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37.3% ) M{EAEAE RIS ESETE > — il = BRI E S R R A A A TR
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(+=) 201248 A2l H(EHD)14: 00—2RSET GRS EH
(Citizen participation in community noise management ) (CRF&)
IREEE S AR (EE RO RUERTE Rl e S - Bt g RERHE

FIBEUR > (EIER SENEREIR S TEIRAIRE T AR S A e S e sE 2

)

A2 - BHG B EIR S HHR N TEIE T £ RS RIS SE  EA B R A > (H]F]
RrAEEREL T =R ETEEHEA A ENBRES BEEAHERNBIIFN 2R
HY AT AREE TR I © 28T > 2RO BURF A B R AR 2 BUATOATE - 320H5T
TEEEE g S AR LR Z e R E BN 2R ERE AR
SRS > DIRErE BUFHIE RS HE B R E - W iEflF Iy meEH -
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(+9) 2012 4£ 8 A 21 H(EHI )10 : 00 BERIEZEEN > (KIARRREE
( On reducing low frequency impact sound transmission in wood framed
construction) (IEK)

Fo T BEAETT O mRE B R R SR 2 ARHE AR SRV B T 4RET - B5E N B 88 e R
(RAFHE R E R AR T - 29 PR S SRS TAMER - WG/ M4BTI A\ B R RATENFTER
U502 - s R R R RS S B 5E &GN HIFERSE (flanking study) - E#
R RAEIA TRV FER P E AR ACIGERET 1 (e A5 AU 07 (R ) S Bt i 52
[0 L T o 2 P B RSt B (R B e M DR T R (R I e SR (R

ZR A RARE -

A SRR 1 S AT » P R SR B IR AR - B8 HET
SRR A LAES - 100mm AR SE - EE rR b RAveiE - BRiEE ]
DUELY 20 B SRR 15 B B RS B AR o T0mm JEEE TR 50mm b
THEERE U AHRAHR R E R IRE S - BRI R RS 15 & -
15 TR T i S e B (A R SR AR B AR R - 49T 25 Bl RN A TR R EETR
(SNR) Fife Ay = AR e v - b b T AR S HIRETE « (ERRZE A BB E Y =R
TERSR BT AR b - MR RIARERER -

FE B I B REEE (resilient channel spacing) @ A8 A ESE S
EIM4E - TIEEmIJE 12, Smm FKAAEM - RFEMPREERENRE 406 mm o.c. Ry 610 mm o.c.
FIREAN4T 5 B SNR « FERAEHRINEEE =@ AR - T IEcEs SR - BLelEMR A

B RACHIT AN 2 ARSI ARHY -

PREUS 1% - (F o] o R RS I R (RAR S TR - (S EENE » SBEE
SR HE RS MR M (Bang Machine) » W5 A BRILEFIAH—E/ NEDREHRRATE 85cm
P S S (PR P08 5 B AR I S B B — (B B B2 ) -
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NER

(Indoor Soundscape Analysis of Enclosed Public and Commercial Spaces with
Soundwalk Method) (fI£&X)

FENEF R e TG E/ME R ABEREGEE - 22 S 2R/ Diae s i
RERVELET T - ST B 45 SR AT B R {22 ] 2 A ~ FPIRMIZHAE A BT [E] » 2R
ERUERIBRA AR S 5774 - ZATRHTE R BB A R pgRE 22 [ - S22 M T
FEEE BRI AT DL ME - tHIE A BERRIEEIE 20 7774 (soundwalk method) 2KECH#:%
ZERINEERE - AR A BB S E R PR RS L2 AT DU 7
HIAVDhRE S iR - A& A SRR 2R IV RS - IHFE A BthaHd T 2 fo S 2
¥ EATE EEEAE - BT T - T - ERENEL - A BRET T A RIEERE
2 FEE M R S EEE SR 0 S AR R 2R ] 2 R EERHE - DHRE M REVRA R o (EZRSFTHY
SRR DAUE M Rt~ B BRI IR ARG A it Ry RS - bR N B33 - 0
B2 B SO AINIE 2S5 2 R » lRese B S 2 BER I -

ZM TR AT RAVEE 74 » rE—E T ENESERET A ) - IR AR B CET
(PSR ZE S R INRE R » B » IR A B AG A S BB A T R R o i
DI e R RISV 2R 3 I — P TG SE T TV ABURTE - B ENE T
BT ~ DURRAN LR E M BIHMH A R - DUE AR E NS S —TE &0t
J57 o s ol an A ZE 22 [V ACHIEC SR BUE Y EREL - tHIE AN BHYETamad Ky - ZEfE
HEESA IR R EHNE  [EZWAEN T REGTHE

(+73) 20128 A 21 H(ZHID)16 : 20 FEZEBEER
(Living soundscape in housing) (3B )
FETETTEERES > HRABSEEE —MEERTTE > Ko 200 ZHERZE

ERAGRATE AN - WIFEABRRERE ~ WEENGGSE - BT T EEER T RS
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EREHELEENE > FREIFERE - BERERZTEEER - A EEEEF
1F o

BT A A L B — () B R 22 (] . B A R i R M B e A e 2= [ Y
ZPk > BEPEEMENTAEEEN - EAEEEERE - BUEEYRNEEZENFT
FALE - BEFEE T AR EEE B ET B2 2 E SRS M G B3RS -

EEEERZIERE M - NS - B gREHERE T HYEE
PREUTEILIRE ST RIS H IR MR AR A - EEEIEAIE H CEFErIReE > 2
BRBLTAYE R ~ JERD - ERETEIITRSTEIE A AR o EE (AR AT R
A TEINMROL(BNETAE.L  AFFEEM - SEEERFREETT D NERIRHISE) > £

JEEB M@ IR - ERREEhAM A - HEFEE AR AR G
2/l
(+t) 201248 A 22 H(EHI=)08 : 00 {7 R EFHR R & AT 4 Z (EIHRE R H
HABHEE
(Low frequency noise from the open window in a moving car and its effect on
human beings) (Hrig{kFeFLMIER)

2T 7E . H AR PR A BB AR 2 S A7k op /N B B B 8 2 SRR T 7 2R A
B TR BB A > WTFE AN RIS RS Wt h R S EEAY R
& - gt NEHE TIREITRIYE — AP R RS B - A EIEDCHVE AR BRI A - O
bgE N B\ ARG (et e s 8 SRR ST SRR 2 - 358 AR
FIFH FET o3 > BRI ER TR RIS - ik - BI5E N BAE S — TR R (T MY
INEENER > T 1/3 J\E M B IE— o ATAVEER » B Fir o IS RAHEE
e o HIEEREUR M FFT ke CPB 734) » /NE SR TR PR A IR E & o
MR > SR EHAEEREA - RAHLSEMERS - IR ARREEHRES
Z R EAR > TSR SRR - WIS TR SR AR



PR TR SR - JEFE G 2RI - (NS AR
PRENHIIER] - AR A- DORE T DUERERETAL - 2R N Ry is i A B R R R Eh
EHEANSS ERREERCEN: - BYIMVAE ERFE LA C Bl Z it - N R mife e
R BRI A B o P IR EE— 20 - sBREER RO - BTFE N BT T s e bz
AT HAE RSB PR RS 704 © AL > 5E A Bfet—(E4Em © rE ERERAI{EM
R ARSI EE A - TR NIHRVRE B 585 - WIFT A ARt iEZ ReE
ZE [ T Y BATER R S AL R MO R S B AR e A RLIER A B > DU+ LAY
RS N Ry A A IERESTAL - AR R ARG S - R A E
FEHTJIA -

(+/0) 201248 H 25 H(ERT)13 : 40 EFFERE - RECHEZZFHRYIERS
(Quiet MarkCIM - Giving consumers the choice to buy quiet) (ZZ[EH)
TR DI N (FTRTEE A S A s - e S P M O R la 420 (5t AUE -

L » AP 22 BT R B 28 BB 2 i LI R B B RN S A EESE - 280 > 5%

BRI ZE A AR Y B e 5 BT E M (RIHE IR B » AT RE S [REA [FIFE Y A B R 1B 4

& BIEMEGRST BN - FFERE - SanBNRENE - RMEREEE C =8

LR ol R A o
BRI (Quiet MarkCTM) /Z IR HlJ8l77 & (Noise Abatement Society)fEIH

BETOR HHVBEE [ > 7Y 2012 ° 1 AHE A —THBISEERE R Tt - RN SR

R AEERE 0 ARSI st SIS ARG © B RS

PEERRICERGE TR - HIVFESERMIER X TR > SRR An

fR Ry DERA R - RS A E ST ~ ARSI — i AE iR R E AR -

BRI R RE AT IS TR Y I [ N (R DL ANME T - E R Rl MR & iy
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o MEEBE IR EREEH H AR - SN LB RRE FIHE MEHA S
& eREVEIEREthE 7] USSR RN RS E i TiHE ] > R A%
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WRFFIHIN FERESRAE 5 e SR s T Y BRI = g i 2
PR e B Eanba s - RN E B SRR AR, TSR K B 2 —
TELEE R Hos VBRI R A TSR
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(+71) 2012 £ 8 H 22 H(EH=)09 : 40 {ESHEZ M EEEE ? (What makes
low-frequency noise annoying?) (&)

2 {EAREE (LEN) B AT - S0 B SR & (RS ) ER - HE
it I E R A TR AT B R AR B AR B S AR T < B P I AV - (RS
S8R ST ~ BRE ~ tIECE IRy B3 OB S - HFR Y — A REE sk
ot e SRR TR B 2 AR B AR YRR - WS N BT T BN RG]
x> BT BRI A E RN R - WA TSR LU - fErdfEs e T - ot
FEAN B S M EARER BRI RDH N R LR B RASE M © FEEE T - BRI REIA
A EIFY AR AR I AR T IR 2 - R B R PTO REANAERGER - EEEIRE
PR E Y L — R STy — IR R Bl = IR R Sl A A RIS R T
HE R [l (EEGs ) -

AT SmHEE R Ry BEGs DURIAE V5 2 S i ECATInGg = iy B 13 O BT 28 - i€ EEGs o
AILUEH  #aP il R ERER A RN R - SRS E A EHYSRE o RIEEE
BEHVEE AR A SR I —fER  RFUEE TP EAR SR Y 5 ] fe E B S A A Ay [F]
W NE > HEMTE R S EHY O - DT o] DUEE [t — NS 2 i e o
Y - ARSI ERE - BESR A TR A N g2 B sREmA L A A g

FIREA B kR (B ARNR 5 Y TR
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(=) 20124 8 A 22 H(EHI=)10 : 20 KEFEFEHEBETR

(Acoustic demands in a new building code in Iceland) (k&)

20124 1 H » JKEMRMi— B S0 - /KB BESEHETIVEEE0R » /¢ 1979 £
DISRFEAR D i - (HETEKSEHFENREREEER » thIB AT ER i it - B
TEHEEEZORAE IST 45:2011 o fafde - wiffsily C M - T B 2Rt - &
J R 2 By o AR IR W S SR - A JSRI B sz guitaL
W EEE B EOR - R GRS e A

HrEORE TSR ACHETHY > 1998 FE B s SR T SR Ei
Bt S B G K B SR E IS N s BT T 5T am « FEREE AR TEE C
SR T 5% - AR A T EEE ST B 0K - ERRIEimyEE)7% - BRI
IR SEGT AR TR RS -

WrEORE TR et GEA TSR ? WS S O M BUE A 6E, ? JrEok
R B RS B R S S PRECE B AR AVERSE » B A B RE N R EH T A A
R ? e iG AR R N B » E TR - B bR AT R M A R By
0.9% - 7RI » FFZEFUR BT BRI EE AR & C HZ0K - plis t(E R
AN GH AT - FHERATH a8 B S RIEEOR - BT &R AT A R
FEGREFRITAVESY) - MIERE " ZMAR L ME - s E At aiRes B H%E
SRS - LRI B 2R S > B MEINHTRCA ST R4 3. 5% -

WK Sy JERR AR B ¥ A R A R SR Y N B B e B B Tt e 20 RN 20K - BRZR C
FHEOR TR R iy ARG - AE (S 58 251 [E SR (o A 2 & i SR ) Y B O R

il

(Z+—) 201248 A 22 H(EHI=) 10 : 40 & F EREEEEUR
(The Portuguese policy for building acoustics assessment) (F&F )

AT ZE S 48 A AT RO R SRS SR E RS BUR A S BUF IR IR B
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SE{E TN IR KA 5 T AR SRR ] -

%) T I — BORIIKIE R BRI F B PTs T E WA IR - B SRS 2
HARE RO AR YAV E SRt S - SR B R R 2 I > D
KA AR FOR B NEE - W50 RS TIEC&5ER > HFTA IRissk
FIE L AP EEE - A FE A THY - Fy 7R R ~ It - T &
HIRE ZFTA A REME > BT AU PRI (B AR -

s WAL > W& ARy L PRAFKIVER T REHIE - A
ML TIHINES > BEEEERNHTT EETE (THEE F) ST A AT T
AT AR - (HE R IR E M - RRYINIER AT B E R R R E S
BiE - BE L FrAEEHE&R BT T - EERRRE TR E R AR ERTHY

BRI V)RR

(Z+) 201248 A 22 H(EHI=)11 : 00 & _LiE# 24500 R EREAN S 2HEW
Ft (BREVETRCER)

(Research project on “Program for Development of indoor Noise Determination in
Public Places (Stations and carriages of the Land Transportation System)” of
the Republic of China (Taiwan)) (FKET)

BN EN TR EIER - SOREHEMM "B EEH , KEE -
T EN T B EUE LI - TTHHEREREEE N 2009 42 2011 FHE et kE LiE
R ENGIL REE (FREE%) -~ BissE - HE RS BRI RE T E it
WA R B - deET et 38 PR E R 11 A FEYIEERE - SRAIREE & L RET=

T8I o AR EHISE REUR » AIHIE S5 IEARRE ({55 5 Beias i ) < B i

B Leo o FIELIITHN 56.5 dB(A) ~ 73.6 dB(A) 5 FEH B EMIZ Lea.oen EIITHL 66.3 dB(A)

~ 82.6 dB(A) 5 TEARHTE S ERAR S BRI Z Leo.en £Y71H2 70.9 dB(A) ~ 80.6 dB(A) °

ENFEBHE ZIE R RE S A - F R FER AR R R
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(Z+=) 201248 A 22 H(EHH=)11 : 20 BRI EEHRE Rg
(Strategies for measuring in-situ hospital noise) (ZEE])

B e 2 S (R AR AP M R R R » 3 20 3R 17 24 R U TR 1A o 2
AR R EIF A - A ER T E DA EE SR Z I E 1 AR « At
H ANt — =R bl 2 AEEAEECER] » ABD A F# R —TREF S ER S i 7e 3RS - &t
FAEREA B NETT T2 HE - HIVENIREEZEFT 2 4rE s s - MiRtEsE %
AEIHEAEIRE LA R - BRI R R R B3 H IR -

Z TR HEE R R P E AR A5 & Nl E & - DUFES RIS B s
TEEETEY | AREIREEE o ETHRSAESEEETE | BhiraF - FRPREE
FRZEAEE RS - piillE TR EZ FIEENESR - DIERARETETE - B
MEESEZERE N - EMAE —(E e ENIRET - 55— 77 - B EE
w2 FIRHY) - ZAHIE TS R AR S U774 » TR AR RIE S IS 2 AR SR &R T
JERHAER] -

(Z+1U) 2012 £ 8 A 22 H(EH=)11: 40 ERA BRI HR BB HEE 2 5P
ik
(A rank order methodology to improve acoustical comfort for patients in
existing facilities) (ZEE])

FE L ARIRE TSR E S B SGETIE B E I - ATFEK > HHEE
BUTR MRS N (L Press Ganey FriidVsli &) » HATAYBHIT 7 725 88 Hh A a0 frT AR
B B IRl - EZIRP ARG - BRI AR SR - DU MR 2 2
Ko BEAECEB A B R B E AT EE v T o IR R IR E -

FERZITE T e AN BRI IR AR SRR TER AL - DU B e TIE A BHYER,
SEH— TR PR AR B o R R TS 6 o S DU © AT IBUESE T Ry ~ B Beaklia
BALERE - FRATELESHT ~ ANBBERT  TSTBRE PR TIF A BRIV DIEE - AT
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(Z+H) 201248 A 22 H(EHI=)14 : 20 5 e ERTEBH SRR E B
FERERIERET
(A review of potential mechanisms in the genesis of long-term health effects due
to noise-induced sleep disturbances.) (Fgt)
AT TR TR T 7 A S8R, R AT RE S (S8 RN 2 2 (A LI E R A
SEL ) BUR [ e 2 R BR HUBR R MR B = S B R R B YRR M o b — S8 B S [RE B SR

5 > (R BB YT TR AT RE S AN B A IR PR o SR Y S 2 I il R G P

BHHT - HATRLE - WEsERA R A 0] DU AR R e B BRI &
HysEpitkd] - BE L - TEREA FEIAY NSRS ] RE B R 2 AR -

ZERNFT 2SR EVIFRUR - T HET S A FEES B G ENEE - B

FEAEMRARAY S S SRR 1 > MR SR o) RIS h Ay N BEAAS [ 38 5 (R HE - BEZAIR
[ S Ry R BRI R - A (PITEHEIR T o VD BEAY AR IR - B T AIRST ) Y
BRE S EEXBREES D > A AR RFIER SRR ? MR- H AR
& o NS iy 1 2 (AN fekRe 5 R ) BRI R s B BB ] > J st
TENERGHRIFZEAERRE % > B2 EARAE -

PR BRI NA B S M B R SR 3% e Z BRIBREN FROMIMEL e R 2T > R BT E B (S
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BE > TR A7 e PERATE ) it T BE H 2 2 B EEA -

H AT Ry LI FERUR - RERHIWIFLIEZ Fg B A M e E IRIET R - Ik
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e CEE S EE) > MEFEEREHIREST » lRE AN S e S R es BRI (R R & 2 [k
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faE M B 5 Bl (genetic predispositions) » & HZHEIRGTZE A B MIFLSHIHRZER
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(ZH7%) 201248 A 22 H(EHI=)14 : 40 4 i AlET BZE B2 O
(Analysis on how to create a comfortable soundscape for commercial open space)
(HREIARE)

PR BBV E S U R - RIthE Iy & s i p R — [ E AT
HURTERE B TGS REZE RIS IR B T g BESeat e g featived
T3 o sFAE PR R TR & e 2= g 10 (B RACRMEAYHIES - EE B ]
BRIt EHE > BRI (BIEEEAL « BB ] RS 7 ST Ak ) MIER SRR (LS
ZE [ AY R A ) HETT TS  1RIE 10 (S RARME Rl EEEF L EBR4E R - 15
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AIARE - BRI ER SR RS AT B S RV JTE -

e E EHBRE A - MRS IR SRR [ TP YR BT - PSSR EF
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Research Project on “Program for Development of Indor Noise Determination
in Public Places (Stations and carriages of the LahTransportation System)”of
the Republic of China (Taiwan)

In order to enhance the indoor noise qualifyuddlic places and encourage administrative units
to proactively improve their indoor noise quality an “autonomous administration” manner,
between 2009 and 2011, the Environmental Protechdministration (EPA), Executive Yuan,
commissioned field investigation and measuremenindbor noises of the land transportation
systems in our country at representative locatguth as station halls (or waiting rooms), access
lanes, platforms and railway carriages. In totadoor noises at 39 stations and 11 different kofds
railway carriages were measured (ikd., evaluated and analyzed.The measured results stadw
the Lequny at station halls (waiting rooms or access lanesind operating period is 56.5 ~ 73.6
dB(A), the Legevenyat platforms is 66.3 ~ 82.6 dB(A), and thgdventjn carriages of various trains
and routes is 70.9 ~ 80.6 dB(A).Improvement of mdooise can only be achieved by eliminating
reflection sound. Considering the characteristicghe land transportation system, we suggest that
the rail operator install soundproofing ceilinggdamalls as the first step of providing passengers
with an interior environment that allows them t@ak and hear clearly so as to produce a virtuous
circle of a good interior sound environment. At gmet, the rail operator might as well try to
understand the possible room for improvement omingrvolume and frequency band under the

premise of ensuring the safety of passengers.
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Research Project on “Program for Development of Indor Noise
Determination in Public Places (Stations and carriges of the Land
Transportation System)”of the Republic of China (Tawan)

I-Chun Lir?

Li-Chung Chol®

Ping-Fei Shief

Hui-Chen Chief?

Yein-Rui ShieR

Department of Air Quality Protection and Noise GohEPA Executive Yuan Taipei, Republic of
China (Taiwan)

14F No.83 Sec.1 Chunghwa Rd., Taipei, 10042, Taiwan

In order to enhance the indoor noise quality at pubc places and encourage administrative
units to proactively improve their indoor noise qudity in an “autonomous administration”
manner, between 2009 and 2011, the Environmental &ection Administration (EPA),
Executive Yuan, commissioned field investigation ah measurement of indoor noises of the
land transportation systems in our country at representative locations such as station halls (or
waiting rooms), access lanes, platforms and railwagarriages. In total, indoor noises at 39
stations and 11 different kinds of railway carriages were measured (in heg), evaluated and
analyzed.The measured results show that theckin at station halls (waiting rooms or access
lanes) during operating period is 56.5 dB(A)~ 73.6IB(A), the Legeventat platforms is 66.3
dB(A)~ 82.6 dB(A), and the legeventin carriages of various trains and routes is 70.9B(A)~
80.6 dB(A).Improvement of indoor noise can only bachieved by eliminating reflection sound.
Considering the characteristics of the land transpgation system, we suggest that the ralil
operator install soundproofing ceilings and walls a the first step of providing passengers with
an interior environment that allows them to speak ad hear clearly so as to produce a
virtuous circle of a good interior sound environmem. At present, the rail operator might as
well try to understand the possible room for improvement on warning volume and frequency
band under the premise of ensuring the safety of g@engers.

1. INTRODUCTION AND RESEARCH PURPOSE

Transportation is now no longer the only functidriamd transportation system (LTS) stations
in Taiwan and overseas. Changes in living and panation habits in recent years means they are
now also used for reading, shopping, dining, l&@samd other functions. To improve the comfort of

3 email:iclin@epa.gov.tw
®) email:lcchou@epa.gov.tw
© email:pfshieh@epa.gov.tw
9 email:hcchien@epa.gov.tw
® email:yrhsieh@epa.gov.tw
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LTS stations, the interior design must incorpordieabled access, automated ticketing systems,
sanitation facilities and indoor landscaping. Thare many factors involved in station comfort
however including the indoor sound level but tlsign issue that has attracted little attentiomén t
past. There are many noise sources inside statichsgling alarms, machinery, trains, passengers
and the public addressing (PA) system. Stationriore often make use of sound reflecting
materials (such as tiling, metallic paneling anasptr board), leading to higher indoor sound levels
and excessive RT60 that interfere with traveldsgitg to hear the PA broadcasts and converse with
each other. The resultant vicious cycle in the ardsound environment may even impact on
passenger safety.

The focus of this study is the indoor sound enviment of LTS lobbies (waiting areas),
passages, platforms and carriages in Taiwan. Tty seeks to identify feasible improvements and
spaces that can be used to push for an improvetmé@mtioor sound quality in the public spaces of
Taiwan. The custodians can then be asked to addpelemanagement” approach to actively
improving the indoor sound quality.

2. METHODS!"2?

The subjects of this study are medium- and highswa LTS stations in Taiwan with indoor
lobbies (waiting areas), passages, terminals amhgas. Actual sound level measurements and
field surveys are conducted at these spaces. Apart the two conditions noted above, the
selection of stations also took into account thHteinces between urban and non-urban regions to
try and realize an even distribution as much asiptes To take acoustic characteristics, passenger
volume and background differences into account,caseducted multiple measurements of each
LTS as well. Actual station measurements includédriss transit system stations, 5 high speed
railway system stations, 10 railway system statiand 12 long distance bus stations. Actual
carriage measurements were taken in 2 differemstyif high speed railway system carriages and 9
types of mass transit system carriages. Measursmere therefore taken from 38 stations and 11
different train carriages. All measurements weaeried out between July and August using a
CNS 7129-compliant Class | sound level meter fitteth a wind shield. During the measurement
process, A frequency-weighting was used, while tFd&S) was used for time-weighing. The sound
sensor was placed 1.5m off the ground and if tixenee any obstacles or reflective services within
1m of the measurement point then the sensor wagdnateast 1m away.

3. RESULTS AND DISCUSSION"??!

For the actual measurements of this study, thetdtioss in the mass transit system included
11 lobbies (waitin'g areas), 2 passages, 11 ptadfprl reverberation time site and 9 types of
carriages. The 5 stations in the high speed railggstem included 4 lobbies (waiting areas), 2
platforms, 1 reverberation time site and 2 typesasfiages. The 10 stations of the railway system
included 12 lobbies (waiting areas), 1 passage3ptiatforms. The 12 stations for long-distance
coaches included 13 lobbies (waiting areas). Al wit@90 site measurements were made with the
results as detailed in Tables 1 ~ 9. The RT60 mreasent results for the lobbies (including waiting
areas and passages), platforms, carriages anahstatie described below.

(1)Lobbies (including waiting areas or passages)

A. Operational status
LTS measurements showed that sound level changesned even during operating
hours (06:00 ~ 01:00 of the following day). Thislicated that under normal conditions
there were no drastic changes in sound level durperating hours. The sound level
during operating hours was also significantly higliean non-operating hours. (Fig. 1
shows the mass transit system as an example)
B. Spatial structure
In the mass transit system of Taiwan, the lobbfesome stations (waiting areas or
passages) have a direct line of sight to the piatférom Fig. 2 it can be seen that indoor
sound level during operating hours for B1, B2, 87 were higher than other stations
with separate indoor spaces. In stations wheréotttges (waiting areas) have direct line
of sight to the platforms, the two obviously infhwee each other. There were naturally
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other reasons that may have also caused the isgdood level of B1, B2, B6 and B7 to
be higher than other stations including passengéinwe, sound insulation doors and
other factors.
C. Passenger Perception
According to the study “Field measurement and siije evaluation of acoustical
condition of railway station in and around Tokyollished by Japanese researcher
Hiroshi SATO et al'¥ in 2009, the sound level that passengers felt go“darely
acceptable” was 65dB(A). When compared to the nteasents made in Taiwan, 53% of
the measurement results in the station lobbies le@rer than 65dB(A) (see Fig. 3).
(2)Platforms

According to a survey of passenger reactions iwdaj the most troubling noise source
on a platform is the sound of the trains as theagreor leave the station. Measurements on
the platforms of each stations showed that thg.knfor the mass transit system ranged
between 65.0dB(A) ~ 80.0dB(A), for the high speaitivay system kg evenranged between
7.0dB(A) ~ 80.0dB(A), for the railway systemMeglevent ranged between 72.0 dB(A) ~
82.6dB(A). As all platforms for the long-distanceach system were outdoor spaces they
were not incorporated into this study.

Fig. 4 showed that the sound level changes forfgstat D3 was significantly higher
than other platforms. The reason for this was teggaphic location of station D3. As its
northbound track is an uphill slope, this meant thange in platform sound level was
significantly higher than other platforms. Upon ewaation of the station structure, in B1,
B2, B6 and B7 where the lobbies (waiting areas@agbtages) had direct line of sight to the
platforms, the platform sound level was not siguaifitly higher than other platforms. The
result was therefore quite different to the indsound quality results for stations in Fig. 2.
From this it is possible to see that during thatregly short time spent by trains entering or
leaving the station, the mechanical noise produnedles a very large contribution to the
average sound level of platforms. At the same tithis, also means that by evaluating the
average sound level when trains enter or leavettdteon avoids interference from passenger
volume and station structure. The biggest sourcaoide pollution on the platform can
therefore be objectively determined to be the somnen trains enter or leave the station.

As for platform doors, with the exception of B1,,B23, C8, C2 and C3, none of the
system stations had any platform doors installédiden the platform and tracks. In B1, B2,
B3 and C8 the platform doors were fully enclosedevthe C2 and C3 platform doors were
semi-enclosed. Fig. 4 showed that platform doodsndake a positive contribution to the
sound environment on the platform. For B1, B2, B8 &€8 with fully enclosed platform
doors, the heqeventwas significantly lower than C2 and C3 with semclesed platform
doors by about 2.9dB(A). Both types were also senalan other stations with no platform
doors. The difference between those with no platfdoors and those with fully-enclosed
platform doors was approximately 4.3dB(A) and tiféecence between no platform doors
and semi-enclosed platform doors was 1.4dB(A).

For the indoor sound level of station platforms ttees recommendedakq evenfor high
speed rail in the US, China and Taiwan are all §8JBhe platform measurements showed
that the sound level fell below 80dB(A) 94% of thmee.

(3)Mass transit system carriages

In this study, the evaluation ofadqeventinside the carriage was based on when the
carriage was in motion (from door closing and trsiarting until train enters the station,
stops and opens its doors).

A. Structure type
Fig. 5 shows a comparison of theésekmeaneventinside the carriage for the
underground section, elevated section and suriac@s of the mass transit system. The
measurements showed thafdeventfor the underground section >dg eventfor elevated
section > laeq,evendor the surface section.
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B. Running Speed
Fig. 6 showed the relationship between the runnspged and sound level
distribution inside the carriage for the undergmbuelevated and surface sections of the
mass transit system. Linear regression analysisvethdhat the sound level inside the
guality tended to increase as the running speegtased along underground, elevated
and surface sections. The magnitude of increasieeiinderground section was also far
higher than the elevated or surface sections.
C. Measurement location
According to the measurement results (as showngn7— 9), with the exception of
line CBR (C13 and C14), on all other lines thggleventNear the carriage coupling >
Laegevent N€Ar the front of the carriage >eheventin the middle of the carriage. The
difference between the point near the carriage lauyiiand the front of the carriage was
0.9dB(A) while the difference between the carriagepling and middle of the carriage
was 1.0dB(A); on the CBR line (C13 and C14) asdhmiages are all independent of
each other, the measuregedeventnear the front > measurede; eventnear the middle >
measured heqevent N€Ar the carriage coupling. The difference betwd®n front and
middle of the carriage was 1.7dB(A) while the difiece between the front and the
carriage coupling was 2.1dB(A)
(4)High speed railway system carriages
A.Running Speed
There are two different types of high speed railwagvice including express service
and all-stops. Based on the measurement resublisHge 10), regardless of the service
type the sound level inside the carriage tendedd®@ase as the running speed increased.
B. Measurement location
Fig. 11 ~ 12 show a comparison ofiekevent at different measurement locations
inside the high speed railway carriages dependmghe type of service. Regardless of
the service type, degeventinder the bow collector >akq eventnear the carriage coupling >
Laegeventin the middle of the carriage; for A7, the diffece between under the bow
collector and near the carriage coupling was 1.80[Bthe difference between under the
bow collector and middle of the carriage was 2.1)Bfor A6, the difference between
under the bow collector and near the carriage cogiphas 2.5dB(A); the difference
between under the bow collector and middle of grei@ge was 6.1dB(A).
C. Passing through tunnels
Fig. 13 shows a comparison ofeheventWhen the carriages of the high speed railway
system passed through tunnels of different lendgththe figure, the section bracketed by
dotted lines shows a long tunnel with a length v#rc600m. Measurements showed that
when passing through the long tunneledeventof A7 > Laegeventof A6 with a difference
of 2.8dB(A). This was reversed when passing thraughort tunnel where the difference
between A6 and A7 was 2.1dB(A).
(5)Station Lobby RT60
The measurements found that RT60 for mass traysieés’'s B3 was 2.4 s and for
high speed rail system’s C4 was 2.3s. While thedgeg would make for a good musical
hall, if RT60 too long it may reduce the clarity sfjeech and hearing for an indoor LTS
station. It may also amplify indoor sounds so teigerberation is not ideal.
(6)Comparison with measurements from relevant rekeaverseas
Table 10 lists the measurements made by US andhdspaesearchers in recent years
as well as the measurements reported by a Shajuyhaalist. The values were compared
with the measurements from this study. In this gtilde Leq, mean, 1fOr the station lobbies
(waiting areas and passages) ranged between 5&pdB(3.0dB(A), similar to the acoustic
environment in Tokyo and its surrounding statidast station platforms, in this study the
Leg,evend@anged between 65.0dB(A) ~ 82.6dB(A), slightly eavthan the measurements from
New York and Shanghai's subway system platforms.tii® carriages, theeckevenifor the
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various carriage types on each line ranged betw2estuB(A) ~ 80.0dB(A). This was close
the measurements for New York City's subway systamiages and slightly lower than the
measurements for Shanghai's subway system carriages

If the overseas research in Table 10 as well asribasurements from this study is
compared to the maximum daily continuous exposune tn Taiwan and overseas as well
as the indoor sound level, they may feel as if they not yet a risk. When one actually
walks through a LTS station however, many like teawheadphones to listen to music
devices and pass the time while traveling. Accaydmthe study "Pilot Survey of Subway
and Bus Stop Noise Levels" published by Robyn R@drshon et af! in 2006, headphone
users often turn the volume up to 85dB(A) ~ 90dB{@&plock out surrounding noise. For
normal people, this will result in greater impaattbeir hearing. For this reason, in a noisy
environment where it is difficult to hear or makeuyself heard, travelers will naturally raise
their voice during conversations. The volume of e system is also increased to make it
easier for passengers to hear as well. The resaltvicious cycle in the sound environment
of the indoor station that impacts on indoor sogudlity and passenger safety.

4. CONCLUSION!22!

The following findings were made based on the measants from this study:

(1)In station lobbies (waiting areas etc.,) and @gss, while the increase in traffic and
operation of auxiliary equipment led to indoor sduavels being higher during operating
hours than non-operating hours, the change in stawedlremained relatively even.

(2)Where spatial structure allowed for direct lifes@ht between the station lobby (waiting
area) and platforms, the indoor sound level wasagdahigher than other stations with
separate indoor spaces by around 3.2dB(A). It idesn that structural designs of this type
with direct line of sight meant the indoor soundelein the station lobby (waiting area) was
always affected to some extent by the platform.

(3)Under normal conditions, if the traffic densitgrphour per unit of space during operating
hours was high, then the averaggqlin during operating hours was also higher. In the
long-distance coach system however most statiossuthern Taiwan were located in areas
that experience higher traffic flow. The design tbé station structure generally used
ordinary full-length glass windows that providettldi insulation to outdoor sounds. This led
to higher indoor sound levels making it difficulh establish the relationship between
passenger volume and indoor sound levels.

(4)This study found that during operating hours, thgmean,infor the station lobby (waiting
areas and passages) ranged between 56.5dB(A) €B{B)0 This was similar to the
acoustic environment in Tokyo and its surrounditagiens.

(5)Platform doors did make a positive contributiontie sound environment on the platform.
For B1, B2, B3 and C8 with fully enclosed platfodors, the heqgeventvas significantly
lower than C2 and C3 with semi-enclosed platfornarddoy about 2.9dB(A). Both types
were also smaller than other stations with no ptatfdoors. The difference between those
with no platform doors and those with fully-encldsplatform doors was approximately
4.3dB(A) and the difference between no platformrdaand semi-enclosed platform doors
was 1.4dB(A).

(6)In this study, the dqeventfor station platforms during the operating houaeged between
65.0dB(A) ~ 82.6dB(A). This was slightly lower thdime measurements from New York
City’s and Shanghai’s subway system platforms.

(7)Mass transit system carriages
A.If carriage differences were discounted, measerdgs showed that when the train is

running underground then reflections from the eswib environment and airflow
increased the sound level significantly comparewvb@n the carriage is running in the
open air. This resulted in averaggedeventfor underground sections > averagggevent

for elevated sections > averaggd.ventfor surface sections. The difference between the
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underground and elevated sections was 2.6dB(A)ydmst the underground and surface

sections was 4.2dB(A) and between the elevatedaridce sections was 1.6dB(A).

B. As the running speed increased, this led to raesponding increase in sound levels
within the carriage. Linear regression analysithefmeasurements showed that the same
situation existed in underground, elevated andaserfsections, with the magnitude of
increase for underground sections being far hitjien elevated or surface sections.

C. For non-independent carriages, noise outsidec#ineage is carried inside through the
coupling area. Though there is a motor runnindnatftont of the carriage, its impact was
lower than outside noise entering through the agericoupling. As a result adq eventnear
the carriage coupling > dkg,evendn€ar front of carriage > pogevendn the middle of the
carriage. The difference between near the cargageling and near the front of carriage
was 0.9dB(A) while the difference between neardéwiage coupling and middle of the
carriage was 1.0dB(A).

D. Independent carriages have no carriage coupingsutside noise had less impact inside
the carriage. As a resultadgeventnear the front o carriage >dgevendn the middle of the
carriage > legeventnear the carriage coupling. The difference betwesar the front of
carriage and middle of carriage was 1.7dB(A) wtile difference between the front of
the carriage and near the carriage coupling waiBZA).

(8)In this study, the dqeventOf €aCh carriage type on each route during opgydtours ranged
between 72.5dB(A) ~ 80.0dB(A). This was close te tarriage measurements from the
New York City subway and slightly lower than theasarements for the Shanghai subway
system carriages.

(9)High speed railway system carriages
A. Regardless of the type of service, the soundlleside the carriages of the high speed

railway system also showed a tendency to incredserunning speed.

B. High speed rail features independent carriagpsrated by sound insulating automatic
doors that block out outside noise. As a resullygbvent under the bow collector >
L aeq.eventn€ar the carriage coupling >dg.evenin middle of carriage.

C. When passing through long tunnels at higher dgpethe sound level inside high speed
carriages was slightly higher than low speed cgesa

(10)Based on on-site investigation, many noise rexist in the indoor acoustic
environments of LTS stations, including:passengenversations, passengers walking
around in hard-soled footwear, luggage being drdggar-conditioning equipment,
escalators, ticket machines, televisions, retailefsigerators, small speakers, ticket gates,
audio platform warnings, PA system, electrical rgand trains entering/leaving the station.

(11)Self-improvements for LTS stations and carrsagean target noise sources and
transmission paths. Specific recommendations araged below:

A. Passengers
(A)Affix "Quiet Please" or signs and posters renimgdpeople to keep the noise down.

The "Quiet Please" sign can be like No Smoking Satdle Energy signs placed at
prominent positions where passengers and the dgndsac may gather. This should
have a calming effect without interfering with teeenery inside the station. It will
also highlight the business' support for environtakeprotection and energy-saving,
boosting the corporate image o the business.

(B)The ticker displays in the lobby, platforms acarriages can be used to promote
quietness education.

(C)During hours with higher passenger traffic, vagers may conduct patrols holding
“Quiet Please” signs. This will provide public edtion in a non-confrontational
manner and avoid conflict with passengers.

B. Auxiliary equipment
(A)Regular maintenance and repairs should be chwoig to the auxiliary equipment

inside the station (electrical room, escalatorgyvators, PA system, turnstiles and
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ticket machines) as well as noise prevent hardware.

(B)Improve the seal between the door and doorwaglectrical rooms to reduce the
penetration of electrical room noise.

(C)Lay carpet in suitable areas where at eitherddrttie escalator where the machinery
is located to effectively reduce escalator noise.

(D)When purchasing new auxiliary equipment, prefeeeshould be given to low-noise,
low-vibration models. There should be proper sdparaof installation sites and
sound- as well as vibration-proofing should beudeld during installation.

. Indoor acoustic environment of stations andiages

If the reverberation time is too long, this reduties clarity of talking and hearing. It
may also increase indoor sounds (from reflectiaws)the creation of indoor acoustic
environments with a reverberation time between %*.01.5s is recommended.
Improvements to reverberation time can be achidyereducing reflective surfaces and
eliminating reflected sounds. This approach witate an indoor acoustic environment
with a reverberation time between 1.0 ~ 1.5s thavides passengers with an indoor
venue where speech and hearing are both clear.shiy@ cycle that creates a good
acoustic environment in indoor LTS stations camtbe generated, improving indoor
sound quality and passenger safety. At this p&ih§ operators may also wish to study
the possibility of improvements to audio warningl dands without compromising on
passenger safety.

(A)To begin with, anti-noise devices can be fittedhe ceilings and walls to increase the
noise absorption area. Provide full coverage iding permits. If funding is limited,
then begin with partial coverage and a jigsaw layomay be used for aesthetic
considerations. In this way, interference fromeefitd noise can be eliminated. For
the ceiling, perforated panels and hanging sousd+@ation panels can be used. For
the walls, perforated panels, sound-absorbing paswedl suspended sound-absorbing
objects can be used. The materials used in eitig®r must take the sound frequencies
into account.

(B)If sound-absorbing objects are hung on the w#fls existing advertising signage on
the walls may be replaced with tapestries printéd advertising instead and lit up by
small lights at night. In this way, the tapestn@d not only help with improving the
acoustic environment but also generate economigevdt will save energy, reduce
emissions and beautify the space as well.

(C)Platform doors should be installed by systenrafoes to control indoor noise on the
platforms from the tracks. The platform doors vélso improve safety by prevent
foreign objects falling on to the tracks. The ifisteon of platform doors that reach the
ceiling are recommended. Sound-absorbing panelsalsanbe installed between the
door and the ceiling as well as the lower edge hed platform. The type of
sound-absorbing material will depend on the fregiemntargeted for improvement.
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Table 1 Measurements from High Speed Railway Sy&tation Lobbies (Waiting Areas) and Passédeb

Average leg,1n | Average leg in Traffic Traffic per Maximum Leg,1nduring
00:00~24:00 during during volume Hour du_ring Station Ares Operating Hours
Name Measured Date Average leq,1n | Non-Operating  Operating (Person Operating (m)
dB(A) Hours Hours Trips) Hours dB(A) | Time Int |
dB(A) dB(A) P (Persons/h) (A) Ime Interva
2009.07.01~02 A1 0-
Al (WED ~ THU) 63.5 54.1 64.6 33,350 1,853 9,500 66.1 | 18:00~19:00
2009.07.01~02 {AN—99-
A2 (WED ~ THU) 61.1 49.6 62.2 13,100 728 4,933 63.6 | 21:00~22:00
2009.07.06~07 {011 -
A3 (MON ~ TUE) 63.5 52.2 64.6 29,650 1,647 10,700 66.1 | 10:00~11:00
2009.07.07~08 {AN—99-
A4 (TUE ~ WED) 60.8 52.8 61.8 12,900 717 4,800 65.5 | 21:00~22:00

Source: Compiled for this project.
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Table 2 Measurements from Mass Transit Systeno8tatibbies (Waiting Areas) and Passabed

Maximum Leg 1pduring

00:00~24:00 Averag_e leq.1n Average lgg 1n Traffic Traffic per Hour . Operating Hours
X ' during . a9 Volume . : Station Area
Name Measured Date Average lgg 1n . during Operating during Operating >
4 Non-Operating (Person (m)
dB(A) HoursdB(A) ; Hours (Persons/h)
HoursdB(A) Trips) dB(A) Time Interval
Bl 2009.05.25~26 OO
passage R| (MON ~ TUE) 55.5 38.9 56.5 9,334 491 — 59.4 23:00~24:00
2009.05.26~27 .
Bl (TUE ~ WED) 58.4 50.1 59.3 65,243 3,434 70,184 62.9 @20:00
2009.06.01~02 . .
B2 (MON ~ TUE) 61.9 54.6 62.7 18,109 953 805 64.9 17:004.8:
2009.06.02~03 d .
B3 (TUE ~ WED) 56.6 42.5 57.6 2,693 142 3,600 60.9 15:0Mm4a.6
2009.07.13~14
C1 (MON ~ TUE) 67.3 56.0 68.2 42,022 2,212 1,602 70.8 0708M0
2009.07.14~15 \
C2 (TUE ~ WED) 70.0 54.1 71.0 77,644 4,087 1,818 74.6 18M0
2009.07.22~23 4
C6 (WED ~ THU) 65.6 55.6 66.6 42,481 2,236 1,816 68. 083000
2009.07.27~28 )
C7 (MON ~ TUE) 65.8 53.8 66.7 39,415 2,074 1,680 68.9 F18M0
2009.07.15~16 A1
C3 (WED ~ THU) 63.8 55.0 64.7 115,042 6,055 5,637 66.5 18:00~19:00
C3 2009.07.08~09 AT Q-
passage R| (WED ~ THU) 67.5 57.2 68.4 115,042 6,055 — 70.7 17:00~18:00
2009.07.20~-21 il
C4 (MON ~ TUE) 64.4 54.8 65.4 26,906 1,416 1,414 67.% 181000
2009.07.21~22 )
C5 (TUE ~ WED) 64.1 51.9 65.0 46,105 2,427 2,365 66.9 181000
2009.07.28~29 . .
Cs8 (TUE ~ WED) 60.3 52.5 61.2 4,852 255 990 64.2 19:00~20:

Source: Compiled for this project.
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Table 3 Measurements from Railway System Statibbies (Waiting Areas) and Passagés!

Maximum Leg,1nduring Operating
Hours
00:00~24:00 Average lggnduring ! ) Traffic per Hour durin
Name Measured Date Average leg,in Non-Operating g‘V:rg?ne Iﬂéﬁggg& -I;La(fr'go\éo.:_lﬁimse) Operating Hours | Station Area (f)
dB(A) HoursdB(A) perating P (Persons/h)
dB(A) Time Interval
D1 2010.08.20~21 )
1F Lobby (FRI ~ SAT) 63.2 57.1 64.0 38,675 2,036 5,645 66.5 16L@mO0
D1
Passage B1 2(0F1I3I.(-)~7.81:'F)17 61.7 50.7 62.7 39,563 2,082 - 64.7 19:00~20:00
(Weekday)
D1
Passage B1 2010.07.17~18 60.5 61.0 60.3 40,130 2,112 - 63.6 09:00~10:00
(SAT ~ SUN)
(Weekend)
D2 2010.07.19~20 ..
1F Lobby (MON ~ TUE) 64.7 57.6 65.6 123,498 6,500 15,449 67.4 0Q:718:00
D2 2010.07.19~20 o
Waiting Area B1 (MON ~ TUE) 63.3 53.7 64.2 123,498 6,500 15,449 65.8 0@718:00
D3 2010.07.20~21 .
1F Lobby (TUE ~ WED) 63.3 56.2 64.1 8,213 432 4,823 68.6 10:0@a1
D4 2010.07.23~24 . .
2F Waiting Area (FRI ~ SAT) 70.9 62.0 71.8 15,966 840 266 73.7 14:004.5:
D5 2010.07.26~27 . .
2F Lobby (MON ~ TUE) 68.3 57.2 69.2 9,981 525 883 72.8 15:00416:0
D6 2010.07.26~27 .
2F Lobby (MON ~ TUE) 57.2 48.3 58.1 2,613 138 1,977 64.2 16:0@a7
D10 2011.07.13~14 )
1F Lobby (WED ~ THU) 68.9 59.2 69.8 19,944 1,050 989 71.6 16:0@da
D10 2011.07.13~14 .
2F Waiting Area (WED ~ THU) 66.7 55.9 67.6 19,944 1,050 989 70.0 16:0ma
D10
1F Lobby 2011.09.21~22 68.2 59.3 69.1 15,357 808 989 70.8 17:0@m4aL8:
(WED ~ THU)
(SEP)
D10 2011.09.21~22
2F Waiting Area _ 65.3 53.9 66.3 15,357 808 989 67.8 13:0@ma4:
(WED ~ THU)
(SEP)
D8 2011.07.11~12 . .
1F Lobby (MON ~ TUE) 63.4 54.1 64.3 2,694 142 541 68.0 16:00-L7:0
D9 2011.07.11~12 . .
1F Lobby (MON ~ TUE) 66.3 50.2 67.3 7,156 377 445 70.6 16:00417:0
D7 2011.07.18~19 . .
1F Lobby (MON ~ TUE) 65.3 55.9 66.2 5,685 299 980 68.4 13:0014:0

Source: Compiled for this project.
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Table 4 Measurements from Long Distance Coach ®yStation Lobbies (Waiting Areas) and Passagés

Maximum Leg 1n0during Operatin
00:00~24:00 Average lg1pduring|  Average lgg 1n Traffic Traffic per Hour Station Area Hours
Name Measured Date Average leg 1n Non-Operating during Operating Volume during Operating ()
dB(A) HoursdB(A) HoursdB(A) (Person Trips) Hours (Persons/h
dB(A) Time Interval
2010.07.20~21 .
El (TUE ~ WED) 67.2 56.9 68.1 783 41 805 69.9 19:00~20:00
2010.07.20~21
E2 (1F Lobby) (TUE ~ WED) 68.3 58.1 69.2 30,549 1,608 1,493 72.3 HBMO
E2
(4F Waiting Area 2?F1£|'27'82A3T)24 72.9 69.0 73.6 48,357 2,545 910 747 09:00a
(Weekday))
E2
(4F Waiting Area 2010.07.24~25 715 66.6 72.3 32,746 1,723 910 73.8 08:0m®m
(SAT ~ SUN)
(Weekend))
E3 2011.07.23~24 .
(Weekend) (SAT ~ SUN) 71.9 65.5 72.7 25,905 1,363 845 74.6 17.6@ma
2011.07.24~25 .
E3 (Weekdays) (SUN ~ MON) 71.0 64.1 71.8 24,479 1,288 845 74.0 20:0m2
2010.07.28~29 . .
E4 (WED ~ THU) 68.8 62.0 69.6 6,800 358 243 72.6 17:00-48:0
2010.07.28~29 AT -
E5 (WED ~ THU) 69.4 61.0 70.3 1,493 79 371 75.0 09:00~10:00
2011.07.14~15 P
E11 (WED ~ THU) 68.0 60.4 68.9 395 21 272 72.5 16:00~17:0D
2011.07.15~16 {AN_10-
E11l (FRI ~ SAT) 69.9 62.3 70.8 594 31 272 73.7 18:00~19:0p
2011.07.14~15 {AN_10-
E8 (THU ~ FRI) 711 61.0 72.0 600 32 84 73.8 18:00~19:00
2011.07.14~15 (A1 Q-
E12 (THU ~ FRI) 65.5 64.6 65.7 68 4 60 66.7 17:00~18:0
2011.07.21~22 . .
E9 (THU ~ FRI) 69.6 68.7 69.9 2,006 106 154 71.2 23:00-@0:0
2011.07.21~22 AN A
E10 (THU ~ FRI) 70.6 64.5 714 221 12 120 72.5 15:00~16:0D
2011.07.09~10 .
E6 (SAT ~ SUN) 64.7 52.9 65.7 285 15 244 70.7 19:00~20:0pD
2011.07.19~20 (A1
E7 (TUE ~ WED) 67.4 55.6 68.4 200 11 81 71.2 10:00~11:00

Source: Compiled for this project.
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Table 5. Measurements from High Speed Railway ByStation Platfornis**!

I—eq,event
Name Measured Date dB(A)
A4 Northbound Platform 2009.07.07~08 (TUE ~ WED) 76.7
A5 Northbound Platform 2009.07.06~07 (MON ~ TUE) 66.3
Source: Compiled for this project.
Table 6. Measurements from Mass Transit SysterioSftatforms-*°!
Name Measured Date Unit:dB(A)
Bl 2009.05.26~27 (TUE ~ WED 67.0
B2 2009.06.01~02 (MON ~ TUE 69.9
B3 2009.06.02~03 (TUE ~ WED 71.6
Cl 2009.07.13~14 (MON ~ TUE| 74.8
C2 2009.07.14~15 (TUE ~ WED) 73.1
C6 2009.07.22~23 (WED ~ THU 72.8
C7 2009.07.27~28 (MON ~ TUE 75.0
C3 2009.07.15~16 (WED ~ THU 72.9
C4 2009.07.20~21 (MON ~ TUE| 76.4
C5 2009.07.21~22 (TUE ~ WED) 74.5
C8 2009.07.28~29 (TUE ~ WED) 72.1
Source: Compiled for this project.
Table 7. Measurements from Railway System Statatfomg>2*!
Name Measured Date Unit:dB(A)
D1 Northbound Platform 2010.07.16~17 (FRI ~ SAT) 072
D2 Northbound Platform 2010.07.19~20 (Mon ~ TUE) 173
D3 Northbound Platform 2010.07.21~22 (WED ~ THU) 82.6
Source: Compiled for this project.
Table 8. Measurements from High Speed Railway By&teriages >
A5 E101 E102 E103 E104 E105 E106 E107
Leg,eventwhile in
motiondB(A) 66.1 70.9 71.9 71.1 70.1 66.3
Average Speed _
km/h 209 226 230 225 139
Traffic Volume
(Person trips) 35 63 76 53 49 30
A6 E101 E108 E109
Leg.eventVhile in
motion 74.7 75.2 76.7
dB(A)
Average Speed _
km/h 235 256
Traffic Volume
(Person trips) 51.0 60.0 46.0

Source: Compiled for this project.
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Table 9. Measurements from Mass Transit Systemiagpmg" >~

Average
. Average Speed Average .
. Time . : Traffic L max L max
Train Type during On-site | Leg,event
Interval (Person| dB(A) Interval
Measurement| dB(A) i
Trips)
Peak 42.4 75.7 68 96.9 CR27
C9 Off-Peak 41.8 77.2 42 99.7 CR27
Escort 324 71.0 0 93.5 CR24
Peak 42.5 74.2 68 93.6 CR27
C10 Off-Peak 40.8 75.3 42 96.1 CR27
Escort 27.5 70.9 0 98.6 CR23
Peak 43.6 77.9 77 95.1 CB3
C12 Off-Peak 43.7 80.3 28 99.8 CB1
Escort 41.0 76.8 0 95.7 CB17
Peak 43.7 78.7 69 95.3 CB1
Cl1 Off-Peak 43.9 79.6 25 99.0 CB1
Escort 35.9 74.0 0 91.9 CB18
Peak 43.0 77.1 23 92.8 CBR12
C13 Off-Peak 38.5 76.2 9 88.9 CBR22
Backup 32.5 75.4 0 89.2 CBR11
Peak 41.9 75.5 36 89.7 CBR4
Cl4
Escort 32.8 74.3 0 88.6 CBR9
Peak 39.8 80.6 50 90.9 CY5
C15
Backup 27.8 77.1 0 87.7 CvYy1i
Peak 47.6 76.1 50 95.8 BR6
B4 Off-Peak 46.8 75.9 15 90.5 BR1
Backup 59.5 76.1 0 90.7 BR10
Peak 44.1 77.3 24 91.0 BG12
B5 Off-Peak 44.1 77.4 13 94.0 BG10
Backup 52.1 76.6 0 88.4 BG8

Source: Compiled for this project.
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Table 10. Measurement of Indoor Sound Levels frorei§n LTS Stations and Carriag®

Internet 2

Ernet 1,

Lobbies (including Platforms Carriages
waiting areas or
passages)
Noise Level of Ney Lecnm Lec1om
; _ eg,2 min eq,10 min
York City Subway 79.5dB(A) ~ 83.9dB(A) 72.5dB(A) ~ 80.2dB(A
System
Acoustic
Environment in
I—eq,lO min

Tokyo and its
Surrounding
Stations

60dB(A) ~ 70dB(A)

Transport Noise in
Shanghai Subway

System

60dB(A) ~ 86dB(A)

72dB(A) ~ 85dB(A)
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Figure 1 —easurements over time from mass tragstesn station lobbies (waiting areas) and

passages?!
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Figure 2 —Comparison 0fdeg mean,1fOr mass transit system station lobbies (waitingga or

passages) and platforms with or without direct lofesight'>*!
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Dotted line is where the subjective evaluation aifyo
Station lobby's acoustic environment comfort was
judged to be "barely acceple" at 65 dB(A
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recommended for high speed rail trains enteringifepthe
station in the US, China and Taiwan.
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Figure 5 — Comparison ofdeq mean,evefOr mass transit system carries in undergroundyated
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Figure 7 — Comparison ofdeg evenfrom different measurement locations in a masssitesystem
carriage during peak hout’s**!
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Figure 9 — Comparison ofdeg evenfrom different measurement locations in a masssitesystem
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dB(A)

0.0

B Ly evens While AG
was 1n motion

B Ly event While A7
was 1 mot1on

- A6 average speed
(km/h)

=M= A7 average speed

(km/'h) km'h

750 |

60.0

700 -

65.0 -

3000

- 2800

- 2600

- 2400

- 2200

2000

- 1800

1600

- 1400

1200

- 1000

80.0

- 600

40.0

- 200

0.0

E103
E108

E104 E105 E106

E109

E107
Interval

Figure 10 — Relationship between Lo e and average speed depending on the type of

high speed system carriage.”"*”

58



dB(A)
80.0
Hat 1ABC M at 10ABC M at 21ABC
L.hq,(ulll '-Mq,uwnt I'Alq,l\mnt
75.0
70.0
65.0
60.0
E101 E102 E103 E104 E105 E106 E107
Interval

Figure 11— Comparison ofakq.evenfrom different measurement locations in a highesp@ilway

system all-stops carriage?*!
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Figure 12 — Comparison ofakg evenffom different measurement locations in a highespeilway
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