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1  1  Overview of underwater tunnel construction in ChinaOverview of underwater tunnel construction in China

Where?

To through mountain

River sea channelWhere? River,  sea channel

Urban district 

Regional economic development

Why? Environmental Protection

saving land,  

Expensive ? Technological progress

Labor cost distance shorterLabor cost, distance shorter  



The tunnel construction in China by 2010The tunnel construction in China by 2010

1  The 1  The overview overview of of tunnel construction in Chinatunnel construction in China

The tunnel construction in China by 2010The tunnel construction in China by 2010

Amount Length(km)Amount Length(km)

Railway 
8900 6000

(In used) 
8900 6000

RailwayRailway 
(Under building) 2500 4700

Highway 6139 4920
Railway

190 821
>4km

190 821

U d t 3030 ?Underwater 3030 ?



NoNo NameName Length Length LaneLane Time RemarkRemark

1  1  Overview of underwater tunnel construction in ChinaOverview of underwater tunnel construction in China

No.No. Name Name (m) (m) Lane Lane Time Remark Remark 

11 Shanghai  Shanghai  
HuangpuHuangpu 27362736 22××22 19711971 The first underwaterThe first underwater

Huangpu riverHuangpu riverHuangpu Huangpu Huangpu riverHuangpu river
22 Xiamen Xiamen xianganxiangan 86958695 22××33 20102010 The first under seaThe first under sea

33 Wuhan YangtzeWuhan Yangtze 32003200 22××22 20082008 The first under Yangtze riverThe first under Yangtze river33 Wuhan YangtzeWuhan Yangtze 32003200 22××22 20082008 The first under Yangtze riverThe first under Yangtze river

44 Shanghai Shanghai 
Y tY t 89508950 2x2x12x2x1 20092009 Under Yangtze riverUnder Yangtze river

D bl d k ith ilD bl d k ith ilYangtzeYangtze Double deck with railwayDouble deck with railway

55 Nanjing Nanjing 
Yangt eYangt e 39003900 2x32x3 20102010 Under Yangtze riverUnder Yangtze riverYangtzeYangtze gg

66 Hangzhou Hangzhou 
qinchunqinchun roadroad 31003100 2x22x2 20102010 Under Under QiantangQiantang riverriverqinchunqinchun roadroad

77 Qingdao Qingdao 
huangdaohuangdao 87008700 22××33 20112011 Under seaUnder sea

88 Guangdong Guangdong 
ShiziyangShiziyang 1080010800 22××11 20112011 Under sea, HighUnder sea, High--speed speed 

(350km/h) railway(350km/h) railway





















Qingdao Tunnel 
By 2011By 2011
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ThTh Ch llCh ll T l iT l iThe The Challenge Challenge Tunnel in Tunnel in 
Future in ChinaFuture in ChinaFuture in ChinaFuture in China





2  The Fire and Reason in tunnel2  The Fire and Reason in tunnel

2  The Fire and Reason in Tunnel



Th d t ffi i W h t lThe crowd traffic in Wuhan tunnel



The Tunnel Fire in ChinaThe Tunnel Fire in China
ChangYang tunnel in Hubei Wuxi tunnel in Jiangsu
Ten cars damaged , 2010 24 people died, 2009



The Tunnel Fire in ChinaThe Tunnel Fire in China
ChangYang tunnel in Hubei Jingjishan Tunnel ing g
20 car damaged and 290 
people escaped, 2010

Jingjishan Tunnel in 
Zhejiang, 2006 



The Tunnel Fire in ChinaThe Tunnel Fire in China
Railway Tunnel in SichuanRailway Tunnel in Sichuan, 

After Wenchuan earthquick, 2008



The reason of the fire in 
Underwater Tunnel

• Short  circuit of electrical equipment or 
cables in tunnelscables in tunnels, 

• Automobile engine burning
• Brakes burning (tires fire)
• Traffic accidentTraffic accident
• Flammable  materials loaded
• Etc.



Characteristics of the fire in 
underwater tunnel 

• More passenger cars or bus.
S k i hi h i d i• Smoke is at high concentrations, and its 
diffusion is slower 

• Evacuation difficulties
Hi h t t t d• High temperature generated 

• Rescue difficult.



How to control the fire ?How to control the fire ?
• Good Fire engineering design
• Suitable Fire Facilities

T ffi t l• Traffic control
P f t Fi t• Perfect Fire management



3. 3. Fire Fighting Measure in ChinaFire Fighting Measure in China



3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

• 3.1 Ventilation Systems y
• 3.2 The Main evacuation modes

3 3 Fi S i S t• 3.3 Fire Suppression Systems
• 3.4 Accessorial Safety Facilitiesy
• 3.5 Tunnel Structure and Equipment Fire 

Resistance MeasuresResistance Measures
• 3.6 Safety Managementy g



3.1 Ventilation systems
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

3.1 Ventilation systems

Transversal
- One or two ducts runs along the
tunnel carrying fresh and foul air

- Adequate for long tunnels
Ad t f bi di ti l t ffi

Advantages

-Fresh and foul air
enter and leave
the tunnel through

-Adequate for bi-directional traffic 
flow
-Constant fresh air supply
Smoke is removed from the tunnelthe tunnel through

openings located
along the walls or
the ceiling

-Smoke is removed from the tunnel

Disadvantages
the ceiling

-High investment cost
-Inefficient in smoke control
-Control complicatedControl complicated
-Ventilation stations, ducts and big 
chimneys are always required



3.1 Ventilation systems
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

3.1 Ventilation systems

Semi-Transversal

- Semi-transversal ventilation systems use
just one duct running along the tunnel; It
can used for fresh air supply as well as

- Smoke is removed from the tunnel
Low maintenance costs

Advantages

can used for fresh air supply as well as
smoke extraction.
-Fresh air supply or smoke extraction are
achieved by openings located along the

-Low maintenance costs
-Adequate for bi-directional tunnels
-Easy control strategy 

walls or the ceiling.

Disadvantages

-Inefficient in smoke control
-High investment costs
-Ventilation stations, ducts and big e t at o stat o s, ducts a d b g
chimneys are always required



Semi-Transversal
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

Semi Transversal 
Wuhan tunnel

Smoke Vent





3.1 Ventilation systems
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

3.1 Ventilation systems

Longitudinal

- Ventilation system installation requires 
small spaces 

Advantages

p
-Low investment cost
-High efficiency for one-directional traffic 
flow
-smoke control is easier

- Jet fans installation is possible only in 
Disadvantages

-Air movement is controlled by jet fans
actions; the fans are installed on the

tunnels with high ceiling height
-Not adequate for bi-directional traffic 
flow

tunnel ceiling

--UsedUsed inin mostmost tunneltunnel inin ChinaChina fromfrom

-High smoke emissions at both portals 
-Smoke is not removed from the tunnel

19891989



3.1 Ventilation systems
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

3.1 Ventilation systems

Segmenting Longitudinal
• Ventilation system installation 
requires small spaces 
•Low investment costLow investment cost
•-smoke control is easier
•Suitable for long tunnel with shafts
-Not adequate for smoke removed

Xiamen Xiamen XianganXiangan tunnel Geological profiletunnel Geological profile



3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

V til ti h ftV til ti h ft

X
ia

X
ia

Ventilation shaftVentilation shaft

am
en 

am
en XX

Main tunnel Main tunnel 
Exhaust  tubeExhaust  tubeExhaust tubeExhaust tube

X
iang’an

X
iang’an

Refuge passagewayRefuge passageway

nn
tunne
tunneel diagr

el diagrram
ram

Service tunnel Service tunnel 



Xiamen Xiang’an TunnelXiamen Xiang an Tunnel



3.1 Ventilation systems
3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

3.1 Ventilation systems

Combined ventilation

- Both longitudinal ventilation and
Semi-transversal ventilation systems

i th t l h f th
- Smoke is removed from the tunnel
L i t t t

Advantages

use in a the same tunnel; each of them
service one segment of tunnel.
-Fresh air supply or smoke extraction
are achieved by openings located

-Low investment costs
-Adequate for bi-directional tunnels
- suitable for long tunnel 

are achieved by openings located
along the walls or the ceiling.

Disadvantages

-Inefficient in smoke control
-Control complicated
Ventilation stations ducts and big-Ventilation stations, ducts and big 

chimneys are always required



3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

Combined ventilation in Wuhan Yangtze tunnel

At th t t f th T lAt the entrance segment of the Tunnel



3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

Combined ventilation in Wuhan Yangtze tunnel

At the shield segment of the TunnelAt the shield segment of the Tunnel



3  The Fire Fighting 3  The Fire Fighting Measure in ChinaMeasure in China

Combined ventilation in Wuhan Yangtze tunnel

At the exit segment of the Tunnel



Ventilation system of long tunnels in China
(selected)(selected)

Erlangshan 4160 mountain Semi- Transverse
Dapingli 12290 mountain segmenting Longitudinal

Baojiashan 12100 mountain segmenting Longitudinalj g g g
shaft exhaust

ZhongnanShan 18400 mountain segmenting Longitudinal
shaft exhaust

Baiyun 7500 mountain segmenting LongitudinalBaiyun 7500 mountain segmenting Longitudinal
Longtan 8700 mountain segmenting Longitudinal

Yeshanguan 8150 mountain segmenting Longitudinal
Kuocangshan 7900 mountain segmenting Longitudinalg g g g

centralized exhaust
Shanghai Yangtze 

river
8900 underwater segmenting Longitudinal

centralized exhaust
Wuhan Yangtze river 3200 underwater Longitudinal ventilationWuhan Yangtze river 3200 underwater Longitudinal ventilation

centralized exhaust
Nanjing Yangtze 

River
3900 underwater segmenting Longitudinal

shaft exhaust
Xiamen Xiang’an

Subsea
6050 underwater segmenting Longitudinal

shaft exhaust
Hangzhou 
Qingchunlu

3300 underwater Longitudinal ventilation
shaft exhaustQingchunlu shaft exhaust

Qingdao Huangdao
Subsea

7800 underwater Longitudinal ventilation
shaft exhaust



3.2 The main evacuation modes 

S it bl f t i t l ith d l i l diti

1. Evacuation of double tube tunneling with cross-passageway 

• Suitable for mountain tunnel with good geological conditions, 
• little construction difficulty
• passengers using easierp g g



3.2 The main evacuation modes 

S it bl f d t t i t l ith t t ll l i l

2. Evacuation of horizontal accessional tunnel  

• Suitable for underwater or mountain tunnel with not too well geological 
conditions

• It can be as service passage of pilot tunnel for construction , and facilities 
maintenance

Services tunnel



3.2 The main evacuation modes 

Utili f ll th ti l b l th t l

3. Evacuation of longitudinal refuge passageway

• Utilize fully the vertical space below the tunnel
• Suitable for bad geological conditions or shield-constructed or some double 

deck tunnels
• Evacuation difficult for old or sick people, not adequate for the egress 

capacity



施工中的上海长江隧道施 中的上海长江隧道



上海长江盾构隧道直径为15m 内径13 7m 盾构隧

1  1  我国公路隧道建设基本情况我国公路隧道建设基本情况

上海长江盾构隧道直径为15m，内径13.7m，盾构隧
道段长7.47Km，是世界上最大直径的盾构隧道，也是世界
上最长的水底隧道之上最长的水底隧道之一 。

隧道内上部为公路，下部为轨道和避难通道。隧 内 部为公路，下部为轨 和 难通



Some cases of the current underwater tunnel 
evacuation modes in China



3 3 Fire Suppression Systems3.3 Fire Suppression Systems
1 Fire Extinguishers 2. Fire Hydrant System1. Fire Extinguishers 

• 4 fire extinguishers 
placed on both sides

2. Fire Hydrant System
• Minimum water flow rate 

is 20 L/splaced on both sides 
• well-marked cabinets 
• installed in combination

• At least 10.0m in supply 
pressure• installed in combination 

with fire hydrant 
• spacing < 50m

p
• spacing <50m
• Water tank is necessaryspacing  50m. y



3 Water sprinkler extinguishes3. Water sprinkler extinguishes

Some worries Accept or not?Some worries

• Useless for fires inside carriages
• Cooling smoke weak stratification

Accept  or not?
• Prevent fire growth and spread
• safe lives It is not true for visibilityCooling smoke,  weak stratification

• High maintenance cost
• less visibility

safe lives, It is not true for visibility
• Protect the structure
• Accepted comparing with the 

costs of the whole constructioncosts of the whole  construction 
and fires disaster

• Usually water spray system used 
id lwidely

Water spray nozzle
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3.4 Other security facilitiesy

1 CCTV 2. Automatic fire detection 1. CCTV

• Most  long tunnel installed
system
• Line type heat detector 

• Spacing > 50-200m
yp

• Spot smoke detector

Line type heat detectorLine type heat detector



3.4 Other security facilitiesy
3. Emergency Phone and 
Alarm

4. Speaker and radio 
Alarm

• Long tunnel installed • Long underwater tunnel

• Interval between 50 to 150m



3 6 Safety Management3.6 Safety Management

• Safety education and training
• Traffic control under normalTraffic control under normal
• Management of Dangerous Goods
• Good facilities maintenance



4 conclusion4 conclusion

• Good design for a underwater tunnel
• Reasonable selection of fire safetyReasonable selection of fire safety 

facilities
G d t d i t• Good management and maintenance

• Further fire safety research……u t e e sa ety esea c
• More communication 



More future…..



Thank you !


