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1.1 MREOER

HEBHERHEZ E2LOKEES2HE T2 21280 T, b L Hwoh
TV REEO—DDBHEETH S 5. PFEHIIEES O QWA T W HIERT 2
P Thl, BHEEHELSETIEICLA0EN MR DDERL, LlETO
WX E LT KICHAVWSRTWwE, L2 LEFEICLZ T, KlgEdsizo2o, L
POAE— FOLWE 7 v 7 L E sl O m, SR Hriislo &9 2 s gk b
XHIZFDAE—FRMLTWE, TOX) RIRROH, FEROREFHETIE o728
BHRWNTZ L o 2BADE ), BY O &AL EOBINTHTTNZ A2 5 &
R PEIRVOREREL FOB EAP B — S TH D, B, NADEMERIZET
SNTVABFRENE S I 3m THY BEICL o TSmO L O L EMIZHET
bhTwa, /4, RETIHEMTEL @A T2 SERTIIE S 8m 12574220
TREEFRBIT AL LD IIRBLWI ETIER2Ww, Lad, EFREziLdHMT,
HWR DS EBED LI OIARASERAN O S MA Y AA, HEEZEIHA TWEIEIZE -
TLEST, $AHTMANDE IR o iERED & 5 (Photo 1.1 ). FEE, Bl
R P O 2 HAMEEERGT~BHE~ M) T, HOHKRAE - Fo LR

% 140km/h 127 v S A0, Figure 1.1 D X9 L&A 9~ 10m, JEEMIZIIATY A



ARBROWEDH 6~Tm 126 REPE K EREORE M S Twa, LaL, B
BREQBENEH L 2 BIIEEFRIIMR 2500, EFIB BR800 42 481 i il
Lo, HF-EHIIB A3 A MR EOMBELIT TR, RNV OEIRAD ]
ORI, EEREF I 2 5/EHERBIE S, S OIEBNEORSE B3 &
Y, NMIZEES Z 2B EIERMWMEICE TR TS, o &) R MIILT,
KENZHBRB EHI2, RETREBROSIEEZLTY, L) KE2EEMMELFHON
FHRETBRE L LD LT 584 RFRVRAIITTbRTWAE, 2O L) iKiloh, X
DREVESHREZFOEREYHEL LD 3B IEHBEOHED—-2 L LT, K
BF42Cid Figure 1.1 IZ7RENT WA X9 28 2 WAMS HERIZRE I NS Tk

KBS s B S smBEICHZAZ L0 BRLTAS.

Figure 1.1 Noise barrier on the Dai2-To-Mei-Shin highway (Image).



Photo 1.1 Highway noise barriers built near to urban areas (in Japan).



1.2 AN EEREMRDER
EFEAFDON TV DR EHEO B EVEEE T 28T, il e 52T, I
FOBTEREf O OF BN 2 LREED LB NI W&, B
EERHRZIH LS L) L THMROB EINERI o TwD. T b D5k
WLAEANZEZ HiIE, BEEOT Yy VoS ZKESEs, 2% 0250
T AREBEFRELTOL Y YRTyI Yy Ve BESE L) ET 205D H %L
EoTna, ZOHIZIE, BigREOL Yy VRT3 v VENOSEQ KEIH) % v
THEIETEH, T 74 7R EREOMAEN-4DFENTWE, AHITE, #4156
DIFFED 12> 5 KFFE & OB EMEA &G, KRN LD OB % RA T, Z O
ROBIRLIFB e o TH B, May H[5,611F, EdHEE Y O 7% Tl MBS 5 BEIZ £
DEFEN Im =< 25 ZEIZONTEEFSHRIIHK 1.5dB L LEAS 7%, BAFDOBY
BEICX D S~10dB DWESREZH L) EThE, 22V OE ORI R B LR
WMLTWaE, 22T, HOIIERIZIY, PIEEELROIBIRE LT, THRYH, X
TR EOREENRERR, EEDO FOWEZINITS 2 Il X o> THERED E L)
EAKEL 2B EHE LTS, 2O TL, TR IC R VIET SR 5y
B, & & 4.9m O 2 T AR RE I UE 2.44m O [ X v v 7] AW TT R
B BE LS U 7oA 2R, SR RAT 6dB(ll 722 ¥ v v T OB AL 4dB) b LA L7z & il
W5, FND%, Hothersall S[71HE, May 12 & o THG SN TRIR Y R, 4oz &
DR FBEZ D WTHERBHREIET M2 2 K0T TV THAEMAT 21TV, T O-ER R
AMERELTwA, Lo L, il TRIBFSREDS S, v v TOWEA02m L FiZk 3 &
WAL QI EREN 2 VEREEINT VA, #HEOE)IE, HEOBITIZE T
BirBED TS AT - 5 FWIC 22 T EIZEH, BEEOTy VRT VI v VR K S

3Nk LT, BEEOTMIIT 7 27 = VEROME -y T % Y A TR AIIER



ATV, WEMHME Ty DR ANT 228 HE LT 7~8dB DA 6 s & it
HELTWwa, 512, F9RAY - VROMNGTy YEEMELEEL, Wity v s
—[9]1% B HEEB I VOB ERBEC I AT CTE O R MR, # 2~3dB Dy

.4
MRVGONLZE V)RR R DG L TD. S O & & W 72 TR 5o ¢
SKHBBT L LM 2m ITHNST BRI EFMME N TV %, Crombie H[10,11113, TEH
BRIRERED LERIZH A PSRV EWMDMTE BTy VOB GRELIREL, 26
BIHTIC & D EFHRVEEL 72 E VI BRBIE MG L TVE, RO RELZELEL
Y UVERROEREDR KD A ) v M, BHZHTONLZERET O S F L & B Y 1113
BT THEERNRIH 2~3dB KEL 2B L), WD AITOREIE X OENC &R R
VBROND LV FE Y EIFTwa, Watts 51243, Lida H[13]1A58% L 7 5B T
WIE % WA OB EEECHU) A3V, B BASAERE 2 S L 2B AR 7 ML e oy
Bz, EW IR SR BRI E 7 BAE AT O 7 T BT i B o % Y % 9
NR7ZZAER, BONZANE 1.9dB O T 1. 2dBE AT Tl 1.5dB DT 1.0dB)I3 2% &
KL HEETHORETIILS, WOV RELALZEL Yy VNI L2 EBTHL
Tk LTWva. RAKROGI4NE, B S[15-17)1C & » TIRE X7 1/4 3% B S B ALY
WEBYT7 MeREOKEBEICH L, V7 MBSy VR EOBRE L IRE,
BEOHOMCTOBERTHE M THFROL Y JRT ¥ ¥ v b & s S o004
REHE LTV MG L2 L, Wik 2 &% D971, MBI & - Tt 10dB
PLOBESRIFDHLE LTS, LirL, EEEICL25H0FBE VA% L
OMIBT, JWHHEIZ L > T [HEHMEER] 25 o TB Y, SMBEHEIcbz - T
LYy VRT YA NERESETVEDITTREVE W), RO BN %
RORFEE LTI LFTw2. BEDOR~ITL B &, BRI O K5 A5 HE 0

Iy VRTF VI NEROTLOOTLRICEEISBEONTE Y, B IiTbhTWa)



LREBERI RN OB T, LT —< & o TWAIZIIHLE Wwek#Ezobhb.,

1.3 MEOEM

BB DM E BT 0 EE T B O DMA RO NI T WA, T
i Bl  HA 2 IE CTH B ENC R VEF IR R LTV D I ERIH THRLED LD
FRIZBWTHE SN TWE[5-7]. 20 ORI S IE, 14 9 B8 & et BB hE
DRECEH &L ZETY 7 MeEmMEERL, £ XY PR EE )R % [
EEEL LV IR E HRE LTV B[15-17]). SHHDIMEHREBEIILT, K
Wrgecid, THIPERED LiRlZ v4 WREEE TN Y, bmdy 7 baeknis z
HTHRIB EEAEB L, BERBEIC X BRI E TS EL I E2MBuEDHNET 5.
Figure 1.2 I[CANFZE CIRET 2 HR/ERINC Lo CHBICEB I Ny 7 b TH

Wi BE D FEATL O W il % 757

A4
Soft surface
~L Y
(a) Soft T-shape barrier (b) Realized soft T-shape barrier

by tube array

Figure 1.2 The soft T-shape noise barrier realized by acoustic tube array on the top surface.



1.4 WX DB

Al L 22 WFFEN A & B ARG O % Figure 1.3 1273, 52 I BWC, Afif
REMRIT BT D BIERAT I VR ERIBECOWTHWT 2. I, B siks
BT %720 DFERBTOERALITOVCTHRUIFW L 2298, AR 531 2 Bl
FHER L7, BBREZHCEBEREREOETY) v 7200 THINT 5.

FIEIZBWVWTL, HIRINZIRIINE S L) B RXOFTRELRYIL, 20
R %Z BN Y 7 b2 REOR)R & I U CRAERAT & 1TV, SRR 2 v
7 M REDHRECIET 5. Z20%, BV SN 5EEOHRLWE 2L, 2R
WONTHESNDORYE D) BALT 2D ODVTHRE AT . M4 EzBwTix, L
CH RS OFBERHIE 2 RO & OF B RS &% H2 T IR &0 M54 W %
AT L, F U@ S omERPIERERH U S W a F5oMl 2 T RIS F0E, 5ot
OTRIPFERED L OBAERMIZ Y 7 b2 TR EREOMEE SR & ol U C BB AT % 47
I E, HEERSIORS TUE 23R RIBEA TS HIIER LT, g
& & 2 MORIR S OUBEAG) & RO HBEOMA) R & BAURHT 5 L O 2 KOLHA
BT L VR L, BEEOBIIRES R b0n, V7 kg THEREOER %
WHT A, 5 EICBVTIE, SEWERN L > CTHBEN Y 7 b 2 K003 ik Bk
AP E RGN & B 720, ZHOBREHHW I % FFo 5% %Mﬂ%%%L,%@%m%ﬁ
AT X VIR 217D . MM EHERN T ONR LT ERT 20, ZOBG
3 BEEAMKIEEERNZTOMRERRL ., FHRELT, BEPEALD - T
CE) B EHEBRNIDRDORERKEIZLNBIT 2500, KHEHBO -Hx kv
PRIV CH B RBEL M 2 W B 2 140 2 & &, BT B & OB 28R
CEDHERET A, BORIIBWVTIE, FEEOHBL L THONLRSIBEALEDY,

LR DORBE M e FoFEENRS) & RO LI 1T, 20RO TR



AEATD) . PIBEOE 3, MATW(RHMELREE£2 T3n & Sn 0 2 Mz g
5., 017, mBiEEEDOSEIIE In & 2n O 2 FEEOETHERYI 2 G L, Foxh
ReBUERAT TRES$5. 72, &S 5o, 18 2n OFHEAY 2 F Wi FREZ R LT
i, V10 BRI Z 72 3 KOG BIEER T Z OB A MR L, EMILIC oS 2 JERy 2

AED-—D & LT, % 2 WA S SO I T R T Tadb A 1K 72 im0 e 5P g &
OB, REHEAT). BB, LTEIIBWT, F2ENOH 6 ST TOMEFIBL

ELTIED B,
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PR BT 2K IC G B S5 O BE AR iR atis & AL
BHRL ANV BIR ST T o o
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Al S BERTIC X AV 7 P REOES

TRATECYIDSY 7 b e &ihi 2 8L A i
BRI O IZ X o TIRES N 1A ESEERMNE 2V 7 F 8ok
FCA S 72 S DB & B D 2L A kRt

V7 b 7e T RIBL B REA O A

BLMJ 4’1{)( QAT 72 T BB 5 e o0 i 5 i e
& HL72V 7 b G o i

17z )H

VBT I LT B 7230 O S B &t I i Bk $5 0 U5 AT BOHY 0 & ki

S DORL HEEERI A O T RIS 8

LD M B 520 SR & TR SR oo aem L,
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Figure 1.3 Structure of the study.
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BRERAE s

2.1 U ®IC

ARFFEARNT BT 2 BAEMHTIC M7z 2 KGR ELELB L UEFT) L 7iI2on
THBICHMT 2. BEREFK P (Boundary Element Method, BEM)I, 4 HREACcHD
ENTHE I BRRE Green DARXETH VT, BREHZSUER Lo Ao
T % HikTh B BERFED F ik (Boundary Integral Equation Method, BIEM)IZ A7 Bl 3
# U:(Finite Element Method, FEM) D #E L Tk & Ml A A b 22T ik LT, 1%
A O Southampton K% THE I NIZHAHMITILE TH 5. Z070, FHMITIZE 2 1M
DEREHMLZTEEEZDFTRETLI I LAY, AT FEUR AW A5 (Finite
Differential Method, FDM)® & ) 7 UMM BEIEIZ T AT 7 — & D8R, i 2 A
RICHMTEZ L VI BB AR > Twa, FAERERE &GS SR 0K

Bt 2, BERIIZIE LWED S &I T X 2 5w R A o TV 5,

2.2 2 RTEFRIESDOERX(L
Figure 2.1 IZBER RS OB LD 72 D% L7z 2 AICOBELES 2 /R 4. BRIz
ENHEMEQ,, TEEBORKMERIr~ICHENEHELZQ L L, FOH

EESGET S,
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Source i
Receiver
®

X '.;':::::":‘

Figure 2.1 Geometry and definition of simbols.
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FHIIEFIRKELZHEL, MTOME LM TRTHEKT LD L+ 2, 7l
QRN TOHEBRDONEZE roxoy) & T5 &, FIC X BLEME ry) TOHIE pr)ldk

D & 92 Helmholtz HiE X /84 5.

(V*+k*)p(r)=0 2.1)
Z I T, ki3 (wave numben® K. FN05, (TEOMB u, v 255 4 (5550 e 70 1Y

BeLd2bE, GreenDE2EHIIAXNTEDLEINS,

I(VV u—uV? v)dQ J.( gﬁ g:;)dl“ 2.2)

CZTC, n BELGQOBERT E T COMNMEIPMOMAIR Y PV EET. 1)t

Green D5 2 WH T MM T 5728, 2 RILHEH D Green B G(r, r,) KD & 5 12k 7.

G(r,r,) = %{Hg” (Klro - 1)} (2.3)

Z T, He®ld 0 K% 2 H Hankel B8 T& 5. Green BB G(r,r,) 43 2 KL H Q INTC

KOKEFEXEMLET 3.
(V% + kZ)G(r,rO) = —48(r—r,) (2.4)
ZCTC, didDeltaiTHY, KDL)W h 2 oTnab,

r d(r—ryMdr=1, (r=ry)
— (2.5)

d(r—r,)=0, (r#ry)

ENDS, MR TOEIEIZXRD X 5 % Sommerfeld D A& % iz d LD e 5.

od
1 £ —_ =
r11m r ( o ik¢ ) 0 (2.6)

2L, oWREETHRIEE (EERT YOy MICHBITS. ), eid 172 3KiD

Biaidl) OEEFORKTH L. Green B G(r,r,) &£ (2.2), T4 L 72 Green D5 H!
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FHCCTQDREEHT S L, KDL 2ESPESND.

e(r)p(r) =G(r,ry)

dG(r,rs) op(rs)
+ jr(p(rs) Gee) Gir.re)3 - o @2.7)

2L, rexsy ) EBERET LOMENELZRT NI PV TH 5. e(r)id Dela T
BoTrLEE L7 ETHoT, r PHlQ, WIILET 25481 “0" , FHa N
CAET 2561 "1, BRET LICETSHEE 02, 7 (013 ¢ AL
THEREOE M, 3XICOHEIE “0/4 " (03 r 2MIET HEERMOH & V.
hfy) ) oz, ZoXE, QNOFRE pBEHEFHT Grrg L BER T LOF)L-
p(rs), BLUZDHIMST Ip(rs)ons)DfEZE VT, FROLDRFICI DGR LR
BIERENRT L, TOBREREOINESEE %527 % Helmholtz—Huygens K%

el 528

2.3 BEREERAV-EBREREFIV Y
ARFZE T AR RES R TCON T WA BELST S 2T+ 202 e L,

AT DM E O 72O BRI & e B RO KT E § 5. SEAICTERIGN % 5 T i
FrOET) V72BNV TIE 2 RICOFEREET DB T EI2T 5. Figure 2.2 (ZHEH¥EHE
BERAVTEEBF AT ) 20D T R MM 5. sCa PRI 1278
ELADS B W TH 25 ), RHERIE OB R« 5112 U CRAELR & o §if%
% MET B(b), BIIRENZFER L BEUROFHE L G ORRIT 7 N W OBER 2K
N, T, Iy -« - T, - - - Ty CH#l L), @ifiTH 5N 7 Helmholtz—Huygens f/)
DUBALNGERT 2. 2720, FHEMRS TS RHEL RO OIS s %

BEOERITIAL, HH5VIEI AR EFMME TIER LB WE STV 5([28](29].
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Receiver

Ground boundary \<’<<

Imaginary obstacle

[
Imaginary source \

(b) A mirror—image model.

YA e e T

Source

: —> X
Imaginary source U

(c) Boundary element model and definition of simbols.

Figure 2.2 Two-dimensional modelling for boundary element analysis.



CNANDHBTHBET HI12H7--T,

0

dn(rg) {Hﬁf’(k]rs - r])} =-k cos®- H® (klrs - r\) (2.8)
THoHND,

oG(r,rg) k

ey~ ai 0O H (ks ) 2.9)

SIT, 63N Z Mrs—r & nr) LT HET KT, AL,

d p(rg) __ d v(rg)
d n(rg) dt

__p_ 9p(rs)
Z(rs) Ot

=—10p B(rg) p(rs)

= —ikpe B(rg) p(rs)

= —ik B(rg) p(rs) (2.10)
TIT, pRBEROEE, Ze)IERET LOTEATO) —v VER L E-Y A
(acoustic impedance), B(r)ldF# 7 F I v ¥ ~ A (acoustic admittance), P(rs)ldILTHE T

F 3 v % ¥ A(specific acoustic admittance)’® & 3. (2.9 & (2.10):X % JHW T2 A D4
MEBICEET S L,
g(r)p(r) =D(r,ry)

+ jrp(rsy{—%-cose- H‘f’(k]rs—r|)—ik[3(rs)G(r,rS)}dr @.11)

727U, SEA T OFFAEIT & o THEBERE S % £ 310N AL O 1 BlH3H

TREREFRO -OOFGLELTARRDEH k5.
D(r.r,) :%{ng) (Klr — ) + HE (kJr, 1))} 2.12)
1

REL, v WEARSHREC L2 FHEOEE T =k —y) % £
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TET, @IDADAADE 2 FOHTHR EOEIE p(ry) % ML S HIATEO K E
LLOFEpr,) L L, BEELOFEIE—FE TS, BEMIT O 00880 2R
15L&,
(o )

e(6)p(0) = {HE? (K, ~ ) + HE (K]}
- (2.13)

~Z-§p(rn)~Jrn {cose “HP (g 1)+ Biry) HE (Kjrg - rl)}ds(rs)
QYKL p(r) ZRD B 72D T, BREF LOFEpr,) 2 KO BLEHDH 3.
TIT, @I r=r, m=1,2,3,... . NERAT S L, 2V, ZHHOMEZ L
REFOHIZHET S ENTLOEVHRAIBONL, 22T, QIR /LLO
De(ey) VX 12127% 5.
! _ @ @ (1l

. p(rm) = _.{HO (kll‘o - l‘ml)+ HO (kll’o —l‘mD}
(2.14)

N
- 'E‘ : 2 p(r,)- jr {0059- H® (klrs - rm|) +B(rg) Hﬁf)(klrs -r, )}ds(rs)
n=1 n

(m=1,2,3,....N)
hx~v b)) v 7 ATETE,

1
E”*'Al(rl) Ay (ry) Ayn(rp) p(r;) D(l‘l)
1
Al(r) St AR) o An(n) P _ D(ry) 2.15)
L A, (ry) Ay(ry) - %*’AN(I'N) p(ry) D(ry)
.

L,

1
Dt = - {HE (Ko — r]) + HE (ke 1))} (2.16)

(m=1,2,3,.... N)

k 2

A, (r,) =7 jr“ {COSO ‘H® (k'rS - rml) +B(rg) HY (klrs -r, I)}ds(rs) (2.17)

(m=1,2,3,....N), (n=1,2,3,....N)
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QIHX 2 HRKD SNz p(ry) ZRINKIAATE I LI Lo TRO L) &4 5%
MTOFLpm) AR oN s, DLEPBEREREC LY BEEURDAALT B T« &
AT S 5 H OIS TH 2. JEBE, ARFFEIZ BT 2 BT I W2 BV K0
70T LTI, Figure 2.2e)2 R L 728 BLEE W HRERET ) © 7 OKE |,

RASHRTRLAET I v 7 ZAOKEZEZEFIIHEOL LT0E, 25 ), BREELE
RO EL X4l Ll LT 25 0EIC &), JEIR & B EHBIC & 5 EElK
DEGOEF LOFIEIE, EHFREBFHFEIC L2 REAROEBOEE LoFIEEH T

bOERD. THCIHEEM, AHERCIEHMENNT 2 EATED,
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23
BEERIICEL->TERI N -
V7 N EERE

3.1 U BHIC

AETIE, [V 7 MeREEIZE D W) REAH] D0 THMSMIZ S L 721,
HHERCHAY 7 P e KR EHT L EBE ZOHRIIONTHIT 5. L -5 He
DR FHEIPER T 5 & &, BEENOK - HIERLEH LD 54 OBGU LM % v,
VA BREEHEOHITHOEE A Y E— Y VA 0l 5 5% 3T 2. 0%,
2R TERL L ABERES L 2 OBt RN V22 2 X0 R EELEE NV T
BAEBT 2 15, S EBEEYIC X > TEMMIZER SRV 7 P KO RIZD W
TS 2. BAERHRE OB, SHERS & CAVE &ML a2 FoRiE e L, b
EYORRGFMEEZ DI LT, WMZeLE, e EMEXRE, BAMIZY 7 MKl
EHOMENEEZ L. CNODZFNERIE B RIESM % 50 KB s & s n
5% SEACHTE L RE L7z il EICEE L, IR0 B S h a4 icd L ¢, #
NS DI E IOV TEAERAT 2479 . BAWIZ Y 7 b & Kl & 5o BEEY O 0Tt
B EHEBERYOOEES IOV THERZTV, BEERMNDO AN E R T 5.

BRI, BEEOREEEER, TNLICEBFRDOEMNMIIOVTIRGT 5.
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3.2 BEEESE VT bokA
3.2.1 V7 b RE

FRERNE Y 7 P eREIZOWTOERE /(O HHIS, T3 [V 7 b &bl
WOV TSI B 5

SRS, FEMEOXKEEITS L X, FEWIC TEIZL&L] &EPRarEndbn
(MRl OX) e RHEPRI bR S, W2 &H & I3H R D Zvid, K
BB Ol 2 2 BRAEN 2D, RIMICAYT B FRIIEMKGLTL T
HafpoRKlize BRT 5. —F, BEtERENS, AGTBKO -f0IaWIL, S Kas
BYEE & RO RE % BRT 5. 1512, AGHEZ &ML, KA % vl
[eaWEWER] L), IhSILT [V 7 MeKili] &, REEESEDIC
R BERENEEORMEWRL, TENICH 2 LM ICHILT 2 EBlE LTHRT A
TENTES, o T, KAOFEA Y E—F v AW % RRCTIEMRA, v 7 b
EHTHETICR 2, L2L, FLANF—ORGICBWTIE, V7 b LEIH %
R &I DOERRE 2 5. —MRIZEE AF R TOREFIERGHE r i35

RED /) —< LV EEBA L E—F Rz 2 HWT,

r=— (3.1)

THZ N, TRIVEF— |G,

2

z -1
z +1

3.2)

I =
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Incident wave (wavelength: A) Reflected wave (wavelengh: A)

Acoustically soft surface

:-Wave cancellation

Phase reversal
in the reflected wave

Al4

.
.
'
U
"

Design frequency (D.F.) of the tube array is
sound speed / A

Figure 3.1 An acoustically soft surface realized by an array of tubes.
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Acoustic tube

M- ]
— l

x=0 x=L

(a) Plane wave propagation in an acoustic tube.

(c) Sound pressure distribution.

Figure 3.2 Particle velocity and sound pressure distributions in an acoustic tube.
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» Source Hard obstacle 0.21m

(a) A hard obstacle with hard surface on the ground.

Absorbing surface

Source ard obstacle 0.2Im

(b) A hard obstacle with absorbing upper surface on the ground.

Soft surface

Source 0.21m

Hard ground

(c) A hard obstacle with soft upper surface on the ground.

0.085m 0.09m 0.085m
A 0.01
g Preresresreivresrrrr Vg SRR

0.2m 0.21m

Source

(d) A tube array on the ground.

Figure 3.3 The profile of acoustical obstacles and geometries for calculations.
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3\
3
Q\*
2

RNRR
ard obstacle Absorbing
surface

(a) SPL contour above the hard surface. (b) SPL contour above the absorptive surface.

Soft
surface g

(¢) SPL contour above the soft surface. (d) SPL contour above the tube array.

Figure 3.4 Calculated SPL contours for the geometries shown in Figure 3.3.
The frequency of the source is 400Hz.
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Normalized SPL. [dB]

-50 0 50

g
= 0
(=% \
)
Q
0.1

Soft surface

(a) Calculate SPL when the frequency of the source is 400Hz.

Normalized SPL [dB]
-50 0 50

Depth [m]

Soft surface

(b) Calculated SPL when the frequency of the source is 425Hz.

Figure 3.5 Calculated SPL distributions near the open ends of the arryed
tubes for the geometry shown in figure 3.3(d)
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(1) hard -o--
(2) absorbing -+---
30 | (3) soft - .
(4) tube arrayed —

o 4
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p q
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=
o0}
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£ .
-10 1
_20 1 A1 1 1 1 |
63 125 250 500 1k 2k 4k
Frequency [Hz]

(1) hard (B =0)

Surface conditions (2) absorbing (B =1/pc)
(3) soft (B = oo)

Source

Receiver

(4) tube array
E 0.21m Receiver

Figure 3.6 Calculated spectra of insertion loss for the geometries shown.
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30 | 8 tubes -~ .
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Insertion Loss [dB]

_20 A 1 1 L 1 1
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Frequency [Hz]

Center of the array.

Source O.Zm{ﬂ E E i 1 102Im Receiver

Figure 3.7 The change of spectra of insertion loss due to the number of
tubes for the geometry shown.
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(2) Array of 10 tubes.
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(3) Array of 14 tubes.

Figure 3.8 The change of spectra of insertions loss for
the geometries shown.
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Figure 4.1 The profiles of soft T-shape noise barrier realized by the array of tubes.
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Figure 4.2 The barrier profiles considered in the calculations.
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(a) Geometry for calculating spectra of insertion loss.
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Figure 4.3 Geometry of two dimensional sound field for calculations.
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Figure 4.4 Band average of 1/15 octave band spectrum for making 1/3 octave band spectrum.
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Figure 4.5 Calculated spectra of insertion loss for the barriers shown in Figures 4.1(a) and 4.2.
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Figure 4.6 Calculated spectra of insertion loss for the barriers shown in Figures 4.1(b) and 4.2.
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Figure 4.7 Comparison of spectra of insertion loss between two barriers shown
in Figures 4.1(a) and (b).
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(a) Calculated contour of insertion loss for the h3HP-barrier.
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3m
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(b) Calculated contour of insertion loss for the h3HTw1-barrier.

Figure 4.8(1) Calculated contours of insertion loss for the barriers shown in Figures 4.2(a) and (b).
The frequency of the source is 200Hz.
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(a) Calculated contour of insertion loss for the h3ATw]1-barrier.
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(b) Calculated contour of insertion loss for the h3STw [-barrier.

Figure 4.8(2) Calculated contours of insertion loss for the barriers shown in Figures 4.2(c) and (d).

The frequency of the source is 200Hz.
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(a) Calculated contour of insertion loss for the h30DFw 1 -barrier.

10m

3m

Source

(b) Calculated contour of insertion loss for the h3TDFw1-barrier.

Figure 4.8(3) Calculated contours of insertion loss for the barriers shown in Figures 4.1 (a) and (b).
The frequency of the source is 200Hz.
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{(a) Calculated contour of insertion loss for the h3HP-barrier.
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(b) Calculated contour of insertion loss for the h3HTw 1-barrier.

Figure 4.9(1) Calculated contours of insertion loss for the barriers shown in Figures 4.2(a) and (b).
The frequency of the source is 400Hz.
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{(a) Calculated contour of insertion loss for the h3ATw 1-barrier.
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(b) Calculated contour of insertion loss for the h3STw I-barrier.

Figure 4.9(2) Calculated contours of insertion loss for the barriers shown in Figures 4.2(c) and (d).

The frequency of the source is 400Hz.
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(a) Calculated contour of insertion loss for the h3ODFw I-barrier.
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Source

(b) Calculated contour of insertion loss for the h3TDFw 1 -barrier.

Figure 4.9(3) Calculated contours of insertion loss for the barriers shown in Figures 4.1 (a) and (b).
The frequency of the source is 400Hz.
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(a) Calculated contour of insertion loss for the h3HP-barrier.
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(b) Calculated contour of insertion loss for the h3HTw 1 -barrier.

Figure 4.10(1) Calculated contours of insertion loss for the barriers shown in Figures 4.2(a) and (b).

The frequency of the source is 1kHz.
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(a) Calculated contour of insertion loss for the h3ATw I -barrier.
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(b) Calculated contour of insertion loss for the h3STw1-barrier.

Figure 4.10(2) Calculated contours of insertion loss for the barriers shown in Figures 4.2(c) and (d).
The frequency of the source is 1kHz.
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(a) Calculated contour of insertion loss for the h30DFw I -barrier.
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(b) Calculated contour of insertion loss for the h3TDFw1-barrier.

Figure 4.10(3) Calculated contours of insertion loss for the barriers shown in Figures 4.1 (a) and (b).
The frequency of the source is 1kHz.
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Table 4.1 The arithmetical means of insertion loss for the geometries
shown in Figures 4.8 (1),(2),(3), 4.9 (1),(2),(3) and 4.10 (1),(2),(3).

unit : [dB]
200Hz 400Hz 1kHz
Barriers
Figure 4.8 | Figure 4.9 | Figure 4.10
(D-(a) 3hHP-barrier 10.1 12.4 15.3
(1)-(b) 3hHTw]1-barrier 14.9 12.7 18.8
2)-(a) 3hATw1-barrier 16.1 16.6 23.5
(2)-(b) 3hSTw]l-barrier 18.7 20.5 26.4
(3)-(a) 3hODFw1-barrier 9.6 20.7 11.6
(3)-(b) 3hTDFw1-barrier 18.3 20.0 223
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(b) Geometry for experiments.

Figure 4.11 The cross-sections of 1/10 scale model noise barrier and geometry of
two-demensional sound field for experiments.
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Figure 4.12 Configurations of experiments; two-dimensional anechoic chamber
and measuring systems.
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(a) For the h30ODFw1-barrier shown in Figure 4.11(a).
60 — — T . . T
(1) measured ——
(2) calculated -+~
50 J
40 .
30 -
20 + -
10 + .
0 1 1 1 L 1 1
200 250 315 400 500 630
Frequency [Hz]

(b) For the h3TDFw1-barrier shown in Figure 4.11(a).

Figure 4.13 Measured(1) and calculated(2) spectra of insertion loss
for the barriers and geometry in Figure 4.11.

71



insertion Loss [dB]

Insertion Loss [dB]

60 T T T T

(1) h3ODFwW1 -+
(2) h3TDFwW1 —o—

50

40 +

0 L 1 1 A1 i i
200 250 315 400 500 630

Frequency [Hz]

(a) Measured spectra of insertion loss.

60 T T T L

(1) h3ODFw1 -+

(2) h3TDFW1 ——
50 | i

40 + -

30

20 +

O L [ L i i 1

200 250 315 400 500 630

Frequency [Hz]

(b) Calculated spectra of insertion loss.

Figure 4.14 Comparison of spectra of insertion loss between two barriers
shown in Figures 4.11(a) and (b).
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(b) Calculated contour of insertion loss.

Figure 4.15 Measured and calculated contours of insertion loss for the barrier
profiles shown above. The frequency of the source is 4kHz in the experiment
and 400Hz in the calculation.
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(b) Calculated contour of insertion loss.

Figure 4.16 Measured and calculated contours of insertion loss for the barrier
profiles shown above. The frequency of the source is 2kHz in the experiment
and 200Hz in the calculation.
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(b) Calculated contour of insertion loss.

Figure 4.17 Measured and calculated contours of insertion loss for the barrier
profiles shown above. The frequency of the source is 4kHz in the experiment
and 400Hz in the calculation.
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(a) Two D.F. tube array.
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(b) Three D.F. tube array.
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| | -
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Source Recetver

(c) Multiple D.F. tube array.

Figure 5.1 The tube array cross-sections with multiple design frequencies
and geometries for calculations.

81



Insertion Loss [dB]

Insertion Loss [dB]

40

o

40

30

20

10

-1

T T T T T T

(1) two D.F. array -
(2) three D.F. array
(3) multiple D.F. array ——

(b) 1/3 octave band spectra.

’. =
63 125 250 500 1K 2k 4k
Frequency [Hz]
(a) 1/15 octave band spectra.
- (1) one D.F. array - .
(2) two D.F. array -&---
(3) muitiple D.F. array ——
63 125 250 500 1k 2k 4k
Frequency [Hz]

Figure 5.2 Calculated spectra of insertion loss for the tube arrays

and geometries shown in Figure 5.1.
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(a) One D.F. tube array.
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(b) Two D.F. tube array.
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(c) Multiple D.F. tube array (2m-width model).

Figure 5.3 The cross-sections of 1/10 scale model tube array and geometries for experiments.

84



5.3.2 ER#ER

Figures 5.4~5.6 {2 EERAE R EGTEAAR T LB L CRY. Bl 803910k
BLbDOTH 5. WE FBEBOFPIAT 2000~ 6250Hz( KI5 T 200~ 625Hz) & % -
T3 D, %4 BTOEREFIRICERERBORMP OO TH B, SRR &
STERHSNAY 7 e REDOHREMRITT 2720, FEHOKE Y [ USRS %
N5, bR OBERGEM42HBANICY 7 M e RilB X Ol 2 Rl 2w L - pEsy
DEIEFER S b TRT. KN %2 4 F 2 Figure 5.4, Figure 5.5, Figure 5.6 DJIEIZ A &
(o TVEDIIEBERINOGEIHWRELLDTHL., —DOHRIHWEE BT 7
Figure 5.4 DY &, EERFER TIIBAEFI B ROE 1 LR ETH % 378Hz & 1) K>
JBETE = 7 5B T 5. 20 5 ELH 0 405 FM B O AT TH 5 £ 300~390Hz
DFIHCTEBRMEELFEMEOEITKELL L >TwE, TOREKNIZT LWL I TW
vy, LEEEBATEOEIEOIRS FEVTH S 72112, ML X B M %
REEREFRENODTHIOA—KOEBIIKELBbN L. BIRE G062 BY
DOREBEEL 12D, TFRTHLHFTRP22DTHAS. L L, FhUSoHs
TEHERLABARPLCHIBLTB Y, FHERYOMBHS MR TE S, Fgure 5.5
DY, EtEWES 212H: OFBEEXMZ 5T L1 L - T, Figure 5.4 12 ~XT 200Hz
MIZOMEARE 20, M2 REIZHTHRIC 22RO LM A2 T\ 5. Figure 5.4
DEaE LA L GBI TH 24 315~ 390Hz Db CHER & SR OR
—HERL TS, GHHERD BOHz FED T 1 v TIIEREHIEOHOIE - Mz
X BETEEAA[431TH 5. Figure 5.6 D413 Figures 5.4, 5.5 12 LR TEHE & JERES s
FCHIBLTWA, FEERH O RIIM 2 KR & BAMIZY 7 b2 KEOMEE D
HHIOfEZ 7R L, Figure 5.4 % Figure 5.5 (2T T4 L2 AR B2 2 LT

V2% . Figures 54~5.6 DR O, REDRIOFHELHNASDLESL Z & THAYID

85



HRPFWHIZ L 53, B TFHRTYE -2 & 571 v TOEID A WJH B BUE % B

DI ENEBRTHER S L.

86



Insertion Loss [dB]

T T T 1

40

(1) measured ——
(2) calculated -o--

(3) soft top -—---
30 | (4) hard top -+~

_20 1 1 1 1 _ 1 1
200 250 315 400 500 630
Frequency [Hz]

Figure 5.4 Measured and calculated spectra of insertion loss
for the tube array shown in Figure 5.3(a);
Profiles and geometry for the calculations are shown below.
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Source Receiver
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Figure 5.5 Measured and calculated spectra of insertion loss
for the tube array shown in Figure 5.3(b);
Profiles and geometry for the calculations are shown below.
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Figure 5.6 Measured and calculated spectra of insertion loss
for the tube array shown in Figure 5.3(c);
Profiles and geometry for the calculations are shown below.
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Figure 5.7 The tube array profiles with different bottom type and
geometries for calculations.
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(a) 1/15 octave band spectra.
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(b) 1/3 octave band spectra.

Figure 5.8 Calculated spectra of insertion loss for the tube arrays
and geometries shown in Figure 5.6.

93



5.5 £& &
EEERIICIDER SN Y 7 P eREDRKDRK N TH B ETTNR OG0
BEREWET H720, ZHOBEEIWRBE RO L) IREDVEA LD BT HERS %
REL, TOFRIZOVTHMEMITS & HEREERIC L o TR £ 0 72, T DR,
RE L FEARYNE, RERFE RV IRE IRV BEIM TR o — 2 &
T4 TOEFHL L v, WEMICLE LR ERLTBY, BiEsac iy 1413
%E, ROBEEORPEONSL ZEPHEFETEL LI ITho. £hhb, REN
BAKD S THERYORE LOFEMEL B L CTHE LR 2 5 8 ALY
DFYF &K 7 AT L F BRI ORYR 2 BAEMAT THB L 28R, 2o%hRIC
BRI EEPRONLG Lo/, TOIEDL, RIDVPEALD L FEERYRL LD
% BUES 254, Figure 5.7 D(a), (b), ) DN TEL L F RATEELTD, FOHE

BIREEELDLLEWVWEFR 5.

94



%6

ESDRY 5 EEERI £330
T 2BpEEE

6.1 IZLU®IC

RiEEICB VT, EEROAERTIRETILT 2 20IIRE L, SHOHREHE KK
%%O%Q%Rﬂ®%%towfﬁﬁ%ﬁot.%@%%,%éﬁ&&%b01w<
£ EBERINID B AR E U BE R T i TP 2 A & FiD 2 & AL
Shiz. Fhrs, KREOBWE LLERMISNSE08E Lo« 12 20, 42
ELAFEERNOKIZ/DIZL, FRAIRRICMIZTERIZIOVT LR 17>
7. KBTI, KEASFO TRIVEALD > TV X9 e B R & PhsREC L
DA, FOEEDRIZOVTRE 2179 . AEIZBWTRE 479 Bifsig, i
WX TWaAAWES E2H 2 THS 3m OB EREI A T & SmbirsEo 2 Fidi % AL
T H. 61, @S Sm OFEFREDOE &, FEEHMPIEEL RV TORITHED |-

WEOIEE Im & 2m D25 LT 5.

95



6.2 =& 3m DRHEEE

B, SHEERDVICETOR TV TR, BiTic L > TEAERIEH 22,
KEBITDOE DY 3m §ifk L 2o TWAb. DL RIAEDORIHED [F v v 7] %I
DASVT, EABIRD [TH] THEPEREBRET I EI0BVT, AZETIEF ¥
Y THRMEATOPITIC R O v L) FOWEE, BEsEE & LCEBKMI 0.5m,
I RMIC 0.5m, DF ) SAROMEE 1m L EE L THITEZITD . 25X 3m BirhEz o
T5 [EBEML KD 05m] v REIR, HLCITTHIRRICBITZ2FY TH o
T, [EBESEBH] 1CL2b0TdRWw. 29I bIFT, Figure6.1 12, &5 3m,
LIGEE DM 1m O T RIBGEHE LB OB R A D L 9 35 HAARLH % Al L 7
h3MDFw1 Bl BE % 9. 55 4 IS THB L 2AMFEIC B 280 (#0213 78
2] 128> T, [h3MDFwl] Bi&RE &1L, & & 3m, £8O#H1% B Multiple Design
Frequency) @ §2, EUNOWR Im O FRER KT 5. LURICHY {81 72 35 B ACHINE
SERV STom OFBEED L —FH 10cm OFHE T T, K E O LB
FORESERARZGHEOEFI SN TWES, - T, BHAHEDZEFHH L EITH 150
~850Hz (27 5. AHEITIE, ZOPTEREL % 4 80 Figure 4.2 125 L 72 i RE & Jhig L
T, 4D Figure 4.3 (/R L 2 HHICERE L, 2 OMER &4 D W CBAIEHTTT S .

FATIZ BT B IR ML ONE 1T Figure 4.3(a) (b) & [lAkIZ$ 5.

96



Im

-
A

0.09m  0.0lm

Al I

0.57m
0.1m

Figure 6.1 The profile of h3AMDFw 1-barrier.
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(b) 1/3 octave band spectra.

Figure 6.2 Calculated spectra of insertion loss for the barriers shown in Figure 6.1, Figure 4.2
and geometry shown in Figure 4.3(a).
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The arithmetical mean of insertion loss for the presented area behind barrier is 13.2[dB].

Figure 6.3(1) Calculated contour of insertion loss for the h3HP-barrier.;
The frequency of the source is SO0Hz.

101



10m
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Source

50 45 40 35 30 25 20 15 10 5 0

The arithmetical mean of insertion loss for the presented area behind barrier is 15.2[dB].

Figure 6.3(2) Calculated contour of insertion loss for the h3HTw 1-barrier.;
The frequency of the source is S00Hz.
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10m

3m

Source

50 45 40 35 30 25 20 15 10 5§

The arithmetical mean of insertion loss for the presented area behind barrier is 21.0{dB].

Figure 6.3(3) Calculated contour of insertion loss for the hAMDFw I-barrier.;
The frequency of the source is 500Hz.
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Figure 6.4 The profiles of Sm-height and 1m-width barrier
considered in the calculations.
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(a) 1/15 octave band spectra.
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(b) 1/3 octave band spectra.

Figure 6.5 Calculated spectra of insertion loss for the barriers shown in Figure 6.4
and geometry shown in Figure 4.3(a).
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The arithmetical mean of insertion loss for the presented area behind barrier is 18.4{dB].

Figure 6.6(1) Calculated contour of insertion loss for the hSHP-barrier.;
The frequency of the source is SO0Hz.
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The arithmetical mean of insertion loss for the presented area behind barrier is 19.5{dB].

Figure 6.6(2) Calculated contour of insertion loss for the hSHTw]1-barrier.;
The frequency of the source is 500Hz.
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10m

Sm

Source

50 45 40 35 30 25 20 15 10 5 O

The arithmetical mean of insertion loss for the presented area behind barrier is 21.9[dB].

Figure 6.6(3) Calculated contour of insertion loss for the hSMDFw 1 -barrier.;
The frequency of the source is SO0Hz.
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(a) hSHP-barrier (b) hSHTw2-barrier
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(c) hSMDFw2-barrier

Figure 6.7 The profiles of Sm-height and 2m-width barrier
considered in the calculations.
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(a) 1/15 octave band spectra.
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Figure 6.8 Calculated spectra of insertion loss for the barriers shown in Figure 6.6
and geometry shown in Figure 4.3(a).
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The arithmetical mean of insertion loss for the presented area behind barrier is 18.7[{dB].

Figure 6.9(1) Calculated contour of insertion loss for the hSHP-barrier.;
The frequency of the source is SO0Hz.
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The arithmetical mean of insertion loss for the presented area behind barrier 1s 20.4[dB].

Figure 6.9(2) Calculated contour of insertion loss for the h5HTw2-barrier.;
The frequency of the source is 500Hz.
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The arithmetical mean of insertion loss for the presented area behmd barrier is 28. 9[dB]

Figure 6.9(3) Calculated contour of insertion loss for the hSMDFw2-barrier.;
The frequency of the source is SO0Hz.
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Figure 6.10 SPL spectra of noise source considered in the study. (ASJ model/1993)

Table 6.1 1/3 octave band level of noise source shown in Figure 6.10.

unit : [dB]
Normal pavement Porous pavement
Frequency [Hz| A-weighting TBand level A-weighting f Band level

63 —26.2 L 648 —262 i 648
80 -225 {685 —225 P 685
100 —19.1 L 719 100 L 719
125 —162 P 748 —162 i 748
160 —133 Y717 —13.3 L7717
200 —-10.9 P80l ~109 | 80
250 —87 i 823 —87 823
315 —6.7 i 843 67 i 843
400 —49 i 86.1 —49 861
500 —3.5 i 875 -35 i 875
630 —23 i 887 —34 | 876
800 —14 896 —46 | 864
1000 ~1.0 i 900 —64 i 846
1250 —09 t90.1 —84 | 826
1600 —12 i 898 -85 i 825
2000 ~18  : 892 -25 i 822
2500 —28 882 —9.6 Po814
3150 —42 ' 8638 —~106 1 803

123




SPL [dB(A)]

100 F (1) no barrier -x-- _
(2) h3HP -+---

(8) h\3BHTW1 -

90 - (4) h3ATwWi & - .
(5) h3STw1 -»--

80 I (6) hSMDFw1 = EVREEE St i il R

70 +

60

50

40 +

30 —

Frequency [Hz]

(a) For the normal pavement noise source spectrum shown in Figure 6.10(1).
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(b) For the porous pavement noise source spectrum shown in Figure 6.10(2).

Figure 6.11 Calculated SPL spectra for the barriers shown in Figures 4.2 and 6.1.
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(a) For the normal pavement noise source spectrum shown in Figure 6.10(1).
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(b) For the porous pavement noise source spectrum shown in Figure 6.10(2).

Figure 6.12 Calculated SPL spectra for the barriers shown in Figure 6.4.
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(a) For the normal pavement noise source spectrum shown in Figure 6.10(1).
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(b) For the porous pavement noise source spectrum shown in Figure 6.10(2).

Figure 6.13 Calculated SPL spectra for the barriers shown in Figure 6.7.
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Table 6.2 Overall levels for the barrier profile shown in Figures 4.2, 6.1, 6.4 and 6.7
using source spectra shown in Figure 6.10 and Table 6.2,

and geometry shown in Figure 4.3(a).

(dB(A)}
Figure No. Barriers (lgalj:rl;lnels: (53 \ionr;l:;
No barrier
(a) h3HP-barrier 76.0 74.4
(b) h3HTw]1-barrier 72.6 71.2
Figure 4.2
©) h3ATw1-barrier 67.5 66.8
(d) h3STw1-barrier 62.6 61.9
Figure 6.1 h3MDFw1-barrier 69.5 68.6
() hSHP-barrier 72.8 71.2
(b) hSHTw]1-barrier 67.8 66.6
Figure 6.4 i (c) h5ATw]1-barrier 62.2 61.6
(d) h5STw1-barrier 55.8 55.0
(e) hSMDFw1-barrier 64.7 64.3
(@) hSHP-barrier 72.8 71.2
Figure 6.7 i (b) hSHTw2-barrier 67.1 66.1
(c) hSMDFw2-barrier 61.8 61.0
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HHEENREFEOOD 5207z, KETIX, 1110 §ER O 3 RICKBIEER % v,
AT TR Z BORFT R L F o SR M5 R % MR T 5
6.5.1 EERET N

FEERICHV 72 1710 $5R OBSFRBERE R % Figure 6.14 1R, EEROEF N & 2 B
TRELS Figure 6.7(c)i2 7R L 72 & 5m, FEROUE 2m D58 WA 2 HobiSMe: + 2,
EERIIEEBEETIT o, EE lmm O 7V IR TEME LG BERSZIEE 3mm O
BBUSHUD 41T, S S0cm, E S 4m & L 7z BERIDG 5 RE % - EM L DR ICH B L 7.
B BED Mg A &l ) AL RIFTF 2 C/2o, JEE 10mm OGS EHRATY S5 Ay —
N (32kg/m>®) % B T3 BE & B DRED T e T 72, Photo 6.1 12 Imm JE X D7 L 3
BOCHIE L - S BERNOBRE R L, 2155 Photo 6.2 12 BRI % Y 1517 72

BRI EROEREY /RYT. THhLALZERLELTIE, YEEITHLR2ITL LD 24

Bl ->Twa, Figure 615 ICHEICBT 2 TR EFNDNEL EKDT. &%
T2 O DORSN & 2 THO LB L #5120, Hilli LICET 5. TN

EIIERED S 0.5mFUE S1), Im(F I S2), 1.5mGEIH S3)BEN /- MUl 112, 235 ol
(IFERED & 2m( T R RD), 2.5m(Z E A RN 1L &4 5. Fhes, FiES
BROMNEA P EEE L EEFIN TR WGEEONEREOEE R L H<D 720, Py
BE & PATIZ0.5m IR C P1, P2, P3, P4, PS DB U &l $ % . WU, % 500~ 9kHz(K
+}7: 50~900Hz){Z %} L Tld Horn driver (Fostex, Model: D100A) %, #J 9k ~40kHz("J%+)": 900
~4kHz){Z id Horn tweeter (Fostex, Model: L3T00925A2) % v 7z, Fhd:

L, 13F 7%

—T DN F)AXEF=UN=XPDOMED 2 FHEZFHEE LTHY, li)joE
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XY BB REDME R R L M. ZFME, 14 1 0T <A 70k (B&K, Type
4181) % W2 22 > THEEIZV. T, TE B EITHERE  OFIEAPWR B L HIZ L1
Photo 6.3 (2 ifij [ {2 7% & L 7= Horn driver & Microphone @5 5L % /53 . J5E Lz HI v 723

WHEDTTY 754X T T LAEBH%FNFN Figure 6.16 & Photo 6.4 1257,
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Photo 6.1 An aluminium tube array built on the steel plain barrier.
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barrier built in a hemi-anechoic room.

1s€

Photo 6.2 1/10 scale no
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Hemi-anechoic room

o High-pass filter
(Self made) Measuring Amplifier
. (for using horn (B&K Type 2610)
A.C. Voltage Meter - '§ tweeter)
(National VP-9631A) ). %ﬂ FET Analyzer
®——— g (ONO SOKKI CF-360)
O
Power Amplifier L 4
(TOA model FA-302) ;‘2“ IEEE-488
for using band noise signal g
' > Computer
& {Hewlett Packard
Noise generator ~ Band-pass filter Signal Generater 9000 Series 300) i

(B&K Type 1405) (B&K Type 1617) (ONO SOKKI CF-360)

Figure 6.16 A block diagram of the measuring system.

A.C. Voltage Meter . )
(National VP-9631A) High-pass tilter

™ (Home made)

Band-pass filter
(B&K Type 1617)

- Noise generator
(B&K Type 1405)
Power Amplifier
(TOA model FA-302)

Measuring Amplifier Computer
(B&K Type 2610) (Hewlett Packard

9000 Series 300)

FFT Analyzer 4
(ONO SOKKI CF-360)

Dy s sk

Photo 6.4 The measuring system.
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6.5.2 ERR#ER

WEAERIZ DWW THRE 2179 112, 55 4 B O Figure 4.4 TIHN L 72408014 0 7Y
PZ DWW T INE$ 5. Figure 6.17 IMF L 11342 8 — TN KONV F ) 4 X T
ITo TEA R EFIBAR T ML TRT. @SR, O2EHE&RT EbT.
ZNHIE, FiAT Figure 6.15 @ S2 12 S N2 HE, %35 R1 TOHF AL % &b
TR EAE R E IR EBNR L b D TH D, ()& D)DWEAE U & AW % I
LTHBE, EOMWADPDDE NPT WE I ERG0E. 2O L5, %4 O Figure
4.4 THY L 20 E V) FHEHERRZ K TH L 2 L2h b

Figures 6.18, 6.19, 6.20, 6.21 | Figure 6.15 TOHF R & 25 MO E A% 4S1 —RI,
S1—R2, S2—RI, S2—R2 & % B3I BT B MEA R LG R T I L TEb .
M LNy P A Xl FOFBIIA LT, BBLRAT, FElH & GHAH I v abs
ZRLTWB EEDbNDG., INLDEDS, Figure 6.7(c)Z 8 L7z, DTN
Baib, BAKDDLIRS OEEERI T O EREOMETARIE, T 2 F CHAMiM
WICHRRLDRLEBOREELTWE I EAHMERTE S, Figure 622 & 62312, il
PRBIZ % B8 2R LT, 8, & MO EAZ W Z 1 Figure 6.15 @ S1—R1, S2
—R1,S3—R1 X% 54545 %, SI—R2,S2—R2,S3—R2 2% % 54 ® SPL O @At /3
7 —3ER R, e TR RIR) RE R 2 T RIRS S REATE T S LB D EFRAH O o
KLU TRY . RENTARARULD FIMIL, Bigherid 5 5L L iiticg
EHTRHM SN2 SPL 287 — P L 72 BZ D AT W o TRD7ZHDTH 5. Figures
6.22, 6.23 i} DAERILITERE 2472 TV % 728, Figures 6.18 ~6.21 D541 HA~Till
A E BT E CAHB LT WA, OB S b I B IG) % HE 0 B TR
150Hz BLT OARFE ey 2 Br > 7 3T 2SS B C ) U e & Lo bl 20 T RIBA 5 Mk

LY RVEFIRERL TS, BRI, Figure 624 ITHFHH & ZFADPIHEHEIZH L
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THEBEIZ R S VWHADES BRI OV TOMEHERZ T, 5% Figure 6.15 O S3
WHE L TBWTRF L% P, P2, P3, P4, PS IR B S8 265 Ol AHUL O WG 45 %
THDH., @IFFMELTIHCTEE, O 13 F 75 =T FONRY F I A X e nwiz
BEDMEETERDLY. JOHRDPL, HIHETE RPN L CIER Tld 2\l

FICOEBEERIN  HOUEREOETIRIINSCEH L2V L2950 5.
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60 T T .

(1) calculated (pure tone)

50

(2) calculated (band ave.) &~

Insertion Loss [dB]

O 1 1 1 1 1 1 1
63 125 250 500 1k 2k 4k
Frequency [Hz]
(a) Calculated spectra of insertion loss for the pure tone source
and it's band averaged result.
60 T T 1 T

(1) measured (pure tone) ——
50 | (2) measured (band noise) -&--

40 |

30

T

Insertion Loss [dB]

O 1 1 1 1 1 1 1
63 125 250 500 1k 2k 4k

Frequency [Hz]

(b) Measured spectra of insertion loss for the pure tone and band noise source.

Figure 6.17 An example spectra of insertion loss for comparing the results of
calculated and measured 1/3 octave band spectrum.
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Insertion Loss [dB]

Insertion Loss [dB]

60 I T T T T T

(1) measured —
50 + (2) calculated -~

40 r

O Il 1 1 1 1 1
63 125 250 500 1k 2k 4k

Frequency [HZz]

(a) Spectra form the pure tone source(experiment and calculation).

60 T T T T T T T

(1) measured (band noise) ——
50 (2) calculated (band ave.) -+ ]

O ] 1 1 1 1 1 1

63 125 250 500 1k 2k 4k
Frequency [Hz]
(b) Spectra from the band noise(experiment) and band average(calculation).

Figure 6.18 Measured and calculated spectra of insertion loss for the
S1-source and R1-receiver shown in Figure 6.15.
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Insertion Loss [dB]

insertion Loss [dB]

60

50

60

50

(1) measured ——
(2) calculated - |

1 1 | 1 1 1

63 125 250 500 1k 2k 4k
Frequency [Hz]

(a) IL spectra for the pure tone source.

T

T T T T T T T

(1) measured (band noise) ——
(2) calculated (band ave.) -+~ |

1 i 1 1 1 1 1

63 125 250 500 1k 2k 4k
Frequency [Hz]

(b) IL spectra for the band noise source.

Figure 6.19 Measured and calculated spectra of insertion loss for the

S1-source and R2-receiver shown in Figure 6.15.
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Insertion Loss [dB]

Insertion Loss [dB]

60 T ¥ T T T T

(1) measured —

50 | (2) calculated - | 4
40 1
30 r .
20 | .
10 .
O L L 1 1 ) 1 1
63 125 250 500 1k 2k 4k
Frequency [Hz]
(a) IL spectra for the pure tone source.
60 T T T T T T T
(1) measured (band noise) ——
50 f (2) calculated (band ave.) —+-- .
40 -

O 1 1 1 L il ] 1
63 125 250 500 1k 2k 4k
Frequency [Hz]

(b) IL spectra for the bahd noise source.

Figure 6.20 Measured and calculated spectra of insertion loss for the
S2-source and R1-receiver shown in Figure 6.15.
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Insertion Loss [dB]

Insertion Loss [dB]

60 T T T T T T

(1) measured —
50 (2) calculated -

° 63 125 250 500 1lk 2k 4k
Frequency [Hz]
(a) IL spectra for the pure tone source.
60 T , : : ‘ 1 .
(1) measured (band noise) —+—
50 (2) calculated (band ave.) -+ i

0 1 1 1 1 1 1 1

63 125 250 500 1k 2k 4k
Frequency [Hz]

(b) IL spectra for the band noise source.

Figure 6.21 Measured and calculated spectra of insertion loss for the
S2-source and R2-receiver shown in Figure 6.15.
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60 T . T

(1) h5SMDFw2 (measured) ——
(2) hSMDFw2 (calculatedg »»»»»»»»»»»»»»»
50 1 (3) hsHTw2 (calculated

(4) h5HP (calculated) -

Insertion Loss [dB]

O 1 1 1 1 ] 1
63 125 250 500 1k 2k 4k

Frequency [Hz]
(a) IL spectra for the pure tone source.

60 1 T T LI

LI T

(1) hsSMDFw2 (measured -band_noise) ——
50 | (2) h5sMDFw2 (calculated -band_ave.) -
(3) h5SHTwW2 (calculated -band_ave.) -—+---

(4) h5HP (calculated -band_ave.) &

Insertion Loss [dB]
(O]
o

20 + ]
10 F 8
0 i - | 1 1 1 [}
63 125 250 500 1k 2k 4k

Frequency [Hz]

(b) IL spectra for the band noise source.

Figure 6.22 Averaged spectra of insertion loss from the data of measured and
calculated spectra of SPL at R1-receiver when the souce is at S1, S2 and S3
respectively for the geometry shown in Firgure 6.15.
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60 T T T T T ¥

(1) h5SMDFw2 (measured) ——
(2) h5SMDFw2 (calculated) -
50 [ (3) hSHTw2 (calculated) — |
(4) h5HP (calculated) -

Insertion Loss [dB]

0 1 1 1 1 1 1
63 125 250 500 1k 2k 4k

Frequency [Hz]

(a) IL spectra for the pure tone source.

60 T T T T T T
(1) h5SMDFw2 (measured -band_noise) ——
50 | (2) h5MDFw2 (calculated -band_ave.) -»- ]
(3) h5HTw2 (calculated -band_ave.) --+---
(4) h5HP (calculated -band_ave.) &
m 40 ]
B,
w
[72]
3
= 30 i
e}
=
Q
(2]
£ 20 _
10 | .
0 1 1 1 1 1 1

63 125 250 500 1k 2k 4k
Frequency [Hz]}

(b) IL spectra for the band noise source.

Figure 6.23 Averaged spectra of insertion loss from the data of measured and
calculated spectra of SPL at R2-receiver when the souce is at S1, S2 and S3
respectively for the geometry shown in Firgure 6.15.
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(a) IL spectra for the pure tone source.
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(b) IL spectra for the band noise source.

Figure 6.24 Measured spectra of insertion loss for the S3-source and
P1, P2, P3, P4, PS5 -receiver shown in Figure 6.15.
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6.6 FEHIEICH T 3

Faic BT, BEER 0% 2 RAMEEEROL HEXMICHKES NS P
HHEE9~10m DEKZPFHELY, Sm O& S ITYDSH 2 ENFANEDT 2D 5
TERPIRLZ. KEITI, 3 AIGHIRIFERIC X o TR HEE L7z [hSMDFw2 ]
BitriE % & & Om, MR 6.3m DEAKZPIEHOLLY IEIHATHI L 2HEL, i
WRHRSIC L o TEBENAY 7 b 2 THIBSEREOFEAMLI S 5 B8 2 5l -
28 L TR ZAT)
6.6.1 TUERIMTETZ N H LUBIES

Figure 6.25 \ZEEMANT 2 17O B BEDRTBE €TV & 2 K0l & £ . hSMDFw2
B BE L Wik L CHREN 247 ) AL DS BED K4 fF 1L, 8% v 7235 M o 4
TOREHE RS RmEFEL, FOREFE Table 6.3 (Z/-7 . FFBUIEBITHED SHF
O HLA S 25m BN M b, W AUESZREE O LA 5 10m, 20m, 30m, 40m Bt

7z, MBI b Om, 1.2m, 3.5m, 5.0m DAZEICEE 16 % 3 E L 72,

Table 6.3 Absorption coefficient of source side material for the barrier shown in Figure 6.25(a)-(i1),

Freqency [Hz] 50 | 63 | 80 | 100 | i25 | 160 | 200 | 250 | 315 | 400 | 5002k

Absorption Coeff.f 0.1 | 0.1 0.15(0.15]102 |02 |03 ]04|05]07 0.9
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6.3m >‘

Absorbing material

0.57
9m
Y
(i) h\SMDFw2 (i1) Dai2TMS
(Tube arrayed type) (Dai2-To-Mei-Shin highway type)
(a) Barrier models.
Center of a barrier
* 10m 10m 10m 10m
i | P13 P14 P15 P16

(b) Geometry for calculations.

Figure 6.25 Noise barrier models and geometry for calculations.
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SPL [dB(A)]

100 r .

80 r .

50 r .

40 1

63 125 250 500 1k 2k

Frequency [Hz]
Figure 6.26 SPL spectrum of noise source (V > 80km/h), (ASJ model/1993),

Table 6.4 1/3 octave band level of noise source shown in Figure 6.26.

unit : [dB]
A-weighting : Band level
Frequency [Hz] :

50 —335 L 575
63 —292 Lo6l8
80 —252 b 658
100 —21.6 P69.4
125 —18.4 i 726
160 —15.4 L7586
200 —127 783
250 102 P08
315 —8.0 830
400 6.0 850
500 —42 i 868
630 —28 D882
800 -17 893
1000 10 900
1250 ~0.6 P 904
1600 —-0.6 E 90.4
2000 —1.1 L899
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6.6.2 MIEREMTHER

Figure 6.25(2)IZ/R L 72 MR REDEE R R T KT 5 Z L i2 BT, Sk Bt &
EZELIA—N—F = VETHMT 57O BE L ERDOANRT PULEBITEDON
v F LX)V % Figure 6.26, Table 6.3 12533, Z D€ 714, Figure 6.10 35 X UF Table
6.1 WZAR L7 IHE T N ESLICAAR T B AR REL 2L DT, FIEH)T 80km/h LL I
DAY — F Tl OERE ELLAIRETIHREEET ) v /LD THY,
140km/h % FRRAE — FE 355 2 RAMEGHERDP O DG EET L0, 20
) M E 2 OFHEEIIVAE T LT 5. Figure 6.27 {2, Figure 626 D A7 bl %
OB T AETHEHIIBITEFIEDONY FLARVRF —/N—=F — b L)L %R
T. —OOFFEHIIBVTZODEAVRENT WS, F/EDMHIE 50~500Hz DI
BITB/NY FLUV, FADOMEIE 500~2kHz DJEIZ BT 58 Ry, EOE
12 50~2kHz DU BT 24 —/N—F = L L X)L % LT . Table 6.4 |2 K5 NI BT
BB ERED IS K SPLR A —/N—F — )V SPL DE% W - T/RT. 2% h, REINL
fiti 13 Figure 6.27(a)?® Dai2TMS B BENS R IE S NGB DK/ HMIIBIT S /32 FLAX
R — 8= F — )L LU H 5 Figure 6.27(b)? hSMDFw2 BhFsEAT i S 7z 50
WY LRV = N—F = VLRV EGNbDTHD. Mk SHHASE, 500Hz
~2kHz DM OB 123§ 5% 41 P1~P8 TOAIL MBI HED L~V 521 1T
E VI EHSD A BT PIRPIZICB VT ERED L XV ENKNEC LT
%, PigHEOB S LIRS TN IS b RELENHL S L LB AN CIELD D
CEEEISDELEIREIEITIONEWVERS . LAL, AHIIFERORRELR Y
DA TEEASTE LD o728, [FRD Figure 1.1 O X ) ([P REAS SR ERRE S W
B Xl A LS AR & VIR 22D T, [hSMDFw2] Bi&RE% LN 7%

BigrhE o X A TOEFHRICALLEIZVwEEDNS, Dok )is, KA
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BTIE S P IBIESE 2 7%, hSMDFw2 BT BE1S DaiTMS B FrE 0 VERE LS TV e
B o TWwa 2 YA LM% - 72, Figure 6.28(1)~ Figure 6.28(4) 2 X5 1A BIT 5

iy 5 R 3T A JE D JEL B BV 2 O L TR
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(a) Dai2TMS

Meaning of the value (Example) ;

50~500Hz
Babd SPL

(b) hSMDFw2

@ @ @ @@
60.5 62.1 62.6 62.7
58.0]58.0| [59.0]60.1] [59.0[60.9] |58.8]61.1
®@ @ & @&
57.9 60.5 61.4 61.7
55.9]54.9] [57.7]58.1| [58.3]59.4| | 58.2]60.0
@ 0 O O
55.5 58.7 60.1 60.8
53.5|52.3] [56.1]55.7] [57.2] 58.5 | 56.2[59.6
@@ © & O
59.0 61.8 63.2 63.9
57.5|54.8| [59.5]59.0] [60.4]60.8] | 60.8]61.9
: 50~2kHz
Receiver No.y Overall SPL
58.6 S00~
«——{569[548—> poriaar
@ @ @ G
69.2 67.3 66.0 65.0
66.0/67.3] |64.5]65.0] [63.0]63.7] |62.2]63.0
® @& @ @
63.8 64.2 63.8 63.6
62.1/60.0| [62.0/61.2| [61.4]61.4]|61.1]60.6
@@ O© @& @
58.6 61.2 61.8 62.2
57.5[53.6| [59.6]58.4] [59.1]58.8| [60.1]58.1
@ O 0 @
62.3 64.5 65.2 65.4
61.5/55.8| {63.1/60.1] [63.5[61.5]63.5]62.1

Figure 6.27 Calculated overall SPL behind the barriers for the geometry shown in Figure 6.25.

151




Table 6.5 Difference of overall SPL, (SPL(hSMDFw2)—SPL(Dai2TMS)).

(a) 50~ 500Hz band SPL [dB]
Receiver Pl P2 P3 P4 PS5 P6 P7 P8
Diff. 4.1 3.6 3.1 2.8 4.0 35 1.9 39
Arithmetical 34 33
Mean 3.4
Receiver P9 | P10 | PI1 | P12 | P13 | P14 | P15 | P16
Dift, 6.2 4.2 3.0 29 8.0 5.5 4.0 3.4
Arithmetical 4.1 5.2
Mean 4.7
(b) 500 ~2kHz band SPL [dB]
Receiver Pl P2 P3 P4 PS5 P6 P7 P8
Dift. 1.0 1.1 0.7 0.3 1.4 2.7 03 [ -14
Arithmetical 0.8 0.8
Mean 0.8
Receiver P9 | P10 | P11l { P12 §| P13 | P14 | P15 | P16
Ditf, 5.1 3.1 2.0 0.6 9.3 4.8 2.7 1.9
Arithmetical 2.7 4.7
Mean 3.7
(c) 50 ~2kHz overall SPL, [dB]
Receiver Pl P2 P3 P4 P5 P6 P7 P8
Diff. 33 2.6 2.0 1.5 3.1 2.5 1.7 1.4
Arithmetical 24 2.2
Mean 2.3
Receiver P9 | P10 | P11 | P12 | P13 | P14 | PI5 | PI6
Diff. 5.9 37 24 1.9 8.7 5.2 34 2.3
Arithmetical 35 4.9
Mean 4.2
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(b) Geometry for calculations.

Figure A-1. Noise barriers and geometry for calculations considered in the CASE-1.
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Table A. Noise shielding efficiency of barriers in the CASE-1.

a) Overall SPL(A) [dB(A)]
LSS PL{P2{P3|P4jiPS|{P6|P7{P8[ P9 |PIO|PII[PI2{PI3|P14]|PI5[PI6
= E 2R 93.9192.5{91.4{90.5{93.9{92.5/91.4{90.5}93.8[92.4|91.3]90.5{93.6192.3{91.3[90.5

h3HP 78.5]77.9177.3176.7{75.9(74.8(73.9|73.1[180.7 [ 77.4|75.7( 74.5(188.0|80.3|77.3{75.7
h3HDPwO05 75.4175.4175.0{74.6172.7|72.4(71.5|71.0/79.0|75.6|74.0{ 72.3[186.9|79.0{75.8|74.3
h3HTw1 73.8{74.6{74.5{74.21171.4[71.7(71.1{70.6]79.4|75.8| 74.0| 72.8187.3]79.8|76.4{74.4
h3MDFw05-A  74.3174.4|74.1|73.7{71.2|171.5|70.2|69.9/78.0| 74.473.0[ 71.6[|86.4]78.3[74.9|73.3
h3MDFwO05-B__ 73.4{73.8|73.5[73.2[70.9]71.0|70.2|69.8{77.8|74.5[72.6| 71.2[86.4]78.3]74.9|73.1
PEAKPE &l %€ Pl | P2 r}': P4 Ps|pPe|P7{P8| P9 |PIO|PIL|{PI2[PI3|PI4[PI5]|PI6
IRE IR 90.6189.2|88.1{87.2/190.6[89.1{88.1{87.2[190.5{89.1{88.0 87.2[190.3{89.0{88.0/87.1
h3HP 77.0176.4175.7175.1174.3{73.2{71.9170.9{78.7|75.7{74.0| 72.884.7|78.2{75.5[73.9
h3HDPwO5 74.5(74.3173.8(73.3171.7171.4|70.0169.1177.3|74.0{72.6| 70.8 {83.7|76.9|74.1 [72.7
h3HTw] 72.7173.2173.0{72.7}170.0]70.3169.1|68.377.3|73.9172.1| 71.2[|84.2{77.4| 74.3|72.5
h3MDFwO05-A  173.6|73.6|73.2|72.7170.3[70.7(68.8[68.4]76.4[73.0[71.7| 70.2183.2(76.4|73.2[72.0
h3MDFw05-B  72.8]73.0]72.6|72.2[70.2]70.2|69.0{68.3]76.2{73.2|71.3| 69.8[83.2{76.4| 73.4|71.6
(b) Overall IL [dB]
I E 3 PL{P2|P3|{pPafips|pe|P7|P8]PolPiolPil|P12]P13|P14|PIS|PI6
h3HP 15.4[14.6/14.1{13.8]18.0|17.7]17.5[17.4113.1|15.0{15.6 | 16.0] 5.6 [12.0]14.0]14.8
h3HDPw0S 18.5[17.1[16.4[15.9121.2[20.1{19.9]19.5]14.8 [ 16.8]17.3] 18.2] 6.7 |13.3]15.5]16.2
h3HTw1 20.1[17.9]16.9]16.3]122.5]20.8|20.3[19.9114.4 | 16.6{ 17.3| 17.7] 6.3 |12.5]14.9]16.1
h3MDFw05-A 19.6[18.1/17.316.8122.7{21.0|21.2{20.6115.8| 18.0]18.3| 18.9]{ 7.2 [14.0]16.4]17.2
h3MDFw05-B 20.5]18.7]17.9]17.3[23.021.5]21.2120.7]16.0{17.9]18.7]19.3] 7.2 | 14.0] 16.4]174
e Bl 2 P1|P2|P3|P4 P: P6 | P7 | P8 || P9 {P10]PL1|PI2|PI3|P14|PI5]|Pl6
h3HP 13.6[12.8|12.4[12.1]16.3[15.9]16.2|16.3]11.8| 13.4| 14.0| 14.4{ 5.6 [10.8]12.5]13.2
h3HDPwOS 16.1]14.9]14.3]13.9118.9]17.7]18.1{18.1]13.2|15.1]15.4| 164 6.6 [12.1[13.9]14.4
h3HTw1 17.9]16.015.1[14.5[120.6]18.8{19.0[18.913.2|15.2]15.9]16.0] 6.1 [11.6]13.7]14.6
h3MDFw05-A 17.015.6]14.9[14.5]20.3[18.4]19.3|18.8]l14.1|16.1]16.3]17.0 7.1 |12.6[14.8]15.1
h3MDFw05-B 17.8]16.2]15.5[15.0020.4/18.9]19.1]18.9]14.3]15.9]16.7] 17.4] 7.1 | 12.6] 14.6]15.5




c¢) The arithmetical means of Overall IL [dB

h3HP h3HDPwO5 | h3HTwl h3MDFw05-A h3MDFw05-B

P1~P16 (B A 2 14.7 16.7 169 177 180
R | PR 13.2 14.9 15.4 15.7 16.0

P1~P8 N 3 16.1 18.6 19.3 197 | 201
PRl | e 3 14.5 16.5 17.6 17.4 17.7

P9~P16 iR 13.3 14.9 14.5 157 | 159
V| HEARPEEE3E 12.0 13.4 13.3 14.1 143
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(b) In the case of using the porous pavement source spectrum.
Figure A-2. Calculated SPL spectra at receiver P4 in the CASE-1.

A-6



Im

A |
|
|
|
|
l
Sm | Sm
|
i
!
~ |
\4 ‘ ~
(i) hSHP (i1) hSHDPw1
Im Im
< >L[ 0.09m
‘_.
0.57m 0.1m
Sm Sm
N N
(ii1) hSHTw1 (iv) hSMDFw1
(a) Noise barriers considered in the CASE-2.
Center of a barrier
10m 10m 10m 10m
r(a C
' 5]
| P16
i ®PpP13 epi4 ®pPil5 L
. P12
| * P9 * P10 *pPi] °
! JP5 JP6 J P P8 3.5m
> Pl P2

(b) Geometry for calculations.

Figure A-3. Noise barriers and geometry for calculations considered in the CASE-2.
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Table B. Noise shielding efficiency of barriers in the CASE-2.

(a) Overall SPL(A) [dB(A)]
WE R PLIP2 | P3| P4]P5|P6|PT]|P8JPY|PLO[PII|PI2|PI3|P14]|PI5]|Pl6
=21 89.5|88.4[87.5]86.8]|89.5|88.4]87.5|86.8]189.5 | 88.4{87.5| 86.8[/89.4]88.487.5|86.8

hSHP 72.8172.9[72.7172.3[169.9]69.6[69.2[68.8172.2|71.4{70.6 [ 69.9{75.4|73.1[71.7{70.7
hSHDPw | 69.3]70.0]70.2|70.0]66.3]66.7[66.5]66.3§69.3169.2168.3]67.7]73.4]71.1}69.8]69.0
hSHTw] 69.9171.0]71.1]71.0}67.2167.6{67.6167.3070.3]70.0{69.4 | 68.8§74.4172.1{70.7{69.8
hSMDFw | 666168 3168 6168.6]63.6164.6165.1165.4]67.5]67.6166.8[666]72 1{70.1]688]67.6
ek &l PL|P2| P3| P4 P5|P6|PT|P8|PY |PIO|PIL|PI2]PI3|PI4]|PI5]|Pl6
e 86.1]85.1{84.2183.5}186.1185.1[84.2{83.5)186.1|85.0|84.2| 83.4[86.1|85.0|84.2|83.4
hSHP 71.3|71.3[71.1|70.7]68.3]67.9|67.0]66.6]70.669.7]68.8| 68.173.5]71.3|70.0[69.0
hSHDPw1 68.5]69.1]69.1]68.9]165.565.7|64.9]64.9168.3168.0167.2]66.4]171.9]69.7]68.5|67.6
hSHTw] 68.5]69.4/69.5169.3[165.965.8]65.3(65.1]68.7|68.2|67.7[67.272.5]70.3]68.9{67.9
hSMDFw 1 65.9]67.3167.6167.5]62.8163.563.7]64.0]66.5166.5]65.5]65.370.5|68.6]67.4]66.2

(b) Overall IL [dB]
N B P1|P2|P3|P4|P5|P6|P7]P8| P9 |PIO|PLI|PI2|P13]P14]|PI5|P16

hSHP 16.7/15.5{14.8|14.5]19.6]18.818.3]18.0417.3]17.0{16.9} 16.9]14.0]15.3] 15.8}16.1
hSHDPw]1 20.2[18.4[17.3]16.8[23.2[21.7[21.0[20.5]20.2[19.2]19.2] 19.1l16.0[17.3[17.7]17.8
hSHTw1 19.6]17.4]16.4|15.8[22.3[20.8/19.9{19.5119.2|18.4]18.1]18.0{15.0]16.3[16.8]17.0
hSMDFw 1 22.9(20.1118.9118.2{25.9{23.8{22.4[21.4122.0]20.8[20.7{20.2{17.3]18.3{18.7[19.2
HEAE Sl 3 Pl P2[P3|PafPs|{Pe|P7|P8| PO |Pr0|PII[PI2[PI3[P14[P15[PI6
hSHP 14.8[13.8]13.1{12.8]17.8{17.2]17.2[16.9]115.5| 153 15.4] 15.3[12.6]13.7[14.2]14.4
hSHDPwI 17.6{16.0{15.1]14.620.6]19.4{19.3{18.6017.8|17.0]17.0{ 17.0}14.2}15.3{15.7|15.8
hSHTw] 17.6/15.7/14.7{14.2]20.2[19.3]18.9[18.417.4 | 16.8 ] 16.5] 16.2113.6| 14.7[15.3]15.5
hSMDFw 20.2117.8]16.6]16.0[23.3121.6{20.5]19.5019.6]18.5{18.7] 18.115.6[16.4]16.8]17.2
(c) The arithmetical means of Overall IL [dB
hSHP hSHDPw1 hSHTw1 hSMDFw |
P1~P16 i Ee 66 | 19.1 18.2 207
- EME PEAKVEAR 15.0 16.9 16.6 18.5
P1~P8 RS 3 17.0 19.9 190 21.7
T3 4H PERPE G 15.5 177 17.4 19.4
P9~Pl6 | LIRS 16.2 18.3 174 | 197
PHEE | PekPEEEE 14.6 16.2 15.8 17.6
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(b) In the case of using the porous pavement source spectrum.
Figure A-4. Calculated SPL spectra at receiver P4 in the CASE-2.
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Figure A-5. Noise barriers and geometry for calculations considered in the CASE-3.



Table C. Noise shielding efficiency of barriers in the CASE-3.

“(a) Overall SPL(A) [dB(A)
S 3 PL|P2 | P3[P4fiP5|P6|P7|P8IPY[PIO{PII|PI2{PI3|PI14|PI5]|PI6
Frrh e 89.588.4|87.5[86.8(189.5|88.4[87.5]|86.8]189.5 [88.487.5| 86.8[89.4(88.4[87.5 (86 8

hSHP 72.8{72.9172.7]72.31169.9169.6]69.2{68.8]72.2|71.4{70.6{ 69.9475.4{73.1{71.7|70.7
h5HDPw?2 67.4]68.6168.968.9]164.7|65.3{65.7]66.5167.968.0]67.6]66.872.5]70.3]69.1]68.1
hSHTw?2 69.0(70.5]70.8{70.7{166.2|167.3167.3]67.21169.9169.7|69.1 | 68.5|74.4|72.0]70.7{69.7
hSMDFw2 63.9165.8166.4166.6159.9162.5]63.2163.6[65.165.3]64.7]64.5[70.1]68.2]66.9]66.8
P &l 2 PIL{P2[P3|Pa|Ps|P6|P7[P8]PY|PIOfPIN|PI2{PI3|P14]PI5]|PI6
P 2z 86.1]85.1184.2(83.586.1]85.1{84.2{83.5[186.185.0|84.283.486.1|85.0{84.2{83.4
hSHP 71.3[71.3]71.1]70.7)68.3]67.9167.0]66.6]70.6|69.7[68.8] 68.1]173.5{71.3]70.0]69.0
hSHDPw?2 66.4]67.5167.7167.763.4]64.1]63.9163.8]l66.6 |66.6 | 66.1]65.2170.8|68.6|67.5]66.6
hSHTw?2 67.8169.1]69.3[69.2[165.0165.8]65.3[65.068.4{68.1|67.4]66.8172.4]70.2|68.8|67.9
hSMDFw2 63.7165.3165.8165.8[159.5162.0]62.3]62.6[64.4]64.3]63.7163.568.7]67.0]65.6 |64.6

(b) Overall IL [dB(A)]
IR PL{P2|P3|P4]PS|P6|P7T|P8|P9|PIO|PII]|PI2]P13|PI4]|PIS]|Pl6

hSHP 16.7(15.5{14.8 [14.5119.6]18.8]18.3 [18.0017.3 [17.0 [16.9 |16.9 14.0{15.3 [15.8 [16.1
hSHDPw2 22.1119.8118.6 117.924.8123.1{21.8|20.321.6 |20.4 {19.9 {20.0 16.9{18.1 |18.4 {187
hSHTw?2 20.5|17.916.7116.1[23.3]21.1]20.2/19.6]19.6[18.7] 18.4] 18.3]15.0]16.4] 16.8]17.1
hSMDFw2 25.6{22.6]21.1 [20.2{29.6[25.924.3 [23.224.4 [23.1 [22.8 |22.3 [19.3[20.2[20.6 2(2

HEAR P 3 P1| P2 | P3| P4 1;5T P6 | P7 | P8 || P9 |P1O|PI1|PI2JPI3|P14]|P15|Pi6
hSHP 14.8[13.8[13.1 |12.8{17.8[17.2{17.2{16.9115.5 153 [15.4 {153 12.6 [13.7 142|144
hSHDPw?2 19.7]17.6]16.5 |15.8]22.7[21.0|20.3119.7119.5 |18.4 [18.1 |18.2 }15.3[16.4{16.7 |16.8
hSHTw2 18.3]16.0114.9{14.3121.1]119.3]18.9[18.5017.7{16.9]16.8| 16.613.7] 14.8[15.4]15.5
hSMDFw2 22.4{19.8{18.4 117.7126.6{23.1121.9120.9121.7 [20.7 [20.5 [19.9 }17.4]18.0 186|188
(c) The arithmetical means of Overall IL [dB]
hSHP hSHDPw2 hSHTw2 | hSMDFw?2

P1~P16 LN B 16.6 20.2 18.5 22.8

34 PEAR P & 2 15.0 18.3 16.8 20.4

P1~P8 LIRS 17.0 21.9 19.4 24.1

3 HEKPE AR EE 15.5 19.2 17.7 214

P9~P16 W SR 16.2 19.3 17.5 216

Rk HER P&l 3 14.6 17.4 15.9 19.5

A-11



SPL [dB(A)]

SPL [dB(A)]

80

70

60

50

40

80

70

60

50

40

T

(1) h5HP -+
(2) h5SHDPW2 -

(3) hSHTW2 -a--
(4) h5SMDFw2 —o—

o b DO+

63 125 2

50 500

Frequency [Hz]
(a) In the case of using the normal pavement source spectrum.

2k  O.A.

(1) h5HP -+

(2) h5SHDPW2 -a--
(3) hSHTW2 -a--
(4) hSMDFw2 ——

o b 0O+

63 125 250 500

Frequency [Hz]

2k O.A.

(b) In the case of using the porous pavement source spectrum.
Figure A-6. Calculated SPL spectra at receiver P4 in the CASE-3.
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