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6. HA

HREETHE 2

7. PERE
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: Sistema de Alerta Sismica de la ciudad de México (SAS) e

Early Warning System (EWS) °

Istanbul Earthquake Rapid Response and Early Warning
System (IERREWS) °

Early Earthquake Detection and Warning Alarm System ©

California Integrated Seismic Network ( CISN) °

Earthquake Early Warning System (EEW ) »

Virtual Subnetwork (VSN) » [ ARE i o
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85: Plates Under and Around the Japan Archipelago =
E3

Q B v

2 Philippine plate

o 5o

Source: "Seismic Activity in Japan - Regional Characteristics Analyzed from Past Earthquakes 2nd Edition”, edited by The
Earthquake Research Committee, the Headquarters for Earthquake Research Promotion 3

3 BAHEFABHRIEIR

2. HZX EEW HTETEEE 248

1995 41 H 17 H > HARSFANIR 7.2 4RGaFITAME - #85 © B A
Z | (Great Hanshin-Awaji Earthquake ) » Z&/% T FIRTARAE VAR > SR AL
E# 5000 A » 31 35000 A5215 - 88 10 E{EEEYZ FER 2 oK H
B —H  ZUBFEREELI 9 Jk 6 TEHIT (R 1) HHARGDP EF 2
2.5% o WA B ARME 2 BREE - H AR A E T EEUHIGEE
(seismic observation network) » NZFEAHERS 22 KiK-net” & “ Research

Project for the Practical Use of Real-time Earthquake Information Networks ”
(3]
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H Ry 1k 2 BEREAR] - EEW S84 1 855 FHE - Hrt A 26 KIE® - 5

ARERIP R RN % Btk im siPA B ATE > HI9ARE B—Alnh 2 &k -
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3. HARRSEEEE /54 (JMA Seismic Intensity Scale )
HAR S EER B R (IMA Seismic Intensity Scale ) Fzi=i4f ks 7 &% » Hrp
58k 6 8% > X N4 2 8 (Lower K Upper) > 4851 10 434k (4[E 6) -
(1) 0% -
(2) 18-
(3) 2% -
(4) 34 -
(5) 44~
(6) 54N (5Lower) e
(7) 54K (5Upper) e
(8) 64N (6Lower) -
(9) 64K (6Upper) °
(10) 74k -
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Summary of Tables explaining the JMA Seismic Intensity Scale

by paonle wre Bgttermg
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willls may sluses,

If you fell a tremor

# Protect your head and sheber under a table
& Don't rush outside

& Don't worry about tuming off the gas

your

Remain calm, and secure
nporwnduftw

& When driving a car, turm on your hazard lights,
then slow down

# Keep away from gates, walls, vender machines
and bu

in the kilchen # Leave immediatdy to highland when a slrong
& Panic loads fo injury shake has boen foll on the seashore
—t

Maike residences earthquake-resistant and fix furniture lo prepare for earthquakes

™\ Miniskry Infrasinicture, Transport and Tourism
'-Q)J |

apan Meteorolog

cal Agency

6 HAMEREE T
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Earthquake Early Warning : Dos & Don'’'ts

Make residences earthquake-resistant and fix furniture to prepare for eathquakes

Call the attention of those around you

Remain calm, and secure

If you feel a tremor If you see/hear

your personal safety! 22
Afer sading o hamring an Exrfiquakes Early Warning, you have only ameser of seconde
befom stong rermos arive. This moans you nead 1 act quickly to poiect yorsall
AtHome When Driving _
-Protect your head and shelter under a table - Don't slow down suddenly
-Don't rush outside -Turn on your hazard lights to alert other
-Don't worry about turning off the gas drivers, then slow down smoothly

in the kitchen -If you are still moving when you feel the
' earthquake, pull safely over to the left

and stop
e .

-Follow the attendant's -Look out for collapsing
instructions concrete-block walls
-Don't rush to the exit -Be careful of falling signs
and broken glass
OnBusesorTrains . In Elevators
-Hold on tight to a strap -Stop the elevator at the
or a handrail nearest floor and
get off immediately

T WERZEER
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4. TE#R R &5 (forecast and warning )

EHERL

HPATRE R < MR I SRR AU S PRz aRsE - ESTH

B RE o (IR R H AR REREEE 3 4 (3L) B > EEW B
& (advanced users) {EHIFEHR (forecast) ; — HHMETRELE 5 hlig/ Nk,
DL E (5L orlarger) EfEHE » (HE—MEEF (general public) $EHER ~ UL

i G

W5 S R B BEFETE

Satellite

I Intensity 5L or grater

Fire & Disaster

Management Agency' '

Administration Radio

Intensity 3 or grater
or
M>=3.5

e ]
Factories i
- Production Lines
Receiving Devices: \;I'ransportatlor_-l ' J\ Rallways _)
8 W KEW

City Government Disaster

WA,

Public Facilities

- ety
T L====]
a8y )|

APRAERS ~ RSN EE (waning ) 21 8 » DIAZATERAL

. Elevators

Utilizations

5. TEHIHN = 58S 2 ZEREE (Accuracy of seismic intensity prediction )
IMA S TEHME (forecast regions) H 2004 4= 1 H % 2009 €M~
486 HTEABEZEG] CE o) RS ELZEP) » S HEZZEE{E (Observed
seismic intensity ) K FEEAREE(E (Expected seismic intensity ) Z0FfEE#ESFE (40

#z2)

GrH 486 HZEBT - 7 109 (HZES] - BRI B HIE R EAR (&5 22

%) AEERE (5 78% ) Hf7=sE £ 1% -
% (A1 3) -

BEZEH -

21
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Table2

Comparison between observed and expected seismic intensity. Observed and
estimated seismic intensity in warning areas were compared for the cases where
observed and/or estimated seismic intensity was 5L and greater during 25
February 2004-31 December 2009. A figure in a cell shows frequency of cases. The
bold values show an expected seismic intensity coincides with an observed one.
The italic values show one rank difference between expected and observed.

Observed seismic Expected seismic intensity

intensity
Below 2 3 4 5L 5U 6L 6U 7

Below 1 12
2 15
3 94 1 1
- 38 113 95 17 3
5L 1 19 27 11 2
5U 3 12 6 2
6L 4 2 1 1
6U 2 2 1
7 1

2 FHMEREERSET (1)
Table 3

Sumn..., .. comparison between observed and expected seismic intensity was 4
or greater. 76% estimations are within + 1 rank of Seismic Intensity Scale.

Difference in Seismic Intensity Scale Frequency Ratio (%)
0 109 22
+1 261 54
+2 116 24
Total 486 100

® 3 WAHERERERSET (2)
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6. THIEG 7 FETRE R Pk
(1) S HAR EEW HEBTHE 24 - BT A EEEN » FHEEREH
SAEFER BRI R E AT - Y S R P e R AT I - R
THE LA KA R i& s (warning) Z [ -

(2) BB HIE 7 R LA_E 2 RIS IR Al e B S RS Rl £ - BEW
ZFE—#s (firstreport) A {EA! (under evaluated ) HEETRE Z1HIE -
HERTRE > IR B H K BEW HIES THES %400 75 i b PR -

(3) REIHZERGZUERE ~ MY (identification ) WHAKERE » 2R —{EHEZH

HRE -
(4) EW{EHEEEE LR 1B > BEW SOAISHEM &S £ R (E /12
B B

(5) HPNHEZA - EFEEFEEEIA R " IFEH ) (Subduction zone) » HA
EEW METHE 241 » M AR T FETT ) SR a4: i
EREEEN - FlE 1944 F 2834 8.1 4hoayHiE Z WEgE

(Tonankai) KpFa/F (Nankai) Hhl& -
farss TNET 2
REARSRAS B B PEARSRAR T - N AR S A B K
A AR - (EIFEEIREERSE 2 T - E— I EEr sy iU "Ry > IR
TR 27 ~ VBT ~ JHIEGE o NEAT IR g RS e R E &
(convergent boundary ) » {FFErFy b S BLE RSB TE  HIEBRK
(HZ= ) %7 (Benioffseis-miczone ) °
PRIFETEH " &y | @it B e S & - H AR REH SR R
HA EEW B THE 247 » WWARC A SO EZER (Ocean Bottom
Seismometer > OBS) 15 -
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A 8 BEMEEET

24




(I4) HAEEW B EHMAFZIEM

L.

EX Bl 2248 (Emergent Alarm System )

SRUEHIE (Tokai region ) BHIG - &% - I BR ARG - AL HA
rhEflEss > A S (Toyota) ~ AH (Honda) K#2K (Suzuki) FEARAY
HMIZREANE > DURFTBREARZ 8IS TR - 55— 51 » IEEE AT
&k %I 2 FEMR (earthquake magnitude ) 7-8 &R 5RFUHNRE - MFEZE:
2011 FEHIEARMERE 7 1% > 9 DL 5T RE 7 AkEE » 25 AFEH
EWR ARSI ERS [ T80 L (liquefaction ) K& (tsunami)
W M Ry R EE o NMEME H AZMEE Z BN MR - e EE 2K
S UEFE o (5]

HEN » BHITERE TH 2290, (DPREC, Disaster Prevention
Research Center, Aichi Institute of Technology ) B & BUEHNE MR - HHFEHE
TR K EEHAE ST - DPREC I%Eﬂ% HIERF H AR SEE (IMA, Japan
Meteorological Agency ) RS MW ETEE 2.4% (Earthquake Early Warning,
EEW) S » BiBAEPEAEES (internet system ) (S 2 BRBHNIE 5C BE L2510
EEHE (advanced user) WL ~ ¥ ZE 2 fElikas (server) - DAZHE[ER
R R B S BRI A FEFE I © {Rlies < Bifias (monitor) fFEHME TR
J& (intensity ) ~ FIEERFE] (arriving time ) ~ PIRZ S B HEF ZIT1EEHRE
A sag U A B Airas %R (warning 5 alarm ) » FE & %GR B EEW B2
B 248 (Emergent Alarm System ) © 075 B ZUHNE SR - B THEL

(workers-evacuation ) ~ 121 ~ A4z EESREEH/FSE 2T
EXe B 245 (Emergent Alarm System ) F DPREC B & #E » %
BN HARL 100 2203 > MEREHE - HaTEE R 2 AR - 2% 249
FEFLEREZ4C (Network system ) ~ #5248 (Delivery System ) ~ #Uifs%
Jitt, (Terminal Devices)S5E = &5y » 28453 ilt411% -
(1) B4 &4t (Network system )

& 9 #UREH DPREC BN HUEHIE 2 g 248 (Network
system ) » B2 (O[EIREFER EER B I 5.4 f E-catcher ZUTUHIEE %
I - EEEEELRZE ETNA K AIR RIS B A Fon 2 B B 2B
=
a. B-catcher AU E

TR AR ARSI (ontime ) RFEZEE Him 2 (6l ikes - B

ETEME (seismic intensity ) ~ F ANIERE (maximum acceleration ) & e
ZAIM - AEAGIEE 1eal (EEJTINIZEMS BN ) 2 ERUY (sensitivity ) ©

25



b. ETNA RIS
ASEE B s BB ER A2 H KIS RMINEE - B
ZXE RS PHS 24880 NRf 1= A DPREC falflkss
c. AIR BIFHI B
WA X DIRE N TS E S B AE AR - HEEN 5 (EHhEs -

EI RS

EER FU# % (terminals) B2 {E A\ BEHSEIRES (PC server)
i@ (monitor )~ B (modem ) ~ B2 88 /) L€ (Emergency Power
Supply, EPS) %% » LB HALY 100 ZFEN » miil 3 i EERR
TEHIIE A 60 HhEE (&8 EER BRAAImEHHEE )

EEHEE R K EER EalE&7EY DPREC fAIARERA > H1 DPREC &
FEH > EER & man /N HEEHE » IR AR BB R AR

(Ai-system ) ° {3 FHH4EER Z4 > BER R th B oa s S &h ] i 2
TR KB ATHF -
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N nll!;yulul »

- hEREHT-SUBRE .

F =59 =0n
& U 2" N § [ | &adil -

« ARRRERRNY-SURER -

10 DPREC ¥ =R g EEW RS FIHRES

(2) EEW {5# 4% (Delivery System )

11 » &/~ DPREC BHLZ Eig 24 - HARSEE (Japan
Meteorological Agency, IMA ) HigftH AR L EF .0 (Japan
Meteorological Business Support Center, IMBSC ) EEW ZFHA4R (leased
line ) - DPREC 14H H ARG ZER 004 1 [P/VPN 438217 EER R -
WA 24 /NEFL&AERg 4% (ADSL, ISDN or optical fiber line ) {&iifi 2 &3¢
WA E ~ TR S CHA A TN 2 55 -
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AIR

IP VPN
—
DPREC, AIT i
IMA, IMBSC EEW terminal system
E-Catcher

11 BE®REmE
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(3) EEW & imaki ( Terminal Devices)

wor e
ot ol 1 |

o e I TV TR TR

10> HURSCE NS DPREC ¥ 2 BRI S (Fi EEW U2 2 (Al es -
R 9 () B8 A B &g HEs(outer) ~ B AER (PC) E
f# ~ Bt E8 (monitor ) ~ ZEHELHF (alarm device- FTE ) ~ —¥f E-catcher
RISCHI B 3 S A PR LG AEE - IRR 9 (th) » FTE B AHMHA
#82 (alarm sound ) ~ A% (lightflash ) ThE MU RTESS S JEHIETR
FEBU BRI - 5 9 Ch) (A AEKE RS i P S
RERERT - TR R R B R R E & -

OV

R 9(h)&iIELAgElaikizs(router) ~ PC F /% ~ monitor ~ alarm device-FTE -~

1 ¥} E-catcher BIZ(HIEE B KA TERTRIF LG RE |

(FFTE B 2503 (alarm sound ) ~ P (light flash)ZhAE K BURTRAL S 82

MRS SR BN R F R

CEE N BB B Gl e S R0 P K SR RS ~ FRIGHIESRE fomE 22

RFfEI S &R -

29



QBB AT B
(1) R (Users)

DPREC ELf&1% EEW sEE HA 100 ZEHAE » MEX/NAE 17
ERRAE ~ AFZRELR - BUEHEs - (LEYWESE - W
KRE ~ B S B EE s -

(2) ZERZFEH| (Example of system )

12> BUR EEW BB WMASEENCEZBEEID WE TR
= Fe HA S it RS - A S AEPEAE RS 4R - EEW U2 4¢ DPREC falfk
s (server) F AfRSE4EHED (headquarter ) Z & Uiifalike o &% Um(alikas
AR TR~ WA E R AR B o B e i W B ) 38 1A

(inform alarm ) °
(3) B ZER] (Examplesof alarm devices )
13 BURSERFDEKEE - A (EHFF 2 S 7% (alarm methods)
TPEEbRE M ROE T st - 5540 -
a. EEATIRIE(E LR -
b. BERERITAFTHL (evacuation)
c. {FIEHEAH R A4 -
d. fEEFIPORE (flash lights) S ZEEEEEZE (intense sounds) °
e. (ERFIRZ IRENSE: -

HipvmrgREERn s - EEEE EEEY (warning statement )
JHEE A5 EEEMAEE - TMANEAEREE R EEZIE
¥ o ALFRRFEEA 7=

(4) B[ HZER (Examplesof practical use )

fEHZA > EEW BB A 2 EHT AT LM - 550 TR H

nh ~ BB Bl - T - PIETLEE -

30



Factory A

Example of EEW Emergent Alarm System

=F

EEW Terminal Server

0 . '
= BOOSH

Speakers

Server

A/
v

Display Broadcastin
g Amplifier

Office C Facility D Internet

LAN

Contact Line

12 FEEES

Monitor and Control
terminals

13 E RS
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fER/ 10 () BURHARE R TS AKE (Aichi Institute of Technology )
i/ EEW B3 AT SORE 2 B - R4 - BI KT
B ANFEFMERER (buzzer ) BT ERE (emergent broadcast) 1% » RIFHZR
= R ERERNE RS -

fR 10 (R~ ) BURMBE TR EEW BB 44 » B
MEYIE EEMEETR TR 280 (valves) 2B » 15— 288 T it
('semiconductor factories ) * JNERFHAEEIEH 24 - #ITIF L& RS
FE 2 Wik

e g ) .. = _
Photo 4.1. Evacuation training by Photo 4.2. Example of shutdown system to close valves
using EEW emergent alarm system  attached to a tank of toxic materials by EEW emergent
alarm at author’s university. system developed by DPREC.

A 10 (EBEFMIEREBNSEEER  (f - ALELKEM EEW BaE
HAG - BFAEEYERETIR RS (valves) Z 1B -

(FH) HAHHR4REH EEW 2D
1. TR B THE LSRR AR

1964 56 B » 84E 2 NERFB 7.5 4 THRHIE | B HAHRAREH
EEW Z @i - EIE E > HA¥DEE —EHE 23 2 & » Hrp g
HEATHELE

* 1933 4 ¥URHIIE S RPN 6.1 4FathE -
* 1964 7 » AN 7.5 GOFTRIHE -

* 2004 4 » FAFI 6.8 FIE -

* 2007 5 AR 6.8 SHIE -

HAME BRI EE R FrRBRZ AT DERE > EHR R
SRRV TR T BIPEPT  [EREEE RE E R EAE T S
W THNRE - FrapdRtBTHE 248 > LG T ¥0EHE | AR B
BREFATZ IMA- EEW > {REFFE] 2 S T 53 Ryl < (6)
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(1) F— (S B BAIR)

IRRTER R - B THE 24 RS RS PO R S N 2 i =
SRR ERURRITHE ZAEH © 28I @ B — AR A ETHE R
flr ARG » RELEERT S R 7 =0 TTHE -

=2 Frisd &t B (HIES (seismograph 5 seismometer )
{EHIE A H BRI (epicenter ) 2 S 7 > HEME 2GS E (threshold )
40gal LA - BISHHTHE » EREE—AHMETEE 2% (Onthe site
S-wave detection system ) (Z[E 14) 1965 7 12 H - {EH /G HE T ER4RE
FrE S B EMmAINE - EFUHIE] 40gal DL E 7 BN - BIETERE
1E51) B A -

HrEpE TR B (EOHIES - BRI R 20 AH 1R - BN
= (mechanical) ;N EFIX (electric) —fEAIF < (7]

EEW —{X

‘g

) T iﬂ;ﬁlﬁ

f= & (epicenter) *

B 14 F— (Sk  EHENERG)
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(2) B (SH - BREGBAIZR)
HAREREE » THK B ERGEESEES » RILAIEL S
JGFEAR (coastline ) MRl Z 48 < ETE K 7R OK » BRFE FARHIEHE &
Je R L THE 2 RTERFHE - BEEEed s A ETHE 2%
( Coastline S-wave detection system ) (& 15) e

EEW & _1X

e

B2 f@l :

=

i R (epicenter) *

15 2R (SH - BEGBARS)
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(3) B= [PR—=S K » & fogrReg (ERIEENE) A%
LIE 1992 FHE » FrEpdR ERHETHE 20 FH TP —S 2
KRR A ) RERERAITHE ZAEM > B =AU s E e = s
GBER SO o PRFEEG 2 BB EHIES - & B A A HENT)
RE S PTEEalE (M 16) -

EEW £ =8

PR

= R (epicenter) *

16 F= [PIE—=S K » G FBRG (E I ERNZBAZS]

Hripd S 2B = A ETAE L4 TR R R4 T B
M E R IS 245 | (Urgent Eartyquake Detection and Alarm System,
UrEDAS) M f&ffd " st B a8 45, (Compact Urgent
Eartyquake Detection and Alarm System, Compact UrEDA ) °
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a. | BREERR ISR 2478 | (Urgent Eartyquake Detection and Alarm
System, UrEDAS)

UrEDAS Z 4 FT R 4R 4t BB (R HIRs 3k 2 B &R [l
BB (b5 %1 E (bullet train ) Z 178 > B RHFRE—(EEHR
EEW HIETHERL S Z 2147 -

UrEDAS %4t 8 1980 FEf8% » 48 MEAPEEL (% - 1 1992 FFIE
A > EZEIIRE Badi it ZE iR (magnitude )~ i (location )
B (vulnerability ) S ERPAIE AR EH BE— B EHIES P&
sl A& (issuing warning ) - AR [EISEAIEE BB FH 247 -
UrEDAS Z 4R (En gl - LR B A A R 2 2 I E
o RILHEE EAHSREE -

% 2 HiETE S8 (parameter) NS JTMLA (back azimuth ) » 3%
EMEXE (frequency ) K PRz S R~ B H/KEEL

(vertical-to-horizontal ratio ) © UrEDAS Z4t BEH S8 A (B FR A
M- Al (M-A diagram) 2268 » M- A EFTEER EZRHHA
Bf#8, (Japanese National Railways, INR ) S5 Jitf 8 2= 2> Al 15245 i K b
ErHRAE -

UrEDAS Z &0 PR 1% » 238 AT &S Z a PRI ] ( processing

time) * 5FFE 3% -

b. FHEA " BRI E RIS H £4 ) (Compact Urgent Eartyquake
Detection and Alarm System, Compact UrEDA ) ©

R TR 2B AR EH 24 (Compact UrEDA ) » HE
e UrEDAS Z40 2 #EFETY - (EHIF] PRz » B s it
HEfi] (processing time ) > FJ4ERZE H 7 1 #) - Compact UrEDA 4% -
1> 1998 FRagAEAERIL ~ BBk - REFHERGR -

Compact UEEDA Z 4884 S 2 i BHAF R > B r] 4 HFE 1
P o BRI A e R (U 25 A& 20 28 - UrEDA %1 »
Rl R DR 25 R8I 49 200 A -

R B THE A AN HABR S @RS 2 A E
ZTHE > v]fEF] UrEDA ZH&EHE ; APATE R 2 THE » AlERH
Compact UrEDA Z4EIRFE -
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(4) SV [PR—S K - M fogredr (R NEsHAE ) faRl%9c]
FEHASE =GR P —S I 225 AEERTSEATTH
& o AR BVIUE SRE EE O SR O - JRE
FAE R - R E i S G SOB R T B SIS T - 4%
FUEEIS AT (R THE (A 17) -

EEW ZFEPH{X

‘=

ﬂﬂ;ﬁ;‘lf%

P

7= R (epicenter) *

17 SFBEAR [P K —S ¥ BRSBTS RA 24 ]

UrEDA K Compact UrEDA Z4f8 7 456 » NEEAERT— R 447
NMEZRGR ST EERV) - WS 7 IhEME (functionality ) » IS
1Y 2005 FE5ERY » A FREQL ( Fast Response Equipment against
Quake Load) %4 - #tHEEM = » FREQL 2 3% “furekkuru” - EzH
"IIRZKT ) o FREQL Z4RAHEAIE] PR 2 38R E ) > R B A ]
(processing time ) » £ 1 FAFF4EKZE R 7R 0.2 #) - 22009 4F » HE#ETt
R 0.1 7 o PLIAR il 2 280 » BIERER &3 4 587 - FREQL £%t
AT A RE AT A -

FREQL %4 AN EEHAMIBIAHNEIEE B orirEE - i EE
(main shock ) &2 BFE{F2 (rescueoperations) MEREE (aftershock )
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A TEMPTEER o FIAH S 2004 4 10 H 23 H &4 95k ki,
7Z (Niigata-ken-Chuetsu earthquake ) > HEHP PR (Hyper
Rescue Team ) » FALLIAR FLEE MR —f/IMZig - S H FREQL
25 0 DIHECRERERRIR A B 2 N4 -
EEPIRIEDK - BFESs2H 2 FREQL Z481° 2005 FEmtE8RL

Ty > BEARAUER I — P IS R SRR S5 - {5 SR 5 - FREQL
WHEE T (Main Body ) ~ E#5%f (Alert Unit) ~ SRS
(Display Unit) K EEA4H (Battery Pack ) % - a5 % FREQL B A
Rt 2B 2 MR (fire departments ) » £ 22 /2 8 A R ERIRR K
EERERRR - (EHZEGI 2006 FEEYHHMZE (Pakistan earthquake )
Kz 2008 AEPUJI[AHEE (Sichuan earthquake ) » FEl 18 o i EEFHTEHE
(Berkeley ) ~ THYSF5H (Pasadena) KA (California) ZEKEE > 7
WEdE AR e R R -

4%:

= HEFr 121 (= T3)
2008% 7205 58178

%G

-t

BR=E B

.

WERACH
JRAEE  ASSREOREIBETS |

<
)
~
S
=]
Z*
@D
B
-
=
=
Bh
il
16
H
&F.

18 BES A FREQL {F H AU A HLE
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Processing Time for P-wave Alarm in sec.

0.1

Tokyo Metro 2L~ H AR A& & 2 3t N aEEE A 5] > 324 H]
L HIETHE 24 HA 6 {EHrEA FREQL » 554b 33 {@EHh
RIE AcCO » & AR B E(EILRIP R 2 S FE - AcCO & —TEREZ(H#
F 2 BE SR B HIES - o] RIRF BRI 78 R KSR - 7R
B FREQL 2 AcCO 48#&1% > Tokyo Metro 45E IMA 2 EEW HTZETH
EREzEs (receiver) » HHAHEA FREQL Fe AcCO Rkt 2 A AE R R
B THEEN - EEI A S E HET TR 2 5] BIE IMA 2
EEW B THE L 488 SR E B IER 3817 -

19> BUREH PR fe 2 34T E Hy 2 e BRI (Processing time ) »

FREQL 24 RIFMESEIRE 02 Fb » HEZ 0.1 70 - (8]

10

SDR products
@& % UrEDAS 3 sec. |Averdpe 5.4\seq.
UrEDAS @  URTokaido Shikansen |
| Test observation Tsunami warning system  Minimgm 2 u sed.

05 |

0.2 }

cf. Equipment developed by JMA

for Wakayama Prefecture L

Compact UrEDAS 1 sec. ®

Tohoku Shinkansen
Tokyo Metro

FREQL Minimum 0.2 sec. I\(/)Iu11
. .

Tokyo Metro, Odakyu SecC.
Fire Departments of Tokyo, Osaka and so on

T N N TN TN TN TN NN SN NN SN SN NN SUN S SN SUN N SN SN N N S S R ._

1980 1985 1990 1995 2000 2005 2010

19 (=3 P AR ST S SR s R R e 2 S
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(5) IMA- EEW (Hrit(t)

TEEVUAZ A i B THE S 4 E 2 2 B HIE 5y TR iz
MATERRZLE 2007 4 10 A#E » HAFESEE (Japan Meteorological
Agency, IMA ) FTiEtE > HEETHE 24 (Earthquake Early Warning
System, EEW ) ELIEZ E43 - HAT » Friedi /N H AR R Rt
T E R A NS AT E IR CE A - PR O ETHE 2
4% - fEifE & IMA- EEW (& 20)

IMA- EEW A3 1000 {EHrZ M55 - FHrpgy 800 EzRE A T EiZ
KRR K2 [ SEHZEAT (National Institute of Earth Science and Disaster
Prevention, NIED ) ;3 534N 200 (B3 EEHILE » AIlA H AR 5288 (IMA)
KEFTHEA -

SN FRHE S AR B UL 50 A BN 2 EIEAER  FREQL R4t /EH:
IMA- EEW BEREHRIRSEAT L, -

B1El

Seismograph

IMA %

~
: S
H /] \
P—v_iave / \
: l : \
I
S-V\)@ve ,’
\ /
3 S ’
.o. ~ -~ - -

., S -

Figure 1 : Principle of the Earthquake Early Warning
20 #ritfC (JMA- EEW %4%)
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2. TR B THE ARG EEY
HAM Rt - FEAEHFE - (U5 ~ 540 - B REFSERS
& R ETHE A BB R IAN% 1 (9)
(1) JR 508 (BRUBERTHERER)
o R EHTAREIHER AR EAR » S8 20km B E BN
RE 25 B SR E AR Ry 40gal ©
* 2005 FEHHIERTERGR 2 B THE 240 » FyHHER (coast line ) HIE(H
HIES KB5S (main line ) HEEEHIZS4HF  TERRA-S 2%t (£%H B-
AL (EEFHIER R E 2B FHETE 2 Fh IR -
a. TERRA-S 4% (1)
(a-1) Z&RZEHE
EUHZEFEFT S A 2 MRS - S SR AR R A E I T B TR
B AR R R 6 2 R NER S E BRI EE 2 E
SHEDIES (Bt~ Er&—) -
(a-2) ZREIIRE
SRR SN > B B RIS FTEDR » FIH POREER o BRAh
EIS BT > e A AR e B BRI it > FH RS
AR AR NEE  EMER BB E AR (SR - B
EEULETER o WS 2 PR S F -
b. TERRA-S %4t (2)
o HAHEENTARMR T TERRA-S 24840 » £ 2008 ££ 11 A% >
RREBE (IMA) i 2R E NG [ 1F Rl TH ARSI A -
» TERRA-S FR¥EFnfHise B B R P i RS E WL NTT B4R
Ry BRSSP0 2 (B R AR o MR ISR R T A B RN
RE REZERS IR0 2 8 Wi 5y 81 TERRA-S #ZEEEHE(H
HIESHEERS U B FHA B EER - SBIGBIUEE » ik
PRELEPEE (DR R 2 (E8) > it B AR EA B i - HEr
BEFENZ R PR TR S5
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21 RBENRRIERE RS (FRREE —)

/mb:mu_am_

RS (WESZ)ILET IR o

(HESZ) IO R |

o] sy
_.__amhmoEm_mm

| ydeibowsies
apisAep

ajoway

angrs uvssiex (GRS HEVE LEHN O |

wHArEvZEeYe I WX (WHIIWHNEYCLEHES @
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SRR AR R b R A PR R L A AR

iz

ESE &S - 57 T N —— T ) S S

L -w -

it chigfdliRss
Hub”—Iﬂ Rotjlter Router

| o ;

o Nﬂ%ﬁﬁﬁ . L2 Switch L3 Switch
g

Router

-‘[ 0 | Router -‘ |/
RERRE 12 BERImE 12 PRRIRE 12
] B 23 FOBENEGERGFERENEARE | s

(2) JR EHA (LLUFZHER)
o FIRIRE L RHRRARA4R > 1975 FFAEE 20km SBEATE T HIE
HIEETTHE 24 -

o LLFGHTERERTY 1996 FE-H UrEDAS 4 -

* 1996 FEAH BB UNIZS 5 2 » 2006 FFaEiEn B EUHIEs I £ 10
iz o SR EEREEIEEA 23 & 0 94 20km s E— & 0 PFHT
(R -

o HREE TAIER - 2010 FHEESF B EsEE% 20 FE - HAidk
FT 43 R 0 4T 12km S E R ©

* IR FEHADR 2006 43 H » Bk B- AVEZHE FEIRAI 240

o RREE L BT E AR ARG CAEME IR HHA ARG E - Ll
Ppmapdiit 2010 5 RE R GHEE 2 BRI A4 -
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JRAAB A S B ER T E PR E

ERRERICBI SFIBELF CORN
IR FRETE (DRI EE AT L] RS
‘1-‘--"\-./1-—(_;_ p—
BN
Py & mw, | E|zam
= Pl X = Dl o]
- S
— B b FURFLE
EXEETESSFHSOmE Sl SemiiEF A
P SiE SiBf
SRS e L ey WA :

ol i~ A P —
B T N .= R E— — @
P— FUmELE

anres Bl o | MO
e KRT
& Pl IR (#7Tkm/s)  SikdeEO FEO (#4km/s)

B 24 JR PHEAEENESEEFEREER

(3) JREHA (HEIL - bk - REFHRRER)
o 1982 FIR R ILHT R R a B SR E ST I EEMIER 28 2 - I H /(P&
ZHPERE 8 iR EEHIEE -
* 1996 FEARILHTRRARAT A A R B EDHIZE IS F5 0 R 0 595% 6
e PRI RE (RIS HAS M - s s it B e H AT eI
A4 BR o
* 1998 FEARALHrHEFGEBR A T3 —{RZ Compact UrEDAS %4 (i
PR 1 D) -
o [HCHTERAR o TARCE TSR IE S (] ES 22 B
o RETHTHRAY - BIECAIGEEFSHIEENES 9 & -
o JR HARTA 2005 49 H » H#r ks B- AVEZ B R IR HI 24
(4) Hrpdith = THE A GoiE R i
o £ B- A Algorithm °
o WAEEHESS (main line ) B (EHIES (H 20 km FEE4E R 10 km /245 ) -
MR (coast line) HE{HIES
o KPR BTt B B R s A A T B2 i -
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IRTR H AN AR E i S S T

~ hEREEREER
T
PSRN [ )
Wit 28] 16 44
o T 13 o 22
&F 6| 3 9
it 471 28 715
wmam| o - | 9 BHE
v |axss| 6 - 6|
gt 15) - | 18 GRNE wine
& W 62| 28 90|

(73)

2.

AR

& Ut (IR
O AR (IR
& imRR

25 IR IR AARHEENER ARG BRI UE

ZESHEERERY (DWS) (10

1. DWS ZhAE

2EEE K ETHE 2% (Disaster Warning System ) » B3 45 55 i Fy
DWS » HIRE B R ERITHY] S SR Ae i T3 3h » GRETE 55— R AL
178 (1B TEUF 1L EE ) - DWS 07T il RE S A 3 7 BRAE B A BR(EUH]
25 DME R R R TERISE 2 83 4E > W EUE B € - DU
ORy I AERE R iRE N B 24
BRI AR TE H
DWS 401 m 88 TAZ 345 ANEISR > SUTE B EE E -
BIFE R~ ZRR UK 1B VAR - BYORE) - EaE - KF
TEE LGRS oy R LI Bkt (HE - ERS i AR
HOF - A REEITEIEREME GRE - JKAL ~ TRE ) WtE - AWTTiEst
EETHE S yaRE - Dl e TRELE
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| . FBSEmREEE
-f,\7kfﬂﬁt‘ J

3. ESA
4.2 1 B &

%7 A
(9448)

&ﬁ%ﬂﬁw'
(7148)

%*ﬁﬁﬂ
(431)

2, T
mEAR(8) B @l
B 27 & KER DWS/REE (2)
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3. B EHEEE
(1) FEE(ERIES (Main Earthquake Sensor )

a. X B 11 EESRaE a5 4 (ISCER) N - SESREFESY 30 2
B PREFAEEHIE (Fail-safe) <

b. FHIATER5 e -

c. (T HIZS R F IR 40 gal > 4 B ENEERGRESHE
BRI R AR B > TR0 (OCC) [FIRFULEIS 15T > DUE
PREUR GEEE N -

(2) BIHEFHIES (Sub Earthquake Sensor)
a. EE A0 RIS E (SCH) SEHRIRL S A B FREF=R -
b. FHIAT2ER5 e -

(3) SEEULHE IS

a. BB 9 IREENL (BSS) » R -

b. E—{E NSRRI F IR 2 120 gal © 25K EBIETEE » APEE 4k
&N Bl 8 bt 5 S e sz 18 - RIPRIEHLER -

4. EEEHEEE R T EEEEES]

o] — {18 = B (U B DRI E S R IR S 2 40 gal (AHETR 4 450t
=) AEEmA 2 2& AN 2 #im ATC (Automatic Train Control
system ) Z & 0 I HEIRENZIEEFTA VI 2 B ik E (IR AR A K
HePE ) ERVEHEER ) SRR EIEZTZES L (OCC) @ g4
WL 2 (HE - 28 EEHEBELEELRSK

SR MMESEZE R - s

o (EF—E#EFEAZR R E
- B ZEEH
AZMEATC 4 - WHEREZEBFIASIE
B - ERIIEF
B ; SillsfRREERTED LD - HEEEER
E

ATC
Onboard

0.38 #»

3.68 # HMARMBEFR R ER




5. et

R =
BERET

e A L

(1) SR E 51 MBS - ESEHE T A B Tt

ok
Ae ’

BRI RE SRR RN - EEEE

AJ 7 B AR R A 2 4 o
(2) EHFRNEERZE 40 gal (FHEFS 4 PHIE ) - EHEZRRKIRFF L

RIS HERGR - St 2 RE HREN Y | B B = EE AR -
(3) SEMFIHEEEEE 120gal > L2 IRESEE BN

P S R R S R R A R 4

R4 S E CET R AT

NEZETZEL - ZEHIE

ST BT

iy 2 ey iﬁ%%%%ﬁiéﬁ %K@Bﬁi%ﬁﬁﬁ*ﬁ
= & T EE R ] B TE = 2R PR P 15 AR
B N T e =
e 5| g AT | 70,170,230 km/
T 2& E N
>40gal | EEARR T g
1 SR T T W
< SOgal (25 ~80km/h) ﬁ'ﬁ¥b¥ E ¥j}¥f§ F%\% E
EE Z\& = Yot 52 B SRR T
> §0gal | LS R B | wpomams
2 (80~250km/m) | serranersris | HESHEE | ey
< 120gal m =i UATETR Y
EBESHh =2 | HorEEs
3 | =2120gal | (80~250km/h) | EHEHLEA R | fEdE JESREE
Sl
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() Bl s it ETHE 24 2 Lhig
HASH R L E S e AR - [NETERESR - P ~ &4 - Fokf
7] > (EHZ N ETHE RGN AR Z R - YIRMES -

x5 FRGUESEMETEZELGEERR
HrERARHE =285 E
THH 241# THE 2488 THE 2457 =t B
(EEW) (DWS)
HEE S H ASHrEr 4R ZE YN
GiERdEE AR KR AR ST AR BTN
HrEE NS N N BEW B
hrsIgE 058 a8 e
IS5 N Q3 N {E)EH %i’jﬁ
EHE P —S S K o ]
AZ\ = Fe N N
MEOOUE | mam - | | mmew
THE 24 B1-24 R
s IMA EEW H
HESHTE | B- A Algorithm —
£ 1 Fb
P HF ] (Compact UtEDA) AA
éﬁ'ﬁ:ig
ﬂbzg - 40 gal DL_F 40 gal DLk ERE]
ST IR et | e e
1$i$1ﬁ (Japan Raﬂways) == lﬁfijz/b\\g“ ;[:’;]2% = ﬁ/z}ﬂ
HIREOMIES — | ISCER (4%
S
pis | MO ST e —atc| s
BT | prsmeme | —E#TIE Ey P NE]
(fF1F) (fE1k)
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Mg~ AR (2 S E s THE R &
102 4% 8 A EHE P EEEREEES » =5 5 a5t A MTHEE N T - A 4y
i R o SRR AR E N S = H E DB B B B AR SRS i > SR
ERIRE R AN BB - HNEBESEO GG BN THE 240 AHAVIM > $9505 102
9 B S HE 10 KEBG R IE " SEOB TRE & - (11)
BT BAtMEBRUSES %4 - HAPG KB REE > 55 (heavy rainfall)
FiBr B RE R K 2 TR E » WS TTRE/ B8 2 W ELEHES - B ToE
ficHTE A2 (reinforcing work ) » FIREZERELEEE " SES B THE BT | -
PYEITRIS AR S 0 HACREBEZEGIN%
(—) JR B HAEERSR K
S HA#H 78/ F] (East Japan Railway Company, EJR ) $H¥ZMIE 7 » .58
BB 2 R BN THE R 2R4Y 7000 A B FlyE 5T rain gauge )
WEREEFI0OANE1E (E29)-

//

Ty WEEN:s

AIEAEERS =

R ARIRZK - REEMESA - (3} AETRE0.5mm
BRI E » AEAEGIER - SHHEEREAT - RS
EENEHFREE  WEHRRNSERIERERANE
R - RBREESHEFRRM -

HfEsR A LO0km

l'JI!II

HIRS

MEREZE |
et ®E \

W3~55 4
&R
HEELEARM

B 29 WESTZHRE
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(=) IR R HARF R TUE K R FEHE i
HIEFZEFREEEE - EIR =+ oKEEs 5 =kl 2 THERE A (threshold ) £
BGER THERE ) & TSR E ) - MESREREEE - B Rt ASREEEE,
R R - 1 PR B RS SE Ry 40mm /B AER B I & 130mm,H -
HA TESPR&E , & "EERE | 2 ER0% -
- B5p 8 (HRAIN) © (R o 1 /NEFET 2 FEE 1F 2> PR B 48R -
- HENE (CRAIN)  (EEFHE - b= 12 /NFLL EZ BRI I -
IEE A e 2L e P = 4R
PRDA THEPRE ) K TAESERE ) RSB EESN - A5 T
THEEAR (alert levels) 2 RIMEFE I -
ANEEER, (NO ALERT) © 5l B4 EH 175 -
- 22 (WATCH) : FIEIEFTTE > B
- 183 (SLOW) : FIHEER » BRI RS E TR -
- {=EE (STOP) © FIEEFpaE Sl T~ —(EEk - AT LT - BRIFRgINE

EJR JER [P

R

HRAIN (mm)

100 -
90
80
70

60 =
STOP

50
wd / sLow \
30 4
20 WATCH
10 ?\M.ERT \
0 -‘ J’ -

P ——— 171
0 50 100 150 200 250 300 350 400

CRAIN (mm)

30 ER FERIERH
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(=) R RHAAHTHERRE
R EROAFRSUETARERAER TRNE ) & T EENE ) ZFE > B
FLRUR © RS - AR E RIS 2 INE . BN R 25t
FUE - EAEAEEZBREF A - N EIR ZEFIRIE T e SR
FUE - &EWFZEE =R (half life) 3 tERHT " AREERE ) 5t
Bz
L ¥ T ARERNRE ) STEARK
RM®O=Y® + O.Sl/h R(t-1)
R(t) © fEHFH t Rf Z AR R -
Y(t) © FERFE] t BFZ[ERRGRIE o
h+ 50 -
2. EefEF I A
- ARFFEEIIR A EEE - R A E (BEREED -
« AL ER > AR P ERE R R A
- B EEAFEI S > SRR I o AT
- MMERE KE R SLBIR &R HSHMiM 2 85 eI E -

BRI =R

=

“Leaky Barrel” 3%,

P& 2 RGBT R B
\(Impulse Response of Rainfall)

( el 2 2 258 3¢ it

Xapu| ||ejurey [eryuauodx3)

- 8581 (Time)

¥ = Hf (Half-Life)

(& 31 A3FEE
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3. AR R
* EIR {35 25 SE KT BIE SR > B = o mlEaE 32 -
- Rt 1.5 B ~ 6 B ~ 24 B Ry R > ROHEE Z THE RS YE &£ -

TR () 1.5 6 24 94
el (o) | 30% | 26% @ 23% 21%

RO EEFEHOMES]

EJR {95 S FRUBMAL L
= A E

() IR HHAZ RIRSE EEFH L4
1. RHEEF
JR HHAHESESMNR ~ #HE ~ FEE > 24855 EA#ET (Anemometer ) ~ PR

&5 (Rain Gauge) ~ #ZE# (Seismometer ) » Wi T KIARK EFEHI LY
WE - K7 AFEFIRET > {7850 (Control Center ) BEIERLRERES
2 BETR R 1.5 W 6 1 24 I TESRESRAANG BT BIEAT R ]
e (T -

2. B
© IR HEEA] (patent) RHE -
¢ LR R A TS (FRESTREE A - 4R 40 BEW) - -
25T A -
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3 fa T SYE A B

5 1 5B A2
> N«?d% o
a 3 H
A _ A
: | GEsiGiES =2 ¢
- /“(X‘\ THLEL
. /‘/!»U \'\/\\
o : :
[2amsmxzn
ity I LS
W -

L NI T P I

MARE  OFF

33 3 EFEIE I E R B

(P 3T SR S ST
B HOMEE I B REE

—

(1l @& @ UTWW)I Py
YSOER ¢ © € Fom oo v kimm i »] " ’
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A~ RS (=) SERRBEER K
(—) B2 (Tunnel safety concepts)

S RIREN SFE L BEE AR - HEEZ 2 (Tunnel Safety
Concepts ) » s NA Rz EETNH I - BRENEER - AR HEhEE EE
i~ e E R PR AR R » 22y g

1. BxiEETE =0 (Type of Cross-Section )

HFEBESE IS EETH R 2 B - HEEI S A I 0 B
MR B (EBLSBOMN ;e H AT RS s fE B 22 » 7 T B LR B%E | (One
double-track tunnel ) 5z " EEFEE#fxIE | (Two single-track tunnels) Wi fEETH
o= FA Fik (argument) « EBONBE R Fy - T EFLERE | B
CEFLEERIRIE | e o AT R T EEFLERE | Braip e $E
b SO BRI 2 S R - AR AR - (12)

(1) BEFLEE#BEE (One double-track tunnel )
AL B (R BB E S, - d T R IRE ) AT

SIEEERS (& 35) -

- B HAME - B2 TAFHE (work faces ) ©
</ b7 77 (mass) FEER -
- ThEfR 2 mam (rock surfaces) B/ -
- B2 TF24%% (construction cost) °
s - HETmBEEC AL E R - 495 80 - 115 P

R NILE AR S 2 BiEZE R E (air volumes ) o | B8 BXE 78 5 5

FSEFROK - B s —(EEE 2 2 $EREuh (rescue station ) Fe & #AH

BRIl RE I

FE A EE R SR THE - (0 E 2T RIeREE LATEOR - (E 2 A 2 B

BZERE  HIOKENT 2 7% 738 (smoke stratification ) FRIHE(E -

(2) | BE#BEE (Two single-track tunnels )
AL ENE ML - HA G T E - AEEFLER xS ([
36) o LH AR ERAEHYE (rescue station ) Sz phEE 7 [ i 75
(Cross-passage ) ° S5l JE\ & K 7 e S 7E M > B ErmEEs ) - BFiEEE
ZIBIERF IR - BRUNE R - B EE R R 28
BRI > 4920 ANHEDLE -
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NS

Sketch of double track in single bored tunnel concept

35 ErflEukE

Q—Q
L

36 EfLE#EE

Sketch of twin bored tunnel
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(3) sEishx ke =5
HEORE T BEEFLEEHBZE | (One double-track tunnel ) Kz "7 BEHf,
B8 | (Two single-track tunnels) WiTEETEIZ - ARAER » (EAZL A
petfiz B Rt RSB 2 (BT (FRUMTR 7) » s EEHEE - (13)

* 1 B EEE B

fzsigyi fu B | & & | BUAER |3/ W | BREFEHETE
1. Gotthard W | s7oam | w017 | mrd | erLEe
SR A -
2. Brenner %ﬁj&j&] 56 /NEE | FEZE 2020 | FRE(H L Ea=ct))
3. Seikan - H A& | 53.85 AH 1988 By A BR B
, A - .
4, Lyon-Turin =] 53 ANHL | FHZE 2020 | s%ETH EE L BEH
5. Channel Lo | somm | 1o |mom| esmw
6.Ghlar | wea | 74®| & |mEe | wEm
7. Lotschberg Bi - [34624H | 2007 | B A | EEFLEEL
8. Koralm EHEA | 32.8 ANE | FHAE 2022 | s&ETH 1 B,
9. Guadarrama PRI | 28.4 AN HE 2007 B FB 7| B,
10. Hakkoda - H A& | 2654 H 2010 Br A | - Bl
11.Iwate-Ichinche cH K | 258 A E 2002 Br | - BEyLEEE)
12. Pajares PEBES | 247 ANE 2013 B F =t )
13.Prague-Beroun | #E 32 | 24.7 \H | 7EE 2016 | JE L EE L BE
14. Tyama cH A | 2240 H 2013 B HH | - EHrLEEH
15. Wushaoling h 21.05 A& 2006 B H 1 B
16. Vereina s L 19 NE 1999 B H :%/;Eiﬁ
17.CTRL(London)| 3% 19 ANE 2007 | Bt HH | EEFLE)
18. Vaglia c BAF | 187 AH 2009 B R | - BEEFLEEW
19. Qingling rh 18.5 AH 2002 Br H 7 B,
20. Ceneri Wi 4= | 154 A | THE 2018 | i T+ 1 i,
21. Firenzuola cEBAAN| 152 AH 2010 B HH | - EHrLEEH
7 B,
1 . AN ;
20 Wienerwald | StFl | 134 48 | 2012 | B A ;gf@%
2.37 NH
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23. Bussoleno gﬂ 125 A8 | THE 2020 | #RE( | EEFLEE

= EaN=<|
24. Lainzer A | 10.6 AE 2012 | BL H %3?@%%}{

8.3 /NH
25. Katzenberg 1= 4 NE 2012 By H 7 BE ),
26.Zimmerberg | < ¥ + | 9.4 AH 2003 | B A | - EfLEEE
27. Perthus @E | 83AE | 2013 | Br F|  eEFLES
28. Storebaelt 7z 8 NE 1997 | B A | EEFLEEE
29. Marseilli <k 7.8 NEH 2001 B A | - HFLEEE
30. Abdalajis IS | 713 AH 2007 Bt H S {REEL )

2. SRR ENE ER
BEREE PR > AAFEEEREANEER - FKOTERURTES -

8 R IE N E G
e \ . B g
B@}E%ﬁﬂi ﬁ[ E % Fﬁ % E fﬁ )E W%BE@
1. Gotthard T+ | 5T ANEH | 2500 By e 83 IR
: 12017 BB '
2. Seikan H A& |53.85a8 | 1503/ | 1988 By | 7.85 AR
+:_
3. Channel 5; 50 ANEE | 160 & | 1994 EXHH | 7.6 AR
4. Lotschberg oA | 34.6 NE | 250280 [ 2007 BR[| 8.4 AR
5. Guadarrama VPEDES | 28.4 /NEE | 35028/ | 2007 BrFE | 8.5 AR
6. Pajares PEDES | 24.7 N | 3502879 | 2010 BXFH | 8.5 AR
7. CTRL(London) | 3% 19 ANE | 27028089 | 2007 BLFE | 7.15 AR
8. Katzenberg = 9.4 /NE | 250089 | 2012 BXFH | 9.4 AR
PELF-
9. Perhus @j 8.3 ,NEE | 300xE N [ 2013 BXF | 8.7 AR
10. Storebaelt Z | 8 nE | 160am0 [ 1997 B | 7.7 AR
11. Abdalajis VAR | 7.3 AH | 35028/ | 2007 B | 8.8 AR
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3. SEERIR R ) i A R P
R T EEIRE ) Braa o

s B[R (ZEAIFR 9)

9  EpkFERE I E e
s e - . . i ) 40 3 P /5
1. Perthus 83 ANH | 2013 BLH EEf R 200 AR
2. Storebaelt J/ANEE 1997 BrH L= S N==t)) 250 AR
3. Guadarrama 28.4 NE | 2007 Ex A R 250 AR
4, Ceneri 154 NE ZOFEFE)EH L Eg= ) 320 AR
THE o
5. Gothard 7@ | ot | wrEm | 25k
7] T
6. Lotschberg 34.6 NE | 2007 B ﬁ%gg) 333 AR
7. Brenner 56 NEH 20;?;2% EE LR 333 AR
8. Abdalajis 73 NH 2007 B £ EEH 350 AR
9. Channel 50 ANE 1994 EZH %?Lﬁiﬁi 375 AR
' i (AR SR IE)
{7E 2020
10. Lyon-Turin 53 NE fﬁ% FH 7L EEHN, 400 AR
{7E 2020 =
1 Busoleno | 125 A fﬁﬁfﬁ . L2 400 4R
{7E 2022 B
12. Koralm nssE | 7 E@ e EEFLE 500 AR
13. Katzenberg 94 /,NE | 2012 BH EEf B 500 AR
7 B,
10.75 ~NE
14 Wienerwald | 13.35 A5 | 2012 Bt ﬁ%@% 500 AR
2.37 NH
15. Seikan 53.85 NEE | 1988 BYH - FE 600 AR
16.CTRL(London) | 19 AE | 2007 EtH EEf B 750 AR
. EEF BEE 23 A E | P84T 120-599
17 Lalnzer 106 /Z;\\E 2012 E&}EH %?L%E}L 83 /A}E /Z;\\Efarﬁ_.&é&
. . kAT 4500 AR
18. Vaglia 18.7 AE | 2009 By - B EEH DL
A 1 5000 2y
19. Firenzuola 15.2 N | 2010 B - B EEH L%\ J:§§2~ng K
20. Marseille 7.8 NE | 2001 B - B 7 EEH AL
21. Vereina 19738 | 1999 B LR A RAE

— L
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4. HANMERE ZGH
(1) HABZEY =R G GH

1972 S HAZEA T ILEISIEOK SEEH - 8 H AR S B #
1972 11 ££6 H—3E 501 Sz ABRBAEF L2 LS 2SI - fraz
Zje 1 Iy 4 57 30 FOBAEE - BE B fEak 761 3Rz ke 30 (s & > Sl
ASERERR 1 O 733K SEEREY -

PR iZE i 1 B 13 SrZE - I DASERAR 8 BT i M LBk R ROk 28]
HHOK 5 ZRTTK B SORIE R - SATIRIEE, > ARy EE R T
IRF 10 S7A6HE ACK SE3RIG » ARIOK SEEHURARIERE 30 ASET K 714 A2
BZIBE - FKIFIRN R EEGRETIR AT - ARG RS YA EE
AR AE A B MUK > SEE AN BT REN AR E -

ARIOK SEEHL > W2l T E IR ~ RARRITRA - FIEER
RAERES M ~ R KBTI F B AN S - FEEIEIOK K
W FER A HARGE S A SRR ARy B B A - 7
2B HRESN - WAHECKEUA B A dn e HH 22 » (14
(2) SRR R B L R [

HER H AR B EE R R E N 2 BOR - A S 20 AEELE
Z R fAERER R S B HEETF K (EHILIFR 10)-(15 )

* 10 s iE R A e K HEE

[ iE & & RARHuhErE | BdREREZ i B s
2 PrEEELY,
1. Gotthard 57.0 42 ) Rk
fElEE 16 N H
2 BEELE
53.85 ~NH 9)
- e 23 A H
R FE A
3. Guadarrama 284 ~NH 1 Tﬁ%%ﬁﬁﬁzb‘\
B 2 Hh ]
i 2 B
4. Taihangshan 27.84 ,NE 2 e 15 6 s
R BB
5. Wushaoli 21.05 A H ]
ushaoling A\ -
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(3) SRERREE R R Bk i P
S HE AR Hh - JHAC & i - HarE R (RAI0R 1) -

R 11 SREREE R ki R

bk T Rz L R R R E R
1. Seikan 600 AR 40 AR
2. Gotthard 516 AR 86 AR
3. Guadarrama 500 AR 50 AR
4, Wushaoling 560 AR 70 AR
5. Tathangshan 600 AR 60 AR

(=) BFEEFmEES (Tunnel risk assessment )

ISR R EE A AR T - PR E R EEE (Tunnel risk assessment) FsA
AIEGER Y B —ER o H e RS  RHEHR AR E S (Operator ) 224
Z = fERECR - ZA1M > B Bl AA B & (specific )il 774 oL B ER A - (16

1. 2453 (Safety analysis)
FEH I RyEMZ M (Qualitative safety analysis ) K E & B bR AT
( Quantitative risk analysis) B » g R @ gy
(1) EMEZ25M (Qualitative safety analysis)

TEMEZ AT F R SUEPRHIEEHL (accident) K AEHE (scenarios) #E
Z #iE - R (identify ) 3% TIE &7 2 22 asit (safety measures ) ©
[ A5 BH R B P (e P AR EA2E28E (criteria) » DAREIYME FH 2 £ (norms)
FeAHRERAE (regulations) » BUFIRATT ©

(2) EEEESHT (Quantitative risk analysis)

GRIVER (1) EMZEN » ARSI S E TR A e
fit - FTRHEEMEST o EERE N 0 RFTEHBEINSMEETEER (statistical
data) » RILE—BEEEE 2 TEUSER » HFREIRL - HIEFEHHZ

EEehiit 2 w22 (effects)

AETTARTEIIATE - NHIEZSEH (critical events) TR AGEE -

« PREE S (Industrial accidents )

< R Z B2 EE (B REAM)

<k (BB AYSIE)
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« tH#/l (Derailments)

- fiif#E (Collisions)

- fEkEiEs: (Losses of hazardous goods)

- #EfES<sR (Operation failures )

- RUMiT & K2 777 (Terrorism/violence )

2. FEHUHRERF (Analysis procedure )
ik aiEi s BT - EEEHSEAE (Eventtrees) 70474 -

M E G R RU 2~ B R (accidental scenarios ) 23 —HHMEZ 127
FHE A F B R ECREIFHE o BEEHLE T HAVEEE - ERER K TE
FIET (engineering judgment ) SE(HEE{(FE422 (probabilities ) °

BRI P EIE 37 - ST REET AR 2 s TR
JehnbisEas (identify) SrEZ HiGkn# - HX > HE— e E TG 6
¥ it % 2 5% (damages) © 45527741 (consequence analyses) HJAE
TIEAEMR TR - RS HE RN IR E TI23EE (confined environment )
R BRENE o Loy o RileEE SR bR 2 EIEREE
(performance ) #Ffdi = (17 )

(=) FHufE#E (Seikan Tunnel )
1. FHeubzE T

% (Seikan Tunnel) A HA IR FR&GAINEAEILEE Y EEAHE
i PRI R B 2 SRR ES - ZREURECHIRR G2
IS EREEARTEE 2 ANITS 2 B > £/ 5385%m @ BIERERE - B
BB R TR R - HAHR R U BIEGET - SIS OAFE S 708 R B AP 5L
Beiz - R R B b AR B IRE S, - T e A iR h B 5 sl
BrA AR SR 2 25 B HATHRE BT RRIE N TR AR S E R R B 245 DIRIA A
TR BB RS » W E AN BT R ES IR AT 2 (K -

ZBRIEE 1946 ERGHETYIS A T0E » 1964 FET > 1985 52T T
HAREE 21 4F > BitRAfr RADEERRE - B R EETEE > FROTAIR
SRR T AN B IR B R 2 B o W R R e H AR 2 R 2
ZAEEAR o DUE R REET S - SN RO AT 2 =/ NS A+
Iy EEMER /NI o (R LR o RSO Ao e o HHEE K
AR 2 KM S R BN as R « AR E Y 1988 45 3 HIEAUsE 24
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]

IDENTIFICATION OF SIGNIFICANT

?

ACCIDENTAL SCENARIOS
Y
2] 3] (4]  perNmION AND
ASSESSMENT OF CONSEQUENCE
OCCURRENCE PROBABILITIES[ € ANALYSIS o B ﬁﬁf&;ﬁg

1.

H|
GLOBAL RISK
EVALUATION
H| 3]
BASIC DESIGN OF THE DEFINITION OF THE
SAFETY SYSTEMS N EMERGENCY PROCEDURES
Iustration of nsk-analysis procedure.

& 37 FEERERSE SRR

64




HHREHEA (Tappi) BAF5 R (Yoshioka) Wi Bl 5ent - HAIEHE—RER
EEHETT - ARAILFENERRTEE R 105 4 3 AR -

EESH :
JAPAN SEA | mesmg
| Taugary Straits
i
7% EEERR) H
tha ling batws '
Aomari and Haksdets 113en
160.4km
EETRIA cape 'hn):u:nli
=B M
_ME 2 KIE=E
SHIKOKU

PACIFIC OCEAN

E 38 HrREEMHEE

(=KL LY &

b #LBER  53kn850m
| B L8 13km550m MBOEAL  23kn 300 m , B 8L 17km000m !
{m) 2 : & # : 1
Pr EE T ] L4 o E W Dimy, o
L]
300 300
200 H 200
1001 100
o -4 0
G 100
=200 —200
0 km438m 11 L
— 300-1 X e S —2300
5 km492m 3 km500m 13km 000 m i 14km 700m 13km900m) 6 km400m oo 4 n950m
RHMIE "®ZATE MR T(X . HEIE TENIEN z=&HLE THLE
0 5 10 15 20 25 30 35 40 45 50 (km)

[l 39 7 eR BRI K HE B fE
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FERBRE 3 R EAH R 2EFEE 6890 (B H T - BREERE & 23.30 A H
BRIKE 140 0K - BEEIE 100 0K » SRAEATEGUFTES AR L - DUE
FEATRAIHE T G (R AR ~ BRKATHAZ A - ST E B T R
30 AR - RiE ZEEENE 600 o Rk Az - 2 EE > AN Im R 13.55 25
B dUsEm R 17 A8 &8 3 BRPT 1 BEEIE > fRHHEE R AR E
HELPATEDT N A ETEERTEYT © AR RN B R A ES  E
B RELEIZ/KEH » B —ZEPKHH 150 2K« Bt - Ak TPk
/KSR -

FotEORFIEEHAERT ~ SR ~ 2023817 > fERREEEEZEMRI 10 (control center ) »
BIYEHEAVETE I - BERENEA MR (R - 28 M8
{EEN R - A K SEEEMIES ~ HEME/KIROKRE ~ B FIRERIAST - TR
KB TR - — B Arahy - I AT e AR - SRz v i
R REUUE BT AR EERT e ERITE A EEba 5 -

2. [HER = (Type of Cross-Section )
HpRETRA TR, B TEGEERER T RE TR
EHERNZE - (18]
(1) BFEh TR

- DEEFLEER PR T EEFLERY ) BRI o HBE - WREDEEE L - JEHE
EHE - b

- Rk TEEFLEL ) B INBIRESTS - B (ERRES TR/ VO
T o ERFLEER | BREER K > H T 2A e AR E -

- RETHFHZANE AN E R EE R - BB EETE RS 25
I -

- DETLE Bra s > TIREERD - B KENVD - RS
TEAE/D 10% -

(2) BT TR EERNE

- FIEEEE ARKE - T AL B R 2 2R

KB EREIERUR > WY B G H Y T AL, BN
SN Pl Sy syt bl E TR N7

CEREEEER T EFLEE ) BREETI o AN S R R -

- B% T EEFLEEEL ) B o SRR AR EDE 0 T EEFLE L RIECE A
PRI R BT 5 {8 P e il e, -

- B% T EFLEEEL ) B BRI BRI RS S -
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B>/ RJVETEE Cross Section
(TESRiRBAZERS) |

Present gauge

(GREFARFASRET)

Future Shinkansen gauge
A

=%,

w8 L

.......

cemmnen e,

Standard gauge

Narrow gauge

40 FRRE-EEE
3 @8 R

ARERL-LVOEESE

Wi WA1.435
ERE WW1,087 g5 303

41 FRBBRE=#&EH
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=37

Service tunnel

. VBERXEE T 2% (Undersea Construction System )

R PR E SR T 0 PR ERFE (main tunnel) 4b » SSECEIZIE S HERE

78 (Pilot tunnel ) M ARHBEIE (service tunnel ) 25—k (FEME 42) -

(1) FeEE G TN EE R R EiZ i - (ERIDUR S R L&Y E 7y
23 WA T IR o WE R R o ARk RN E R L AR R R
)30 AR - EppiEEEg  SuEEGIERHE T EPK s R A -

(2) lRBEIUEE ERETEZE - RS AR T £ - WLAZY 600

ANREFE B @78 (connecting gallery ) P FBREAH G Rz o i &
% » IR E R NHEK ~ R EE R -

Zi ST}

Main tunnel

. 30.00m
R/ 2U—MEIE 0.12m~0.15m

Shotcrete thickness

—— T —

——
—— . o ——
s —— -

-

i

P
On
3

—_——
e . T i

-
B
by

S -
e -

00'0~008ll1

15.00m=

15.00m y
R oU—NEIE

-f_g Shotcrete thickness
? 0.12m~0.15m

SR
i
3.60~
5.00m

S |

Pilot tunnel

Weev

42 EREFHHUER
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B RILOHES
3

Tunnel

Vertical Shal

Inclined Shoft

[l 43 75 R ERRIE T A4

e b vt
! : Yeshialk Hathsids vid
‘”tﬁﬂ*w REH Unde land 13im850n “,w BB Underas Zw)i0n = "I° . B ond ) ibsiia vidy
| Undee w00
i3 HERz | i P =
mﬁ.ﬁwfamm. adn Gan wshaun! quipment room —EARE
| QTS Yentlatan wechine regn
TbA=3=0ik

AT R
(b

- HANEDE
PERBATS) ;
‘ B47 80 M Tl W@ e AT MRNT

HERT i Vantllgtion mochine room
BREN Tigow Srein T Gai eyt equipien! reom T

BG AenoAt F-TNER
— 1 nhined cobls shal

Yungiate, hirichi-cha

LL TR

DEANTADIABAAS
=gn Lo
r=TIER
ol cabla shal)
Sunyoshi incised hak Yarticp
Ry
Mo

Ticka tnchued shoy  Tackbasa

ZURAR §

Cannezhing gallery

RRER
ﬂ‘!ﬂp

© Pilot nesd_{1/1 X
Lol

EEEER (R)
Yoshicka Koilei (Undersea) Sation-temporary

W‘

ZRAN
pxEn V100 OZRRE,
Weter droinoge croa

Sehab rea

FETK AL Waler drainoge anie

Canncting gollery
L
1A e

& 44 75 EBRENE T S48
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4. BE/KESE (Drainage Facilities )

BAFHRERIE K > HRERA R 40 AN > R EE RBEGEHRHIA
CIRHADEIE » (ERRLILERE 2 B2RE 1=K » AREERA - 1% > PRA
FkiEsREIHEK % (Permanent forced-pump drainage method ) ©

FE RN E T ASNHE] (Honshu side ) 7Kk (P1 k& P2) » BB SoHERFE

Fe ks > WEARMT (inclined shaft) ZHE o Fyfnl#EE —HhzKih » Z2EKA
R B B AN HEB 57K (Seepage water ) FEH SFTEL > FH7KuE P1 BB
AR A5 55 B 8O R BRI HEK > E /KBS I 2 e » T A e
EETE 2 EE TR o FRBRIESTUKE R AT ERR S & R EHE K %
& > 51 EREEZHKEEE - LA KRR R PR (8 45) -

JE&E M| (Hokkaidoside ) 2 P3 fH7KUEEEE T FeiERRE - (w8 L AAS N
IRk BslxE 2 Pl #vKUEEAE » TREE A SR sE E R 2 8l 2 P3 HvKiE 20807
e - pRAh - Rt opté B RIFRIE IR - SHrKub A HEIE - B
BT ENRITA LR - IS (B 46) -

5. #EEEHE (Ventilation Facilities )

e E R — R E AR IR E - FRIETEER (Wind rate) FUEHEA
FEEE - A TRV
(1) ZUEELTHHRIE IR E AR -

(2) EEHWESAFHERE  FEEEEN -
(3) BB WA EBGHETRE -

Ryt e - e ER AR E R ARG o 22 RN AL E R
IR 22 8 (air-intake fan ) WA » &8 HSL#ERRE X A T BXE » BERH
FRrEmEHE - KETRGEREUR - MR TREZ BERERESRN 1 AR
¥ (m/s) » FIEFEE 7 ZVERATE A IHE R RRE - BIERE A3 KR
F - BERFT 2R ANREIRE - R EOK SEERT - 32 E R
Ryl Rz s ([El 47) -

BTTE R © AFgE T HE TR IR - R ERE N
64 m*/s 5 BEEGIRIES - AIFETTE 80 m*/s o FREHEE H AR PEME) » A &R
Wt HERE B 10,000 m*/min (166.7m’/s) » 492 R E -
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FRILA D BED Fi
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47 WBEITH

6. KSR (Facilities for Fire Prevention )

F BB R 53.85 N » MK AN - FI g A] gE i Ak
Z o MR EEA B E N 2 B2 #EnE (Emergency station ) 5% HUEFR
BN W Z kA K KB

HEIRESEEYE (Tappi Kaitei Station ) S &5 il Bz Eorh ('Yoshioka Kaitei
Station ) FXEAAIN S ILEE I SRR - —(EE=HEEEHEE 23.04 &
B BEmRE s R =a007

ke 48 23R MR &HNE (Yoshioka Kaitei Station ) #8442 KoBHBER AL -
—RIM S » F MR IE 2 B B 7 7 0 2 i (B ke s v e s A e
WhAERZ @ (Escape and rescue passage ) ° A8 MIEE B 40 AR o FRFEES
HEEEAG  DGEIRE HRKFIE T Sa a0k 2 EKE
BEAh » S ok A iRl - e A —EER KOEE A%
( communication and announcing system ) > 1] 5 [ZjRE £ LB 0 SHHHE
B (ITV, industrial television ) K EGfigs » DLERSRE 4 7 EIEE
e -

Rl BB H IR kA - @R R R OK &, - RN &=
HUEEH: (vertical shaft) F#T ~ HEMERS (exhaustfan) EEFRH - [EEF - 1@
JE\{EE FH 2 25 R 55 C air-intake fan ) JTiRFFF 48 2HHE - 28 FHART LR JEUR] ( wind gate )
Z BB 22 AR E B A\ BT

2% R A PSR R R Bz A AR T IMAE I 0 AR N e R
FRIH o Sk A REiEE (Escape and rescue passage ) FRIS K AR @ 35 E
H—EFE (waiting area) ELABINFI A TRE @ 32 @I AL Sa B B
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VL (medical relief station ) » RF|IEEEZERE -

B b 2 NS BB

™~ (# 2z ®) R
o l [GemEs |
\‘. — e o
A @
=it ARER
A %

-

I TVHh*S 2E—h—

ERE2— NSRS {
49 BEEABITA
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(R FEK S 35 AT BEE R IE N I E] - B BB S o S E R E
MMERIR KB I8 HE » WHECR T FI BT TR IR Dk A - FLR
PETEIFA » R R HAECRIEEDK SE - F e E R U NS M - 1958
K BT MG (infrared rays) ZARE(EHI (thermal fire alarm ) > B {EHIE| 5=
PSR © 281 > $RFIEEEAIR RIASARY -

e

rfL.m#l P 'i‘ “

BH 11 EBE
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A 16 HEEMEE

BhR 17 fREE
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A 18 RS EuhRkEEE

(EEiaRE)
300Cc K s
180¢ K | 2mn T
400C [K ®‘gﬁﬂ’:~
(TFIMEIERTE) | ARTERREON

AEKHRAEE g e

50 FIELTSMp AR (1/3)
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51 FIELTSMRIBAEEE (2/3)

fRR 19 FIEAIMRRAIEE (3/3)
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7. HiRER SEt

HE HAMEIRE - RiECREZIEY S s  F R ER H s S

s B P SRR - S thae it A E R (NEWS I BAY) - FHIETHE ik
%4t (UtEDAS) ~ {HRME ROB/Kig Rl 2505 rH (& 52) -

F—J7H » N E R EE SR RS - A E K ERT - SRk
Heapdtd » AEFIEREEEE CEREORE TN ) A > B FRRESE) - 5t
ARSI FEH 7% - AEILEIVJETE - 2 ATC 0.2E (48%
{F 15 ) AL - BRYIEE G TR - RIFRRER 80 HIET S
A% JTREES LT -

(1) HEHE (NEWS 2 EZ, New Earthquake Warning System Improved Type )

NEWS i EABER HIER - InRKiA(EEE - FREREEE =87
TR » & R E N O SO RET @R T - B NER o EEAEHE
IRENIIZE 40gal LLERE (345 30gal,80gal, 120gal =F&EZ ) - HEE ﬂﬂ%éﬂ
BRI R A (S EE B 28 2 e BB 0y (control center ) Z HOREREE
WA 0.2E SREEEESIER (178 -

(2) FHBEHEERA 24 (UEDAS)

UrEDAS FURIMEE 2 PR 1% - TLRIHE(S I RE AR S B R pE R > I0H)
ErtEESAES - AR EEER LICEHA B REEERI L - F
EUBEE A UrEDAS HE3% 5 ) UR -

(3) fHERME

xR g SRR IR MCE IR - R - 7575 ek 8 H /K ERE (16K
faT ) - KRR (21K Ff3T) ~ F1 By (30K Fff4T) ~ F10 Erjg (33K FfaT)
FUm A A= BUEEREE - F—m9E =0 - 51 12 #HSE
FEERME - B TR~ Dre amplifer 52 ARF5B%7E > main amplifer &

(4) BKAI R

HWERE K ERERGRENTECEREE ZE > HRKNEZEE
2o T RRFRE S5 DA B R T T B KA AR o KR > HEWIER
MR < R - NI B E RS H S %50 ~ i TR K&
FhxE - IRFhEE - e EGTEE » HEE 27 BB /KiREE o (A

"HETRERANES ) HIBCRACZE - DA rFa'ﬁﬂGF”HZ%Dﬁ% 3 AKERECORIR - iBEE

BHEH A/D SREs A (E B P BRI
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B 52 #hER KEh
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AR RKREERH ZHEHRE > R Asdiikas N HEHZ
[ > BCARSUEEE SN - HATH g E 2 il et - B EZ4h
TR TESE ~ S R ks - REcoIUBENR ZBE - 1A
ZHRERG KRN - 1 BT R R R
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RR 21 BEAERA
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RA 2 SEEERE

fRA 23 KRBT RORREER
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BBH 24 BAGH

A 25 BARRAIEd
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8. thEzE= (Control Center )

TTEER T ehbE e 2 & B (REAL T eREE R B AR 2 R B
(Control Center ) 4i—E Tl o SFIHEFTIEALE S FxE N STHEHFHTIL (AR
5 BT RS - EREE KK B - ERME - JBK - TEEH - B
BONER ) AT RN BE PR I AR ( panel )B4 PC &% B & (locomotive
driver ) Mfi O] A (o BE eI ( A AR EE BARG e = 3% B (diapacher) % -

T HBEE P EAR]B S B i 2 BUORAEHUE. > $90] H B S 2 o B i
BRI RO B AT FEIAEHIRCK ~ HRE - S EE AR
> AHRANE - Lt REEE > FEEHEARESE (optical fiber cables) HIE >
PORER » FyduiE 2 Eiaidlr ; AAEYCAREESE LR (malfuntion) ;AN » H

LEEPE S A 2 B0 (microwave ) Ze4% o AAIVERIRE - 75T 0 7k
HEM L HAZY -

Eh YL THsmq

BhR 260 sXEHE
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BRR 28 BELEKER
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R 30 PC B
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PC fER}EETE

WA 31
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A 32
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RA 33 BHEERS

A 34 FrEZERAGHE
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(PU) HAR¥#E (Channel Tunnel )
1. SLARE R T
k%78 (Channel Tunnel » 7% Chunnel 5 J£&E Le tunnel sous la Manche )
B 5045 NERAVEREPSZE - S AR (English Channel) %
{#EI7KZE (Strait of Dover) T ([& 55) » 7S E Y& se 8 (Folkestone) F1A
EIsEIRE IR L (Calais - AL FEBIILEAVIISRITAT ) - SAR E K
BEH 75 ARG ZFEERE T RE R 37.9 ARBAHRE— P2
T EERERE &R 23.30 RREAVHAFTWEE (£ 53.85 A8 » ZRE 240
AR FEip— -

R R R E A m Y [ EEON 2 2 (Eurostar )~ /R EEHEE S E ( Eurotunnel
Shuttle » BREFZEHE ) R BHPE G S 2 17 - Eurotunnel Shuttle /&) EEHEEY
B e R RS N - BB E N 2 R (Terminal ) 28N
P LR o AR WA BE ) il B AR = 2R S A04R (LGV Nord ) M1 1 5% = 288
B&# (High Speed 1) #HE##% - (19 )

L P s o5 F RO R TR e 2 AR - B nIE &2 1802 4 (HELER 5 A
Rl g e 2 B 22 22 e B AR BU G R Bl Em BR 7 » (i R B R 33 7%
78 o % EHECMNEXE N E]) (Eurotunnel ) FA 1988 &) T » 1994 FEiH & -
B T A2 482 8 HH L TR (2 P2 80% > HIEEZRRE By 160 2\ E /N - £/
1435mm FEAER] -

2. BEIEFEHEAR
FEAWE TR - FEBIENA AT ([E 56)

(1) FBEEEFLEE#BE (Single tube with single-track ) B 7.6 /AR » FEEE 30
MR & 5045 AH -

(2) WAlEEF[%E (maintunnel) [ > SSeEARFSHEE (service tunnel) » EHK
4.8 AR e

(3) fe[A#EE (Cross-passage ) ELAZ 3.3 AR [EFE 375 AR » #pE IR E
Bl - [%iE

(4) WIFEFRFER > REL2 ARUEZEEE (piston relief duct ) » fEIFF 250 22
Mo

(5) Wi RERsRSS T i 2 MBI g 4R % E (Undersea Cross-over Tunnel ) ©

N
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link

-
-
-

Dover straits

55 FAREMHEAE

15m 18m

y
)
y

-y

Concrete segment ,

f— e —

7.3m internal diameter running tunnel 7.3m internal diameter running tunnel

4.5m internal diameter service tunnel

Typical cross-section of the Channel tunnel system.

56 FAREETEE
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3. PEKELNE (Drainage Facilities )

FLERF N E T T RS AR HE TS - B EEHE TR AR IE 2 K& -
RpFE BT 4 F » HEAHEKET (drainage sump ) » B]RFEESE /KBRS %
AN - FEKGUREESEE /K& » WRER SR AFE KIS - HFoKE
B RAKE ~ FREVHIKEE -

4. mJEzE (Ventilation Facilities)

R EOK I R > A E R AR SR o ¥ R B AL ER
k% (Service Tunnel ) IERLEEE - AN HHBRE KiEREENZ
FrE TEAN R - FREEH S NS 2 TIFRE -

FoEWEE Z — N E 4 (Normal ventilation system ) » BIEAF A #E2E /A4
AR IEIE - AR R SRR s R iE S - 5258 I 47t ( Emergency ventilation
system ) BCESEFZEHERTE - BUB ISR E < BT
(1) —f&imEZ% (Normal ventilation system )

TIE T8 50% 2 )8, » O] IR SO B R S it E fEE - 125
A —REaEESS (Ventilation plant room ) EEFEHFEARHEE (Service
Tunnel) Z HE 3.6 AR EH (Shaft) F ; FHEES—H] - #EEE
( Ventilation plant building ) Rz iAYS L Ebnnfk=E (Shakespeare CLff ) Rt
AL 3 R s e
JLEREZE R 0 BB R IR T A AR B R R 5 pe ) s » Ry
88m*/s > JE DAFRHEREE 20,000 AFE K 8% R Fl(dampers) ¥EH SRR ARRE -
WEC et RSP (gate) HUFS- 97 ZZRIR & - —BRZEFI(Airtightdoor)
RIS A sl 2 e -
(2) B2BM %48 (Bmergency ventilation system — system )

WO - SIAW S 2 R Reaseff o s n] E R AR R
BRIERTAEZE R, DAEGDK SIS - (AR - ZZREF 200m’s 5 B2 5
—fH > AR 300m*/s o 55— 5T > AT GRE LR 2 ml e ok S K%

( Smoke and fumes ) °

5. K SEFHIE g (Facilities for Fire Prevention )
(1) AR#EZ#E (Service Tunnel )
Ak #sl%iE (Service Tunnel) Jiti THAMIHA - FFEIRE - 15 ER%E 7 FiHE
A (2D 1 AHE) DIERERTTERN - SRR AL 75t Eh e
B AR ACRIR NSRS — B EH: - mEEEg  TEREHR
AifERE A8 (Cross-passage ) SR B EEH - IR HLHTEEZE RIS =

HHA ©
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(2) T%ﬁi_i: (Cross—passage)

REAAE AL 3.3 AR [FE 375 AR EEINRE Rl sk 8 gl
FhxE - T 1996 4 11 H 18 H# 4 2 i K Sl EUU\%%EEEI"J
B o RS ﬁﬁ%ﬁﬁé’%)(%z.iﬁﬁﬁﬁ‘:lj—ﬂ%% IE > NP
BT HEEER - HE - RSt E A E Sy 250 ARGEE — ﬂ*f* (ETNJA
BEE > WIS AR -

(3) /ﬁ% #8 (piston relief duct )
TR 2 TEFERUE - T ARV R T B L r RE R B RSP A
ARG - BB ~ BB HEEER  WiEE [ HEE - B2 A
R EZEEE (piston relief ducts) » [HIRF 250 23R » AT A A RRES )& 28
SUNE -
(4) F5RE M4 (Special arrival siding )
FIEEREAR KK+ — MRS TR R RF R 2 VR 5 K B RS 2R A 20 B
I o R AT IR ELREG K P (fire resistant door ) BEEA » F@BEA K EE -
TEEZE AR ImILAT - FIEARENE - BEARIRSET 2 4R - s n PR bk
Bk A R F ORI Rse s o BEEZEMIGR 2 EIE - A B HAMT K AR
BT -
(5) ﬁﬁﬂ
AllE

ﬂlziztf bR IE R — IR A RR S AR EY SRS Ba i - SRR S HZE
SISSE KA T EARE - MxEsEt 2 MR A 30 #IE > WEH
AW Y2 S B AR A P R Z JEER 24K -

b. B R E G EY)

Ry TR DFEOK SR 7 284 BIOM A\EJ (Eurotunnel ) BEiZER%
EEEEREY) (Hazardouscommodities ) - B EVIRIE AV AHES
%n% °

LB ERFERXK (Emergency reaction force )

)(“‘%3(2?’*%% AR R K S Hry (National Fire Service ) e
ZAI > BUMBRE A (Eurotunnel ) AEE— LB THERX (Emergency
reaction force ) » RJ AR EI 22 (-] 5 A= SRl RS -

AL A sk iE > 18 240 (STTS) A (i Ak B P af i R E

FrA IS o AR Ei A SBR[ 24 - TEHAREE
WA BOKFIES 2GR &80 STTS HiwE A —(EfEFFE (Pod)
ASHCRER B i FENER M PR BAR S A EIFR K - AT REa s -
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6. SLERKE 1996 Fk SKHEL (Eventof fire )
(1) FHEH
EEOK AT 1996 11 A 18 H » SHHGIEERT) AN HARE > nIRE S HE
HAEY) 2 S ARRERTNEL K HERITRRE RSO BOMER B
J3H] (Eurotunnel ) FrfEss g B IR R 2 JR A -
a. JOKFIEHE HGV FMEEYKE (freightshuttle) » 35 HEEFF#=E H
Z (loading platform ) F2 21 B 42 43 » Bl AxiE 21 0% 48 43 o
b. 21 BF 49 47 BERER K S8 5% (& B ofu( Fire Equipment Management Centre )
WeEEA - REN—EEFE S R i E) - 5A s EE) - &2
PRAFRT By 21 BF 50 4 -
c. 21 I 54 o7 » BT SRRl - — (B E e as R, - $ERE
Hl O e BRI R R AR > JEZEE M (piston relief ducts) HiJE[]
(damper ) BAPA - DU SRR R 2 S — (ki -
d. 21 B 59 73 » HIEELLE) 7 - HIEE A AIEESE H1F0 (Rail Control
Centre ) ©
e. 22 I 04 47 » FUEHE I BRIEK (Response team ) » #E ABRIERIE
£.22 5 12 77 > $8p&E H OB B il 247 -
g. 22 55 21 73 » FyBEEG I R S A Ik A s i o Lol B
ATERHORE 2 f A 78 (Cross-passage) [ e
h. 22 5§ 25 43 > BlE A R w2 AR SRR IE -
1. 22 1§ 42 77 » FRESFHETEAE YNz E 2~ FEi2 5= (tourists Shuttle
train ) °
J. 22 05 56 73 0 VABE R BT (response team ) HE A SEHUIAS 5
231F 55 7 » GETWERTRIEK -
k.EPEEPFR (National Fire team ) JAF IR EHUTEL - IWFEHEROK -
2 18 H SFF00 77 » KEVEATHEEN, -
(2) KRR R
FIHIZELS » KBS IE 2 HAM S E - (a1 > KORFOIRE
=2 1,000 EL | - BFEEEMIEREEE 46 AR - EZHEEE I E
i 280 AR BB R IEAERAY 500 AR - R E AR R T i) gt e ia
4 60 KEERAEE TAF s B RAREEERMH A 4000 A RBZHIE -
BRI A —{E H DLk -
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(3) K EZEN
a.JE i N ARG KK I 2 AHRTES (detectors) » B 25 MY -
b 515 | RS (sensors) » ARESEHEIEME 2 B &G -
c. THES SRR EAE T8 » 7K Gt RERAE » A8 KoK 2 hg -
d B R £ 25 (877 (Traction power)H (5 FHEVE K5 [ - HEEN S5
B
e e kA iR - HIEE SN - H5L 0 #ERE TP (Rail Control
Centre ) ARAEFE /I H#ERY (sufficient precision ) SKKFNEALE - 187 ST
A A (Cross-passage) ZfHH o RBBXENRTE S - b4 TEEHL
HEFEm S -
fOKEEEHIES %2 (Fire detector monitoring panels ) FESR B AR i oh .0
(Rail Control Centre ) » [ HK KEELHEEHUL (Fire Equipment
Management Centre ) B & °
g ARTOK K - FA 3 SR B AV ED Bl S K g - g A
(4) P RAZRFUUESIE
o F—IIEY) Y EEEERT - TR RS A o WA H RS E i F0 (Rail
Control Centre ) ©
b.[FE NP K E A - BRI A BRI B HEN - MIRER R
S VEIRA] -
cHE R (Chefoftrain) FEFEFEHEMAE » A EHFEIKERE -
d AR AT DK A > BEPARE TR ERE2EE 8 (Piston relief duct)
S BN B i Rl £.478( Emergency ventilation system ; Supplementary ventilation
system ) > FEITEIEATT ©
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(F) BOMPA S 4R FxE (Base tunnels of the Alps Transit project )

BIOMD AR~ FAH B L5 B 3R I A T R A PR % T A2 (Railway lines)
ZHRE] Bt BISEEEE > AR TEE O EE - HfwZIgHE 25t
B 0 B I N 2 F AT LLETES (The Alps Transit project) » B KIS
AU 8 ( Heavy freight ) H i /A BSEEAS 28 35 - W 0502 g LRI North-to-south
direction ) $F& AT » 4AFLARITIGE SR HE S 2R 2 I 240 - IR FRIR(RzE
B DI EE B B R A TER RS 0 W B s AR i BB R R R
A Py FL4RI%E (Base tunnel) © (20

AREtE HATE UL E (8 57) !
(1) E5-#EELEFE (Lyon - Turin base tunnel )
(2) ThfmaiEi4f%E (Brenner base tunnel )
(3) BEEpER4RRxE (Gotthard base tunnel )
(4) BhayILEL43P% 8 (Lotschberg base tunnel )
Hrp R 57 N B 2 BEEFE AR E F 34 N EEhE ILARSR IR E  BEA
R K 2 L HERR B S S TAE -

*”‘J Brussels*

BEL.

(«

LUX.

Cologne

A GERMANY 7 g

~, Frankfurt -
am Main

l..uxém bourg
; JStuttgart

CZECH REI
Brn«

J
&
N

Strasbourg¥ =

GOTTHARD
BASE TUNNEL

aruey

Vienn
. AUSTRIA|
- ¥ .

BRENNER
BASE TUNNEL lﬁl‘

LOETSCHBERG
BASE TUNNEL

FRANGE

MASSIF

CENTRAI
S ) LYON TURIN

BASE TUNNEL

-
Toulou T3

Ando
la VcLI Marseille

New European railway base tunnels

B 57 RO B LI R B~ T
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1. E&REFEMEC (Overview of base tunnels )
(1) HER-HPEELRPFE (Lyon - Turin base tunnel, f&5f% BLT)
HE-#EEL 4R i%E (Lyon - Turin base tunnel ) %ﬁﬁ@%ﬂ%@ﬂ%
(Smgle tube with single-track) * f=%2& 53.1 /N H 5 38 B 1& (738 26 ( Cross-passage )
AR 9 i SR T — PR HE (Rescue station ) © Soax —Ji@ /1 ARG
(Intervention points) > fir > Val Clarea ~ La Praz & Saint-Martin-de-la-Porte
(& 58) °
A B ERHR » Modane-bis BrEZEEE K =@ /i AL - A etk
AR 2 B = 5EnE (Emergency stop ) © BHBHEIE R =E /T /\55
A7 ATHE S A SRR (Road vehicles ) &8 HH#8 AR%iE (Access tunnel ) fE2E -
Modane-bis % G A IR B 2 kA3 - L Ry SRy B S5 7l
TRHNE
FRxER IR FHE 2020 FiE = - TG RRA 183 PHl=
1ThE » THRRREACERL S 76 (HEOT -

East Portal
Turin

_¥#.. Bruzolo

Val Cenischia

Shaft Avrieux -0 O EReen. Intervention Point Val Clarea

---------------------- Rescue Station Modane-bis

Intervention Point La Praz

West Portal % g -

Lyon A

’) S u ................................................... |ntervention POint
st Saint-Martin-de-la-Porte

DOK_2008-06-24_WTC2008_Figures. ppt

" Saint Jean-de-Maurienne

Lyon—turin base tunnel

58 Heq-EVEEERIEE
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(2) TafmanitagfxiE (Brenner base tunnel, fHfH BBT)

A fraiS 4R % E( Brenner base tunnel )] i 2 B8 71 B % 2 ( Single tube
with single-track ) » %257 N H ; g EfE =878 (Cross passage ) HEERY
FE T Wi - S WA R T BB Ese E —FRBFFKE%E (Drainage tunnel) » EEF
BxiE R4 10 AR (18 59) -

FRE = FEREE H I (Rescue station ) {iZA Innsbruck ~ Steinach 52 Wiesen
B RERIEE IR A RES (crossover ) o BEHT Innsbruck FIZE LR HIZ
AR E (Bypass tunnel) » ELFY 1990 FES1T{# T -

=RERER R, - EA R A FRE S 2 B EE SEuh(Emergency
stop) * JRNA[{F Fy&EE (maintenance ) F2 i ({H R » B Bl Al FE TR A
Hiffj (Road vehicles) &8 AREE (Access-tunnel) $2 o b4k > Steinach
RAE HUEI NS A TR N 2 AR 3 L Ry SRS B S 7 i R -

HAl LR Esst - FHE 2020 FmEEE - AT KA 264 TSI
{ThE » THRRREACEL S 50 (HEOT -

Bypass Tunnel
Innsbruck

Rescue Station
Steinach

Connection Tunnel

Rescue Station
Innsbruck

= _— DOK_2008-06-24_WTC2008_Figrares.p0t
North Portal ’;5.7-'

Innsbruck

Brenner Base Tunnel
59 ThfmanELREE
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(3) BEEfEEAL4R % (Gotthard base tunnel, f&f% GBT)

5] Aif (s - A # B8 AL 4R F i (Lyon - Turin base tunnel ) £
AR BE L B # % ( Single tube with single-track ) » & 57.1 AH 5 JREEHE
ferF i (Cross passage ) ZELREFYIE EREH

T PERERERE (Rescue station ) > fiZFY Sedrun 52 Amsteg > BEFERGEE
UhEER A TSR (crossover) (& 60) °

TEREEELE (Sedrun & Faido ) > M E AR AR EHH 2 B
{=5EE (Emergency stops) » JRAI{E & (maintenance ) F= (M
"k ABEE (Access tunnel) > #UILFY Sedrun K Faido » #5 ] HAES
HLHF o Sedrun FAEELVE - WA H (EHEH: (vertical shafts) #E A -

H AiEE e B AR i T > FEE 2017 FEm e > JEEEREE
294 TRFEATRE - TAZAEKEL Fy 54 BEEOT -

South Portal
Bodio

Rescue Station
Faido

Shaft Sedrun

Access Tunnel
Faido

Rescue Station
Sedrun

DOX_2008-06-24_WTC2008_Figures pot
North Portal
Erstfeld Access Tunnel

Amsteg
Gotthard Base Tunnel

60 EEEFEAGEE
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(4) BhEyliFE4R%E (Lotschberg base tunnel, F&fE LBT)

ghar LIAEERMxE (Lotschberg base tunnel ) 71 By [y FE BAf L B fi% 8
( Single tube with single-track )£ 34.6 2\ JRa% BiA# [A] % 78 (Cross passage)
PEPERA R T R

T REREEEE (Rescue station ) > ALY Ferden 2 Mitholz » SEERFEH
UhEER A TEELR (crossover) (& 61) °

HATEE s G » 500 2007 e - KA 110 AT
B THR24EECE Iy 26 (BEIOT -

South Portal Raron

Rescue Station
Ferden

Access Tunnel
Ferden

Access Tunnel
Mitholz

Service Tunnel

Kandertal -
Rescue Station
Mitholz

North Portal

Frutigen

Loetschberg Base Tunnel

61 EhErllEARERE
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2. i EEAI T (Types of tunnel ventilation )

b8 (Tunnel ventilation ) » MEEEVVAFFEREIZIVEK « —MEME >

#EEE(E (Ventilation operations) 5 =FEAIZ, -

« IEH#E{F (Regular operation ) * TEH FIH{THIRF 2 18 EHEE -

- E:€#(F (Maintenance operation ) * #EfTRRIEERE(ERE » FIEKTE (=R
Z B EEAE o

« BHUHEIE (Incidentoperation ) * #FAFIEEHRS 2 @ EEIE (Fihl 2=
KKK fEknRAg)

S SEFFnT e E Sr LR R R 2 DUTERRE TAE > HRRE i 2 B
(fan) firE S EEENT (fan power ) @ FEEFE5ZR 12 (fanrate) o FkiE 0 E 2
VERS - &8 (damper ) ~ 58T (air lock ) M%7 (Supply and extraction
duct) FEHC & H#ETT22 R - B w2 A8 E > 488 F R EE H 50 ( Tunnel
control centre ) 7T o

3. Wi )E E A K 3E E (Objectives & Operation of tunnel ventilation )
(1) #BEIEHF#E(E (Regular operation )

BXENEVE - KA EEG O 2R Y MYEVE R TR 5%
EANPIREL TR o RoWECRIZ B R IEH Z#(F (Regular operation ) »
BB RS MR AERF RS 35 [ ERDUT  fEFrAMIBRE » FEZE R
HIRIEE 0 TR (Piston) EMENTIHE - QIRFELRIEERH
7 » HIEEZE R (air-change) & @ BLHE @ EAHETLA0 (20
BBT, GBT ) SUZELLAAIZK (cooling water ) R IERE 4R (41 BLT) °

(2) #EEZEHE(E (Maintenance operation )
BB TEEIFYE - BB EE AR EE R A BBCEL
K {EEEEESR (Occupational health requirement ) © FixiE N 22 @ACHA
( Air-exchange ) » {&H#22EE (Supply and extraction fans ) ZE{EFR{HL 5 DL
750 BB NREES TR R - e e mii N BCE L R
oK o Al HEAAER -
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%12 BN EEE)

B RSk BB 1(m’/s)
(Tunnel) (Fan stations ) ZE SR ZE SRR
( Air Supply ) ( Air exhaust)
Saint
Martin-de-la-porte 2x90 3x£200
(Lyon - Turin base tunnel) Shaft Arieux/Modane 2 %200 6 x 200
Shaft de Val Clarea 2 %120 3 x 200
Total 1,000 13,000
R tatl
Rescue station
iftaNEL sz Steinach 2 %200 2x£250
( Brenner base tunnel ) Rescue station
Wiesen 2 %200 2 x 1250
Total 1,200 1,500
R tatl
i 2 %200 2 x 250
R AR Rescue station N
( Gotthard base tunnel ) Faido 2 x200 2x2250
Total 800 + 1,000
Access tunnel 2% 15
N Mitholz X150
BhEy IR SR R E Emergency station 2 % 200 5 % +950
( Lotschberg base tunnel ) Ferden X
Total 700 * 500

izt « + BRI EES (Reversible fans) > AJHET 728 AN HERAE -

(3) #EEFEHFEIE (Incidentoperation )
PRI R i PRITE R - SECE(F (incident operation ) BESEAET

JRAZ R B TR

» AR KBTI - FRHECRIRE A — R 2 R 2 SR (FHEE
FHYMA S BRI A 22 )

» SCFR g EEIEEEND (emergency stop ) FIERE Z HRC (self-rescue ) 17
By G EREFEFRIREISHERAE) -

B RRE - Rt — R AR PSR (R R EIR R B ) -
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o« JOKFIEE S A R B EAE5ENE (emergency stop ) 4 >t FFIEIRE > H
RAT R(IE KRR ORI 2 J8ED -

B FF B E R A R E e Fnh > WM E - (FRERAIOT ¢
* FIHAR AR E B IZTEIAA
[EFHEEHCEE ZSE (incident ventilation system ) » AR AL @ S22 5/,
TEFTEHIBRER S - i R a2 H MasS i ARRE (access tunnel )
A > DUBERIR ASERNE - IR ST FRIEHE R A RE 2R, - R
V2 RO R i o
TIEREERRNS - G EREMAFTZS - LBT,BLT k& GBT : f&#H1K
JELDAEREFY (damper) PLASZEH] - BBT @ AfF B &iZFenb s E —Hk
PrELpE -
* FIHAE AR E B fE TS
Wi BRI SR ETR AL - DIk sk A miE - R A s
R o RiRE N B IER S BB (self-rescue) » KRR IRIE Z 5
BRI EE/)N (minimized ) °
BBT,GBT K LBT » Ai{FactfritZ i (LR SRR E 5 51 E
TTRRERRS > DIERRIEG B S ) - B E8-H B AL AR PR 1R 51 B K St B
SHTRUENSEHUH I S BB IE 2 B (AT EURER AL - JBJEETH - K
T R R U B i/ N ) o
- WIS A E R AL B A AR s L 4R 8 2 oy AEh (Intervention ) » S56F
G DU e 2 Gl A E AR E (Access tunnel ) HERRIERIEE 5 [FIHF R I HY
T ABE R P R SR RO R R N -

4. BFiEZEWE2 (Tunnel safety concepts )
(1) Z¢2$EHE (Safety Measures )
P R SR AT LR AR e - H— e F 22 8T (Safety Measures) #4171 -
- TR L BE AL BB (Two single-track tunnels) & I1E[a 7 [a » %—FE ©
én%ﬁ(%ﬁmﬁ ( Rescue Station ) °
« fE[a)iE (Cross- passage) DA EERE - A B g -

- IEEEE PR > BB E5ENE (Emergency stop) A 0 285
LRI T%D?Uﬁ%m%@$%26’ﬂéﬁvﬁaﬁ CFrRIET Y BB
RE ) °

- HO- B AL IE WL R LIRS - SN RS EEN R E A
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2L (Intervention) °
P SR AT L R AR 2 MR st - REENER 13 - ARGENE
e Calarm ) FRHERESEEAN (rescue concepts) HfF -
(2) ¥EEFEFF (Rescue procedure )
i am IS AR SRl E SR B R - SRR
AEEETT » BIMZBERNE CIFT AT 2 fE=0E (Rescue station ) B/ ARk
(Intervention )  FFHHFZER .00 (Controlroom ) #E{FAHRENG Kaefh > {58
HEEGE BRI o R BB Tl Tl E A -
a ik I
R RE S E R Z2FFEYE (emergency stop ) > RAENREFTIE
A= FETE (escape route ) #E A BETAFFENEZ (R 2 F 457 (& (waiting area )
N BZ &I S M AT 22 R IR TR R AR K SR © FRERFE
IR R E B IR SE - AR ER Y BT (evacuation) °
EREs S EAE B b N (o] S BE - 206 A R 2 75 s At i ) s 2
(Cross-passage ) #E AJESEHFHE 5 FHUHEEZ4 (incident ventilation
system ) & DA s BRI 2 Rl AR SRR - TR R IREEE ISR
TR TR TNRHE et EE 5 BT TN -
b. & iES |
WG RRER RS E - FENEREN - SR EBRE RS
FHIE > FEimiEfEEEE (Cross-passage ) #E ASEELTHRE - $HEHERR
BN EHEYE W EMEC R o BHE-AERAGRE - BB
EIEYEARE T ABE (Intervention ) » RIS A B 0 SN #E AL E
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13 Pl SRR i 2 kg

ax i

BLT

H -

(53.1KM)
2020

BBT
4N

(57KM)
2020

GBT
EHE
(57.1KM)
2017 4

LBT
BT
(34.6KM)
2007

— ~ BE3E SR (Tunnelsand portals)

RS

O

BRI ERT

O

- TKBCK 35 s

. BNFS E S

O[O 1010

SIS ES

KE(HHIES

.ETCS?2 #ZH 248

1
2
3
4
5.
6
7
8
9

HEZ SRR

105 B 8 (AL

OO OO0 100 OO 100

O 1O O

— ~ B2 5 (Emergency stops )

JEFHIR S0

O

O

HARBCK 2 &

KK i

. BB A

KA EEHIES

o
. Edn

 EEEE AR

O[O OO0 100 (O

O 10 OO |O

OO 101010

= ~ fE[AEE  (Cross-passages)

. EHIr

O

O

. IKBK 2858

O O

KE(EHIES

i

O (O

 EE AR

e

B A0

O[O 101000 O

1
2
3
4
5
6
7
8

 HARBK Z 3

O[O0 1010
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o
/N

L L
(—) HEHELRGR
I HAH 1995 4 TBRAHAMEE | EAIZ 1R - SCHUSREE: - (e )3

ETHE 24 - HATRGEMETHE 2248 (IMA- EEW) £&0HIE % - TL% 2007
F10 HIEE BER - Ry eBRiiE H BRI IneE )1 2 METHE 2% - &t
Bt EFIREEREER 3 4 (3L) Sl KEF » EEW 240K b E(H
Fi# (advanced users) {EH 7 (forecast) 5 FHETREAE 5 SRH&/ NECLL |

(5L or greater ) SN » [HE—FFER T (general public ) & FHEE R ~ U514
HLAS ~ AEPRAERS - PSS EER (warning ) » A BITAERRTERET S Sk
BRI ©

2. " ARt BT E A4, Bl 2 (S IR BRI A

28 ) 0 = WO [P —S U7 o B BB REAR (R (=8 R
BN MARK) @2 IMA EEW 248 CHrtt) - (£ P
R AT E e < P BRI 0 WA 1R (20 Compact UrEDA £t ) »
AR AR R ER U B R TE R

R EKES - AREEYEIEE Y GE 288 CE T FaHRRkeK
EHTHE L4 (DWS) > HREHARRIT S A RS - BaEAk " HA R4,
BETHE 248 IMA EEW > £27+ 2 Pl —S AR 247 » R E TR R
MEHEZERNZIRE -

FAEBBEARHETE LS - HATMAREAERN RS (7ERE) Z2F
B - BLURARE N ER YR (55 RLE 22 K8 24) » 2t =% -

() SR IE e TH B Bt

AREAHFEHLE HA Z IR > Ry HA## 8/ 5] (East Japan Railway
Company, EIR ) RIFESEPRZREE » (el 25 FE243 B  FHESHE &R
AGDL 1.5 BF ~ 6 BF ~ 24 Bl (half life) 2 AXCATEREETE > T
B EIR 24EBITAEE 240 R T000 A8 - FREFTDE 10 AHRRE 1
& o
EIR {ERZ 24 H A E S TS E ) & " EgERE ) 2 EH &
Ry - PREGTE A IREA] (patent) [HRE - HARER4EEE MK (K&
af > &Y30 BHWE a) ZEE -
PLEMREM EIR IS - 25 2R K EHENE
|G i s B H ks 2 SR ES -
QIR IR EISE, - ERWANRE - FEESELER -
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3R AR - TR (half life) SR > MERY A AR F
FIEHE Z B R RS E -

4 WA EIESE - RPEPTRR AR - INESTR - RS IEEN (&
HEEHES) -

55EREE TR -

(=) #EsRRER; S

LIS HAKBONEZE - St ies Rk " L, R T LB fifE
FEERPXZEE » SAHEL - (RIBEETREZEM (7)) 8r H
AIERA B  BOMZSBE R AR T LR LEE 20
NHED 7 REE - 8 7.8-18.7 AEBE Sy - BAF ~ It RABIVE A
TEFLEEEL , 222

2 SHES RIREN SRS R %‘%EA%FJB SRR ETR B fE0T - fEI
B~ B EIEE TR O LSS R P B 2 A K S SR D RE

3ARBLERRE K 75 R bR B TARZEG] » LR E 2 BORTRREREAERIN 1 AR

M (mfs) » BZEIZFIHESRY -

4. Fs FHAEUHIT K SE - F R E A S AR - BE8A K SKATH MR
(infrared rays) ZVEEUHIR (518 B2 ) » ESFREMTIRE » (ARG BT -
5.5 AR HISTEE - SR BEMER (NEWS i BRA) - FHETHE R
HMIZ&E (UEDAS) ~ {HRHMER FOB /KA 248 0 S5ttt - B Jd L T2 8k

G2 ZH -

O 1TRIN T ke 2 & Y5 > (R eREE R A AR 2 Hp LB e e
(Control Center ) 4—"& ] o BHHEFTAEALE KR EN S ITHEHHL (&
B GRS R - KK B - ERME ~ K - B/ E@iﬁ
BONER % ) M AR DR B AT bl panel )EX, PC &5 » B B (locomotive
driver ) 3l AT (nfHe i R SR Bl s e 2 3% 5 (diapacher ) W% -
R E e 2 S E Y] T REEEERBE TEEETOZ
TEF2% > HEIERE BRRZTE T2 - BEEE - &%~ TfEA
B~ TGS - EairE R A5 FEESE -

7 ARSI LT (The Alps Transit project) FrEPUREL4RIxIE > 274

S SPE=AME (5 93E > BFE13) 0 BREENR Dz sRE -
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t - EREH
(—) HEHELRGR

HAE 5 2 ETEE 2T (IMA EEW) » E B3R
HERITEE > EF2HY -

FEHIIRE
() SS I H B el

JR RH ARSI » FTE 2 SBE TR B THE L4 (ABREL 1.5 B~ 6
F ~ 24 FrefE

R (half life) Z ARG REEETE > HUCELRE TR
B, &k THERE ) ZERGA - BFES2E -
(=) #ipsRhEEh; &

LR R T EALEE & T EERLEE, WA B E 0 HA
KECMELZ - REEIHER - BEGRTatEE - HE
FRINZ > B EE -

[~ GBS
2 EEIPEEL RIS BRrFR B - fabt ~ famidE - BoEETIH - RS
FeEERATE 2 A E R SR IRE - WIS R EE - BRGE
EFEESE -
3T BB O R NINR - 2

HERCA K SEATAME (infrared rays) ZAEEEM
% (5T 8 B2 ) AT RHAEHITIEE K & » BRSPS 249 A B FEDTh
RS

A [l EHTLEFE (The Alps Transit project ) FEPU{RE 4G fikiE
SPEZRME (25 31 > BHFE13) > EHSHY -

B 2 A
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