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üSTRATEGIC THEMES

üST A - Sustainability of the Road Transport System 

üST B - Improving Provision of Services 

üST C - Safety of the Road System 

üST D - Quality of Road Infrastructure

C.4 - Road Tunnel Operations (since 1957)

130 experts from 30 countries

5 WG ( Road tunnel safety and risk analysis)



Risk Models for Safety in Road Tunnels: a European State-of-the-Art

19th CAETS   CONVOCATION
ENGINEERING ANALYSIS AND MANAGEMENT TO REDUCE RISKS

29 ïVI ï2011

MEXICO

XXIV th World Road Congress

26-30 September 2011 

Mexico City, Mexico

Mobility, Sustainability 

and Development

www.piarcmexico2011.com



Risk Models for Safety in Road Tunnels: a European State-of-the-Art

19th CAETS   CONVOCATION
ENGINEERING ANALYSIS AND MANAGEMENT TO REDUCE RISKS

29 ïVI ï2011

MEXICO

1. Safety in road tunnels

2. Risk analysis

3. Some European approaches

4. Conclusions
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Before 1999

Regulations (if any) focused on

- infrastructure 

(civil works and 

EM equipment)

- new tunnels  
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Introduction

Serious fires in road tunnels (Fire and Smoke control. PIARC. 1999)
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Safety: An issue for engineers and scientists

Chassé y Lacroix (1994)

Cuantificación de la seguridad en túneles

Memorial Tunnel Fire 

Ventilation Test Program 

(USA, 1995)
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Cuantificación de la seguridad en túneles
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Túnel Øresund. 1995. (Karlssony Ditlevsen) (3.5 km)

Preliminaryefforts: ProbabilisticRiskAssessment
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Year Tunnel Length Fatalities

1999 Mont Blanc (France/Italy ) 11.600 39

1999 Tauern (Austria) 6.041 12

2001 Gleinalm (Austria) 8.320 8

2001 San Gotardo (Switzerland) 16.322 11

-Actions at National level

- UN Economic Comission for 

Europe ñAd hoc multidisciplinary 

group of expertsò

- UE launch call for research 

projects

The preparation of an EU Directive becomes a priority
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USERS

VEHICLES

SAFETY

OPERATION

INFRASTRUCTURE



Risk Models for Safety in Road Tunnels: a European State-of-the-Art

19th CAETS   CONVOCATION
ENGINEERING ANALYSIS AND MANAGEMENT TO REDUCE RISKS

29 ïVI ï2011

MEXICO



Risk Models for Safety in Road Tunnels: a European State-of-the-Art

19th CAETS   CONVOCATION
ENGINEERING ANALYSIS AND MANAGEMENT TO REDUCE RISKS

29 ïVI ï2011

MEXICO

The EU Directive minimum safety requirements:

- Define responsibilities

of the involved bodies

Source:

D. Lacroix

- Ask for safety procedures 

and safety documentation

(including a specific hazard 

investigation)

- Prescribe safety measures (based on a holistic 

approach) butéñopen the doorò to use (in some 

extent) risk- based approaches
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- To check general consistency of the safety

- To choose between different alternatives

- To demonstrate safety in case of deviations from 

prescriptions or cases not dealt with by prescriptions

Nowadays several European current standards 

propose risk analysis as a complementary tool 

to prescriptive provisions:
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Directive 2004/54/EC  (Article 13). 

Risk analysis is requested:

- To justify alternative measures (derogations)

- In tunnels with ñspecialò characteristics (to consider the use of 

risk compensation measures)

- To take decisions on authorization or banning of Dangerous 

Goods transportation through tunnel

Methodology? 

ñ(defined at national level) a detailed and well-defined methodology, 

corresponding to the best available practices must be usedò
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2. Risk analysis models
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ÅNo zero consequences is possible (unless prob=0)

ÅSOé. It is necessary to accept a finite risk 

Risk = probability x vulnerability x cost

Risk = probability x consequences

Risk = probability / adopted measures

HOW TO QUANTIFY RISK?
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PIARC report on Risk Analysis for Road Tunnels (2008) 

Collecting:

Å Experience from PIARC 

Members countries

Å Results of major European 

research activities

Freely available at the PIARC Virtual 

Library:

www.piarc.org

http://www.piarc.org/
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Source: PIARC report

RISK ASSESSMENT
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Different types of risk analysis methods:

Å Qualitative: usually based on expert judgments and arbitrary 

criteria. 

Å Quantitative: Based on events and/or scenarios definition  

which probability and consequences are evaluated
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Different kind of approaches:

Å Scenario-based approach: Pre-defined scenarios

V Optimization of design

V Detailed investigation of specific problems

V Planning of emergency response measures
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Scenario-based approach
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Å System-based approach: All the events/scenarios which 

affect the system are analysed 

V Risk indicators for an overall system

V Evaluation of different safety measures

V Comparison with other cases (or acceptance criteria)

Different kind of approaches:

Å Scenario-based approach
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System based approach
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Paliative

measures

Preventive

measures

Consequences

Structural damages

Usersfatalities

Environmental damages

é

Fault tree

Accident

Self-ignition

Breakdone

Sabotage

Causes

Event tree

Quantification of frequencies and consequences
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Å Smoke movement

Å Fire spread

Å Life loss 

Å Fire detection

Å Ventilation

Å Fire resistance 

Å Egress times

Å Structural behaviour

Å Human behaviour

Quantification of the consequences
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Source: PIARC report

RISK ASSESSMENT
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Different criteria for risk evaluation

Å Expert judgment

Å Prescriptive standards or guidelines: usually relative

Å Individual risks: probability per year to be damaged of one 

person exposed to a risk  

Å Societal risk: expected value or F-N diagrams

Å Cost-effectiveness parameters: cost of measures in relation 

to the risk ïreduction effects.



Risk Models for Safety in Road Tunnels: a European State-of-the-Art

19th CAETS   CONVOCATION
ENGINEERING ANALYSIS AND MANAGEMENT TO REDUCE RISKS

29 ïVI ï2011

MEXICO
CONCEPTOS
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Farmer  curves (1967). Societal risk

F(N)-F(N+1) Ý Absolutfrecuencyof having exactly N 

fatalities: f(N)

f(N)= F(1). p(N)    where p(N)= probability of an 

accident exactly with N fatalities

F(N) ¢a/Nb a=0.1; b=1

a=0.001; b=2 (large N aversion)
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ÅQuantitative (and qualitative) risk analysis are based on a 

great number of assumptions /calculations /parameters. 

All of them contain uncertainties.

Sources of uncertainties
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ÅSome of the ñprocessesò modeled not related to physical 

phenomena involve human behavior (lessons learnt from 

experience reflect that hypothesis are far from reality) .

ÅUsers remain sited instead of evacuate the tunnel

ÅUsers approach the fire ñto have a lookò

ÅTunnel operators do not follow the procedures

Åé.

Sources of uncertainties
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Source: Philippe Pons (BG) presentation at ITA COSUF workshop. June 2010.  
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ÅDetailedstudyof pre-definedscenarios

ÅUse of Uni-dimensional models

ÅComparisonwith existingexperience

ÅDG QRAM for dangerousgoodsdecision

FRANCE. SPECIFIC HAZARD INVESTIGATION
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FRANCE. SPECIFIC HAZARD INVESTIGATION


