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Abstract

The paper will deal with the safety in road tunnels including a few major past accidents, a few projects related to tunnel safety, and an example of state of the art within tunnel safety.

Introduction
Tunnel safety is a key issue and tunnel managers often face emergencies that demand rapid and appropriate reactions – involving complex decisions - in order to avoid catastrophes. These actions have to be effective whilst maintaining coordination between the management of the emergency and the management of the surrounding network.

The effective integration of the tunnel surveillance and the control with the rest of the urban or interurban network management is a must. An uncoordinated management of the network with respect to the tunnel provokes congestions and even potentially dangerous situations; likewise, if the tunnel manager ignores the network situation – including the management strategies being applied - he can take counterproductive decisions that have a negative impact both on the tunnel safety and on the overall network performance [1].

The importance of focusing on tunnel safety is related to the fact of the existence of about 700 road tunnels in Europe of more than 1 km in length; eight of these are longer than 10 km. Norway boasts the largest number of tunnels with 203 of more than 1 km in length. Italy has 177 tunnels above 1 km, Switzerland 67, Austria 55, France 46, and Germany 38.

Traffic through tunnels have some advantages, e.g. protection from weather conditions, optimisation of traffic lines by “linearisation”, and land-use advantages like minimising the destruction of landscapes and additional use of the areas above a tunnel are only a few aspects that have to be named. Therefore, it is expected that also in the future, tunnels will be further projected and built.

The geographical characteristics of Europe have historically led to the construction of very long road and railway tunnels for the transport of passengers and freight. Many of these tunnels were built decades ago and have now become insufficient to properly serve the increasing mobility needs of European countries.

The increase of the demand, the obsolescence of the installations, and the lack of an integrated management of emergency situations, are leading to acute security problems in European tunnels as it was dramatically proven in the examples of the Mont Blanc and Tauern tunnels in 1999.

Furthermore, an international study [2] on 25 long tunnels in Austria, Belgium, Germany, Spain, Switzerland, France, United Kingdom, and Italy, concluded that one third of the analysed tunnels don’t meet the minimum security requirements to face an accident.

Past accidents

From the list of ‘Fire Accidents in the World’s Road Tunnels’ [3], covering the accidents for the latest good fifty years, it may be found that the frequency of accidents is increasing during time, see Figure 1. 

Figure 1: Number of fire Accidents in the World’s Road Tunnels vs. time
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The main reason for this development is no doubt the increase in number and length of road tunnels [4], see Figure 2, and that old tunnels are not up to the necessary standard as compared with the high increase in speed and traffic density during time.

The consequences of a heavy fire in a tunnel – which is the most feared kind of accident in a tunnel – are very broad covering from just 1 injured to several dead persons as concerns 
people, and from a single vehicle to several cars, lorries and /or trucks as concerns material damage.
Figure 2: The increase in total number of road tunnels of more than 10 km in length
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Two major accidents – from the points of people as well as material - are the Month Blanc tunnel accident 24 March 1999, and the Tauern tunnel accident 29 May same year.

The Mont Blanc accident in brief

The Mont Blanc tunnel is a single tube, two traffic lane, and 11,600 m long tunnel connecting in the direction France-Italy the Chamonix Valley with the Val D-Aoste. The tunnel was completed in 1965.

39 people died and 34 vehicles were caught up in the fire during the accident in the tunnel 24 March 1999.

A Belgian truck entered the Mont Blanc tunnel. The driver, alerted by flashing headlights, realised that smoke was pouring from his cab [5], probably because of oil leak in the motor. He stopped his vehicle halfway through the tunnel, got out and tried to extinguish the fire, but with the blaze out of control he abandoned the attempt and raised the alarm. The load of the truck - flour and margarine - caught fire, and soon the air became unbreathable due to the smoke and the toxic nature of the combustion gases. Due to the airflow of the ventilation system the combustion gases were carried towards the French portal with the consequence that all persons situated between the site of accident and the Italian portal managed to escape, whereas persons between the site of accident and the French portal died, even though some of them managed to reach a refuge point supplied with fresh air. 

The tunnel re-opened March 2002 after 3 years of repair.

The Tauern accident in brief

The Tauern tunnel is a single tube, two traffic lanes 6,041 m long tunnel situated in Salzburg, Austria. It was completed ion 1975. 

During the accident 29 May 1999 in the tunnel 12 persons died, 86 persons managed to flee, 47 of them wounded.

Due to repair work in the tunnel about 800 m from the northern portal, the traffic was regulated by traffic light inside the tunnel. With the light changing to red for the traffic coming from south a lorry loaded with paint (24.000 spray cans) stopped, and four cars behind him stopped as well. A 34 tons truck with the driven fallen asleep for a few seconds crashed into the cars, smashing the two last cars into each others and pressing the other two cars under the front lorry with a force making the police initially believe it was just one car [6]. Fire flashed up immediately, probably due to full fuel tanks, and several explosions happened, probably due to spray cans exploding and flying around. Eight people died instantly. The fire detection system triggered the alarm, and the traffic lights at both entrances of the tunnel turned to read. However, many drivers from south simply ignored the read light and entered into the tunnel. 

Figure 3: Smashed and burned out wrecks at the place the accident happened.
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Cameras were switched to covering the site, but almost nothing could be seen due to heavy black smoke. At this moment 36 cars and lorries were inside the tunnel, none of them managed to get out. At the impact point about 1200 0C were reached, and on a 700 long stretch 1000 0C were constantly reached. However, 90 people were rescued from the tunnel. The fire continued for 16 hours. 

The Tauern tunnel re-opened already 3 month after the accident, before initially planned.

Lessons learned

A summary of lessons learned is presented, partly based on experiences due to the two accidents discussed above, and partly based on general considerations [5]:

· Prevention has to be built into a project ahead of actual construction; afterwards, the options are severely limited. In constructions like tunnels, factors considered harmless in open-air situations are potentially catastrophic

· As a result, a new tube allowing one-directional traffic in each tube is being initiated for the Tauern-tunnel in 2005, expected to be operating in 2008

· In case of repair or maintenance work, traffic light must be set up at the portals outside the tunnel and not inside even though this would give a quicker traffic flow

· Need was realised of on-board heat cameras at the rescuing vehicles for driving in zero visibility

· Likewise, long endurance breathing apparatus and clothing more protective against heat were realised as a need

· Need of efficient information systems

· Need of refractory shelters with access to protected evacuation tunnels

· Regulations for transportation of dangerous goods for two-way tunnels and the accompanying duty plans may be revised (normally flour and margarine will not be seen as hazardous materials)

· During the total closure of the Tauern-tunnel an improved ventilation system has been installed, and likewise the radio and transmission system has been improved

· A visual inspection of the state of the vehicles entering the tunnel is essential (e.g. no sign of leaking fluids)

· Heat-detecting portals should be installed to detect ‘hot spots’ of vehicles before entering the tunnel

· High visibility of tunnel markers, and existence of reliable emergency fire resistance lighting

· Equipment, e.g. fire resistant video cameras, for great precision location of an accident

· Sufficient ventilation with exhaust air sucking

· Emergency phones and fire extinguishers in sufficient number should be easily recognisable 

· The behaviour of road users concerning avoidance of traffic jam or stops in the tunnel should be stressed

Last, but not least, the training of rescuing staff in handling an emergency is of utmost importance; each possible scenario should have a contingency plan.

Examples of recent projects related to tunnel safety

FIT, Fire in Tunnels

FIT is a European Thematic Network on Fire in Tunnels. FIT provides a European platform for dissemination and information of up-to-date knowledge and research on Fire & Tunnels [7].

Increase of traffic and the trend for longer tunnels consequently result in higher risks. Safety and in particular safety in case of fires in tunnels has received tremendous attention following some recent fire incidents (Mont-Blanc, Tauern, Channel, Kaprun, Saint-Gotthard…) 
Clearly the cost and complexity of the problem need a European approach to optimise efforts. To profit at most from the knowledge throughout Europe, from real fire accidents, testing and research, there is a merit of using all available information via a European Thematic Network. The following main objectives have been identified for the FIT Thematic Network: 

	1• 
	The network has as main objective the dissemination of RTD and design results obtained in European and National RTD projects. The aim is to optimise research efforts, to reach critical mass and to enhance impact at European level by combining the results of the different projects. 

	2•
	FIT will establish a set of consultable databases with essential knowledge on fire in tunnels. 

	3•
	Consequently FIT has also the objective to develop European consensus for fire safe design on the basis of existing national regulation, guidelines, code of practices and safety requirements. 

	4•
	The last objective is the definition of best practices for tunnel authorities and fire emergency services on prevention and training, accident management and fire emergency operations.


The occurrence of a fire in a tunnel provokes a need for response from the tunnel users, the operators and the emergency services. One purpose of FIT is to define these responses in the context of these different categories and so determine the best practices, which should be adopted to ensure a high level of safety. 

The tunnel users will in all probability be unfamiliar with their environment and with the technical features available in the tunnel. It may be in their best interests to take action with regard to self-rescue prior to the arrival of the emergency services. This may depend on their prior education with regard to tunnel safety. 

The tunnel operator understands the features available and should take appropriate action to implement procedures, which will minimise the danger to occupants. The operator will call in the emergency services and generally follow a pre-prescribed plan. The development of this plan and how it should be refined though exercises and training will also be addressed. 

The emergency services face an unpredictable situation on their arrival at the fire site. An understanding of the tunnel details and the knowledge of tunnel operational possibilities are required to take control of the situation and begin the rescue operation with maximum safety. 

As a first step for the compilation of guidelines for fire safe design, the relevant guidelines are collected and listed. This includes regulations, guidelines, standards, and to some degree current best practices. 

Guidelines include relevant documents from European and international organisations and European countries, supplemented when relevant with guidelines from other important road tunnel countries, e.g. USA and Japan. 

Safetunnel, an integrated system for daily benefit in tunnels and safety in emergency use. 

Safe Tunnel presents a new approach in solving safety problems in tunnels. With this new technology, emergency situations are detected at the earliest stage and the process of analysing and extinguishing the fire is automatically integrated. Newly developed technology for water fog extinguishing system, a new ventilation system and a specially designed signal guidance system form the basis of this integrated system. SafeSystem is beneficial both for normal use and in an emergency situation in tunnels [8].

E.g., trucks may be instrumented with embedded digital systems, like:

Sensors for measuring:

•Water temperature

•Break status

•Speed

•Distance, 

And diagnosis and prognosis of actuators like:

•Engine;

•Brakes;


SIRTAKI, Safety Improvement in Road&rail Tunnels using Advanced ICT and Knowledge Intensive DSS
Safety in tunnels is a critical issue for European transport: although a lot of work has already been done in defining safety and security procedures, existing Tunnel Management Systems need further improvements to react and face an accident in real time. Tunnel safety management is a complex process involving the concentration and processing of a wide variety of tunnel control information and critical decision-making in emergency situations. SIRTAKI system aims to cover those safety requirements by responding to these needs by the development and assessment of an advanced tunnel management system that specifically tackles (i) safety issues and emergencies and (ii) the integration within the overall network management [9].
The strategic goal may be translated into a set of measurable, specific objectives:

1. To develop an integrated prototype of tunnel management and decision support system (DSS), including – but not limited to - emergency management. Four modules compose this prototype:

a. Knowledge Basis: a learning tool that will support training, decision making and automation of actions by applying previous experiences in emergency management and simulation of emergency situations.

b. DSS: a smart decision support system that will help crisis managers to take decisions in emergency situations.

c. Tunnel Management Model: a model of the tunnel that enables the integration of traditional surveillance and control systems with, on the one hand, DSS and KB and, on the other, the overall transport network.

d. Tunnel surveillance and control system. SIRTAKI approach will not substitute traditional surveillance and control systems, but will enhance them with new capabilities, as the DSS and KB, which will make control systems more efficient.

2. To integrate and validate the SIRTAKI results in a set of test sites with different characteristics and requirements (urban/interurban, road/railway, etc.) in France, Germany, Italy and Spain.

3. To establish a methodology and accompanying guidelines to facilitate the cost-effective adoption of the project results by any tunnel operator in Europe. 

State of the art within tunnel safety

Due to the Fire accident in the Mont Blanc tunnel in 1999, the tunnel has been under repair and the result at the re-opening three years later is probably the most up to date European tunnel concerning tunnel safety, except for the fact that it is still a one-tube tunnel, which means oncoming traffic.

It is equipped with numerous safety facilities intended to virtually rule out the possibility of a catastrophe on the same scale in the future [10]: 

· Cameras spaced 100 metres apart ensure seamless surveillance of the tube

· Trucks carrying dangerous goods are no longer allowed to pass through the tunnel at all

· Heat sensors at both ends to detect overheated trucks before they enter the tunnel

· Two control rooms, the main at the French site, and back-up at the Italian site

· Updated tunnel management system initiating automatically in case of an emergency VMS (Variable Message Sign), lighting, ventilation, first aid, etc

· Four safety exercises a year
· Increased smoke extraction capacity, one flue for each 100 m

· Emergency intervention stations (fire brigades) positioned in both ends and in the middle of the tunnel

· Signs indicating radio frequency, permitted speed and prescribed distance

· Traffic light at 300 m intervals, stopping barriers with flashing light every 600 m

· Continuous indicator system indicating distance and direction for the nearest shelter

· Safety recesses equipped with emergency phone, fire extinguisher, and push-button alarm signal

· Pressurised shelters every 300 m - visualised by flashing light at the shelter - with fireproof doors and with video contact to the control room. The shelters have access to escape tunnel with rescuing vehicles to the outside or to other shelters

· Air ducts supplying different parts of the tunnel with fresh air

· Smoke extraction in case of fire, regulation of fresh air for the victims but no fresh air for the fire

· Bi-directional fire-fighting vehicle with IR-system, spray system, and oxygen supply.

· Strictly enforced regulations concerning speed and distance between vehicles in the tunnel

Conclusion

Even though safety in road tunnels has been greatly improved in a number of tunnels based on lessons learned from various tunnel accidents, it is important to realise that safety in road tunnels is not simply a question of installing emergency facilities and operating them efficiently. It also depends to a great extent on the behaviour of tunnel users in case of an emergency. E.g. tests made at tunnels have shown that lots and lots of cars ignore the traffic light and enter the tunnel in spite of read light. It is therefore important to note that road users should be constantly made aware of correct behaviour in road tunnels through education and drills. There is no such thing as absolute safety in road tunnels even though we must make every effort to reduce the risks to the greatest extent possible. Further research is therefore required to improve road tunnel safety [11].

References

[1] “Gestión integral de tuneles”. Beatriz Chavarri Caravias. II Simposio de túnels: explotación, seguridad, conservación y reparación. 6th, 7th and 8th May 1998. Jaca (Spain).

[2] “Análisis de 25 túneles europeos”. Real Automóvil Club de España (RACE). May 2000.
[3] http://home.no.net/lotsberg/artiklar/brann/en_tab.html,

[4] http://home.no.net/lotsberg/

[5] http://nedies.jrc.it/doc/Tunnel%20Accidents_Final.pdf

[6] http://www.landroverclub.net/Club/HTML/Travel_TauerTunnel.htm
[7] http://www.etnfit.net/

[8] http://www.orbipark.com/
[9] http://www.risoe.dk/sys/spm/current_projects/sirtaki_61.htm

[10] http://www.montblanclodge.com/mbtunnel.asp

[11] http://www.pwri.go.jp/eng/kokusai/reports/mashimo031018.pdf
Biography

Verner Andersen got his Ph.D. in Physics in 1969. He is a Senior Research Scientist since 1992 at Risø National Laboratory. He has since 1986 been responsible as project manager and co-ordinator of various international projects related to decision support and training related to emergency management. His research topics include man-machine interactions and human factors. 

� Systems Analysis Department, DK 4000 Roskilde, Denmark,


e-mail: � HYPERLINK mailto:verner.andersen@risoe.dk ��verner.andersen@risoe.dk�.








_1167805245.xls
Chart1

		17899

		27030

		27760

		28491

		28856

		29221

		29952

		30317

		31413

		31778

		32874

		33970

		34335

		34700

		35142

		36274

		36721

		37104



1

1

1

1

1

1

2

1

1

1

2

2

1

1

1

2

1

3



Sheet1

		Fire accidents in the worlds roed tunnels

														CONSEQUENCES

		Year		TUNNEL		Location		Vehicle where		Most possible		 Duration		Consequences		Damaged		Structures and

				Length		Country		fire occurred		cause of fire		of fire		people		vehicles		installations

		1949		Holland		USA		Lorry with		Load falling		4 h		66 injured		10 lorries		Serious damage

				2 550 m				11 tons of		off lorry				smoke		13 cars		over 200 m				USA				2

								carbondisulfid		explosion				inhalation								France-Italy				3

		1974		Mont Blanc		France-Italy		Lorry		Motor		15 min		1 injured								France				2

																						Nederland				1

				11 600 m																		Japan				2

		1976		Crossing BP - A6		France		Lorry with		High speed		1 h		12 light		1 lorry		Serious damage				Afghanistan				1

				430 m				drums of 16 tons						injuries (smoke)				over 150 m				Switzerland				2

								polyesterfilm														Norway				3

		1978		Velsen		Nederland		4 lorries		Front-rear-		1h 20		5 dead		4 lorries		Serious damage				South-Africa				1

																						Italy				4

				770 m				2 cars		collision				5 injured		2 cars		over 30 m				Austria				3

		1979		Nihonzaka		Japan		4 lorries		Front-rear-		159 h		7 dead		127 lorries		Serious damage				21				24

				2 045 m				2 cars		collision				1 injured		46 cars		over 1 100 m

		1980		Kajiwara		Japan		1 truck with		Collision with				1 dead		1 truck, 4t		Serious damage

				740 m				3600 litres of		side wall and						1 truck, 10t		over 280 m

								paint in 200 cans		overturning

		1982		Caldecott		USA		1 car, 1 coach		Front-rear-		2h 40		7 dead		3 lorries		Serious damage				1/1/49		1

				1 028 m				1 lorry with		collision				2 injured		1 coach		over 580 m				1/1/74		1

								33000 l of petrol								4 cars						1/1/76		1

		1982		Salang		Afghanistan		Soviet military		Front collission				> 400 dead								1/1/78		1

		3. Nov.		2 700 m				column. At least		Destroyed tank												1/1/79		1

								one petrol truck.														1/1/80		1

		1983		Pecorila Galleria		Italy		Lorry		Front-rear-				9 dead		10 cars		Little damage				1/1/82		2

				662 m				wth fish		collision				22 injured								1/1/83		1

																						1/1/86		1

		1986		L'Arme		France		Lorry with		Braking after				3 dead		1 lorry		Some equipment				1/1/87		1

																						1/1/90		2

				1 105 m				trailer		high speed				5 injured		4 cars		destroyed				1/1/93		2

		1987		Gumefens		Switzerland		1 lorry		Front-rear-		2 h		2 dead		2 lorries		Slight damage				1/1/94		1

																						1/1/95		1

				343 m						collision						1 van						3/18/96		1

		1990		Røldal		Norway		VW transporter				50 min		1 injured				Little damage				4/24/99		2

																						7/14/00		1

				4 656 m				with trailer														8/1/01		3

		1990		Mont Blanc		France-Italy		Lorry with		Motor				2 injured		1 lorry		Some equipment				24		24

				11 600 m				20 tons of cotton										destroyed

		1993		Serra Ripoli		Italy		1 car + lorry with		Collision		2h 30		4 dead		5 lorries		Little damage

				442 m				rolls of paper						4 injured		11 cars

		1993		Hovden		Norway		Motor cycle		Front-rear-		1h		5 injured in the		1 motor cycle		111 m insulation

				1 290m				2 cars		collision				collision.		2 cars		material destroyed

		1994		Huguenot		South-Afrika		Bus with		Electrical fault		1h		1 dead		1 coach		Serious damage

				3 914 m				45 passengers						28 injured
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		France - Italy		Mont-Blanc / Monte Bianco		11 611 m		19.07.1965 ¤¤¤				1965				1		1

		Austria		Arlberg		13 972 m		01.12.1978				1978				1		2

				2nd Röhre								1980				2		4

		France - Italy		Fréjus		12 895 m		12.07.1980				1980						4

		Italy		Gran Sasso d'Italia (East direction)		10 176 m		01.12.1984				1984				1		5

		Japan		Kan-etsu (north bound tube)		10 926 m		1985				1985				1		6

		Norway		Gudvanga		11 428 m		17.12.1991				1991				2		8

		Japan		Kan-etsu (south bound tube)		11 055 m		1991				1991						8

		Italy		Gran Sasso d'Italia (West direction)		10 173 m		1995				1995				1		9

		Norway		Laerdal		24 510 m		27.11.2000				2000				1		10

		Norway		Folgefonn		11 150 m		15.06.2001				2001				1		11

		China (Taiwan)		Hsuehshan (twin tunnel + service)		12 900 m		122,005				2005				1		12

		France		Le tunnel Est (Rueil - Malmaison à Versailles)		10 000 m		2004 - 2006				2006				1		13

		China		Zhongnanshan (2 tubes)		18 040 m		2009*				2009				1		14

		Japan		Hida (+emergency tunnel)		10 750 m		2010****				2010				1		15

		Norway		Leirfjord		11 100 m		In progress
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