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the European Parliament and of the Council of 29 April 2004 on 
minimum safety requirements for tunnels in the 

Trans‐European Road Network

n Legislative Decree n. 264/06

 Structural measures

 MEP systems measures

 Management / Organizational measures as

maintenance plan

plan for emergency management

mode of acquisition of knowledge framework

EC Directive 2004/54 
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Technical requirements

rganizational measures

MEP systems measures

• Lighting
• Ventilation 
• Emergency stations
• Fire‐fighting
• Road signs
• Control center

• TVcc system
• Tunnel closing devices
• Communication 
systems

• Power supply
• Fire resistance material

• Contingency plan
• Maintenance 
operations

• Risk management
• Tunnel closure

• Transport of dangerous 
goods

• Overtaking control
• Safe distance control
• Information campaign

• n° of tubes and lanes
• Slope
• Emergency walkway
• Emergency exits
• Turning bay

• Lay‐by
• Drainage of 
dangerous liquids

• Structural fire 
resistance

Structural measures
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ase histories

Cima di Rovere Tunnel

Appia Tunnel
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a di Rovere Tunnel
ed along SS 20 close to 
ty of Airole (IM), in the 
‐west of the Italy close 
French border.
pen to traffic in 1996 
2361m long.
affic is bi‐directional
ngitudinally ventilated.
mergency exits.

al update investment:  
12.000.000 €
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unnel has 3 different cross sections: 3 
ircular and one, that is a rockfall 
ection too, is rectangular with windows.

arriageway has one lane 4m large in 
direction.

Cima di Rovere Tunnel
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Cima di Rovere Tunnel ‐ TGM

4.100veh/day 
per lane
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a di Rovere Tunnel

antitative Risk Analysis was 
ormed and showed that some 
ventions of risk mitigation are 
ed:

• Drainage of dangerous liquids
• Structural fire resistance

Structural measures

• Lighting
• Automatic Fire‐fighting
• TVcc system
• Tunnel closing devices
• Communication systems
• Power supply
• Fire resistance material

MEP systems measures
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Appia Tunnel
Open to traffic in 2000, it is located 
along the Rome Ring Road, is a 1150m 
long tunnel, monodirectional traffic, 3 
lanes each 3.75m wide.
It’s longitudinally ventilated.
No emergency exits.
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Appia Tunnel ‐ TGM

24.300veh/day 
per lane
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Automatic extinguishing 
system, which use infrared 
cameras as a guidance.

Appia Tunnel

Valore Atteso del Danno
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Authomatic fire‐fighting system
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ding old tunnels (construction and 
peration pre EU Directive )

Technical difficulties and excessive cost 
(financial and social)

Operational measures and alternative 
measures

Quantitative Risk Assessment
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current risk level

Risk Analysis ‐ Quantitative Method
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Quantitative Risk Assessment

Smart Tunnel 

Dynamic Risk Assessment
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Smart Tunnel

Developing management systems 
that help to prevent and control 
dangerous situations

Constantly monitoring operating 
conditions

Developing and implementing 
solutions that improve safety aspects

Optimizing maintenance

Having a predictive system of 
hazards
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oT sensors sustainable redundant and 
distributed along the tunnel

GATEWAY

Risk Calculation

c sensors: average speed, flow, congestion
onmental sensors: weather, air velocity, pressure, pollution, lighting
etection: smoke, temperature, dangerous goods.

Real Time

Middle Time

Long Time

Li
nk

Smart Tunnel 
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Dynamic risk analysis

plan interventions of 
adjustment or maintenance 
work or emergency, when there 
s a malfunction of the systems 
or decreases the safety record
assess if the safety level is 
acceptable (ALARP) or if it is 
necessary to introduce 
additional measures to mitigate 
he risk

ynamic risk analysis is a new tool that allows to:
define the risk framework / safety level of a tunnel under operating conditions
have a survey of the state of operation of MEP systems or the presence of any faults

critical
event Protection

1year    1month    1gday    1h     1min    1 s 3 min 10 min 30min
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Dynamic Risk - Analysis Simulation

Real team 
safety level

arameter
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Conclusion
 Old tunnel often presents difficulties in upgrading to the new level of safety 

request by the users

 Difficulties can be originated by consequence on traffic condition (high social 
cost) or on the excessive cost to sustain (financial cost)

 The operational and alternative measure that respect high level of safety can be 
successfully applied thanks to new technologies and web based application 
(Internet of Things, IoT)

 The tunnel monitoring devices can be used to continuously monitoring the risk

 Dynamic Risk Assessment permit to decide how and when close the tunnel to 
keep low the risk level
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Thank you 
for your patient and 

attention ! 


