

=0y, =

b

A
o

I

1

0

ne=z

ol

gl

__A_

-

Kl

=
K
-

K

r

r
.
0

a7t J|th sy, &7

=
=

|.

A 2 EF

o=
o1

FH 2 AL

k=1
=t

A
=

17|

i

Bl

atol 7|th &

SEA
S

=7} ola|x

=
=

7ol

[
o

WZ7l8 2OoRlM Zsd Tt Tt

=
—

FHOf| o

k=1
=f

A
=

e LS7

, A

= 3t

O

O 71t

I

—_

olm
0

1

g

(o)

il

o

7l=&0ke

Al

o

=
o

{ej2 = go| 7}

S

I

oFS
o

u

7ol
0
ELl!

o

0]

_2’|_



o
0x
Mo

7H e

M
d0

X 37 % |
=it A

o7 AlE A A

(KS F

10140-2:
HE27t

(HEELAM)
HAEEIDAM

25dB (500Hz)
30dB (1,000Hz)

100%

12% 100%

% 20% 100%

% 3 1) SSB MEEZR 7|F22 KS F ISO 10140-2:201001 2/ FoHEA AlE Al
F 2) 712 43EE Oy B 2 E= HEWR a2z MU
O 2 =2 1
- £2Y BMYEDER PHE £3Y WSH ASHY SN'S ATSFAULKTESE =27 H11

A
sofl 20204 2ol A

O 2 =2 2
- =2Y SU|Y LUYSEHS MB8F =W T weede £SMYL SN EM'S FESINAYT
x5t =27 A12@ H1sol 20216 ogol AR E

3235, Febmary 2021

@Dm e doiorg/ 10,1004 ks

Kosacs

1033 DOI tpsdos.
KosACS

8718 sAYSHE I SHY B WEH

THE SR8 $g@o| 283HY 5Y go| 28I §Y B4

©

4! - Mierenet. Marinus? - 2of

SEFHE AR B0 RIS FFU YsFay 24

2=

Analysis of Noise Reduction Ch, of a C Railway
Soundproof Tunnel with an Airy Slit Soundproof Panel

Noise Reduction Characteristics of the Slotted Soundproof Panel

Consisting of a Composite Module
Park, Yejin' + Choi, Sanghyun®  Baek, Joonho® + Rinus Mieremet' - Chun, Yongjoo®

Researcher. Railroad Coavergence Institte, Korea National Univ. of Trausportation, Uiwase. Korea
“Professor. School of Railroad Engincering. Korea National Ussv. of Transportation. Unwang. Korea

Kim. Minsu' - Mieremet. Marinus® - Park. Yejin’ - Choi. Sanghyun®

'Graduate Student, School of Railroad Engineering, Korea National Univ. of Transporiation. Uiwang, Korea
*Researcher. ESCO RTS Co.. Seaul. Kore:
“Professor. School of Railroad Engincening. Korea National Univ. of Transportation, Uswang. Korea

*principal Researcher. ESCO RTS Co. Seoul. Korea
Researcher. ESCO RTS Co. Seoul, Korea
“Senior Researcher, ESCO RTS Co,, Seoul. Korea

Abinc Wiy e s onal e s ot oninclng sodnilinig il s o ymitogili
area, and much research has been conducted to find more effective measures for reducing railway noise. A soundproof
el i T et lcind makers o' 50ks iy’ P, B R s sty ey et oo
Abstact: Train noise is 2 main obstacle to the expansion of the uban railway nefwork in mewopolitan areas and, st ck ekt nd ki of ki 2o ot Bckse. hophing wl iy kil il i
thus, research efforts have been devoted (o developing more effective antinoise measures. To date, soundproof sesolve the temperature problem. but iis noise-reducing perfo

tunnels are among the most effective solutions to railway noise, but their excessive weight limits their application to study is conducted to identify an effective application method of the slit panel to 2 soundproof bt way tuanel. For this
the wban lines, This paper evaluates the feasibiity of analytically predicting the noise reduction performance of 2 led using an acoustic
slotted soundproof pancl. which can efiectively decrease the weight of the soundproof tunncl. and analyzes its noise

reduction characteristics. An acoustic analysis program. Pachyderm Acoustics. is utiized for the purpose of this
study. The amlysis results are verified by using the expenmental data obtained i a reverberation room. The
comparison revealed that the noise reduction pecformance can be predicted via acoustic amalysis with minor ecrors.
Also. it is observed that the slotted soundproof pasel can seduce the nosse by 25dB-35dB within the design sound
insulation frequences.

Key Wands: soundproof pasel. slot, sound experiment, sound analysis

tudy. 2 sovndptoof railway tuasel is Gesigned for double sailway tracks, and mumencally mode
analysis program, Pachyderm Acoustics. The railway noise i simulated using an existing research esult, and. acoustic
amlyses are conducted for six dffereat cases with various application locations of 3 slit panel The resuls of the
acoustc analysis show that even with & small application area (about 20%). the slit souadproof panel can reduce
sailway noise by at lesst S4B

Key Words: slt. soundproof panel. sesoance. acoustic snalysis. soundproof funmel

(Fig. 1),
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Featured Application: A slittype soundproof panel can be applied to attenuate low-frequency
noise and withstand wind load alongside traffic roads.

Abstract: With the rapid increase: bil . frequency

is being emphasized for a comfortable urban environment. Helmholtz resonators are widely used

o attenuate low-frequency noise over a narrow range. In this study, a slit-type soundproaf pancl

is designed to ack quency noise attenuation in 5

characteristics of a Helmholtz resonator and the abilty to pass air through the slits on the panel
wind load. using

with Hmbelts Rt AP S
2020, 11,8678, g/ dcns

the classical formal cal analy commercial COMSOL Multiphysic,
for transmission loss prediction. From the numerical study, it is identified that the transmission
loss performance is improved compared to the basic design according to the shape change and
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S ntaction
— The Helmholtz resonator (HR) is widely used to passively control noise due to its

characteristics of high transmission loss at a low frequency and its structural simplicity in

construction. Typical applications of the HR include ducts for air conditioning and ventila-
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7 the structure of the cavity and the neck. It is crucial to determine the resonance frequency
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bilty. There have b theory and ed frequencies.
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