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Why is a tunnel more dangerous than a normal road?

§ More difficult to escape
§ More difficult to reach for emergency services
§ Natural air flow, chimney effect

Tunnels and safety
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Major tunnel accidents in Europe
Year Tunnel # deaths
1999 Mont Blanc tunnel 39
1999 Tauern tunnel 12
2000 Kaprun skitunnel (railroad) 155
2001 Gotthard tunnel 11

Tunnels and safety
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Which effect of a tunnel accident is most dangerous?

a) Fire
b) Smoke

Tunnels and safety
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DIRECTIVE 2004/54/EG: European directive with minimum 
safety requirements for all european roadtunnels >500m

All EU member states have to make specific laws based on the 
directive. In The Netherlands:

– Warvw: Wet aanvullende regels veiligheid wegtunnels (all 
tunnels > 250m)

– Rarvw: Regeling aanvullende regels veiligheid wegtunnels
– Leidraad Veiligheidsdocumentatie
– (Tracewet / Wet Ruimtelijke Ordening)
– (Bouwbesluit + regeling bouwbesluit)
– (Wet veiligheidsregio’s)
– Specific NEN-EN-ISO codes
– Specific standards from asset owners
– …

Tunnels and safety - Legislation

Important note: when opening a tunnel, the tunnel-owner has to 
prove that the tunnel complies with all the legislation
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Main objectives of tunnel safety? 

Objectives
tunnelsafety

Prevent
incidents

Guarantee
self-rescue

Facilitating
rescue
services

Prevent
escalation
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Tunnel safety

Accident
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Safety Unsafety
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Tunnel Technical Installations

Whats happens when a fire
starts in a tunnel?
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Tunnel Technical Installations

How many installations does a tunnel have? 

a) 25 – 35 
b) 35 – 45 
c) 45 – 55 
d) 55 – 65
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More than technical
installations only ..

Total tunnel system
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Tunnel Technical Installations
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Tunnel Technical Installations
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Tunnel Technical Installations
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Development of TTI
System engineering, V-model

Verification & Validation is 
essential to prove that the 
tunnel complies with al the 
legislation 
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Development of TTI
Software development process, OTAP principle

Develop Test Production Acceptance

or



Koninklijk Instituut Van Ingenieurs

Testing
Testing = prove that everything works 
as designed
Testing ≠ trial and error!

Structured test process, for example 
based on Tmap Next

General strategy:
§ Test step by step, from small to large
§ Testing is risk-based; 100% testing is 

impossible
§ Each test has entry and pass/fail 

criteria
§ Findings are ‘weighed’; not every 

finding is crucial
§ Test starts in design, test-engineering
§ Execute test as early as possible
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Testing and integration
System engineering, Test- and integration proces
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Verification & Validation is 
essential to prove that the 
tunnel complies with al the 
legislation 

Testing
Documentation

Master 
Testplan

Testplan per 
kind of test

Test Description 
per individual test

Test Reports per 
test
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Testing

How many documents do we approximately create for testing 
a tunnel?

a) 100
b) 500
c) 1000
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Testing

How many documents do we approximately create for testing 
a tunnel?

a) 100
b) 500
c) 1000

Note: Depends on customer, scope and teststrategy
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Testing

How many hours do we approximately need for testing a 
tunnel? Preparation, executing and reporting.

a) 10.000
b) 20.000
c) 30.000



Koninklijk Instituut Van Ingenieurs

Testing

How many hours do we approximately need for testing a 
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b) 20.000
c) 30.000

Note: Depends on customer, scope and teststrategy
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Testing off site
Digital and Fysical twins
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Testing off site (FAT)
Factory Acceptance Test
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Testing off site (iFAT)
Integrated Factory Acceptance Test
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Testing on site (SAT/iSAT)
(Integrated) Site Acceptance Test
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Testing on site (SIT-T/SIT-O)
Site Integration Test Technical and Operational


