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NOTA BENE

This report reflects the work of the Group of Experts up to and incduding its last meseting in
July 2001. Even though this report is being issued after the accident in the Gotthard tunnel
(24 October 2001), it has not been possble to take this incident into account at this stage.
However, it has been decided to hold another meeting of the Group of Experts in January
2002 in order to examine the possible consequences on this report of the officid enquiry by
the Swiss authorities.
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FOREWORD

The White Paper “European transport policy for 2010: time to decide’ of the Commission of
the European Union dates. “Everyone should enjoy a transport system that meets their needs
and expectaions. However, the price pad for mohility in Europe is gill far too high. Of dl
modes of transport, transport by road is the most dangerous and the most costly in terms of
human lives’. Safety in tunnds conditutes an important topic in this generd context. Even
though the dramétic fires of 1999 in the Mont Blanc and Tauern tunnds emphasized the
concern regarding safety in tunnels, designers, contractors and operators had accumulated
experience over many years before then. Many governmentd and professona bodies had
undertaken research projects and actions to study and improve safety in tunnels and continue
to do so.

Due to its large representation of al European countries and its regulatory authority, the
UNECE, through its Inland Transport Committee (ITC), was consdered the best place to
coordinate, develop and propose concrete measures to improve safety in tunnds. To this end,
an Ad hoc Multidisciplinary Group of Experts on Safety in Tunnels was crested to which
UNECE member countries and relevant organizations were invited. According to the mandate
given to it by the ITC, the Group of Experts limited its efforts, in the firgt instance, to road
tunnels, building on work aready under way in this area. Road transport represents over 85%
of goods and 93% of passenger transport by land (in comparison with 15% and 7% for rall
trangport). The continuation of the work on rail tunnes will require the nomination of experts
from that area.

With the publication of this find report, the present Group of Experts has completed its
mandate: a comprehensve cadogue of measures for road tunnds has been compiled.
However, improving the levd of safety in road tunnds is an ongoing task that will not be
completed upon publication of a find report. The measures adopted by the Group of Experts
have now to be consdered by the rdlevant Working Parties of the ITC. The report will then be
submitted in English, French and Russan to the saxty-fourth sesson of the ITC to be hed
from 18 to 21 February 2002 with the find god of incorporating the recommendations in an
gppropriate form into UNECE legd instruments.

Many thanks go to the representatives of the countries and organizations, in particular, the
World Road Association (PIARC) and the Internationd Tunnelling Association (ITA) and to
the UNECE secretariat for their hdp in editing the find verson of this report. Many thanks go
to dl the countries and organizations that sent delegates to the various meetings held in
Geneva, and to those delegates for their collaboration. Many thanks aso go to the UNECE for
having initiated the creation of the Group of Experts and for the organizationd facilities.

Michd Egger

Charman of the UNECE Ad
hoc Multidisciplinary Group of
Expats on Safety in Tunnds
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ABSTRACT

Although concern about safety in road tunnds did not start with the fires of 1999 in the Mont
Blanc and Tauern tunnels (designers, contractors and operators had accumulated experience
over many years before), these dramatic accidents brought the risks in tunnds to the fore, and
led politicd leaders to get involved. In pardle to the actions undertaken after these accidents
a the nationd level and in various professond bodies, an Ad hoc Multidisciplinary Group of
Experts on Safety in Tunnels was created, with the support of the European Commisson,
under the aggis of the Inland Trangport Committee of the United Nations Economic
Commisson for Europe. The mgor tak of the Group of Expets was to deveop:
“recommendations for minimum requirements concerning safety in tunnels of various types
and lengths’. The Group of Experts, which in the fird indance concentrated its work on
safety in road tunnds in conformity with the mandate of the ITC, had four mestings in
Geneva between summer 2000 and summer 2001.

Incorrect behaviour of road users is the man cause of most accidents. The probability of
accidents is dgnificantly lower on motorways than on roads with bi-directiond traffic. In
tunnels, the number of accidents is often lower than in the open, especidly for longer
gretches. Nevertheless, due to the confinement of the environment, accidents in tunnds, and
particularly fires, can have dramatic results.

To ensure safety in road traffic, the necessary dructurd, technicd and  organizationd
measures need to be taken. All safety measures have to correspond to the latest technology
and have to gpply to dl concerned, i.e. to road users, traffic control and emergency services,
infrastructure and vehicles. The following objectives have been set for ataining the optima
level of safety in road tunnels:

Primary objective: prevention

to prevent criticad events which endanger humen life, the environment and tunnd
ingdlations

Secondary objective: reduction of consequences
of events such as accidents and fires; to create the ideal prerequisites for
people involved in the incident to rescue themsdlves
the immediate intervention of road usersto prevent greater consequences
ensuring efficient action by emergency services
protecting the environment
limiting meaterid damege.
The level of safety in tunnels is influenced to varying degrees by a variety of factors that can
be collectively summarized in the following four main groups:
Road users
Operation
Infrastructure
Vehicles

For each group, the Group of Experts has established a set of measures amed at reinforcing
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sdfety in road tunnels:

Ten measures for road users information, education and training of drivers, regular testing
for heavy goods vehides and bus drivers, proposds to rationdize regulaions governing
the transport of dangerous goods, etc.

Sixteen measures for tunnd operation: creation of a nationd body to coordinate tunne
safety, one safety officer for each tunnd longer than 1,000 metres, harmonization of
guiddines and regulaions, edablishment of a tunnd fire and accident database,
improvement of rescue crew equipment, atunnd dedicated to exercises and trids, etc.

Eleven messures for the infrastructure guideines for single tube tunnds unified time-
temperature curve, harmonization of tunnd dgning sysems, safety equipment in function
of risk potentid, etc.

Sx measures for vehides limitation of fud quantity carried by heavy goods vehicles,
annual technical inspections for such vehicles, etc.

With the publication of this find report, the Group of Experts has completed its mandaie a
comprehensve catalogue of measures for road tunnels has been compiled. These proposed
measures have now to be submitted for adoption a the sixty-fourth sesson of the ITC to be
held from 19 to 21 February 2002 and then considered by the relevant Working Parties which
are subsdiay bodies of the ITC in order to evduate to what extent they can be incorporated
into UNECE legd ingtruments.

New experts will have to be sdected to continue the work of examining safety in ral tunnels.
For road tunnels, the Group of Experts agreed that it would be desrable to hold regular
meetings (a least two-yearly intervas or less if required) in the future to review new
developments in the fidd of tunnd safety and to be informed about the follow-up by ITC
subsdiary bodiesin incorporating the recommendations into various legd insruments.
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A INTRODUCTION AND MANDATE

A.1 Introduction

On 24 March 1999, a truck loaded with margarine and flour caught fire in the Mont Blanc
tunnel between Chamonix (France) and Aoda (Itay). The blaze spread rapidly to other
vehicles, with the result that 39 people died due to the development of intense heat and
smoke. On 29 May 1999, a callison took place in the Tauern tunne in Audtria, between a
lorry that collided with four light vehices and another lorry loaded with different spray-tins,
danding in front of a traffic light ingde the tunnd. The collison caused a fire, which spread
rapidly. Twelve people died: 8 due to the collison and 4 due to the smoke.

For both new and renovated road tunneds, structura and technicd safety inddlations have to
comply with nationd and international recommendations, regulaiions or standards. These
sdfety inddlations can only be fully effective if they are wel operated and combined with an
efficent emergency service and correct behaviour on the pat of road users. In this
connection, traffic control and monitoring by the police or other relevant authority have a
preventive effect. However, even permanent and intensve efforts on the pat of road
condruction authorities and traffic police cannot fully diminate the occurrence of accidents
and firesin tunndls.

The dramatic fires of 1999 in the Mont Blanc and Tauern tunnels brought the risks in tunnels
to the fore and led political leaders to get involved, athough concern for safety in road tunnds
did not sat with these dramatic accidents designers, contractors and operators had
accumulated experience over many years and a number of countries had regulations. At the
internationd level, the Road Tunnds Committee of the World Road Association (PIARC) had
produced a number of recommendations, including a report on fire and smoke control. * Since
1995, PIARC has been conducting a joint project with the Organisation for Economic Co-
operation and Development (OECD) on the transport of dangerous goods through road
tunnels.

In September 1999, acknowledging road tunnels safety as a mgor issue, the Conference of
Western European Road Directors (WERD) officidly requested Switzerland, France, Audtria
and Itay to create an informal group (the so-cdled Alpine Countries group) to evauate a
common approach to this problem. On 14 September 2000, WERD approved the measures for
increasing tunnel safety proposed by the Alpine Countries group.

At the Swiss levd, the Director of the Federal Roads Authority (FEDRO) set up a task force
group in April 1999. The purpose of this task force was to tackle the issue by sudying an
extensve range of aspects concerning safety in dl tunnels on the Swiss highway network with
a length over 600 metres, with the am of minimisng the posshility of other such accidents.
The group worked closely with the cantons and neighbouring countries. Some short-term
measures to increase safety were immediately implemented while others will be implemented
over time.

The French Government very quickly launched a safety check of dl road tunnels longer than
1 kilometre. Within three months, a nationd evauation committee had examined 40 tunnels.

“Fire and Smoke Controlin Road Tunnels”, PIARC Committee on Road Tunnels (C5), 1999.
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One year later, in August 2000, a new regulation on road tunnels safety was approved. It
incdludes precise technicd ingructions, but only gpplies to tunnds on naiond highways and
motorways. A law is currently being examined by the French Parliament to enforce the same
procedures for dl tunnels, including safety checks at regular intervals.

Smilar geps were taken in Germany, where a workshop on the safety of road and railway
tunnes was held in November 1999 at the Federd Highway Research Inditute (BASY), as
well asin Audtria and other countries.

Following the tragic tunnd fires, the European Commission convened a mesting of experts in
September 1999. This meeting showed that an approach amed a a high levd of safety in
tunnels must be preceded by a detalled investigation but that it was aso necessary to first take
into account the work being carried out in other forums before the eaboration of an EU text.
The Commisson dso incduded safety in tunnds in its 5" framework Research and
Technology Development (RTD) programme. A research project on durable and relidble
tunnd gructures (DARTS), as wdl as a thematic network on Fires in Tunnds (FIT), have
been funded. A large research project on upgrading methods for fire safety in existing tunnels
(UPTUN) is in the contract negotiation phase. Other proposds are aso under evaduation or

preparation.

In pardld, the UNECE Working Paty on Road Transport (SC.1), following a suggestion
made by the Ad hoc Group on the Implementation of the European Agreement on Man
International Traffic Arteries (AGR) in June 1999, proposed in October 1999 the creation of
an Ad hoc Multidisciplinary Group of Experts on Safety in Tunnds. This proposa was
adopted by the UNECE Inland Trangport Committee (ITC) during its sixty-second session in
February 2000 and a mandate was given b the Expert Group to first concentrate its efforts on
road tunnels. The European Commission subsequently supported the establishment of this Ad
hoc Multidisciplinary Group (see document TRANS/AC.7/2000/1). All UNECE member
countries and relevant organizations were invited to participate in this Group of Experts. The
following organizations participated: World Road Associaion (PIARC), Internationa
Tunnelling Associaion (ITA), Internationd Road Federation (IRF), Internationa Road
Trangport Union (IRU), Internationd Touring Alliance/Internationd  Automobile Federaion
(AIT & FIA). A representative of the Swiss Touring Club (TCYS) participated as an observer.

The fird meeting was hed on 10 July 2000 in Geneva. The Group of Experts dected
Mr. Michd Egger (Switzerland) as Charman and Mr. Didier Lacroix (France) as Vice
Chairman. Three other mesetings were held in Geneva on 10 October 2000, 20 March 2001 and
9 July 2001.

A.2 Mandate of the Ad hoc Multidisciplinary Group of Experts on
Safety in Tunnels

The Group of Experts received following mandate:

“Proposal on the establishment of a multidisciplinary group of experts for the devel opment of
proposals to amend the AGR and other ECE legal instruments dealing with safety in tunnels



TRANS/AC.7/9
Page 13/59

Preamble

The Working Party on Road Transport:
- Recognizing the paramount importance of traffic safety in tunnels

- Taking into account the large number of road and rail tunnels presently in
operation throughout Europe

- Considering the diversity of entities and organizations involved in managing and
administering, operating, maintaining, repairing and upgrading the existing
tunnels

- Having raised the question of the status of traffic safety in tunnels and the recent
accidents including those in the Mont Blanc and Tauern tunnels

- Considering the recommendations already made by various Inland Transport
Committee Working Parties and their subsidiary bodies, including the seventeenth
Ad hoc meeting on the Implementation of the AGR held in Geneva on 28-29 June
1999, which asked the Working Party on Road Transport (SC.1) to promote the
establishment of a multidisciplinary group of experts to work on the development
of appropriate proposals to reinforce safety in tunnels

Hereby proposes to the Inland Transport Committee:

1. The establishment of a multidisciplinary group of experts to work on the development of
recommendations and/or proposals for amendments to the AGR as well as the other
Inland Transport Committee legal instruments also concerning safety in tunnels

2. The draft terms of reference for this multidisciplinary working group, of which the major
task will be the development of "recommendations for minimum requirements concerning
safety in tunnels of various types and lengths”

Terms of reference proposed:

- To make an inventory of all long road and rail tunnels in the ECE region on the
basis of a reference length (e.g. 1,000 metres or longer for road tunnels) to be
determined by the working group

- To prepare a list of all serious fires and if possible major traffic accidents that
have happened in European tunnels in the last 40 years (if possible) indicating
their causes (if known) and collect the most relevant findings for all these majors
accidents (if known)

- To obtain if possible information on safety provisions in tunnel management
systems

-To collect existing tunnel safety documentation (regulations, reports,
recommendations, conclusions...), within the European Union and relevant
international organizations (PIARC, IRU, IRF, ECMT, OECD, OTIF, etc.) and
draw up alist of ongoing work within these organizations

- To prepare recommendations for improving safety in tunnels to be built in the
future
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- To prepare in a coordinated manner, in the form of recommendations and/or
proposals for amendments to existing legal instruments, minimum safety
provisions for the operation, maintenance, repair, upgrading, rehabilitation and
refurbishment of tunnels of various types and lengths, and traffic conditions in
these tunnels particularly as regards. signs, vehicles, dangerous goods, driver
training...

- The above recommendations and/or amendments should, inter alia, minimize the
risk of accidents in tunnels and maximize at the same time the economic efficiency
of tunnel construction and operations.

It is proposed that the multidisciplinary Group of Experts on Safety in Tunnels should
be composed of representatives of WP.1, SC.1, SC.2, WP.15 and WP.29 as well as relevant
international governmental and non-governmental organizations and experts in tunnel
matters appointed by the States members of the United Nations Economic Commission for
Europe.

The Group of Experts is expected to start its work in June 2000 and terminate in the
autumn of 2001 with the submission of the above recommendations which will be dealt with
by the relevant subsidiary bodies of the Inland Transport Committee.”
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B PRINCIPLES

B.1 Development of road traffic

B.1.1 Sustainable development

Sudtainable development is defined as development that is able to meet present-day needs
without restricting the potentia for future generations to meet their own requirements.

Sustainability comprises three key factors:

Protection of our natura surroundings: protecting and preserving the natural resources for
life (ecological sugtainability)

Economic efficiency. ensure modern services for the population and the economy,
including in the area of trangport. This should take place as efficiently as possble so tha
the financid burden on the date and the economy remans judifidble (economic
sudtanability)

Socid solidarity: ensure comparable access to basic needs and to public service needs for
adl members of the population and dl pats of the country a comparable conditions
including protection of people from hazards and hedlth risks (socid sustainability).

In accordance with the above definitions, the god in the fidd of transport (which of course
includes road traffic) is therefore to provide a modern and safe network bgether with a range
of efficient services. However, the costs have to be acceptable and sufficient attention needs
to be paid to the protection of the environment.

B.1.2 Safety and risksin road traffic

To ensure safety in road traffic, the necessary dructurd, technicd and  organizationd
measures need to be taken so that incidents can be prevented as far as possble and so that
their impact can be kept to a minimum. All safety measures have to correspond to the latest
technology and have to gpply to dl concerned, i.e to road users, traffic control and
emergency sarvices, infragtructure and vehicles. Taking account of the limited funds that are
avallable, the measures to be implemented first are those that most efficiently reduce the risks.

There is no such thing as asolute safety in traffic, for it is in the naure of traffic that
incidents will occur, some of which have grave consequences for people, the environment and
property. Dedling with these resdua risks is not just a technical métter, it is aso a politica
and socid issue.

The man causes of road accidents are incorrect behaviour of road users, inadequate
ingdlations on the road network, vehicles with technicd defects and other faults (eg.
defective eectrica systems and brakes, overheated engines, etc.) and problems with cargoes
(eg. unstable loads, chemical reactions). According to a report published by the OECD, 2
incorrect behaviour of road usersis the main cause of 95% of dl accidents.

2 Stratégies de sécurité routiére en rase campagne, OCDE, 1999.
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B.2 Road accidents

B.2.1 Overview

The datidtics kept by traffic police and other organizations involved provide a good overview
of accidents that occur on highways. From these figures it is possble to caculate accident
rates and record data concerning the various types of accident and the number of injuries and
fatdities. Generdly, these evaluated data are included in annud reports.

Reports on highways from various countries provide differentiated figures concerning the
influence of average daly traffic volume and type of road on accident detistics Generaly
speeking, the datidtics indicate that the probability of road accidents is largely a factor of
annud average daly traffic volume (= annud totd number of vehides on a given cross
section of road divided by 365). The probability of accidents is ggnificantly lower on
motorways with dua carriageways than on roads with bi-directiond traffic, and is higher
agan a junctions, connecting roads, undulating dretches and near tunnd entrances. Figures
from various countries show asmilar picture.

B.2.2 Tunnds

In tunnels, the number of accidents is often lower than in the open mainly because the road is
not exposed to adverse westher conditions such as snow, ice, wind and rain, and this is
especidly the case in longer dretches. The reports show that a sgnificantly lower probability
of accidents exids in reativey long tunnds than on smilar open roads. This has been
confirmed in a report by the Norwegian authorities.

Some datigics show that accident rates in bi-directiond tunnds are generdly sSgnificantly
higher (up to 40%) than in unidirectiond tunnds with separate tubes, but this is not dways
the case. In many tunnds, the absence of an emergency stopping lane can have a negative
influence on traffic. If vehicles in digress are unable to reach the next lay-by, they hold up
traffic and give rise to traffic jams or risky diverson manoeuvres.

According to findings by PIARC, the frequency of breskdowns per 100 million vehicle
kilometresis as follows:

in tunnels under riversin urban areas, 1,300
in tunnelsin open countryside, 300-600
in tunndls through mountains, 900-1,900.

The frequency of breskdowns is dso greetly dependent on the gradient; up to five times the
number of breskdowns occur in tunnels with a gradient over 25% than in those without a

dope.

The frequency of fires is farly low, both on open roads and in tunnds. According to
international  datidtics, a mgority of vehicle fires are not caused by an accident, but result
from sdf-ignition of the vehicle or its cargo, due to defects in eectricd systems, overhesated

8 “Studies on Norwegian Road Tunnels, an Analysis on Traffic Accidents and Car Fires in Road Tunnels”,

Norwegian Public Roads Administration, Directorate of Public Roads, 1997.
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engines or other reasons. However, if the fires with the largest consequences are considered
(fires which involved injuries, fadities or large materid damage), most of them were the
result of an accident (12 out of the 14 worst fires known worldwide), with the important
exception of the Mont Blanc tunnd fire (which was caused by sdf-ignition of a heavy goods
vehicle).

In 1999, PARC presented the following findings based on a survey caried out in a large
number of countries; *

nowhere is the average frequency of fires in tunnels higher than 25 per 100 million vehide
kilometres (number of vehidesx km)

the frequency of firesis higher in urban tunndls than in other tunndls
in 40% of the tunnelsincluded in the survey there has never been afire

in ceatan tunnels (eg. Chamoise, Elbe, Fr§us, Mont Blanc, Gotthard) the frequency of
firesinvolving heavy goods vehicles is much higher then that for passenger cars

a frequency of +/- 1 fire per year and up to 1 per month per tunnd was only recorded in
those tunnds that are ether very long or have a very high traffic volume, or both. In the
vast mgjority of tunndls, the frequency is much lower.

A report published in 1995 by PIARC shows that, for the period from the end of the 1980s to
the beginning of the 1990s, the frequency of vehicle fires in mgor French tunnes is O to 10
per 100 million-vehicle kilometres. In Switzerland, dSatistics or other reports that ded
goecificdly with fires in tunnds are only avalable from a handful of operators, since the
occurrence of such incidents is very scarce. Andyses of eght sdected fires in European
tunndls yidded the following findings

in most cases, only one vehicle was involved

the most common cause was a technical defect, which in many cases led to the ignition of
lesking fudl.

B.3 Extent of damage

B.3.1 Overview

Incidents primarily endanger road users. The number of cases in which people who are not
actualy on the road are exposed to danger (eg. due to the release of toxic gases when
vehicles carrying dangerous goods are involved) is very low. As far as the environment is
concerned, it is primaily road surface water collected by road dranage sysems and
groundwaeter in the close vicinity of roads, which is affected.

In the case of road accidents in which no fire is involved, speed and the number of vehicles
involved primarily determine the extent of harm to road users. In accidents in which fire or
the trangport of dangerous goods is involved, it is manly the quantity of explosve,
inflammable, toxic or water-polluting substances that are the determining factor. With respect
to protection of the environment, the most important factors are distance from groundwater or
surface water, the type of drainage, and the conditions dlowing access for emergency
Services.

“Fire and Smoke Control in Road Tunnels”, PIARC Committee on Road Tunnels (C5), 1999.
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B.3.2 Tunnds

Due to the fact that tunnedls are enclosed spaces, fires that occur in them result in poor
vighility and the spread of smoke and toxic gases dong the tunnd, the rapid development of
high temperatures and a reduction in the levd of oxygen in the arr. The extent of harm to road
usrs in the event of a fire in a tunnd is therefore far greater than is the case on open roads. In
view of this, it is essentid to provide adequate facilities for road users to escape or be rescued
by emergency crews. This means that there should be enough escepe routes and that the
ventilation sysem needs to be fag and efficient, paticulaly in tunnds with bi-directiond
traffic. These prerequisites dso gpply in the event of an accident that does not involve fire,
but which results in the release of toxic gases.

Fires in tunnds not only endanger the lives of road users, they can aso cause damage to
sructurd  components, inddlations and vehicles, with the result that the tunnel concerned
may have to be closed for a condderable length of time.

The capacity of a fire expressed in terms of feet development in megawetts can differ grestly
depending on the type of vehicle and load.
PIARC cites the examples shown in the following table. °

. Typical fireloads Typical fire powers
Vehicletype MJ) MW) Remarks

Pescnger 3000350 55 | Frelomsusmdinie

B 4

Trulfck load 65 % 25030 Fireloadsused in

Heavy goods vehicle 88 000 30 Eg:'fgga;g ?;zs
without very
combustible goods
Levels assumed by

Tanker carrying 50n* of gasoline 1500 000 300 ﬁggfag3$2%for
dimensions

The following graph © shows that the fire load of a car is much lower then that of a truck and
that a truck that has caught fire will burn for much longer and produce a much higher fire
power. However, the burning of a car must nonetheless be taken into account in view of the
potential development of thick smoke and release of toxic gases.

After consultation a the European levd, it is proposed that a fire power of 30 megawatts
should be taken as the basis for dimensioning the ventilation sysem in tunnels

As far as the impact on the environment is concerned, the conditions in tunnels are generdly
more favourable than on open roads, despite the limited degree of accessbility. Relessed
fluds and water used for extinguishing fires are collected in tunnel drainage sysems and at
their portas.

“Fire and Smoke Control in Road Tunnels”, PIARC Committee on Road Tunnels (C5), 1999.
"Sécurité dans les tunnels routiers”, M. Marec, France, 2000.
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Maximum power

in megawatts
A
130 A4
120 1
110 i
100 1
90 Truck
T 30-150 MW
80 — for 1-4 hrs
70 .
60 —)
50 I
40 e
20 1
20 —4
10 1
. I I I I I I I I I >
30 lnin | - 30 rlnin | 30 mln | 30 mtn | 30 nLin |
1hr 2hrs 3hrs 4hrs 5hrs
Dur ati f fi
Car uration of fire
3-10 MW
for 10-30 min

B.4 Safety in road tunnels

B.4.1 Objectives

The following objectives have been st for ataning the optima levd of safety in road
tunnds:
Primary objective: prevention
to prevent criticd events which endanger human life, the environment and tunnd
ingtallations,
Secondary objective: reduction of consequences
of events such as accidents and fires; to create the ided prerequisites for
people involved in the incident to rescue themsdlves
the immediate intervention of road users to prevent greater consequences. A fire can

generdly be eadly extinguished immediately after it bresks out, but ten minutes later
it will have developed into afull blaze

ensuring efficient action by emergency sarvices
protecting the environment
limiting materid damege.
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In the event of an incident, the firg ten minutes are decisve when it comes to people saving
themsdlves and limiting damage. The prevention of critical events is therefore the number one
priority, which means that the most important measures to be taken have to be of a preventive
nature.

B.4.2 Factorsinfluencing safety in road tunnels

The levd of safety in tunnds is influenced to varying degrees by a variety of factors that can
be collectively summarized in four main groups as shown in the diagram below:

Road users Operation

Safety
in
Road Tunnels

Infrastructure

In the section that follows a closer look is given to the various aspects of these four man
factors influencing safety in road tunnels.
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C MEASURESTO IMPROVE SAFETY IN ROAD TUNNELS

C.1 ROAD USERS
asfactor N° 1 influencing safety in road tunnels

C.1.1 Principles

In-depth analyses of incidents on our roads show that an accident is the consegquence of one or
more faults in a complex system involving drivers, vehicles, the road and its surroundings.

However, the principal factor in road accidents is human error, 0 efforts to increase the leve
of road safety have to be primarily aimed at preventing these human errors. The second step is
to ensure that errors that may ill be made by drivers do not give rise to grave consequences.

There is no doubt that it is esser to rectify technica faults than it is to influence human
behaviour. Nonetheless, there are various ways in which it is possble to directly or indirectly
influence the way people act, and these include education, driving indruction and the
provison of information, as wel as regulations, police enforcement and pendties for traffic
violations.

Badcdly, the driving rules that apply in tunnels are the same as those for open roads, i.e
maintaining a safe digance, obsarving peed limits and maximum loads, thoroughly securing
dl loads and warning other road users in the event of a breakdown or congestion. And even
more than on open roads, it is recommended that drivers listen to their adio while in tunnds
s0 that they are able to receive traffic reports as well as possible specific ingtructions.

However, there are anumber of additiond traffic regulations that apply especidly to tunnds:
Overtaking is forbidden if there is only one lane in each direction
No turning or reveraing is dlowed, if not specificaly asked for by tunnd officids
Headlights must be used, even in lit tunnels

No stopping B dlowed in a tunnd, except in an emergency, in which case the engine must
be switched off immediatdy.

The following rules of correct behaviour should apply when driving in a tunnd or in the event
of avehicle breskdown, traffic congestion, an accidert or afirein atunnd:

Correct behaviour while driving through a tunnel

Switch on headlights

Take off sunglasses

Observe road Sgns and signds

Keep an gppropriate distance from the vehicle in front
Switch on the radio and tune to the indicated frequency
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Correct behaviour in the event of traffic congestion
Switch on warning lights
Keep your distance even if moving dowly or stopped
Switch off your engineif traffic is completely stopped
Listen to possible messages on the radio
Follow ingtructions given by tunnd officids or variable message sgns.

Correct behaviour in the event of a breakdown or accident (own vehicle)
Switch on warning lights
Switch off the engine
Leave your vehicle
If necessary and possible, givefirg help to injured people
Cdl for help from an emergency point

Correct behaviour in the event of a fire (own vehicle)
If possible, drive your vehicle out of the tunnd
If not possible:
Pull over to the Sde and switch off the engine
Leave the vehicle immediately
Put out fire usng the vehide€ s extinguisher or one available in the tunndl

If extinction of the fire is not possble, move away without dday to an
emergency exit

Cdl for help from an emergency point

Correct behaviour when stopped behind a fire (other vehicle)

Switch on warning lights

Pull over to the Sde and switch off the engine

Leave the vehidle immediatdy

If necessary and possible, givefirg help to injured people

Put out fire using the vehicle s extinguisher or one available in the tunnel

If extinction of thefireis not possible, move away without delay to an emergency exit

C.1.2 Proposed measuresfor road users

Measure 1.01 Information campaigns

Information campaigns regarding safety in tunnels should be regularly organized and
implemented in collaboration with the principal partnersinvolved.
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These information campaigns should cover the correct behaviour of road users when
goproaching and driving through tunnds especidly in the case of vehide breskdown,
congestion, accidents and fires (see C.1.1 above).

Information on the safety equipment available and the proper road user behaviour in tunnels
should be displayed in rest areas before tunnels and at tunnel entries when the traffic is
stopped (for example &t tolls).

Measure 1.02 Driving tests

Driving tests for all categories of vehicles should include specific questions concerning
the correct behaviour for road usersin the event of a vehicle breakdown, congestion, an
accident or afirein atunndl.

Specid ingruction concerning careful and responsble driving should become an integral part
of compulsory driving lessons, and should include teeching correct behaviour in specid
gtudions, eg. in congestion in tunnels, and in the event of a vehicle breskdown, an accident
or afirein atunnel (see C.1.1 above).

It is not pssble, of course, to train drivers how to behave correctly in practice in the event of
congestion, a vehicle breakdown, an accident or fire in a tunnel. However, it is both possble
and advisable to include questions in the theoreticd section of the driving test that ded with
these particular Stuations.

Measure 1.03 Drive out burning vehicle

If a vehicle catches fire, it is strongly recommended that the driver drives his vehicle out
of thetunned whenever possible (self-help principle).

This recommendation should be made to road users both in information campaigns and as part
of ther driving ingruction.

Measure 1.04 Roadside checks

Roadside checks of heavy goods vehicles should be intensified and harmonized at the
international level. The necessary funding should be made available to the authorities
concer ned.

It is advissble to intendgfy checking measures through various methods, eg. X-raying
trangported loads (see dso measure 2.16), setting up online connections to IT systems, using
detection devices, etc. Coding vehicles and their loads via GPS (Globd Postioning Systems)
would aso make it possible to track them at any time.

Wide-ranging regulaions dready exist with respect to the transport of dangerous goods, and
apply to senders, carriers, vehicle owners, drivers and recipients. However, they can only be
effective if they are dso duly enforced.
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Measure 1.05 Testsfor professonal drivers

Truck, coach and bus drivers should be tested periodically with respect to their
knowledge of safety-relevant aspects of vehicles and equipment.

All truck, coach and bus drivers are required to possess adequate knowledge of safety-
relevant aspects of vehicles and equipment so that they are able to use them when necessary.
Specific aspects of correct behaviowr in road tunnels should be incorporated into driving
indruction in future. In particular, dl drivers should be trained in the correct use of a fire
extinguisher.

Efforts a the internationd level to introduce a periodicd test (at least every 5 years) for
truck, coach and bus drivers are to be supported.

Measure 1.06 Test for dangerous goodsdrivers

Ingtruction of drivers of vehicles carrying dangerous goods should include specific
aspects of behaviour in tunnels.

All drivers of vehicles trangporting dangerous goods dready have to undergo specid
indruction leading to a test, and successful candidates are awarded a certificate. They are
required to attend a follow-up course and take another test every five years in order to renew
this cetificae. The initid traning of new drivers as wdl as the follon-up courses for
experienced drivers should include ingtruction on safety in tunnels.

Measure 1.07 Regulations for dangerous goods transport

Regulations governing the transport of dangerous goods through tunnels should be
rationalized at the international level.

OECD and PIARC havefinadised a proposa to:

1. Create five dangerous goods cargo groupings accepted at the internationa level and
which should be used to regulate the authorization of the transport of dangerous goods in
road tunnels.

2. Propose a quantitative risk analyss be carried out and a decison support model be run,
taking into account both the itinerary including the tunnd and any dterndive
itinerary(ies), before the decison is made to authorise or not al or part of the transport of
the dangerous goods through each tunnel.

It is recommended:

(@ To include the five dangerous goods cargo groupings proposed by OECD and PIARC in
the appropriste UN and/lor UNECE legd instruments so tha ther use becomes
compulsory for tunnd regulations regarding dangerous goods

(b) To creste a new s€ign to be placed a tunnd entrances indicating which groupings of
dangerous goods are alowed/prohibited, with reference to the five dangerous goods cargo
groupings to be created

(c) To peform a quantitative risk andyds as proposed by OECD and PIARC before
deciding on tunnel regulations regarding dangerous goods
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(d) To dudy the posshility of classfication as dangerous goods of certain liquids or eesily
liquefied substances with cdorific vaues comparable to that of hydrocarbons

(e) To condder operating measures for reducing the risks involved in the trangport of
dangerous goods in tunnels (declaration before entering, escort, etc.), on a case-by-case
bass. Regulations may require the formation of convoys and accompanying vehicles for
the trangport of certain types of particularly dangerous goods, however, these measures
ae dso dependent on sufficient space being avalable in front or in advance of the tunnd
aswdl as available operationd means

() To dudy the possbility of introducing automatic detection of dangerous goods transport
(e.g. by dectronic devices carried on vehicles).

Measure 1.08 Overtaking

In certain cases, it should be possible to prohibit trucks from overtaking in tunnels with
mor e than one lanein each direction.

In mogt tunnels in which there is only one lane in each direction, overtaking is dreedy
prohibited for dl vehidles in tunnds with more than one lane in each direction a ban on
overtaking for trucks could in some cases lead to an improvement in road safety, eg. in
tunnels with a gradient of over 3%. This measure should be accomplished by placing
corresponding traffic sgns and possibly varidble message sgns a  gppropriate locations.
However, incorporating a complete overtaking ban for trucks in tunnels into the highway code
Isunlikely to achieve the desired effect, so a generd ban is therefore not recommended.

Measure 1.09 Distance between vehicles

For safety reasons, road users should maintain an adequate distance from the vehicle in
front of them under normal conditions and also in the event of a breakdown, congestion,
an accident or afirein atunnd.

The applicability and effectiveness of introducing a minimum compulsory distance
between vehicles should be examined on a case-by-case basis.

Treffic regulations require road users to maintain sufficient disance from the vehicle in front
of them so that they are able to stop in good time if the vehicle in front should suddenly brake.
This disance (generdly 20 to 50 metres) should aways be maintained in a tunne, even when
traffic is stopped.

Introducing a compulsory distance between vehicles of 100 metres in dl tunnels is neither
necessary nor advisable. However, it should be possible to prescribe a compulsory distance
between trucks in certain cases (trids are dready being carried out in France and Italy).

Measure 1.10 Speed limit

In order to maintain a uniform traffic flow, it is recommended outsde built-up areas
that the maximum geed of trucks in tunnels should not be systematically reduced to 60
km/h.

According to existing traffic regulations, there is a fixed gpeed limit for trucks on mogt kinds
of roads. If this limit were to be sysematicdly reduced to 60 km/h in tunnds, this would
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mean that dl vehicles in a tunnd with only one lane in each direction would have to adjust
their speed to that of the dower trucks, and thisin turn would increase the risk of congestion.

In tunnes with more than one lane in each direction, a speed limit of 60 km/h for trucks
would not enhance the degree of road safety, but only disturb the homogeneity of the traffic
flow.

C.2 OPERATION
asfactor influencing safety in road tunnels

C.2.1 Principles

The main tasks of tunnel operators are asfollows:
To secure safety for users and operators both in normal conditions (prevention) and in the
event of an incident
To monitor the efficdent peformance of dl inddlaions (induding ventilation, lighting,
etc.) during norma operation and adjust them as required in the event of an incident
To properly maintain dl sructurd and eectromechanica ingalations.

In the event of an incident, the tunne operator has to work closdly together with the traffic
police and the emergency services.

The precise digtribution of tasks may vary according to the tunnd and locd circumstances,
the overview below of the various services and their duties corresponds to the most usud
case:

Operator:

maintenance and operation of dl inddlaions and equipment in tunnds. This task
epecidly concerns ventilation, lighting and traffic control systems

preparation for dealing with incidents and carrying out Smulation exercises
monitoring and checking tunnel indalations as required.
Traffic police:
operation of traffic control systems, monitoring and controlling traffic
preparation for dealing with incidents and carrying out corresponding exercises
in the event of an incident, warning road users of congestion, organizing emergency
services and informing road users.
Emergency services (fire brigade, breskdown service, remova of spilt oil and chemicds,
protection againg radiation, ambulance services):
preparation for dealing with incidents and carrying out corresponding exercises
providing emergency servicesin the event of an incident.

The large number of duties concerned indicates the high leve of importance attached to
tunne operators and their oaff with respect to maintaining safety both during normd
operdion and in the event of an incident. The different responghbilities and numerous services
cdl for avery high leve of coordination, especialy in the event of an incident.
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Operation centres

In tunnels with a sufficient length and/or traffic volume, the tasks associated with monitoring
traffic flow and tunnd equipment are carried out by operation centres, where traffic control
and other systems such as ventilation and lighting can be handled as required. All messages
from a tunnel are received and processed in the operation centre, and messages to the users in
thetunne are given from this centre.

The tasks of operation centres are as follows.

Normal operation
Monitoring traffic (video images, reports of congestion, vehidles in lay-bys, traffic volume,
etc) in tunneds and a their approaches, monitoring measuring and control devices of tunnd
ingddlations, recaiving emergency cdls, identifying incidents.

In the event of an incident
Arranging the necessary response depending on the type of incident; directing traffic in the
tunne and gpproach zone (eg. closing the tunne); summoning the police and other services

(eg. ambulance, fire brigade, oil/chemicas brigade, breskdown service, mantenance
sarvice); tranamitting reports and ingtructions via gppropriate channels (radio, etc.).

Emer gency response plans

Emergency response plans describe the various scenarios, the most  effective interaction
between the various services (operator, police, emergency services), access routes to potentia
incident dtes and operation of tunned ingdlations. Thorough preparation for potentid
incidents makes it possble to refer to scenarios in the event that an incident should occur, thus
minimizing the need for improvization. These plans ae of decisve importance for reducing
rsk.

Prepared actionsinclude:
procedures for reporting incidents and raising the aarm
gadfic goadion pas far the pdics emagaxyy sviess ad turd opgdo; regpative
regponghiliiesof eechone
agreed command and management of operations between the various services involved
(e.g. police and emagency Vi)
automatic or manua progranme to manage the traffic and inform the users incduding
prepared ingructions to be issued by radio and other means with respect to the behaviour
of road users
automatic or manua programmes to manage the various tunnd safety equipment (eg.
ventilation, lighting).

Each tunnd is required to possess its own specific emergency response plan. The most
important requirement for successful emergency response is regular training of relevant dteff
and the subsequent refinement of the response plan. An important part of this training is the
organization of safety drills.
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C.2.2 Proposed measures for operation

Measure 2.01 Supervisory coordinating body

Countries should create a coordinating body to supervise the handling of incidentsin
road tunnels by tunnel control bodies.

This coordinating body (for which the legd and financid bases need to be crested as a first
step) should be entrusted with the following duties and powers:

drawing up regulations governing the ingpection of tunnds from the point of view of
safety

supervison of organizationd and operationd schemes (including emergency response
plans), training and equipment of emergency sarvices in collaboration with safety officers
specification of duties of safety officers

implementation of necessary measures

authority to close tunnels for the purpose of training emergency crews and carrying out
firetrids.

In dl tunnds, ingpections of the date of inddlations and the qudity of operations should be
conducted at severa-year intervals and a longer intervas for ingpections of the overdl leve
of safety. An expert or a commisson independent of the operator should conduct these

Ingpections.
Measure 2.02 Safety officer

A safety officer should be appointed at least for all tunnds with a length of over 1,000
metres.

The safety officer may be responsble for severd tunnds in the same immediate area. The
safety officer should be entrusted by the tunnd operator, police and fire fighters and have the
necessary powers and authority to issue directives, and to perform the following duties:

plan the organization of emergency services and operationa schemes

plan, implement and eva uate emergency operations

take pat in the definition of safety schemes and the specification of infrastructure

ingdlations (new tunnels and modifications to existing ones)

tran operationa daff, traffic police and emergency services and organize drills a& regular
intervas

take part in the gpprovad of tunnels (structure and ingtalations).

Maintenance and repair of inddlaions and equipment preserve the operationd safety of a
tunnd, and thus the safety of road users.
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M easure 2.03 Periodical exercisesfor fireand rescue crews

Regulations should be drawn up governing periodical exercises n tunnels for fire and
rescue crews and tunnel operators, in circumstancesthat are asrealistic as possible.

Sites chosen for such exercises should be as redigtic as possible and should correspond to
the defined incident scenarios

All exercises should yield clear results

Panning should be caried out in collaboration with expets from mantenance and
emergency services in order to avoid any damage to the tunnel and keep interference with
traffic flow to aminimum

Computer smulation exercises may aso be used for complementary results.
Measure 2.04 Tunnd for exercisesand trials

A tunnd that is not part of the road network should be constructed for, or placed at the
disposal of, emergency servicesfor carrying out exercisesand trials.

Greater atention needs to be paid to the specid task of rescuing people involved in incidents
on roads and in tunnels. One of the main problems here is a lack of amenties for training
rescue personnel on dte, since it is normaly not possible to close tunnels in order to dlow fire
and rescue crews to carry out exercises. In view of the high investment and operating codts,
contributions should be sought at the internationd level.

M easure 2.05 Firedata

Details of all firesin tunnels should be recorded and evaluated by safety officers and the
national coordinating body.

Databases of both accidents and fires in tunnels would engble the compilation of datistics on
the frequency and causes of such incidents, and give informaion on the actud role and
effectiveness of sofety fadliies and measures. The coordingtion and exchange of this
information & an internationd professond level is recommended to permit the introduction
of preventive measures.

Measur e 2.06 M abile high-performance fans

The suitability of the use by emergency services of mobile high-performance fans should
be closely examined.

The use of mobile high-performance fans is only recommended for the safety of emergency
savices, for protecting the equipment they use, particulaly in tunnds without mechanicad
ventilation, and to a certain extent for protecting the structure.

Measure 2.07 Heat sear ching cameras

Tunnd fire-fighting crews should be equipped with a heat searching camera.
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The use of this type of camera is recommended for the protection of fire-fighting crews and
their equipment.

M easure 2.08 Closure of lanes

Complete or partial closure of lanes due to construction or maintenance works planned
in advance should always be made outside the tunnel. The use of traffic lights insde
tunnels is to be avoided for such planned closures and reserved for dealing with
incidents.

Complete or partid closures of lanes in tunnels should be avoided wherever possble. The
corresponding indication and closure of lanes should be made before the road enters the
tunnd. Varidble message dgns, traffic lights and mechanica barriers may be used for this

purpose.

In the case of a sarious incident, the tunnel should be immediatdy totaly closed (Al tubes).
This should be achieved by the smultaneous activetion not only of the above-mentioned
equipment before the portds, but dso of variable message dgns, traffic lights and possbly
mechanica barriers insde the tunnd, so that dl the traffic can be stopped as soon as possible
outsde and ingde the tunnd.

Measure 2.09 Accesstimein an emer gency

The access time for emergency response teams in the case of an incident in a tunnd
should be as short as possible. For tunnels with higher risk-potential (major tunnels with
bi-directional heavy traffic), in some cases it nay be necessary to station emergency
response teams at the two extremities of thetunndl.

The shortest possble access time by emergency response teams is of the utmost importance in
the case of an incident in atunnd and particularly in the case of afire.

Measure 2.10 Designation of one single control centre

For tunnels starting and finishing in different countries or which come under the control
of authorities of different national regions, one single control centre should be
designated asbeing in control at any given time.

To avoid any misunderstanding in decison making and to ensure the fastest emergency
assdance it is strongly recommended to designate a single control centre for tunnds managed
by different authorities.

Measure 2.11 Monitoring compliance with traffic regulations

Monitoring compliance with traffic regulations should be improved through the use of
automatic systems, which aid in the detection and sanction of offencesin tunnels.

In paticular, distances between vehicles and the speed of vehidles in tunnels should be the
subject of greater control in order to achieve a more unified traffic flow and grester safety in
tunnds.
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Measure 2.12 Traffic management systems

Tunnés with high traffic volume should be equipped with traffic management systems,
which can help to avoid traffic congestion in tunnels.

The traffic should be managed in such a way tha after an incident, unaffected vehicles can
quickly leave the tunnd.

Measure 2.13 Alternativeitineraries

In the case of tunnel closure (long or short term), the best possible alter native itineraries
should beindicated at diversion locations and made known by authorities.

Such dternative itineraries should be the subject of systematic contingency planning, seeking
to maintain treffic flow as much as possible.

In twin-tube tunndls, in the event of prolonged closure of one tube, a safety analysis should be
made to decide whether the other tube could be used for bi-directiona traffic. For new
tunnels, dternative itineraries should be planned eg. by desgning twin-tube tunnds to permit
temporary bi-directiond use in each tube.

Measure 2.14 Operation of ventilation systems

Greater harmonization should be reached as concerns the operation of ventilation
systemsin tunnels.

To this end, nationa guideines should draw on the work of PIARC and other organizations
activein thisfidd.

Measure 2.15 Guiddinesfor practical firetrials

Guiddines for the preparation, implementation and evaluation of practical fire trials in
tunnels should be established at the international level. Until these guidelines have been
finalized, all practical fire trials in tunnels require the approval of the road
administration concer ned.

In view of new ventilation guiddines under deveopment, it is dealy dedrable to
internationaly harmonize such trids, dosdy assodiating firefighting authorities.

The demands placed on those who prepare, implement and evauate practica exercises
involving fires in tunnds ae extremey high, and extensve knowledge of the applicable
physcd laws in tunnds is required in order to draw reiable and ussful conclusons. This
means that the associated costs are correspondingly high, as is the risk of making fase
interpretations. Nonetheless, such dudies yield important information for the desgn and
behaviour of ventilation systems.

Measure 2.16 Checking for overheating of heavy goods vehicles

A control (automatic or otherwise) of overheating of heavy goods vehicles, in particular
for engine and brakes, should be organized ahead of the entrance at least to tunnels
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preceded by along and steep approach road (asisthe case in many mountain tunnels).

In mountain tunneds with a steep gpproach road, heavy goods vehicles are likdy to arive
overheated. Sufficient space to conduct inspections and to park and cool down vehicles if
necessary has to be made available before the entrance of these tunndls which are long and/or
have heavy traffic.

C.3 INFRASTRUCTURE
asfactor influencing safety in road tunnels

C.3.1 Principles

In view of the large number and interdependencies of elements relevant to safety, measures
for the infrastructure need to be carefully coordinated. This applies especidly to components
that have been congtructed on the basis of previous standards, which need to be adapted to
meet the new demands on sifety.

Road adminigrations specify safety requirements in the form of guidelines or regulations thet
ae goplied for dl highway tunnels thus ataning the same degree of safety throughout the
network. Currently, a certain number of nationd guiddinesor regulations are dready in
effect, while others are being revised or, in some cases, have yet to be set up or completed.
These nationd guiddines or regulations must be revised and internationdly coordinated.

Infrastructure encompasses dl sructura components, ventilation and other eectromechanica
equipment.

Structural components

Structural  components include the number of tunnd tubes and their geometry, lay-out and
longitudinal profile, escape routes, means of access to an incident, lay-bys, drainage of the
road and al the dructurd inddlations necessary for the equipment (ventilation plants, safety
recesses, efc.).

Ventilation

Tunnd ventilation is of mgor dgnificance with respect to preventing or limiting the
dissamination of smoke and toxic gases in the event of a fire. In the past few years the
reduction in the emisson of pollutants from motor vehicles has overtaken the danger of fires
as the man criterion for choosng and dimensoning tunne ventilation sysems. With the
dragtic reduction in emission levels especidly from heavy goods vehicles it is now capacity
in the event of a fire that has become the determining factor for the design of ventilation
sysdems. The control mechanians for tunnd ventilaion need to include tracking of the
longitudinal arflow and, in specific cases, fire detection.

Ventilation systems comprise:
Structural components (roof duct, intake and output channels, ventilation plants, ducts)
M echanical equipment (fans, reverang plates and flaps, sllencers, dampers)
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Electronic and electrical equipment (motor control units, monitoring sensors, switch
boxes for power supply).

The fdlowing four main ventilation sysems ae used, depending on tunnd length,
unidirectiond or bi-directiond traffic and traffic load:

Natural ventilation (no fans)

Used in short tunnels, the acceptable length depends on whether traffic is unidirectiona or
bi-directiond and how heavy itis.

Longitudinal ventilation

Artifica longituding ventilation produces a uniform longitudind arflow dong the entire
tube. This is generdly obtaned usng jet fans This sysem is especidly suited for
unidirectional tunnels but can aso be used, under certain circumdances, in short bi-
directiond tunnels.

Semi-transver se ventilation

In semi-transverse and transverse systems, the ventilation ar is supplied and/or extracted
through purpose-built ducts.
In traditiond semi-transverse systems under norma operation, fresh air is supplied dong
the entire tunnd length to dilute the pollutants emitted by vehicles, the vitiated ar is not
extracted but flows longitudindly to the portas. In case of fire, extraction takes place at
the ceiling to exhaust smoke.

In reversble semi-transverse systems, the same duct is used to supply fresh ar under
norma conditions and to exhaust smoke in case of fire. Because of the time necessary to
reverse the arflow in the duct in case of fire this sysem should no longer be used and
separate ducts should be built to supply fresh air and extract smoke.

A few countries use an exhaust-only sami-transverse system, with extraction of the ar
from the tube via a separate duct, while fresh ar flows into the tube through the portas,
both in norma operation and in case of fire.

In dl semi-transverse systems, the vents for extracting ar, which link the tube and
extraction duct, can be opened or closed by means of mechanicaly operated dampers.
This means that, in the event of a fire, it is possble to extract smoke from the section
concerned and thus prevent smoke dissemination dong the tunndl.

Transverse ventilation

The difference with semi-transverse systems is that under norma operation fresh ar is

supplied and polluted ar is exhausted a the same time (through two separated ducts),
aong the tunnd. This method is primarily used in long tunnels with heavy treffic.

A wide vaiety of posshilities exis for adgpting and combining the methods of ventilation
outlined above.

A fire power of 30 megawetts (heavy goods vehicle fire with a not very combustible load) has
been st for the dimensoning of ventilation in case of fire This fire reaches its full thermd
power after 10 minutes, the smoke flow reaches about 80 nv/s, and its duration is longer than
60 minutes.
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Other eectromechanical equipment

The other eectrical and eectromechanical equipment of relevance to safety can be
divided into four main categories.

Power supply and lighting

Status and incident detection

Systems for issuing warnings and ingtructions to road users

Equipment for reducing and diminating hazards.

It is essentid that road users are acquainted with the indalations to be used for their
protection and that they are able to find these inddlaions as quickly as possble: these
include escape routes, emergency phones and fire extinguishers. The location of these safety
ingdlations must be clearly indicated with gppropriate 9gns. In order to increese the leve of
safety in tunnds, efforts should be made to standardize these signs throughout Europe and
ensure thet they are (and remain) clearly visible in the event of afire.

Issuing warnings and indructions is essentid in order to kegp human suffering to a minimum.
Warnings should be issued by radio, etc., and indructions should include indication of escape
routes.

C.3.2 Proposed measuresfor theinfrastructure

Measure 3.01 Number of tubes and lanes

Since a tunnd is an integral part of the road system, the main criteria in deciding
whether to build a sngle or a twin-tube tunnel should be projected traffic volume and
safety.

To the extent possble, the same number of lanes should be maintained insde and outsde the
tunnd. If the proected traffic volume is low, a sngle-tube tunnd can be built, and if the
projected traffic volumeis high, atwin-tube tunnd isrequired.

Determining the required number of tubes on the bads of the projected traffic volume and
sdfety is a suitable method, even though tunnd length and topographica conditions as well as
the percentage of heavy goods vehides may dso influence the decison in favour of one or
more tunnel tubes.

Measure 3.02 Guidelinesfor emergency exitsand ventilation

Guidedlines for emergency exits and ventilation should be coordinated at the
international level. Particularly, for dngle-tube tunnels (bi-directional and
unidirectional traffic), guidelines should specify the circumstances under which escape
routes are necessary.
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a) General

In angle-tube tunnels, congructing specid escape routes or safety gdleries is associated with
elevated codts. It is therefore essentid to carefully assess to what extent such congtructions are
necessaxry in order to minimize risk, in conjunction with other measures. The main criteria to
be conddered are traffic volume, tunnd length, longitudind gradient and type and capacity of
verttilation.

b) Ventilation

PARC recommends that longitudind ventilation be used in bi-directiond tunnds only if a
suitable analyss shows that the risk is acceptable. The risk anayss has to take into account
al design factors and conditions, but at least volume and type of traffic, and tunnel geometry.

For dngle-tube tunnels with transverse or semi-transverse ventilation and of sufficient length
andlor traffic volume to so warrant, the following minimum measures relaive to ventilation
areto be taken:

Air and smoke extraction dampers should be ingtdled, which can be operated separately.

The longitudina ar and smoke velocity should be congtantly checked and the automatic
steering process of the ventilation system (dampers, fans, etc.) adjusted accordingly.

Improved fire-detection systems should be built in.

c) Emergency exits

Should the fire scenario anadyses (smoke extenson and spreading velocity under prevailing
loca conditions) show that the above-mentioned provisons ae insufficient to ensure the
safety of the road user, additiond measures must be taken. These may involve emergency
exits every 200 to 500 metres (or even less), using eg. short perpendicular escape gdleries to
the open, when the topography so dlows, or a padld safety gdlery. An evacuaion gdlery
under the carriageway may be an acceptable solution, if judtified by an economic and
technicd andyss

If it is very difficult economicaly or technicdly (due to topography) to build escgpe routes,
fire scenario analyses have to prove that the safety of the road user is assured even without the
escape routes. In this case, the tunnd tube itsdf is used as an escape route. If this cannot be
proved, escape routes have to be built.

Building an exploration or pilot gdlery can be a good solution, if a tunnd is planned to have a
second tube at a later date. This gdlery should be used as an escape route until the second
tube is completed.

Shelters without an exit leading to escape routes to the open represent an unacceptable risk;
thistype of closed-in shelters should not be built any more.

In exiging Sngle-tube tunnels, user safety in case of fire has to be checked, and the necessary
adaptations of escape routes and ventilation systems should be made accordingly.
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M easure 3.03 Use of cross-connectionsin twin-tube tunndls

In twin-tube tunnds, in the event of an incident in one tube, the other tube should be
used as an escape and rescue route or, alternatively, direct exits to the open should be
availablein both tubes.

The present-day use of cross-connections in twin-tube tunnels to provide an escape and rescue
route in the event of an incident in one tube has been examined and is recommended.
Congructing cross-connections that can be used for escaping from one tube into the other is
an effective and generdly low-cost measure.

The tubes should be linked via pedestrian connections at intervals of between 200 and 500
metres (or even less) depending on traffic

Every 600 to 1,500 metres the cross connection should be designed for the passage of
emergency service vehicles

In the event of an incident, traffic should be stopped and diverted in both tubes so that the
tube free of incident can be used as an escape and rescue route

Appropriate means (e.g. doors in any case, and air locks whenever possible) should stop
the propagation of smoke or gases from one tube to the other.

Measure 3.04 Crossing of the central reserve at the entranceto tunnels

Wherever feasble, a crossing of the central reserve (median) should be made possible in
front of tunnel entrances.

This measure alows emergency servicesto gain immediate access to either tube.

Measure 3.05 Guiddines on tunnel equipment

Guidelines and specifications for the installation of equipment in tunnels need to be
adapted to the current status of technology taking into account the work done by
PIARC and other international organizations.

These guiddines should define the criteria governing the inddlation of equipment in tunnels,
specify deadlines by which the process is to be completed and lay down regulaions
concerning integrd function tests.

They goply to dl inddlaions and sysems induding energy supply, lighting, ventilation,
ggndling, measurement and monitoring, centrd communication and information Systems,
cables, auxiliary equipment and associated dructures. Revison or replacement of exising
equipment should be caried out following the introduction of new technologies or the
publication of findings rlevant to safety.

A revison of previous guiddines is deemed necessary in view of recent findings with respect
to new technologies rdevant to safety. The improvements should include the following safety
aspects.
indication of escape routes, safety recesses and fire-fighting eguipment by lighting and
Sgns
sydematic inddlaion of fire extinguishers in tunnds and a ther entrances, and water
supply for firemen
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equipping of tunnes with radio for use by fire brigades (emergency services channd)

equipping of tunnes under human surveillance with the possbility to transmit emergency
messages to road users by radio

equipping of tunnes under survellance over 1000 metres in length with video monitoring
systemsincluding automatic incident detection

sdfe feeding of high-voltage and low-voltage cables (dectricity, radio, etc.). Desgn of
electrical, measurement and control circuits so that a locd fault (due to a fire, for example)
does not lead to the loss of circuits not affected

providing adequate ventilation for smoke control in case of fire

provison of lay-bys, especially in narow tunnds with high traffic. Tunnds with a high-
risk potentia cal for shorter distances between lay-bys (at present between 500 and 1000
metres).

It is recommended tha fire authorities and other emergency services be included in the
planning Sage to a greater extent when it comes to deding with questions regarding safety.
The firgt 10 minutes are decisve for the safety of road users in the event of an incident (and in
particular afire), and this means that early detection is of the utmost importance.

Guiddines should be coordinated at an internationd level on the following points.

a) Hamonization of the types of safety equipment avalable to users (extinguishers,
telephones, radio communications)

b) Inddlation of devices (Sgns, sgnds, barriers and others, if necessary), so that users can
be stopped a the tunne entrance and, in long tunnels, a regular intervas insde the
tunnel

c)  Improvement of automatic fire detection

d) Loudspeskers (loudspeskers should be recommended only if they are useful, eg. a
traffic lights in front of tunnd portas, when dl traffic is sopped or aong escape routes
during evacudion; in tunnd tubes they are often usdess because of the noise of treffic
and ventilation)

€) The guiddines should take into account the need for announcements in different
languages (eg. the cdl for immediate escgpe) via broadcasting or using internationdly
harmonized variable message signs.

Measur e 3.06 Automatic fire extinguishing systems

The technology is not yet sufficiently advanced to be able to recommend the use of built-
in automatic fire extinguishing systemsin tunnels.

Further industry research is to be conducted on these systems and on other new fire-fighting
technologies in order to verify ther efficiency and to determine in what conditions they could
be used.

Measure 3.07 Standar dization of a time-temperature curve

Introduction into international standardization of a time-temperature curve, repre-
senting a violent fire in a tunnel, thus ensuring adequate resistance to fire of those
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structures and equipment which areindispensable for safety.

When designing tunnel structures, adequate resstance to fire should be ensured so that, in the
case of a fire, users can be evacuated and rescue teams can operate under safe conditions, and
extensve loss of property can be avoided.

Further to the ongoing joint work by PIARC and ITA, internationa guideines should be
drafted to define the requirements to be met by each sructurd eement. According to its
gpecific role in safety and tunnd integrity, this may result in a higher or lower levd of fire
resistance.

Measur e 3.08 Safety equipment

The safety equipment required in tunnes should be determined on the bass of a case-
by-case assessment of therisk potential of the particular tunnel.

The following points should be taken into condderation when edtablishing the risk potentia
of tunnds

Number of tubes unidirectional or bi-directiond traffic, traffic volume (annud average
daly treffic and risk of congegtion), traffic mix (eg. percentage of heavy goods vehicles),
tunne length, aignment, cross-section, longitudinad gradient, type of congtruction, etc.)

Longitudinal gradients above 5% should be avoided asfar as possble,

In unidirectiond tunnds with the posshility of daly congestion, smilar measures should be
taken into account as in bi-directiond tunnels.

Measure 3.09 Road-signing systems

Regulations governing road-signing systems in tunnels and in the advance warning
areas of tunnels should beimproved and harmonized at the international level.

The introduction of the gppropriste Sgns and panels into the exiding legd instruments of
UNECE should be examined by the Working Party on Road Traffic Safety (WP.1) in order to
ensure grester harmonization a the internationd levd and so improve safety. Verticad and
horizontd dgns, as wdl as vaiadde message dgns, should conform to the gpecific
recommendations detailed in annex 1, both in Sgn selection and in the materials used.

Measure 3.10 Signing of escape routes and safety facilities

Regulations governing the signing of escape routes and safety facilities in tunnels should
be improved and harmonized at the international level.

The introduction of the necessty sgns and pands into the exising legd ingruments of
UNECE should be examined by the Working Party on Road Traffic Safety (WP.1) in order to
ensure grester harmonization at the internationd level and so improve safety. Specific dgns
should be gpplied to designate the following escape routes and safety fadlitiesin tunnds

safety exits the same sign should be used a the entrance of direct exits to the outsde,
connections to the other tunnel tube or to a safety gdlery
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excape routes to safety exits the two nearest escape exits should be signed on the
ddewdls of the tunnd, a approximatdy every 50 m, a a heght of 1- 1.5 m, with an
indication of the distances

sdfety niches with indication of the presence of an emergency phone and a fire
extinguisher

lay-bys they should be sysematicdly sgned in advance and should imply, by definition,
the presence of an emergency phone and one or more fire extinguishers,

radio frequencies. the sign should be placed before tunnds, a the entrance of tunnds and
every 1,000 metresin long tunnels.

All these dgns should be carefully dimensoned and postioned to give optimum and clear
vighility to dl oncoming users. All these dgns should be illuminated (or lit) permanently. A
lig of possble sgns, pands and pictograms for use in tunnes gppears in the annex to this
report. Theligt is provided for information purposes.

Measure 3.11 Criteriafor human surveillance

Criteria should be drawn up for decison making on the necessty of human surveillance
for certain tunnes (e.g. long tunndls, high traffic volumes).

If a number of tunned control rooms would be required in one region, it should be checked
whether survellance of these tunnes could be coordinated by the transmisson of video
sgnas and operational datainto asingle operationa centre

C.4 VEHICLES
asfactor influencing safety in road tunnels

C.4.1 Principles

Technological developments

With respect to the safety of road vehicles, there have been rapid technologica developments
over the past 10 to 15 years, with the result that motor vehicles (cars and trucks) are now safer
than ever before.

In the course of these developments it has adso proved possble to further reduce the risk of
fire resulting from an accident (e.g. through requirements in respect to the impact of a crash
and the associated safe placement of fud tanks). Fires due to nechanica or eectrica defects
now occur less frequently and carrying out periodicd checks on vehicles can minimize the
rsk.

The drawback of these technological developments and the resulting grester reliability of
vehicles is that many drivers now have a fdse sense of increased safety and fal to observe
exiding physica laws and limits (e.g. vehicle mass, centrifugd force, braking distances, etc.).
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Although vehicles now have a high sandard of safety, adequate dtention needs to be paid to
their maintenance, especidly of heavy goods vehices. Periodicd sarvices and ingpections
should be carried out to ensure that brakes, turbochargers, dectricd systems, etc. function
correctly. It is essentid to make sure thet there are no lesks in fue and oil feeds that could
result in afire

International legal instruments

Severd legd indruments a the internationd level regulate vehicles. The man ones are the
fallowing:

1968 Vienna Convention on Road Traffic

In accordance with the international Convention on road traffic dated 8 November 1968, dl
contracting parties are required to admit to their territories dl motor vehicles and trallers from
other countries which meet the technical conditions laid down in annex 5 of the Convention.

Agreement concerning the Adoption of Uniform Technical Prescriptions for Wheeled
Vehicles, Equipment and Parts which can be fitted and/or be used on Wheeled Vehicles
and the Conditions for Reciprocal Recognition of Approvals granted on the basis of these
Prescriptions, of 20 March 1958.

One of the purposes of this Agreement which is completed by over 110 technicd Regulations
is to facilitate the use on the territory of a Contracting Party of vehicles, equipment and parts
approved according to these prescriptions by the competent authorities of another Contracting

Party.

Agreement on Periodical Technical Inspections

The international agreement dated 13 November 1997 on the adoption of Uniform Conditions
for Periodica Technica Ingpections of Vehicles and their Reciprocd Recognition foresees
that motor vehicles with a weight of more than 35 t and which are used for internationd
passenger or goods transport, will be required to undergo an annua technica ingpection. At
the EU levd, Directive 96/96/EC of 20 December 1996 on the gpproximation of the laws of
member States relating to roadworthiness tests for motor vehicles and their trallers defines
types of vehicles submitted to technica ingpections and the periodicity of those ingpections.

Assessment of miscellaneous items

Fire extinguishers/ fire-fighting systems

Rdidble fire extinguishers and fire-extinguishing systems ae widdy avalable on the market
today. While extinguishers ae farly inexpendve, the inddlaion of austomatic fire-
extinguishing systems in vehicles is more complex and codly. The degree of efficiency
depends on the type and location of the fire. In order to ensure that fire extinguishers and fire-
extinguishing sysems reman functiond, they need to be periodicdly checked by qudified

specididts.
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Requirementsregarding fuel tanks and their location in the vehicle

In modern vehicles, fud tanks are podtioned s0 as to ensure the grestest possible degree of
sdfety in the event of a callison. Fud containers have to be instdled so that they are protected
againg the impact of a collison at the front or rear of the vehicle.

ECE Regulation No.34 on uniform provisons concerning the goprova of vehides with
regard to the prevention of fire risks is the basc requirement for liquid fud tanks. This
regulation is now being amended to strengthen its prescriptions and to extend its scope to dl
categories of vehicles.

The Regulation once amended will not only be equivdent in scope to Directive 70/221/EEC
of 20 March 1970, on the agpproximation of the laws of member States relating to liquid fue
tanks and rear protective devices for motor vehicles and their tralers, last amended by
Directive 2000/8/EC, but introduce additiond requirements such as frontd and laterd
collison test procedures according to ECE Regulations No. 94 and 95.

Engine power

Engine power is a risk factor when it comes to safety in tunnels, because vehicles without a
strong enough engine are unable to maintain their speed on steep gpproach roads leading into
tunnels in the mountains. This means that they represent an obstacle to other road users by
adversdly affecting traffic flow thus reducing the capacity of the road and/or leading to risky
manoeuvres by other users.

Turbochargers

The dlegation that hot turbochargers are often the cause of vehicle fires has not been
confirmed in studies caried out to date. However, technica defects, especidly components
from which ail or fud is able to lesk out onto hot parts of the engine or exhaust pipe, increase
the risk of avehicle catching fire.

Brakes

According to surveys caried out by PIARC, hot brekes in heavy motor vehicles are
frequently the cause of a fire. It is therefore essentid that brakes be properly mantained and
serviced by qudified specidists. Correctly adjusted brakes are much less likely to overhest.

Video systems for monitoring freight; smoke detectors

Video monitoring systems and smoke detectors are widely avalable on the market. The
degree of efficdency of the later depends on the type of fire concerned. Equipment is
expensve and inddlation is often complex.

Electrical systems

In modern vehicles, dl active eectricd components are switched via safety and automatic

fuses. If a short circuit should occur, the circuit concerned is automaticaly switched off and
should be repaired as soon as possible.
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Specid requirements apply to vehiclesthat are used for the transport of dangerous goods.
Noise reduction/encapsulation

Modern vehicles have to meet increasingly sringent standards with respect to environmentd
protection and noise levels, and in addition to improvements in engine and drive design, these
lead to the use of complex noise suppresson methods such as engine encapsulation. The
insulation material used for the latter purpose is fire-resstant, but under certain circumstances
it can Hill cach fire if it remains in contact with hot engine parts or the exhaugt sysem for an
extended period of time.

C.4.2 Proposed measuresfor vehicles

Measure 4.01 Fire extinguishing devices

It should be made compulsory for all heavy vehicles (heavy goods vehicles, buses and
coaches) to be equipped with manual fire extinguisher(s). In addition, studies should be
carried out of the possibility of equipping heavy goods vehicles, buses and coaches with
heat-detection equipment, or possibly automatic extinguishing equipment.

In many countries, manud fire extinguishers are dready compulsory for these vehides, in
partticular for buses, coaches and vehicles carrying dangerous goods. It should be extended to
al heavy vehidestraveling in Europe.

Measur e 4.02 Quantity of fud carried

The quantity of fuel carried by heavy goods vehicles, buses and coaches without it
being classfied as transport of dangerous goods, should be reduced in order to
diminish the potential consequencesin the event of a vehiclefirein atunnel.

The Working Party on the Transport of Dangerous Goods (WP.15) and the World Forum for
Harmonization of Vehicle Regulations (WP.29) of the Inland Trangport Committee are
invited to determine the maximum quantity of fue which should be permitted on the bass of
a risk reduction andyss in tunnds while dso taking into account the need for an adequate

driving range for commercid transport purposes.
Measure 4.03 Fireresistance of fue tanks

A study should be conducted of the appropriateness and conditions for minimum fire
resistance requirementsfor fuel tanks of heavy goods vehicles, buses and coaches.

Measure 4.04 Weight and dimensions of heavy goods vehicles

It is recommended that no further increases be permitted of the width of heavy goods
vehicles or of the weight of their cargo, which would lead to increased calorific
capacity of heavy goods vehicles.
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The Group of Experts fet that the current tunnd infrastructure in Europe could not support
any further increases in the width, length and permissble maximum weght of heavy goods
vehicles

Measur e 4.05 Use of highly inflammable materialsin vehicles

A study should be initiated for measures prohibiting the use of highly inflammable
materialsin the construction of vehicles (including refrigerated vehicles).

These highly inflammable materids can give off a toxic vapour or acceerate the soread of
fireto other vehicles.

M easur e 4.06 Technical ingpections

All heavy goods vehicles, buses and coaches should be subject to annual technical
inspections, such as defined by the UNECE Agreement of 13 November 1997 or by the
European Directive 96/96/EC, particularly for the points contributing to the prevention
of vehiclefires.
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D CONCLUSION

D.1 Safety in road tunnels

The potentid risks that are prevdent in road tunnels need to be taken serioudy, but they
should not be dlowed to give rise to panic. As Stated before, stretches of road through tunnels
are among the safest, as can be seen from the fact that generaly fewer incidents occur in
tunnels than on open dretches of road. The man reasons for this are not difficult to find:
dretches through tunnels ae virtudly unaffected by weather conditions and lighting
conditions remain constant.

On the other hand, if an incident occurs in a tunnd, the impact is often much greater than on
open dretches. This fact cearly judtifies the comprehensve work carried out by al the parties
mentioned at the beginning of this report.

SAfety in road tunnels is not amply a question of efficient operation and sound infrastructure.
It dso depends to a great extent on the behaviour of road users and on the condition of
vehicles on the road. It is therefore essentid that road users be congtantly made aware of
correct behaviour in road tunnds, partly through education and information campagns, but
adso as pat of ther driving indruction. In the event of an incident, detection and the &bility of
road users to rescue themsdlves are of the utmost importance.

D.2 Outlook

In addition to the measures cited in this report with respect to improving the behaviour of road
users increasng the degree of operationd efficiency, enhancing the infrastructure of tunnels
and improving the vehides themsdves, there are various other tasks that will have to be
tackled in the future. Some have aready been started.

The behaviour of road users and the characteristics of certain materias need further research
from the point of view of safety in road tunnels. The following aspects should be the subject
of in-depth studies (though the list below is not intended to be exhaudtive):

Behaviour of people in tunnels (claustrophobia, etc.)

The behaviour of road users can change consderably when they are driving through a
long tunnel (e.g. due to boredom, claustrophobia, etc.), and this has a negative impact on
sfety.

Role of tunnel operators

The competencies and responsibilities of tunnel operators should be clearly defined in the
form of regulations. Operators should provide their staff with comprehensve specidized
training so that they are able to ded effectively with any incidents that may occur.

Dangerous goods risk andyds, effectiveness of measures amed a reducing or
diminating risks

At a joint initiative of OECD and PIARC, a generdly gpplicable quantitative risk anayss
mode that can be used for estimating risks and the degree of effectiveness of measures to
counter them has been developed in order to permit an effective comparison of risks. The
widespread use of thismodd aswell asits further refinement should be encouraged.
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Determination of sefety leve of individud tunnels

Based on the various parameters quoted under measure 3.8, a methodology should be
developed to assess the overal levd of safety of a tunnd as wel as the sengtivity to
changes of the parameters.

Database of firesin tunnds

An internationad database for recording data concerning fires in tunnds should be
edtablished so that it is possble to carry out comprehensive evauations. This requires the
postive collaboration of dl paties involved, including fire brigades, on the bass of
commonly agreed definitions.

Dimendoning of ventilation systems
Smoke control is a fundamentd pat of fire safety. Improvements of ventilation sysems

and their operation should be the subject of continuing research. The PIARC is currently
carying out sudiesin thisarea

Fire reaction of materids

Increased attention should be paid at an internationd level to the materids used in the
congtruction of motor vehicles.

Fire detection

Immediate and rdiable detection of fires as wel as identification of their exact locations
are of the utmost importance in mogt tunnels, and advanced systems are currently in the
process of being developed.

Fixed fire-fighting equipment

Since grinkler systems have not been recommended for the time being, it is important
that research into dternative technologies should be continued. Options that are currently
under consderation are fixed foam sprays and water mists, which have aready been in
use in indudrid inddlaions for some time. Ther suitability for use in tunnds will have
to be verified by carrying out tests.

With respect to drawing up guidelines, international cooperation and coordination need to
be intengfied, so that regulations and standards that come into effect ensure the optima
leve of safety throughout Euraope.

D.3 Costs

In view of the required rehabilitation of tunnels and the new tasks that will have to be initisted
in the fidd of emergency services, the budget devoted to the maintenance and modernization
of the road network will need to be increased in Europe over the next years.

Given the fact that additiond kilometres of roadsmotorways running through tunnes now
under congtruction are due to be opened to traffic in the next few years it will dso be
necessty to increase invesment in this area in order to ensure the optima level of safety in
al tunnds.
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D.4 Next steps

With the publication of this find report, the present Group of Experts has completed its mandate: a
comprehensive catdogue of measures for road tunnes has been compiled, amed a reducing the
risk of traffic in European tunnds and minimizing the consequences of such accidents in case they
occur. However, improving the level of safety in road tunnds is an ongoing task that will not be
completed upon publication of afina report.

The report of the Group of Experts will be submitted in English, French and Russan for
condgderation by the sixty-fourth session of the ITC to be hed from 18 to 21 February 2002. The
Charman of the Group of Expets will present the recommendations a the ITC meeting.
Subsequently, the report will be transmitted to the relevant subsdiary bodies of the ITC which will
condder which of the recommendations can be incorporated into the legd instruments administered
by those bodies.

The Group of Experts recommends that new experts be sdected to continue the work of examining
safety in ral tunnds. For road tunnds, the Group of Experts agreed that it would be desrable to
hold regular meetings (possbly a two-yearly intervas) in the future to review new developments in
the fidd of tunnel safety and to assess the progress made by ITC subsdiary bodies in incorporating
the recommendationsinto the various legd instruments.
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E ANNEXES

ANNEX 1- Road signing for tunnels

Sgning should conform to the following specific rules both in dgn sdection and in the
materias used.

Vertical signing

Compulsory vertica Sgning in the advance warning area of atunnd should include:

the sgn “Tunnd”, as described in the Vienna Convention on Road Signs and Signds
(dgn E, 11a); this 9gn should imply the use of dipped headlights and dso incude an
additiond pand indicating the length and the name of the tunnd in paticular for
tunnels over 1000 metres
the specific maximum speed limit (3gn C, 14) to be followed in the tunnel
the “Overtaking prohibited” sign (C, 13a /C, 13aa/ C, 13ab for dl vehicles or C,
13b/C, 13ba/C, 13bb for goods vehicles) when appropriate
if necessxry, other additiond sgns such as tha prohibiting entry to vehides carrying
dangerous goods (C, 3h) or certain dangerous goods (C, 3m or C, 3n; see dso Measure
1.7).

Compulsory verticd sgning in the tunnd should indlude:
the “Maximum speed limit” sign (C, 14) every 500 m, in the case of tunnes longer
than 1000 metres
when appropriate, the “Overtaking prohibited” sign (C, 13a /C, 13aa C, 13ab for dl
vehicles or C, 13b/C, 13ba/C, 13bb for goods vehicles) every 500 metres in the case of
tunnels longer than 1000 metres

Compulsory vertica signing beyond the tunnd should include:
the sgn (E, 11b “end of tunnd”) and the agppropriate sSgns revoking the speed
limitation (C, 17b) or prohibitions (C, 17c “end of prohibition of overtaking” or C, 17d
“end of prohibition of overtaking for goods vehicles’).

Optimum congpicuity high qudity retro-reflective maerids should be used in verticd

Sgning:
dggns indde tunnds should be made of materids with maximum retro-reflection and
be interndly or externdly permanently illuminated to give optimum conspicuity both
in day and in night-time conditions
materials used both in tunnds and in their advance warning area, should be of the
highes levd of peformance in reflectivity, specified in the nationa standards of each
country, usng microcube technology high peforming retro-reflective sheeting,
granting night time visihility in the case of dectricd falure

Horizontal signing (road markings)

Horizontd ddineation should be applied a the roadsde edge (edge lines) a a distance
between 10 and 20 cm from the carriageway limit. The line should have a width of 30 cm.
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Centre lines should have a width of a minimum of 15 cm (reference: Action COST 331
“road markings performance”).

In the case of bi-directiond tunnds, retro-reflective road studs (“cats eyes’) should be
gpplied on both sdes of the median line (Sngle or double) separating the two directions a
adistance ranging between 10 and 15 cm from the externa edge of each line.

Retro-reflective road suds, following the nationd legidation concerning their maximum

height and dimensons, should be applied every 20 metres, maximum. If the tunnd is in a

road curve, this distance should be reduced, up to 8 metres, for the firgt 10 reflectors from

the tunndl entrance,

-~ Optimum conspicuity high qudity retro-reflective materids should be used in horizonta

Sgning:

- road makings shdl be of the highet qudity to grant day and night time vighility 24
hours

- road markings shal ddiver the highest possible conspicuity in wet conditions

- retro-reflective road studs shdl be of the highest qudity in order to achieve the highest
vighility a night.

Signs, panels, pictograms for signing of facilities

A lig of possble ggns, pands and pictograms to be used for dgning of faclities gppears in
Part A of the following appendix

Variable M essage Signs

In tunnels under survelllance, variable message sgns (VMS) should be used a the tunnd
entrance, and if possble in advance of it, to digplay specific messages in the case of an
incident in the tunnd or in order to dop the traffic before entering in the case of an
emergency

In long tunnels, such devices should aso be repeated ingde the tunndl.

Signs and pictograms used on variable message signs in tunnels should be harmonized. A
list of possble sgns and pictograms to be used on VMS gppears in Part B of the following

appendix.
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Appendix
The list of Sgns, panels and pictograms below is provided for information purposes only.

A) Signs, panels, pictograms for signing of facilities

Safety niches
SAfety niches ae intended to provide vaious safety equipment, in partticular emergency

telephones and extinguishers, but are not intended to protect road users from the effects of a
fire. Signs should indicate the equipment available to road users, such as

Extinguisher
The pictogram isthe one
defined in ISO norm 6309

In safety niches, a very legible text, written in severa languages should indicate that the
safety niche does not ensure protection in case of fire. An example is given below:

Emergency telephone

The colours are the ones
defined in the CEN norm
of December 2000

THIS SPACE DOES NOT ENSURE
PROTECTION
IN CASE OF FIRE

Please go to an emergency exit

following the signs on the walls

Lay-bys

Lay-bys are widenings intended for stopping in emergencies. They should be sgned as shown
below; a green background colour may aso be used; a telephone and an extinguisher are
essentid in the lay-by and should be indicated by an additiond pand. This informatiion may
a0 be incorporated in the sgn itself.
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Emergency exits

The dgns to indicate “Emergency exits’ should conform to the pictograms proposed by the
ISO 6309 standard or the CEN norm of December 2000. Its background colour is green.
Examples are presented below:

It is dso necessary to sign the two nearest exits on the sidewadls, about every 50 metres, a a
height of 1-1.5 metres. Examples are presented below.

Radio frequency
Tune your radio to the frequency indicated.
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Try to move your vehicle to an emergency lane, a lay-by or at least
to the hard shoulder or the edge of the road:

B) Pictogramsfor VM S signing

The dgns and pictograms presented here are those which do not yet exis in internationd legd
ingruments

Observe traffic lights and signs(Signs can change in tunndl)

. ,‘ ! \
|
o W 4 - -

Breakdown Accident Firein a vehicle

sl

AT A

Switch on your hazard warning lights Switch off the engine, if congestion
lasts
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AGR European Agreement on Main Internationd Traffic Arteries
AIT & FIA | Internationa Touring Alliance/ International Automobile Federation
DARTS Durable And Rdliable Tunndl Structures

EC European Community

EU European Union

FEDRO Swiss Federa Roads Authority

IRF International Road Federation

IRU International Road Transport Union

ITA International Tunnelling Association

ITC Inland Trangport Committee

OECD Organisation for Economic Co-operation and Devel opment
PIARC World Road Association

UNECE United Nations Economic Commission for Europe

WERD Conference of Western European Road Directors

WP Working Parties of the ITC
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ANNEX 3 - Number of tunnelsover 1000 m in Europe

At the request of the Ad hoc Multidisciplinary Group of Experts on Safety in Tunnels,
a gquestionnaire was sent to all member countries.

Part A of the questionnaire requested information on national legislation and regula-
tions on tunnel safety.

Part B requested data for each tunnel and its tubes (e.g. length, whether excavated
or cut and cover, type of ventilation, etc).

The full compilation of replies received to the questionnaire can be found on the
website of the UNECE Transport Division at the following address:

http://www.unece.org/trans/main/itc/ac7.htmi
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SUMMARY TABLE ON NUMBER AND LENGTH OF TUNNELSIN UNECE COUNTRIES
1 SO Number of of which of which of which of which of which of which of which of which Gl
Country Code tunnels 3 1000mé& [ 32000mé& | 3 3000mé& | 3 4000m& | 35000mé& [ 36000m& |3 7000m& | 3 8000mM& | , 10.000 m
> 1000 m <2000 m <3000 m <4000 m <5000 m < 6000 m <7000 m < 8000 m < 10,000 m '
Andorra AD 1 1
Armenia AM 1 1
Austria AT 55 22 (9%) 16 (10*) 3(1%) 1* 6 (4*) 3(2%) 1* 2* 1* (13972m)
Belgium BE 7 6 (1*) 1
Herzegouna | BA | 2 z
Cyprus CcY 0 (1=864m)
Croatia HR 9 5 (4%) 1* 3(2¥)
Denmark DK 1 1
Finland Fl 0
3
France FR 46 27 (9%) 4(1*) 8 (4*) 2(1%) 1 1* Eﬁ %m:g
(10 000m)
Germany DE 38 28 (5*) 7(3%) 2 1
Hungary HU 0
Iceland IS 3 1 1 1
lsrael IL 0
Italy IT 177 131 27 9 6 1 1
Latvia LV 0
Liechtenstein LI 0
Lithuania LT 0
Malta MT 0
Moaldova MD 0
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1 SO Number of of which of which of which of which of which of which of which of which Gl
Country éoae tunnels 3 1000mé& | 32000mé& | 3 3000mé& | 3 4000m& | 35000mé& [ 36000m& |3 7000m& | 3 8000mM& | , 10.000 m
>1000m <2000 m < 3000 m <4000 m <5000 m < 6000 m <7000 m < 8000 m < 10,000 m '
Monaco MC 1 1
Netherlands NL 4 2 1 1
2
Norway NO 203 107 (32*) 45 (12*) 21 (4%) 9(6%) 9(2%) 6 (2¥) 3 1 (24 509m*)
(11 428m)

Poland PL 0
Portugal PT S 3

g (2inMadeira)
Romania RO 0
Russian

. RU 5 2 1 1 1
Federation
Slovak
SK 1
Republic '
Spain ES 25 16 (5%) 3 2 1* 2(1%) 1*
Sweden SE 3 1 2
Switzerland CH 67 41 (30%) 12 (7*) 8 (6%) 1 2 1* 1* 1* (16 918m)
Turkey TR 8 5 1 2
United
. GB 7 5 1 1

Kingdom
Yugoslavia YU 0

34 replies 666 (183*) 407 (97*) 124 (35*) 58 (17*) 21 (9%) 24 (9%) 12 (5*%) 5(1*) 7 (5%) 8 (5*)

TOTAL (2) 661 (181*) 404 (96*) 124 (35*) 58 (17*) 21 (9*%) 24 (9%) 12 (5*%) 5(1*) 6 (4%) 8 (5%)
Totals may include tunnels under construction or in planning phase
*) Number of tunnels on E-roads but not exact, some countries having not provided thisinformation

@ Figure after correction for international tunnels mentioned twice



