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1. Research project



Objectives and benefits

• Increasing the safety and availability of tunnels

• Increasing the resilience of road tunnels to external influences

• Identification and development of structural, operational and organizational 

resilience measures
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1. Research project



Approach
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1. Research project

Identification of potential threats and damage scenarios

Impact of damage scenarios on tunnel operation and traffic:
• Minimum operating requirements 
• Local and regional transport impacts

Measures to increase resilience:
Categorization, evaluation and selection of measures



Resilience

Resilire: jump back, bounce off

Physical ability of a body to return to its original form after changing its shape. 

2. Basics

Road tunnels:

Resilience describes a system’s ability to take into account, prepare for, repel, 
recover from and adapt ever more successfully to both familiar and emerging threats.

in reference to: Thoma, K. (Hrsg.), Resilience-by-Design: Strategie für die technologischen Zukunftsthemen, acatech STUDIE (April 2014) 
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Resilience cycle
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2. Basics

prepare

&

learn

Resilience cycle in reference to:  Bruneau, M., Chang, S., Eguch, R., Lee, G., O’Rourke, T., Reinhorn, A., et al. (2003). 
A Framework to Quantitatively Assess and Enhance the Seismic Resilience of Communities. 
In Earthquake Spectra, Volume 19 (S. 733–752). Earthquake Engineering Research Institute.



Impact of resilience measures

Effect of resilience measures on the course of the functionality curve *

* in reference to Deublein, M., Roth, F., Bruns, F., & Zulauf, C. (2018). Reaktions- und Wiederherstellungsprozesse für die Straßeninfrastruktur nach disruptiven 
Ereignissen (FE 89.0330/2017). Bergisch Gladbach: Bundesanstalt für Straßenwesen (BASt).

Measures can

1) reduce the frequency of occurrence of disruptive events

2)  reduce the loss of functionality ∆F 

3)  shorten the time ∆t  until the original functionality is reached 
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2. Basics

∆t1)

2)

3)

Time



3. Examinations
Threats

Identification of all threats relevant for tunnels according to the 
All-Hazard-Approach

The All-Hazard-Approach covers the entire spectrum of potential threats 
in the context of security precautions.

• Natural Threats
• Man-made threats
• Other
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• Structure
• Equipment
• Road section (in which the tunnel is located) 
• Centralised tunnel systems (Tunnel control center, operating building, energy 

supply)

The points of impact
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3. Examinations

Tunnel Tunnel equipment
Road section and  
Centralised systems



Damage scenarios

Structural scenarios : 
Damages to the tunnel structure, caused by static, dynamic or thermal loads due to the 
threats.

Operational scenarios: 
Resulting from the loss of function of the safety technology of the tunnel equipment and in 
central systems. 

Blocking scenarios:
Blockage of the tunnel, without the occurrence of immediate damage restriction or 
interruption of traffic flow and affecting the network element in which the tunnel is located

12

3. Examinations



Result: Threat-Damage-Matrix
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3. Examinations



MINIMUM OPERATING REQUIREMENTS (MOR)
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3. Examinations

Damage scenarios

structural blocking operational

minimum 
operating 

requirements 

Risk Assessment

quantitative qualitative

traffic operation scenarios

traffic impacts

local regional

A damage scenario’s significance is evaluated,
exclusively for safety relevant damage scenarios, using
qualitative and quantitative methods.



MINIMUM OPERATING REQUIREMENTS (MOR)
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3. Examinations

Reference 
tunnel

R
is

k

Minimum safety level

Minimum 
operating requirement

Reference 
tunnel 

+
Damage 
scenario

Risk 
exceedance

Intervention range
risk reducing measures must be taken.

Tolerance range
trade-off between requirements 
regarding personal safety and 
availability of the tunnel. Risk levels in 
this range can be tolerated temporarily.

Acceptance range
commonly accepted risk levels. The 
tunnel can be operated in this range for 
as long as desired, specified 
maintenance intervals must be 
observed.

Minimum safety level:
Represents the minimum level of  safety to be 
guaranteed during normal operation and is at the same 
time the upper limit of the generally accepted risk 
(acceptance range). 

The MOR corresponds to the second threshold value 
between a range of increased risk which can be 
tolerated for a limited period of time (tolerance range) 
and the range of unacceptable risk in which 
compensation for the risk is inevitably necessary to 
maintain availability (intervention range). 



MINIMUM OPERATING REQUIREMENTS
Risk Mitigation Measures after an Incident
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3. Examinations

Functional compensation

The reduction or loss of functionality of the component affected by damage scenario is fully 
or partially compensated by any remaining redundancies of the component itself or by other 
systems



MINIMUM OPERATING REQUIREMENTS
Risk Mitigation Measures after an Incident
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3. Examinations

Organizational and traffic-related measures
If a sufficient reduction of the risk cannot be achieved by functional compensation, additional 
safety measures must be taken. Organizational and traffic-related measures can be 
combined: 

• Speed limit

• Consistent control of the average speed

• Truck driving bans

• Driving ban for dangerous goods transports

• Driving ban for cars

• Fire brigade stand-by

• Ongoing control runs



Result: Effects of damage scenarios on tunnel operation and traffic
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3. Examinations



Enclosure Bayreuth Tunnel Pfaffenstein, Regensburg

Traffic effects at the network level
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3. Examinations



LOCAL REGIONAL
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3. Examinations
Traffic effects at the network level

Example: Tunnel Pfaffenstein, tube failure in southern direction
total economic costs: ~ 320.000 € per day



Result: Evaluation of measures to increase resilience
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3. Examinations



1. Manual

2. Evaluation tools

3. Operating manual & application example

4. Measures – Factsheets 

5. Tool for the monetary evaluation of the traffic 
effects of unavailability

6. Recommendation for minimum operating conditions

4. Results

www.bast.de/ritun (From Januar 2021)
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http://www.bast.de/ritun
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