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Safety Challenge for Railway Underground

Reconstruction at Metro Area of Kaoshiung in Taiwan  ©
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Railway Underground Reconstruction in Kaoshiung

Safety of Temp railway
Safety Construction through the love river
'D] Safety Construction through bridges

Safety Construction through the car underpass




(A.Railway Underground Reconstruction in Kaoshiung>

F Renew city ~ raise land value ~ improve local development & increase safety

(7 crossways ~ 16 traffic intersections)

F Project was approved at 2006.Jan
F Construction Period : 2008.6~2017.12
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CA.Rainay Underground Reconstruction in <aoshiung>

i Length : 1537Km [Wl Section Tunnel Section

E Station : 10 stations (CECI-7+2 temp.) 2029, 4500, 202 e

| © 10550
F Lots of Project : 15 lots 3025 4500 3029

F Budget : NT 100 Billion (US 3.2Billion) & Max speed 130km/Hr
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(A.Railway Underground Reconstruction in Kaoshiung)

{ Soft stratum / High Ground Water / Flood }

Intensive Houses/Limited Space/Adjacent Railway

| River/Bridge/Underpass/Crossway/Obstacle h
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<B.Safety of Temp railway>

v Distance <1.5m

¢ Cut & cover method

Fence — f
Construction Slab ? 2 Surface
| Recovery
‘°VJ 9_°'
9"'

2010/12/21

Track & signal shift during 6 Hrs

r\ a . | Temp track k
existing temp. "t - j{f L[ backiil
I I S 82 s
Temp. °t j, o
| | | | railway = u" 3
== == e [ v
| iRl | ﬂg ; -1
@ ! ! L g : Final
: << Diaphragm wall ~-—;§F§ : 3 : transfer
| a i } §
| : | Y '
<~ Boundary - > £ pllea_;_ B
z o B E ok
i ! !
Temp. railway change Excavation Formal operation

& surface recovery




; B,

.Safety

FS

Deep Excavatlon "
& Complicated Lifelines
& High Water Table

RO AR

ERC A RS AR g\
& Soft/loose Ground R e e

e
e




CB.Safety of Temp rainay)

Limited railway space

DLO1-CL115
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| S s U Supporting Track Slab

= o BN Diaphragm wall
Diaphragm wall Slab support
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<B.Safety of Temp railway>

Diaphragm wall Effect to Environment

1993 » Japan Kyoto

A )
example (railway
@ reconstruction)
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4. Trees die lover river inflow totally, G.W.L. & water

flow will recover automatically




,&v 0 Intenswe Houses &Allgnment
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C.Safety Construction through river

Construction & Time

E The authority is not allowed

to have any structure or
construction in the river
during the flood season
(Nov.~May.)

Flood at 2001.7.18 Tan-Lu
Mai Typhoon

NS UeMIe]

Flood at 2005.6.12
heavy rain




(C.Safety Construction through river)

F Built in 1934 / 6 Span=13.6m
B Cassion( $ =4m) / L=12m
B Several Track shifts in limited space

LTI LB

© 2 temp track

O 1st temp track

Boundary

® Railway
Tunnel
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CC Safety Constructlon through nver) Temp. Bridge
i

N
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I k=== column with
L[l steel casing
L [ (Pile=42m)
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@ It is designed to use the ©2.5m pile(L=42m) as deep foundation and also
bridge piers for the temp. railway bridge directly, it doesn’t need to

construct the bridge slab by using high risk cofferdam method.




(C.Safety Construction through river) Temp. Bridge

E Tiltmeter(pier)
E El beam(track & beam deformation)
F Track marks(settlement)
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CC.Safety Construction through river)\ - | Flow Analysis
| .

\

B 3 stages construction during non-flood period \ "'«\

FHydraulic analysis use 10 years flow
occurrence and SMS 2D FEM software

F Water level raise up 14cm in average (25cm
at local) at the 3rd stage

E Water level lower down 6¢cm after completion
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(C.Safety Construction through river) Construction

B Non-flood : 6 months to construct cofferdam & river bed slab, and
removmg sheet pile before flood season(May~Oct)

Excavation under the river bed slab

river bed slab

\ll

\4

I N
CLSM L=

Tunnel

Steel pipe

ile nggmﬁ excavation
pile : er bed slab

%ﬂﬁ"ﬂ(i@tl& \ i

ol L

SRR S L e L M

1) Sheet/Pipe pile 2) Cofferdam/Bracin 3) River bed slab 4)Tunnel Structure
\_ (1) pep (2) g (3) AU (4) )

16



(C.Safety Construction through river) Schedule

Cofferdam construction time

# 1st Stage 2011.12~2012.5 6 months | [
% 2nd Stage 2012.12~2013.4 5 months
# 39 Stage  2013.12~2014.4 5 months | A

Y. cassion ’ x RIVEr  steel pipe
‘ / Pre il
F , plie

MLA A A A 4 4 A & 4
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C.Safety Construction through river




(D.Safety Construction through Bridge> Da-Chung Bridge

E Confliction between PFO1 bridge pier and approach section of tunnel
F Using existing foundation and build new underpinning pier

Hilti-anchorage
( 42 bolts)
Hinge N
(Rebar coupler)\ P
[ Existing = 1
o E . | —
2 E f 2
) <
e AT
NRailway ram 1
i ‘ way ramp 1
- X 3 |
’ ) -‘:;;.‘.—,‘ - = = > ‘ = = > P
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(D.Safety Construction through Bridge) Chin-Hai Bridge

i)

Feng-ShaTze-Chung Bridge B Dedicated passing route for dump trucks
E Add a new railway-crossing is not allowed

E Adopt underpinning method to support the
bridge and to keep construction

J ® ® L@ o) J @ ® |
| SEEEE ] | SEEE

viaduct starfing point viaduct ending point

A 0+048 ALO+119.3 A2 0+375.8 A2 0+448

. 7130 25650 7220

(R Elp CPl Ep2 €r3 Epq Eps Epre Ep7 Eprg &pP9 &PI0 ] {51
retaining woll gssess rood 2100 r 2100 r 2100 r 2100 r 2100 r 2100 r 2550 | 2100 | 2100 __ 2100 _ 2100 __ 2100 relaining wall assess road

BREEDS f
I%E% viaduct starting point P6 P7
0+015.20 0+048

m EL136 / LIS
b
i EL075. ELOT5, ELOTS | FL063  -ELoG ELo6 eLofsri Eu.o4L ELLO4 | gELLO4 | IgELLO4

I L [ o o

Profile of Chin-Hai Bridge I—I
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Chin-Hai Bridge

(D.Safety Construction through Bridge)

|

E|:‘>6 14 w

|

\ [ .

transportto  ¢pg
temp. track

P6

Y

P6

4
i

i4—frame

7 pile

Underpinning Support the Bridge

1.Transfer to temp.
track operation

2.Slurry wall & piles
as support

3.Underpinning slab
build

4.Excavation & cut

_ off existing piles
5.Supporting frame

6.Build station
structure &
column

7. Cut off & remove
support pile &
column

8.Sta. decoration

9.Tear down the
Chin-Hei bridge
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CE.Safety Construction through underpass) Chung Wha-3 road

E Maintain the traffic lanes =4 Rebuild the sidewalk tunnel into motor tunnel

B Cavity = Grouting around the interface of slab & Semi top-down
construction method to shorten the time and quickly recover the traffic

Before construction

| Top slab|——==-
- ‘ \ rﬁﬁ#ﬂm B o
W 2777 7 I
— ' ' =] [Grouting _ = L ]
Cutting| | [| R B — i

pile | M| e ————

8 —— 1| — A — "" Semi top-down construction method
| l—mzm
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CE.Safety Construction through underpass) Chung Wha-3 road

Secure the existing Taipower 345kV transmission tunnel

1.Cutting pile as retaining wall | Measured | Alarm | Allowable

. Disp. disp. disp. Check
2.PLAXIS analysis (mm) | (mm) | (mm)
3.Safety monitoring 3 10 17 | oK

E=19600kPa =0 =30

ﬁ E=1710kPa =0 ¢ =27°
: | | S S T I'l::
| E=30800kPa c=0 ¢=30° -
_:]I ....................... x
L/ L E=17410kPa c=0 =28 L -
| | Ay -
) Ve o
345kV tunnel =
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i:. Safety Operation ) Old town Flood

snake Mt. 4 turtle Mt

Zuo-Ying Sta.
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q: Safety Operation ) Station Fire-proof

Museum of Fine Arts . eel Gu-Shan Sta.

-

[~
Concrete _

W

A

B\ B
2Hrs non-combustible decoration | Kals N | n

I S —
¥ One of main stations during 1900’ : { e ey e
®Main entrance is wood structure : B,

(using 2Hrs less-combustible wood)

Build a new “old station”

-_l '-7—7.£- -'
e -oric station |
_iﬁ B =
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Q:. Safety Operation )

Alarm/Broadcast/Passenger Guide

B Fire Detector

&

» Broadcast v, Station Chief
B Evacuation Indicator |

. . Disaster center
E Emergent Lighting T

F Emergent Power Supply

Ventilation {

Emergent Power Supply Items

Fire

Taipower Failure
1 ~ Lighting :
2~ A.C.

3+ 24Hr A.C.
4 ~ Water/Sewer Pump
5\ Elevator

1 ~ Fire Alarm

2 ~ Emergency Lighting ~ Evacuation Indicator

3~ Firefighting Pump

4 ~ Emergent Smoke Extraction

5 ~ Tunnel Ventilation

6 ~ Fire Alarm

6 ~ Tunnel Lighting

7 ~ Emergency Lighting ~ Evacuation Indicator

7 ~ Monitoring ~ Telecommunication

8 » Tunnel Ventilation

9 » Tunnel Lighting

10 Monitoring v Telecommunication
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q:. Safety Operation ) Fire fighting & Ventilation

Early Fire Fighting

NFPA130 — Interval < 762m

Air supply Smoke extraction o

Extinguishing

lt<€«—— K32 Ventilation Shafts(14.02km)

3
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Zuo-Ying LovgRiver Feng-Shan
Project Kaoshj_ung Project Project —>»
(EERTE) (SIEETE) (BlLLETE)
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§  Rescue Route

l 3 Evacuatlon stairs + 3Rescue entrance Srore

Ventilation Sfaft Y

Opening Concourse
Y Evacuation Ladder

Evacuation Ladder Entrance A Iaef

L
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q:. Safety Operation )

Surface Entrance

Evacuation and Rescue

spﬁgd

58

EVAC Evacuation Senerio Result -
1.26 |

1.10

= 0.95

L= 0.79

Standard to evacuate 0.47
® Platform to concourse : 240sec 0'32I

€ Platform to ground : 360sec g;s

Human

speed

Result s
€ Checkl(Dis./Velocity) : 281<360sec 1.42!

€ Check2(EVAC) : 357<360sec 1.26

1.10
0.95
0.79
0.63

= .47

= = e serm—
Y R M E\ Evacuation
e — | adder Y2 -
/’ g 2 . % ~ ),\
IO Fresh Air Shaft Ssass=s ‘I \0\ 9
C
& 9 q . %
Smoke E~*~~\
Extraction . o hmEmeeE
Shaft Fire brigade Rescue Route

0.32
0.16
0.00

*| Wireless-Telcom

.| Layout of
Fire-Fighting Wall

Time: -0.5 30
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q:. Safety Operation ) Evacuation Analysis

CED Fire Senetioco Temp. distribution > 1.8m

120s Slice

nw

10mL) <2.5kW

i i 4 | :
57.0
— = [T = g - 2
" I i ; = ; 1 54.0
e — - = =i = |
= 2 E [ T Ll =l g4
48.0
] —— 1 T it — R — | 45.0
. e [ . T . = -
480s =t
= =] . ‘ ‘ "‘F; 1 1 ] ';w; [t S 19 39.0
p ¥ — [ ‘ ‘ W T ‘i"ﬁ == | .
=3 = Byl 24
Hb 3 8 \ 3 33.0
e i L I
: 1
|

¢ Passenger Safe clearance > 1.8m(from F.L.)

Slice

isibili i i i VIS _Soo
Visibility distribution o

Entrance 9-°°I

Temp. distribution

Entrance
8.00

7.00
6.00
5.00
4.00
3.00

2.00
1.00

Ladder Ladder 0.00
Frame: 300 Frame: 300
Time: 600.0 Y Time: 600.0 I
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Create a Beautiful Future
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