034 7)Y 227 23

A AR, 49, AFE

A study on th dev e f interference device
for vehicle noise control
ABSTRACT

When visual intrusion is an important factor, it is desirable to find alternative methods of
improving the insertion loss of a noise barrier without increasing the @igight. Therefore, the
primary object of the work attenuates the noise due to transport ve_.tliclef"-ﬁy small interference
device installed at noise barrier edge. In this paper the performance og."__l_'-‘_wise barriers with
attached interference device, in terms of shape, absorptive material axjd'vspli_l;_:—?axjél, are examined

using

the boundary element approach. Also, the scale models aremoﬁn'tad in an anechoic

chamber and the frequency of the sound sources are appropriately- :st;:?iéd":to--‘simulate full scale
site conditions. Lastly, experimental measurements of the designs are'-exé_cut:ed for a range of
frequencies and receiver positions, and are compared with the results of nuﬁx'ﬂ_ic_él modeling.

1. NE

AELEY A4 2890 438 e FH4Y
Ao AAN gloew =2HA, AP, AW, ARFR
4 4F g 283 vEFEE 98 F 49
7HA ZA wE Zbr] g FHeE 28 AL
o715 m Sl oW RFASEANE P
1% Wyoe 71 de olfsE wYPe 28H
g FRAd did dAles 428U =2 2 A

2 FF F53 Aold 25E AAAIIE FS4A

+ FUERAE) 1eATE

TN

MEol 32 oK YUkARA AL
gAdel A4, $89 180 2 Yede o
E4olu JGED Fo] AARoE AT ¢
A ge ARolU Yumgoz Woede Hye F
d4d FHedn F2E4d o8 U 1
U A MU E2 S $eue HNY
A #LMAM 7E oMo A5 $ey
o ol A old we o Bl &8 A
WA Axz Fan), HLHE o) FHA Uu
Hoz AMoBs: Y= A§4FL 5~10dB W92
ddA Utk ol @ 2LALE BHoZ 4y
2 £2 9 M2 Fud 428 39, AWAYe
sedHE AZY + You AAN Fojge

-1778-



Az #9083 $4%0 UL PHLn =
NeHe AHE #Leny Bede) AA AT
Azg Aotk =3, vidol HFeAel ue
A% 5o o8 He9o) F&HAY FrEol ¥
o} AeA H8827 92 A A
E nHdoldt £9, Tede AN wesy
AFE FHRAZ F8T & A7) B 79
A% z8E $ES BAHA WE AZsor
o,

AN Ze wedel vyE nddHsl ¥
A2 99 A7 Qe Ao HeuD Pty
A4 & e DAY FEFAY. 2AY B
FAE F2 2o 3d HE $Y AU 4
sl BAFANE BH UoE &% AW I= &
Aolel 2UPHERE ol g3t 288 Aol
Polnl SYFR4E AHHoE AT F 9
= ol Atk 2@y Bl Yol 3
4 JYelHE o8 JANE ¥ & UA: Fo
oo wEA A HH ZB28 3
$ A9s We FRsude 2T Yr) WE
Al 49s Fe Horg.

ol

2. YUY YESIA

2.1 NHUsSH
29 259 BHAM Aol
7"01 7}7& EEA4QA Wyt BFA5E HEH
&9 AS 2549 AddE 45 e
£l %éag; AEFEYd £33 #HAM B
fAE AYoksle A+E Bol slck metA o)
g EFoR olfHE dEHQ &Y F I}
7 $e¥e dxse Aoy &AE Wede
Hl %3] wg9o] HAFolol AMFE UE AL,
A3 A2FFE 9-'““‘—*]7131“1 oY 8o o
oHHE WL §h E@ L AN
U H5e FiEE o ¥ d¥rg
Hed A B8 £9 A oY 4L
7}% AujH oz WAL fEy HI2dE oY
FAE A4z A8 Sy yad & B

AgEAE

[

ANIE FNE 24X Pdse &8¢ 4EA
71 el B A7 de A4gsHn glow
AEE e AEE 99 7A7 Yen, oy
F AAFH Y a8 Y Fujiwara'?Po) 9
# g AF % AYo] o] Fo AT}, ‘

2.2 LUSR HAHW

E Ao AgE 34FAE H2Y o P
HE RBEo] iz Ho gled, JArd 29 &
T2 g PAE 28 AAAT A8 REe A
AAFE T8 A5AN 2 AMoFn+g AR
27 dH d& 2 f4F SgHA ol A7
FAE 3tz #dEied, 8o YAHE 4T
o ARol FLAE B A Rz P
AsE 29 AVE ¥ oes AR ¥4
AZE& dessin 54 FoREAE 37 9%
ATE Y HFHY ¥FL Y

3 YMAUE HE BN

3.1 sy

a4, M $ede Awds: 2 #riE A4
Kurze-Anderson” 2] Fresneldol wi} AgelAM
A& ZAYa, Maekawa ® 2831 Lam©%5 e 4
o] #&3A Algdh ey oy d «gEyye
HEE gold ofd g TS o, $E
9 AR e rEEor B3 Y4E
T FEREY ASE o8 Hoz 4237 B
Vst weEtd A2 ngd BAFH AEd
Zg f3 dewddn A2 ngdd IR
g 45H7Hs4-E SYSNOISES BEM Indirect
Method & ol-43td g $43At B2& &
A& A4 gl 309 BRI o=
Rl 713 uviga st wgdo] dAAe] ol A
AAEe] 2oz A AP Adn S
239 R o] &3 HAsdgx A
A F%E PR g& Aoz H#ddd B
A7 e AN AL 28 2449 2dL o] &3
dov, 2898 £&HL HAGRE Fidsio
TAENRE HdErl g8 AdHE dAsA

e g

2

-1779-



AS9e WM 15m Bl AP ez Mterfarence devics BEM analvsis results(250Hz)
FeHE B9 FUOERE 05m PELE2 4m %
A2 S$Qdct ©

. §70 —%— Simple
3.2 WY U FoEF r —
Aezde M2 ugtd PAHAA zedn wmy .
e A% gegede Addgen SR O tom 2 2om m aem
ot A¥FY vaHs/E A8 AFLY 27 Detanoe
s} & 2y & AW TAHZAE TS Fig. 2 BEM 34 &34 3(250Hz)

5 2849 B4 wa Aosojor s, &
A7ANE 14RY FR549 F EAA He

AFagddgel 125Hz0 #AES T3 dALAE & Interfersnce device BEM analysis resuta{500Hz)
fos, 4, 1a Fee ugnHez A & .
3o vdi Frhste 9ol Ut g70 e o Sl
N %w \-\V,S/r’ﬁ —
34 SN d %
g dH, DHFAAE dd HAF A5 “ Cin tem m s wm osm dm
Distance
ceuteo]l Asuagd }E Fig 1~4 o Y .
itk Fig. 1olA AWML F34< 125Hz9 A Fig. 3 BEM #1432 34| i(500Hz)

AeAZ AR7E wo HA deEsten, B30
99 250Hz+ 500Hze] 73§ dewdst 4%

o] #ASAY A¥ARZEAI o HA HolA erornce device GEM snavels esuts250+)
AL ¢ F Ao =¥, AAEFL T Split %
ol ZoA7A& B 250HzolA Fig. 49 & A o
2E AETAHIYEE ¢E T USE FIEd g T Smpe
o}.(Fig.4) Beo . jﬁxm
50
Interference device BEM analysis results{125Hz) 40 * * . . .
im 1.5m 2m 25m 3m 35m 4m

® Distance

e o

-m Fig. 4 HAWA % 81425 2(250Hz)

g e, ¥ Simple

5 o0 - o < Ongin

50 o

© im L1,5m. 2m .2.5mA 3m .3.5m‘ 4m ‘- AIE_’E’_‘H 5@ 5‘537}

Distance

4.1 AlR|EA B

YRR e} dAE FHPANE HE=
712 AzsRes Azd HAAAE F 8t FA

Fig. 1 BEM & 42 3}u](125Hz)

-1780~



o o}zUL AEHAT. TH, AvoE HAHE
nFHgde] 288 #2A7 98 Saeslon
g AR EolE T5emoln] way A
goz geteE Fol: o 30cm oL FHARA 1
M) E& Sem AEZ AT AAE AR of
£9 24%% 2de Fig. 59 dehied
A5HE 937 98 BARAY 2e ¥l
£ 2E WEWRe 3712 ARsgo

Fig. 5 A€ 259 4P 3

4.2 MsAY

AeANg @i‘ﬁvﬂ}ﬂa‘?@ bl ad i K B
PP o HHFAE FAY TG S
ol 3 HeHE7E AT U =AM A4
97t 337 948 ¥l 0.75m, F 4mE =
F ZA den, 2349 AA R AFANHY ¥ =
E NYzA¢ $YsA AF s

4.2.1 AEY U AlM
Agrd g A¥Ae Ve g gk

© 494
- Size: 45m(7t2)*75m(AZ)
- o g

O 4¥9rd
i) FAFAE dATE FS9
- 0.5m*6(7F2)*0.75m(E °])*0.1m(F)

- 2% 0.02m+8 % 0.4+ %A 0.33m
- 0.5m*2(7F&)*0.35m(E ol ) A4 Ax] 4 X
F 3 AR Hx ‘ '
i) geyen
- 3m(7}2)*0.75m(E *]1)¢] Wood box Y™ x|
Zz3L Fd

4.2.2 ARKXME W WEHYHY

A 32y F9 Im AHEYE 05m 13
o2 4m7A EFFAReY, Eol: Om, 05m,
0.75m, Im EoldM ZR}Pon, AT AZxx
A& Fig. 69 Yelyd Ak AFE 1/290X vfo]
A2 Z(B&K 4045), B&K 2035 Analyzer, 181
B&K H4EZE Al g3 48L& A5AZ White
25E YAAZ F wlo]ARES o &35d AF
E2Asln 1 N3 E 5008 HFE 1/3 Octave
band¢} Narrow band ¥ £ Data® A&t @
o7 AFZ+ A2 ZAdE Interface programoll 9
g EAENT 29y Fd2 AU

1.58 2.0m 2. 5=

3.0 3.5 4.0m

Fig. 6 &9 432 HsyrtE ¢

A2

4.3 ¥4sAEdA

A2 e BAZXE FRE P9 ded
ol dis WNFFHM HeHNE £ F
BAF R 125Hz, 250Hz, 1813 500Hz9 A&
AeE EME #H, 126HzoME TAERA A
TAol #43] wo HAU2W 500Hz AAHE %
HBAE ol8¥ B¢ dewdy Eox: WS
€0l o Azge] ¥AHAY. 250HzS] B¢, 7
T JF9ddA=E EFsa deddd R 4%

-1781-



o] ¥4 Jehd A& &Y 4F Edged Fo] F
Zq fide 7% Aoz Add®Er ol g 4y
A= Fig. 7~99 Hebd len, 43 /AR
AYe e A ¢ AW AdAge} Y
g vus] 2Y Ao =WE FgdEel o
e F4¢ Yz U ol@# olf& BEM
o] 2xdde uld B4 YL 3x4el7] o
Foln, 249 ANYANE @FAHE Aoz @@
art. 49 A HAAM 23 F UEe
BELE 33 9 477 28 ¢ FUHY dg
7} Q& ¥okelrt #¥ 1/3 Octave band YA
BHE MY A AR E RHY B35 9o
9ol ul8 Overall &<telido] % 3~4dB(A) 3
E e Aoz Yeigen of R uigd WA
8 ol %o WEE HAS Agzdg B
o} (Fig. 10~13)

£ 9 A A Height: 0.0, 128Hz)

70
g R et
o | =t SR
20
10 -

1 2 3 4 5 6 7

Distance(m}

Fig. 7 4549 274 i(128Hz)

# 2ol 41 ¥ 2H(Height:0.0, 256+2)

70

3 B838

Otstance(m

Fig. 8 4%4% 44| 1(256Hz)

-1782-

& 50 M A IH(Height:0.0, 500Hz)

gx ' l...-aew“l
520 - o - UMPY

10

Distance(m

Fig. 9 43%4%¥ 23v|2(500Hz)

o R LB d A Y (Over ALl Height 0.0m

Distance(m)

Fig. 10 A54Y 2308 Z(Overall, H:0.0m)

YRS 7H B A 498 A M (Over AlL Height 0.5m

-- @ - Unison

~ - Sirple

1 1.5 2 25 3 3.5 4
Distance({m}

Fig. 11 434% 234912 (Overall, H:0.5m)

Wik S A 48 A8 (Over Al Helgm 0.75m

- --@- - Unison

g '

< ~——{i— Sifpls
a

[2]

1 1.5 2 2.5 3 3.5 4
Distance(m)

Fig. 12 4 &4 % & 34l 2 (Overall, H:0.75m)



Y@y 2 FH J B A R(Over Al Heignt 1.0m

Distance(m)

Fig. 13 434 % 23+ 2(Overall, H:1.0m)

5. a8

& HA ¥FHEA @ 2dg o8, HedE: R
A sM/EN el s ook gy, 8 PC version
S ol &% cdFWYPeze TAS e 4Fcl9
A 2D BEM S#34& olg3to IHAXE ¥
2 AAAT.

& TAH Fo] BiHE 12 FR4E 125HzE
dRsgen, AR 4e& Hrsl A
e g YRR 42 A/Fe Sddde
@AM S T dFA =, HHFHAE A
F37 A8 ¥ FRAAN dFAEE FHEGA
o

& Y R AIBAI FAE B¥L #He AL
¢ F dNeH, BHFHFYA 126HAAM £ 4
A Sddgel AFEE ¥E 500Hz AN 2%
Aol dojue AE & F Uk £, Overall
e 3~4dB A=Y 25AFEAE JeHled,
Eol M2k H&¥ HFEY 2$HREAI AU
& ¢ F Ay

& Splite} 4ANEE F3 EFFATE AolY
+ &€ 2D BEM #4& B8 ¢ 5 Ao,
&9 A 7AY Ao wE HHH dY
& AFHA FFE Y8 S HIEA
o

& ¥ Agd BHEAY Split R FESARE
o] &3t B FAFLANE HE FYrige @
TEojok dul, WRAYH/E BF HYY AF
B 7}t o] F oA o} g

2EY

(1) Kyoji Fujiwara, Naotuki Furuta, Sound Shielding
Efficiency of a Barrier with a Cylinder at the
Edge, Noise Control Engineering Journal, Vol. 37/
Number 1, 1991.

(2) Kyoji Fujiwara, David C. Hothersall, Chul-hwan
‘Kim, Noise Barriers with Reactive Surfaces,
Applied Acoustics, Vol. 53, No. 4, 1998.

(3) T. Okubo, K. Fujiwara, Efficiency of a Noise
Barrier on the Ground with an Acoustically Soft
Cylindrical Edge, Journal of Sound and Vibration,
Article No. sv981720, 1998

(4) RAYNOISE Users Manual, Diffraction equation,
Ch. 3312

(5) Y.W. Lam, S.C. Roberts, A simple method for
accurate prediction of finite barrier insertion loss,
J. Acoust. Soc. Am. 93(3), March 1993.

(6) Z. Maekawa, Noise Reduction by Screens,
Appl. Acoust. Vol. 1, pp. 157~173, 1968.

(7) SYSNOISE Rev. 53 LMS/NIT, Belgium, 1996

-1783-



