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Outline 
Railway Underground Reconstruction in Kaoshiung 

Safety of Temp railway 

Safety Construction through the love river 

Safety Construction through bridges 

Safety Construction through the car underpass  

Safety Operation 

 

Traffic & operation impact Difficult pipeline migration Local groundwater impact 

A 
B 
C 
D 
E 
F 



Renew city、raise land value、improve local development & increase safety 

   (7 crossways、16 traffic intersections) 

Project was approved at 2006.Jan 

Construction Period：2008.6~2017.12   

Kaoshiung 

Taipei 

A.Railway Underground Reconstruction in Kaoshiung  
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Length : 15.37Km 

Station：10 stations (CECI-7+2 temp.) 

Lots of Project ：15 lots  

Budget：NT 100 Billion (US 3.2Billion)  

3025 3025 4500 

3025 3025 4500 

10550 

10550 

Tunnel Section 
Ramp 

Section 

Max speed 130km/Hr 

San-Kuai-cuo Sta. 

Kaoshiung Sta 

Feng-Shan  Sta. 

Zuo-Ying Project 

   2 stations/4.12Km 

Feng-Shan Project 

   2 stations/4.28Km 

Kaoshiung Project 

   6 stations/9.75Km 

Existing Sta 

Kaoshiung Sta 

Division Lot Lot No. 

Civil 11 

System E/M 3 

Track 1 



  Soft stratum / High Ground Water / Flood 

Intensive Houses/Limited Space/Adjacent Railway 

River/Bridge/Underpass/Crossway/Obstacle 

A.Railway Underground Reconstruction in Kaoshiung  
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D=2.3m 

River/Bridge/Underpass Limited space construction Underground obstacles 

Old bridge 

pile 



 Cut & cover method 

B.Safety of Temp railway 

Temp. railway change Excavation Formal operation 

& surface recovery 

existing     temp. 

  

  
隧道結構完成 

Temp track 

路權線 

Track & signal shift during 6 Hrs  

Final 

transfer 

niche 
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 Distance <1.5m 

Boundary 

Fence 

Construction Slab 

Temp. 

 railway 

Diaphragm wall 

  

Surface 

Recovery 

backfill 

  

  
pile 



2.5Kv protection 

Depth=25m 

Silty clay 

Silty sand 

Rock bed 

N=2~43 

GWL=GL.-1.5~-2.5m 

Depth=25m 

2.5kV 
protection 

Deep Excavation  
& Complicated Lifelines  
& High Water Table 
& Soft/loose Ground 

B.Safety of Temp railway 
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Project Area 

End 

Helmet 
Walkie 
Talkie 

whistle 

Flag 

Safety 
Vest 

Watch 



Limited height under bridge 

Slab support Diaphragm wall 

South North 

B.Safety of Temp railway 

Limited railway space  
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Diaphragm wall 

Supporting Track Slab 

CL115 CL112 

DL01-CL115 



Diaphragm wall Effect to Environment 

1993，Japan Kyoto 

example (railway 

reconstruction) 

After 6 months monitoring，G.W.L. 
reduce +1.25 cm & -0.89 cm 。 
The diaphragm wall didn’t cut off the 
lover river inflow totally, G.W.L. & water 
flow will recover automatically  

Change of GWL 

GWL uprise 

 1. Liquefaction 

2. Structure 

buoyancy 

 

GWL reduce 

1. Ground 

Settlement 

2. Structure 

damage 

3. Well dry 

4. Trees die 

 

Cut Off Ground Water 

TUNNEL 

地下水多方向補注，經評估連續壁之影響極微 

Silty clay 

Silty sand 

Rock bed 

GWL flow net 
distribution 

B.Safety of Temp railway 
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 Intensive Houses & Alignment 

 Complicated Lifelines & Water & Soft Ground 

 Flood & Construction & Time (only 6 months) 

N 

C.Safety Construction through river 

引自高雄市歷史博物館網站  創作者姓名：蔡
高明先生 
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引自高雄市歷史博物館網站  
創作者姓名：蔡高明先生 

Love 

River 

Boundary 

35m 



N 

CL114 Lot 
Flood at 2001.7.18 Tan-

Mai Typhoon  

Flood at 2005.6.12 
heavy rain              
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建國橋 

七賢橋 

A1 P1 P2 P3 P4 P5 P6 

河西一路 同盟三路 

A2 

愛 

河 

Construction & Time  

C.Safety Construction through river Flood History 
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The authority is not allowed 
to have any structure or 
construction in the river 
during the flood season 
(Nov.~May.) 



路權線 

2nd  temp track 

1st  temp track 
Final track 

 2nd  temp track 

 1st  temp track 
N 

 Railway 
Tunnel 

River bed 

W.L. 

4~5m 
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C.Safety Construction through river 

existing  Bridge 

 New Temp.  Bridge 

Boundary

2nd temp track

1st temp track
Final track

N

Temp. Bridge 

Built in 1934 / 6 Span=13.6m 

Cassion(∮=4m) / L=12m 

Several Track shifts in  limited space 



25m 28m 28m 

 L=81m，3 spans，steel box girder 

 It is designed to use the Φ2.5m 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. 

 Shorten 2 months，saving 3 million NT dollars 

New Railway Temp. Bridge 

Φ2.5m bridge 
column with 
steel casing 
(Pile=42m) 

section 

Temp bridge 

Existing bridge 

C.Safety Construction through river 
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Love River 

High 
Risk 

Original 
planning 

Sheet pile 

Finish 

Temp. Bridge 



Tiltmeter(pier) 

El beam(track & beam deformation) 

Track marks(settlement) 
flow 

P1 
P2 

N-1 N-2 

S 
N 

TI & EL Beam 

Rail Settlement Mark 

P3 
P4 P5 P6 

Monitoring 

 Aug.20 start to pull up the 

steel pile and have obvious 

deformation 

 Track settle reach 23mm around  P5  

 Old bridge deformation is  very 

sensitive to construction 

Steel pile cut off the top 
and pressed into the 
riverbed 

C.Safety Construction through river 
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EL beam 

Safety Monitoring & Construction 

Temp. Bridge 



Taipower 
Substation 

To Kaoshiung Temp bridge 

N 

1ST 
2nd 3rd 

To Taipei 

74m 

3 stages construction during non-flood period 

Hydraulic analysis use 10 years flow 

occurrence and SMS 2D FEM software    

Water level raise up 14cm in average (25cm 

at local) at the 3rd stage 

Water level lower down 6cm after completion 

1  →   2 → 3 

1st 2nd 3rd End 

3│

8 

10│

15 

14│

25 

-6 

C.Safety Construction through river 

3│
8

10│

15

14│

25
-6

1st 2nd 3rd End 

SMS analysis 
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Flow Analysis 



(1) Sheet/Pipe pile (2) Cofferdam/Bracing (4)Tunnel Structure (3) River bed slab 

Non-flood season(Nov.~April) Flood season 

(1) 鋼管樁施設 (2) 圍堰進行河道版施作 隧道結構施工 

河床面 

非汛期 汛期 

Before flood： remove 

cofferdam and recover 

the river flow 

Flood season： remove 

cofferdam and proceed 

the excavation/structure 

of railway tunnel 

C.Safety Construction through river 

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

Construction  

Cofferdam 
 JSP  JSP 
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Excavation under the river bed slab 

隧道結構 

river bed slab 

Steel pipe  

pile(L=33m) 

CLSM 

 Tunnel 

W.L. 

0.8m 

3.2m 

Top down excavation 
under river bed slab 

 JSP 

Sheet pile 

 grouting 



 1st Stage 2011.12~2012.5 

 2nd Stage  2012.12~2013.4 

 3rd Stage 2013.12~2014.4 

Cofferdam construction time 

Old bridge 

cassion Steel pipe 

pile 

 6 months 

 5 months 

 5 months 
3rd Stage 

Sheet 

pile 

1st Stage 3rd Stage 2nd Stage 

C.Safety Construction through river 

Love 
River 
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Schedule 



C.Safety Construction through river 
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2015.08.27 finished 



(a) Excavation (b) Build new pier 

(c1)support frame  
(c2)pier and rebar connected 
(c3)pouring concrete  (d) Change pier  

Underpinning  steps 

PF01 pier 

Railway ramp 

Confliction between PF01 bridge pier and approach section of tunnel 

Using existing foundation and build new underpinning pier 

P35 PF01 PF02 

M F F M M 

45.205m 52m 

1
4
.5
7m
 

P35～PF02振動單元示意圖 

Hinge 

(Rebar coupler)  

Existing 

bridge 
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1.表面鋼筋 D19@150(EF) 

2.混凝土澆置 

既有帽梁 

新墩柱 

2cm填縫材  

墩頂表面鋼筋 

D19@150(EF) 

鋼筋續接器 

植筋 

( 42 支) 

（避免裂縫雜亂無章產生） 

Hilti-anchorage 

( 42 bolts) 

intense rebar 

D.Safety Construction through Bridge 
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Da-Chung Bridge 

Confliction 



Dedicated passing route for dump trucks 

Add a new railway-crossing is not allowed 

Adopt underpinning method to support the 
bridge and to keep construction 

P7 P6 

D.Safety Construction through Bridge 
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Chin-Hai Bridge 

Tunnel 

Pier 

Underpinning slab 

Diaphragm 

wall  

Tunnel

Pier

Underpinning slab

Diaphragm 

wall 

Feng-Shan Tze-Chung Bridge 

P6
P725.5m

Chin-Hai Bridge 

Profile of Chin-Hai Bridge 

 



4.Excavation & cut 

off existing piles  

5.Supporting frame 

6.Build station 

structure  & 

column 

A 

transport to 
temp. track  

underpinning slab B 

B 

P6 P7

C 

1.Transfer to temp. 

track operation 

2.Slurry wall & piles 

as support 

3.Underpinning slab 

build 

Supporting 

pile 

frame 

7. Cut off & remove 

support pile & 

column  

8.Sta. decoration  

9.Tear down the 

Chin-Hei bridge 

D.Safety Construction through Bridge 

P6 P7 
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Chin-Hai Bridge 

P6 

 SAP2000 FEM  

Underpinning Support the Bridge 



1st Stage 2nd Stage 

North side 
cuttung pile 

Semi top-down construction method 
South side 
cuttung pile 

3rd Stage 4th Stage 

E.Safety Construction through underpass 
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Maintain the traffic lanes 

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

Chung Wha-3 road  

Semi top-down construction method 

2nd  3rd  4th  1th  

Cutting 
pile 

Top slab 

Grouting 

Rebuild the sidewalk tunnel into motor tunnel  

Before construction 



Secure the existing Taipower 345kV transmission tunnel 

1.Cutting pile as retaining wall 

2.PLAXIS analysis 

3.Safety monitoring  

345kV tunnel 

345kV tunnel 

Measured 

Disp. 

(mm) 

Alarm  
disp. 

(mm) 

Allowable 
disp. 

(mm) 
Check 

3 
 

10 
 

17 OK 

E.Safety Construction through underpass 
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Chung Wha-3 road  
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1. Flood & Water 2. Fire-proof Station 3.Alarm / Broadcast /  Passenger  Guide 

4. Fire fighting & Ventilation 

正義澄清站 

F. Safety Operation 

5. Evacuation and Rescue  

Zuo-Ying Nei-Wei 

Museum of Fine Arts Gu-Shan San-Kuai-cuo 

Kaoshiung 

Min-zhu Science and Technology Museum 

Zhen-gyi Feng-Shan 

http://www.rrb.gov.tw/upload/images/projects/20121130_164842.53449.jpg
http://www.rrb.gov.tw/05201.aspx?id=15


崇
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路

高架橋

中
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路

內惟站左營站
地下道

大
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新
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Zou-Ying Project (L=4121.06m)

通
風
井

UK397+578.942

UK399+205 UK400+320
通
風
井

月台層出入口A 緊急逃生梯
Y

釋壓通風井
Y緊急逃生梯

X

景觀通風開孔

景觀通風開孔 穿堂層 下沉式冷
卻水塔月台層出入口A 緊急逃生梯

Y

釋壓通風井
Y緊急逃生梯

X

景觀通風開孔

景觀通風開孔 穿堂層 下沉式冷
卻水塔

●根據重現期200年豪雨之
洪水位，與現場調查之歷
年最大淹水高程，兩者取
其較大值；再加上出水高
度1.1m，作為其建議之防
洪保護高程。 

●若車站地面高程低於建議
防洪保護高程，設計則配
合設置防洪閘門。 

 Flood Design Level=Occurance 

200years heavy rain / Historic 

flood level + 1.1m 

 Flood gate installation 

snake Mt. 

Old town 

Nei-Wei Sta. 

Zuo-Ying Sta. 
turtle Mt. 
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Flood  F. Safety Operation 

Nei-Wei Sta. 

內惟站 

A Landscape station 

Plateform

entrance 

200 Years Flood 

occurence+110cm 

Platform 

Water proof 

Auto Flood gate 

Zuo-Ying Sta. 

Light 
wind 

A breathing Green station 

Auto flood gate on the track 
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F. Safety Operation 

三塊厝站 
3.牆面-加通風百葉 

日治初期，南部鐵路工程於明治32年
(1899)9月開工，由打狗依序往北推進，
同時向東修築通往九曲堂的鳳山支線。
三塊厝驛(火車站)就是打狗通往九曲堂
的鳳山支線的首站，明治41年(1908)2月
開始營運。三塊厝驛兼營客貨，但是以
貨物運輸為主，特別是提供位於其北邊
的台灣煉瓦株式會社的成品輸運有極大
的貢獻。整體而言，三塊厝驛可說是昭
和16年(1941)6月今日高雄火車站啟用之
前，僅次於舊打狗驛（今高雄港站）的
重要鐵道車站。現存站房於大正12年
(1923)完成，是一座日式的木造車站建
築，昭和16年(1941)6月間再次擴建為三
等鐵道貨運站。昭和16年(1941)6月今日
高雄火車站啟用後，逐漸被取代。 
戰後，民國42年(1953)間，三塊厝站每
日還有七班列車停靠，而後逐年減少。
民國51年(1962)客運停辦，專辦貨運。
民國75年(1986)9月26日廢站。 

藝
風 

水
美
  

鼓
鳴 

水
秀
  

美術館站 鼓山站 

 2Hrs non-combustible decoration 
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Station Fire-proof 

Glass 

Steel 

Concrete 

One of  main stations during 1900’  

Main entrance is wood structure 
(using 2Hrs less-combustible wood)  

Build a new “old station” 

Build at 日明治41年 (1908) 

Historic station 

Museum of Fine Arts Gu-Shan Sta. 

San-Kuai-cuo Sta. 

歷
史 

記
憶 
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 Emergent Power Supply Items 

Taipower  Failure Fire 

1、Lighting 1、Fire Alarm 

2、A.C. 2、Emergency Lighting、Evacuation Indicator 

3、24Hr A.C. 3、Firefighting Pump 

4、Water/Sewer Pump 4、Emergent Smoke Extraction 

5、Elevator 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、Telecommunication 

供電程序： 
1、台電停電時，供電範圍如上表(一)。 
2、火災時，車站空調通風均停止運轉。 
3、火災時，發電機僅供電給消防所需相關設備，如上表(二)。 

F. Safety Operation 

Fire in tunnel

Ventilation

氣動風門

•Sta. Chief

•Driver

noticeKaoshiung Sta.

(Disaster Center)

•CSRC

•Central Monitor

L

C

P

MCP(inc.

NFB、MS)

Ø
Ø

120 120 

30
 

30
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Alarm/Broadcast/Passenger  Guide 

Fire Detector 

Broadcast 

Evacuation Indicator 

Emergent Lighting 

Emergent Power Supply 

 Station Chief 
 Driver 

Disaster  center 

Ventilation 
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F. Safety Operation 

Layout of Emergent Exit 

正義站 

K29 K28 
K27 K26 

K25 
K24 

起點 

鳳山站 

終點 

Extract smoke Provide air

Train with Fire

K07 K06 K05

South North

排煙 送風 

列車發生火災  

K07通風口 K06通風口 K05通風口 

鳳山 左營 

NFPA130 → Interval < 762m 

滅火 
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Fire fighting & Ventilation 

Early Fire Fighting 

高
雄
站 

32 Ventilation Shafts(14.02km) 

鳳山站 

 
正義站 

科工館站 民族站 高雄站 三塊厝站 鼓山站 美術館站 
內惟站 

左營站 

Zuo-Ying  
Project 

(左營計畫) 

Kaoshiung Project 
(高雄計畫) 

Feng-Shan  
Project 

(鳳山計畫) 

Love River 

Extract smoke Provide air

Train with Fire

K07 K06 K05

South North

K6A 

CO2  tank 

Ventilation & Emergent Exit 

Air supply Smoke extraction 

Extinguishing 
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車行動線 

救災動線 

救災車輛臨停 

圖例： 連結送水口 

撤水送水口 

月台層救災動線

穿堂層救災動線

地面層救災動線

F. Safety Operation 

Special Rescue Laddar-2 

Evacuation Ladder Y2 

Fresh Air Sfaft 

Smoke Extraction  Sfaft 
Fire brigade Rescue 
Route 翠 華 路 
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Evacuation and Rescue  

往穿堂層

往第1月台

2
6
3
6

救災專用

救災專用梯-2

緊急逃生梯Y2

2
6
7
5

2
9
7
8

Evacuation Ladder Y2 

Special Rescue Laddar-2 

Rescue Route 

月台層出入口A 緊急逃生梯
Y

釋壓通風井
Y緊急逃生梯

X

景觀通風開孔

景觀通風開孔 穿堂層 下沉式冷
卻水塔月台層出入口A 緊急逃生梯

Y

釋壓通風井
Y緊急逃生梯

X

景觀通風開孔

景觀通風開孔 穿堂層 下沉式冷
卻水塔Evacuation Ladder

Opening

Entrance A

Concourse

Plateform
Cooling 

Tower

Opening
Ventilation Sfaft Y

Evacuation Ladder

Special Rescue Laddar-2Special Rescue Laddar-1

3 Evacuation stairs + 3Rescue entrance 

Evacuation Evacuation 



F. Safety Operation 

EVAC Evacuation Senerio Result 

Ladder 

往第二月台救災路徑

至第一月台救災路徑旅客樓梯

旅客樓梯

救援板車

Special Rescue Ladder 

Fire hydrant  

Result 

 Check1(Dis./Velocity)：281<360sec 

 Check2(EVAC)： 357<360sec 

Special Rescue ladder from ground

Rescue Route to 2nd plateform

Special Rescue ladder 

Rescue Route to 

1st plateform

Standard to evacuate 

 Platform to concourse ： 240sec 

 Platform to ground ： 360sec 
Fire Hydrant & Cart 
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Plateform 
Special Rescue Ladder 

Surface Entrance 

Fire brigade Rescue Route 

Fresh Air Shaft 

Smoke 

Extraction  

Shaft 

Special 
Rescue 
Laddar-2 

Evacuation 
Ladder Y2 

Wireless-Telcom 

消防設施牆面配置示意圖 

Evacuation and Rescue  

Layout of  

Fire-Fighting Wall 

Fire fighting 
 Water supply 

Organized 

Square 
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CFD Fire Senerioco 

Visibility distribution Temp. distribution 
Fire source evaluation 

溫度 
<60℃ 

 

能見度距離 
10m以上 

 

CO濃度 
<1500ppm 

 

 

熱輻射強度 
<2.5kW/m2 

 

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

Temp. distribution > 1.8m 

溫度
<60℃

能見度距離
10m以上

CO濃度
<1500ppm

熱輻射強度
<2.5kW/m2

NFPA

130

F. Safety Operation 
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Evacuation Analysis  

Ladder Ladder 

Entrance 

Ladder Ladder 

Entrance 



Thank You! 
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自行車道2.5ｍ 

人行道  2.5ｍ 設施帶 >1.5ｍ 

人行道  2.5ｍ 自行車道2.5ｍ 

Create a Beautiful Future 

Better/Balance/Beautiful 
If there is dream need to be come true  in 

the next 10 years, Railway underground  is 

the key to use the green to zip the create a  

happy land Better/Balance and Beautiful 

home in Kaoshiung. 


