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4 3.1-4 Working group #% ¢

A R B #F M B 3 € (Technical Session) # B #} & 3
(Poster Presentation) £ 4 %17 @ FA » 4+ 8 A& @ (1)
Underground space utilisation; (2) Project planning and
implementation ; (3)Safety and other operational
issues ; (4) Structural health assessment and tunnel
refurbishment ; (5) Methods and basic aspects of design
and analysis ; (6) Design case studies ; (7) Seismic
designand experiences ; (8) TBM performance and wear ;
(9) Developments in the technology ofmechanized
tunnelling :  (10) Developments In  monitoring
technology ; (11) Developments inconcrete and shotcrete
linings technology ; (12) Other construction technology
developments ; (13)Alptransit tunnels ;5 (14) Underground
construction for hydropower ; (15) Other

hydraulictunnels ; (16) Cases with particularly



demanding  geological  conditions ;  (17)  Other
constructioncase histories ¥ > ARLHERAFAEXEL
fRABAE -

3. 1.1 % 2 ¥ & # 1t ¥ (Deciding on better and resilient
cities)

WICH BT BANKEMEESL" The way to
the future” - & PHBEm RIS S H2RBERT
IRBEBARAMBE R Z 2 MHBAENH (TA GLOBAL
Perspective Open Session) *» ¥ AR E B HF R F LT
(Deciding on better and resilent cities)&E A3t @ &
FREBwRE - wEXR - LH - FAERREROAHRF T IBLE
FEREARBHG > LARBTRTEZREFRZIBERELS
BEPRRFEATERRwE 1-2 - AR B0 ER
WTIBEEARBARAHEELELHA » THZ LEHRNK
HTIREREIMBEZAHDE -

3. 1. 24B 7 % ¥ 5 & ¥ &4 H (Chabot, 2013)

BI184THdesk LB BEHE RN A ES 1-3 - 1991 #
MEHE—RRKEAEERNERFS  BRBRARGT > 4P
EAEMERGEERBBBEXLERLSL - RAEAKKEH
R AE - o L AR as 0 3] (SBB) B 1995 A2 & F £ MBLA 48
BEEzEeER FARRAFNFRANE - $3E7£ - &4
FRiE% > wE3 1-3 ~B3.1-TF+ » MmAlpTransit & g#x%
3 & 2 Lotschberg ~ Gotthard #iCeneri H ¥ 24535 M 38 Bl
2011 M2 AR BEATHRITHLHR -
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3.1-2 BREWARFLATELRE

2011

single rackTunnels 1817 pes. = 125.5 km

Number . N - _
Doguble iragk Tunnels 127 pes. = 126.5 km
SRS Tunaets Total 288 pes.= 252 km

T 2020
0 '
50
40
W0

1860 B0 70 80 50 18500 19 <G &

Yaar
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3.1.3m% A MEREHR
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ey SIUCRINGS MOTET CONSEC perstion on tha 01 00.2012,
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% &Dr.Rudolf Dieterle A€ #H &A%  Challenges of
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B 3.1-12 # -+ H i A28 55 = Kublis MR8 Bf do

3.1.4 2BBEARE A HNR

#% R. Leucker, F. Leismann # % #3x: “Fire tests
for water mist fire suppression systems i1n road
tunnels” - &R A 2009 FAez 2011 FEATREESZ 24 WA
£i+& - 44 % Safety of Life in Tunnels 27 (SOLITZ) >
REFHFOERERFRER > KEREELF 30~100MW - 42
B 1] 22 RTHEETRE BERES 600n MERX
9.56m A& 8.10m - #3ESR 2% whE 3.1-13 - B#EMR
HAFAKRKAZELE 3.1-14 BB XRE - AERE
BEAMAEFei 3.1-2 - 30 & 100MV & A &KEH KRR
FZBE-HHdgwE 3.1-15~8 3.1-18» &RH#EF ' K&K
T MWHEATAEASLELA ARAFEERR - EXEE 100 MW
FATHEXRMEZKRFLARRSREE > BXRHE(
%% 10m)» EEBrEAHEBEMR - K2R ERE XK AR
RO AFNBEREHEB I ARGES > AR RE -
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Exhaust Gas Tunne!

Ceting with fire proteclion plast

Tharms Wal

Seviga-
Tunnes

300 e

3.1-14 BERERFAARKAZKE
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%3.1-2 BB KK E ~ AFRBEE M &MT

“small” Fire “small” Fire “big” Fire
without water mist ~ with water mist with water mist
{No. 11052601} {No. 11052602) {No. 11060601}
Fire load {calculated) 30 MW 30 MW 100 MW
Longiﬁ‘;z‘fas';:gg'aﬁ{’" 30mss 3.0 m/s 3.0 mis
Semi-trans. ventilation - - -
Height of nozzle
above carriageway B 5.00 m 5.00m
Delay in activation 4 minutes 12 minutes
for water mist system (No. 11061401) (No. 11062401)
Fire load (calculated) 100 MW 100 MW
Height of upper edge 400m 4.00m
fire load (with PVC tarpaulin) (with PVC tarpaulin)
Longitudinal ventilation, 3.0 m/s 3.0 m/s
Flow speed
Semi-transversal venti- 2
lation, Exhaust volume 120 mYs -
Height of nozzle 5.00 m 500 m

above carriageway

1200

= 100 MW, with FFFS, TE_DO005_03
wen 30 MW, wio FFFS, TE_DO005_03
1000 - — 30 MW, with FFFS, TE_D005_03
800 4
o
e
| 600
a
5
(=
400 -
200 4
600 o 8:02 0:063 0:04 0:05 0.0 0:07 0:08 0:08 0:10
Time [A:mmj
3.1-15 30 & 100MW RE &8 KEBAKRAF n 2 RE
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-0 s

Temperature [°C)

3
L ST - = = 30 MW, wio FFFS, C2_D045 45
JPRRAR St ' — —30 MW, wio FFFS, C2_D045_30
AT Y., ~——30 MW, wlo FFFS, C2_D045_15
S ' Y = = = 30 MW, with FFFS, C2_D045_45
S , — —30 MW, with FFFS, C2_D045_30
Do . Y | =30 MW, with FFFS, C2_D045_15
;"‘é‘ 2 ! " :j\ l| ’
N " .’ N x ¥
2. “ { { e\ - !
5 Fpn :
B =" 4
5 ks
=l &
< 14 ]
. \
N N
o/ v
«F U U " .
i) > : " . . . > . - R T A
0:00 0:01 002 a:03 0:04 0:05 0:06 0:07 0:08 0:09 o:1¢
Time [h:mm}
3.1-16 30 MW R A £AFHEAXEREF 45m 2 CO2 R E
~BF 1 el 4z
1.200
— 100 MW (12 min. delay of FFFS}, D003, H=5.2 m
= 100 MW { 4 min. delay of FFFS), D003, H=5.2m
1.000 R :
800
600
400
200
0 T T T T T T T T T
0:00 0:04 0:08 0:12 0:16 0:20 0:24 0:28 0:32 0:36 0:40
Time [homm]
3.1-17 100MW A A £ K BHFAKBHZ Y In BERR T IRE
“‘Ef*f Fa'j ﬁﬁ@?t

19



1.200
— 100 MW (12 min. delay of FFFS), D015, H=5.0 m
100 MW { 4 min. delay of FFFS), D015, H=5.0 m
_. 600
o
@
=]
® 600
2
5
[
400
200 : : ‘ : :
0 . : : . ; , i : . '
¢:00 0:04 .08 012 Q16 0:20 0:24 0:28 0:32 0:36 0:40

Time [himm]

B 3.1-18 100MW Bk Ex£4% 4% 12 o8B KEEFS 10n EREEIR
T2 BE-EEdh i

3.1.5 HAARAMER AL #K(Thienert et al., 2013)
HEGRLNBEHFA RN RERNSAEIER
WEASWTEFC aF EHmBEARARA - FERARA - FHM
B~ By R EMAR - KEAR B REMAR - ZRR
#MARR s — AL EEMBE > wE3 1-19RE 3. [-20/7 5% -
A H A B (Fault Tree) o ¥k » B THRELEZFHRRE
 RETRERL B2 RBEFIHE -

Luminance Vidgo Fire alarm Visibility Air velocity CO Video
sensor ~detection _ sensor ~Sonirol monltonng monltonng surveillance

Infrared

3.1-19 ~®EERERME
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CO measurement Fire detection cable Visibility measurement Luminance camera

Air flow measurement Induction loop

Themal imaging camera AID Video detection

3. 1-20 ekl 22 210 AR H
3.1.6 ME L%

M. Bettelini, S. Rigert ®» # % x &7 Scenario-
oriented safety design of underground traffic
infrastructures” > A ERBARFH FEHRITRERZ SR
i BERBRSBEARKRESRBR SR R0EI. 1-21RH
3.1-22» sb ARBE RG22 A —Fik -

Scenario Overview
|

¥ ¥ v v
Rail Incidents Fire Scenarios Accidents Others
F1 Derailment {| 11 Train exterior P1 Workling Al Floating
FZ Coilision 12 Traininterior accident A2 Pollutant mat.
F3 Trainstop ||13 Largefireintunnel || P2 Voyager A3 Toxic mat.

|4 Large fire in station accident | | A4 Terrorism

15 Large fire outside

|6 Fire on another
train

I7 Dangerous goods

18 Explosion

19 Fireintechn.rooms

110 Fire in the station

3.1-21 R 38 B 54
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=100 A Freguent R AL RECREI:
- 10-100 |8 Probable F3
2 110 |C Occasionat i i2,P1,P2 |
2 0.1-1 B Remote o :-:.'A1 1 19, 110 15, F1
E 001-01 |E imporbable |-~ - A2 - :'. e BAS _Fz,18, A4 _
001, _IF kcredble B e
{casas/100 y) i i ] v v
Insignificant Marginat Critical Very Critical Calastrophic
victims/case i 1 2-9 10 - 50 > 50
Severity Level

Shal be eliminated
Shalt be only accepted when risk reduclion is impracticable

Acceptable with adequate conirol
Acceptable

B 3.1-22 M@ AR W AE R
3. 1.7 &2 3% 1% 38 4 B & 4 5 4 % (Sandrone,
al., 2013)

BATH-LH s B A R O ABW20 2 » B RA10 £
HEHFI62. 50 2k > R EZ BRI RARR S ERITE
FHER - - ZBREMMBRFH &4 (# 4 ° GRPS00 -~ TS
360 ~ CCD System F)TFHFEmAMmEABER(ELS - Rag
$%~BK - BREHBHENE ARG REFRFL RS
1538 ax s M REBRELEEETERR - ChooF A%
#% 27 The enhancement of performance on road tunnel
lining by repairand rehabilitation” @ RAEE N~KLEE
ENW02412A28 B ALK T ASRABRETHRE(TITR)
BEBRERBLEBBRR  BAZARG IARERATIFE
o SHBEBARARRAXRFRAABRZ B HEEST
2B HERAEL(E31-23) 4B ERAAEK
Z AR EERTHEEHBZ mEFE (BRI 1-5K3.1-6)

Tolerable
Negligible

2013 & Choo et
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N RBEMZFREL  BH “FTHER - THART XNB
MEERETENGL -

FHBRNEAHEAQIUDARTRSIBERAELRE
R BHNEASZERERIRSZENRERMEDZIER
Zparr mowg i o Bk BORSLAEME 0 RN 4o K BFREE AR
Bz Mk thhipdtprilae o RBXEENER NI REMTHE
ARES EMFTHFMNETEZEEE BE-BE -WHE -3
MTF AR - SRBHREHS - HREEHXE L KFHIL(EL)
£(E3.1-24) s mAHRANE | FTTRMH - TR BB R0 -
&% E3 ~ REBR X H (yieldingsupports) ~ Mk T AR
%(E3.1-25) -
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law
cordinkng
v ’_2 prossuTe

i 4
Rock 4 e
preaFure [ +

PATEN RN
Water prexsure
Bhear fallure

/
(b)Squeezing {¢)Earthquake {d)High groungwater pressure

el
o Sliding

suefate

(e)Lands!ide (creep) {fFault movement

Bl 3.1-24 MR 1pHEARAHIRER

O N @

{a) Invert arch (b) Anchoring system (G) Yielding support  (d) Yielding support
feam slots

hang all cablea

on the sidewalt
11-=hsighten drain ditch
and cable tray
- %
PUG drain ! *— gapiltary draln tape
I anchors
(e} Brain (f} Stope stabilization

3.1-25 M ERARE R
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BH 3 1-6 TRAE R EAHE

3.1, 85k ¥ % E sk (Yashiro et al., 2013)

20045 m2007THF A AN BRFTARELER TS LEEER
BHEE  RLEREN T ESRAFN LR BARRARISGE
FR o BBRAFSBHHARE o B REE LR R ATYashiro
ZANDARBEGRERE  EAFHLERBEZ ZTREHR
REF=ZABH(ES1-26) : (DEEE S QHEHRAE S (3
Wi o BH A — A2 HEARB(ES. 1-2D0RBMEAHH » BRE
FE-FHBLERENBEERMTREZRAFEATIXESE
AE  LEBESEABIEUSBRERATHERE ZHLLEK
4o @3, 1-28 -
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[, Shallow tunnel
cover

ar defortlﬂ

Static load
+ Ground deformation

Il. Poor geological
conditions

1.

Fault

Fault surface

B 3.1-26 LEREZ R EERYE

Uniform and Case 1 Case3
horizonial Lasel Case 2 With void and
displacernent Without void With veid lack of thickness
R S R A
- al| - ‘_?L' < |~ lack of thickness
T, gl e -
= SR a| = Ao« ZF20°N
- ! ( .‘-!:_ al - ’Y ‘@9}-1:-,1 “ - ( &I\z.g/‘\:" <}
> id i e \\. j i P
- S 1 g ke
" o |- With invart
> oaaaa il an aac T a R AS
O | Cases Cases |~
displacement Without void Wwith void R
AR
) i Void - \\
E- J— L __\&\\ “ -
. DR . Sy .
[ f‘;:? ';_'-,l - h i 4{]\2 g:"’w.".\ ' -
= S o=
- "& —E‘Ir"l - - i‘ ,L'!."] -
* Disp. Bopooh pohon A A A A A AN
*0'23212:‘ f;g[ Case b Case?7 S —
oriz i ; : : .
displacement Without void With veid e
¥ E T TR FEEECICREIE N
<> A3 Ve TSN
T - -1 O .
I \ﬂ% - Pt - al 'lt""')\ o ‘\\
%. 'd — | k‘;'! e /-‘{ q\gp "'." ™
A Eooa g .
b | T S J
- F s <
@ Disp T I R N

3.1-27 BAXRERZEEF
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Mycken Tunnel
| (Figure 3)

; 2
| ! ;;_‘g“’{
i b i = "
i . { £m 1 Lo
e 3 -
Z \
. z | Y \
' f_ | =
_:,& ‘ "'-::_’:_::ﬂ‘ ¢ 3 B r':':',-:: = ) ."‘ - ." E - i =2 S
Iy :: oy F :3\\ S5 - 'a’/?Lackef Nl
- f 5; =+ 3 Void ‘.!l > thickness 1
—» ‘.\ j — i dp v .;I
g [\ & i - d g 7
- : o7 - With invert .
Casel | ™ Case 2 Case 3 Mycken Tunnel |
! With void with void and i (Figure 3}
lack of thickness

“Cased Case 5
Without void With void

’l

Loading area’

,4'

B l:afge'spé‘llihgl' } -

Ty My
ot
S

S2222%

Case b

Without void

Sy

/’_\\\
lnvert J

Case 7 ~ "Uonuma Tunnel
With void o {Figure 4)

3.1-28

L EMESEFREXI MU ARERATRBRE R LK



3. 1. 9M¥ 3 6 T H %o

3.2

#&Chamberlin & Combe(2013)#% XAt B R X FE ML M
%% &% EFRToulon #3848 b8 kL4 5 B #F 3T
TEBERAARTARFL2IHA%G  RAOH A
ERAA—REES - HA "BRPX" BREMTEAIHERAL
WKoAR - ARY AR FTEAR I RERE R IR
B "BHX” HETFS pTABRIETRE(EE)E
B e E M BARRASERNITR L ks
# & - 3 2Gotthard Basesi s ri B s TIX B & » 4R A M
ZRPARERITRIFASL -

AENTCEHNRETBHAEAERTETRNBERELZRR
WA m EABEMMEEEMIRIDEBERTIARZRE
B > Noda FAIDHXEER » BAHHRERAERTRARSE
EREXBERAHEM AR ERE P TR mm%t,
A 1% 18 B AT @ 4R T % ﬁ#ﬂ%ﬂ%’*ﬁﬁ@?i@iﬁ%
HaHF R EELRABEREE  BTABERGKLSE ' A
TRERG MANRERNZOATRE-BREABGXER
B TAREKREREFEDENBENREZIRLR -
BARATAXERRSY

BWNE (3% Geneéve; £ : Genf ; & A # B :
Ginevra) ¥ EE_ART BNEMER AR RHNHSE
HARNERNTZR » REEY > &&= &R &K LIKE
B HAMBEMLLK  EPOEBNEZENZLRBER
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