
�����������������������������	�
����
�����������	�� �����	�������

Fire Protection Engineering for New and Existing Tunnels – London – 6 October  
2006  291

Fire Protection Engineering for 
New and Existing Tunnels

Design Options and Possibilities
�  View of a Contractor

Dr. Thomas Krause, HOCHTIEF Construction AG
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• Persons

• Tunnel lining and equipment

• Financial losses (repair / tunnel closure)

Introduction
Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations

Introduction: Possible Damages Caused by a Tunnel Fi re
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Structural fire protection engineering required!

Spalling: Physical reduction of concrete cross section 

Reduction of concrete and reinforcement load carrying capacity 
due to high temperatures

�  Massive damage of the lining up to possible collapse / water 
inflow

Consequences of Tunnel Fires to the Lining Introduction
Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations
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Fire in the Channel Tunnel (GB / France) 1996

• 30 people injured

• Damage of the lining: Spalling depth 
up to 35 cm

• Estimated loss: 250 million Euros

• Time required to repair: 6 months

Introduction
Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations
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Fire in the Montblanc Tunnel (France / Italy) 1999

• 39 people died

• 34 people injured

• Damage of the lining: Spalling 
depth up to 40 cm

• Estimated loss: 200 million Euros

Introduction
Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations
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• 12 people died
• 49 people injured
• Damage of the lining: Spalling 

depth up to 35 cm

• Estimated loss: 30 million 
Euros

Fire in the Tauern Tunnel (Austria) 1999:
Introduction

Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations
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Fire in the Gotthard Road Tunnel (Switzerland) 2001

• 11 people died

• Damage of the lining: 
Spalling depth up to 35 cm; 

• collapse of the ceiling

• Time required to repair: 2 
months

Introduction
Damages caused 
by Fire

Consequences to 
the Lining

Tunnel Fires

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations
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Fire Protection Engineering: Targets Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations

• Minimise the lining damage as much as technically 
possible and economically reasonable

• Limit maximum lining temperature

• Limit lining deformation

• Avoid loss of load carrying capacity

• Avoid massive water inflow into the tunnel
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Wide range of standards, regulations, requirements in different 
countries!

• Safety requirements for the structure

• Fire load curves

• Definition of test procedures

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations

Standards
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Safety Requirements for the Structure

Germany (RABT / ZTV-ING/ 
EBA)

Austria (Guideline, 
2005)Targets • structural integrity of the lining 

under defined fire loads
• limit damages to tolerable 

amount / enable repair
• avoid massive water-inflow
• structural integrity of surface 

buildings

• definition of fire load curve 
• sufficient concrete cover + 

PP-fibres
• protection layers �  separate 

guideline

Means

• structural integrity of the lining 
under defined fire loads

• Avoid hazard of persons from 
spalling

• avoid water inflow 
• avoid permanent 

deformations (serviceability)

• definition of fire load curve 
• sufficient concrete cover 
• limited reinforcement 

temperature
• additional galvanised 

reinforcement

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations
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Austria: Brenner-Railway Company

Germany: Railway tunnels (EBA)

Netherlands: Rijkswaterstaat-Curve 
(RWS)

Germany: Road tunnels (RABT/ZTV-
ING)

EU: Hydrocarbon-Curve (Eurocode 1)

ISO 834-Curve (Cellulose)

Fire load curves Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations
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Fire load curves for different projects

Gotthard-Tunnel

SBB: ISO-Curve 90‘

FS: ISO-Curve 120‘

SNCF: ISO-Curve 120‘/240‘

Storebelt-Tunnel, DK 
(RABT)

Öresund-Tunnel / Tunnel in 
the Netherlands (RWS – 
120‘)

SNCF – Transport of 
dangerous goods (HC-120‘)

Mt d‘Ambin Tunnel / 
Alpetunnel GEIE (HC inc – 
120‘)

Railway Tunnels Germany 
(EBA)

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations
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Summary 

• Existing standards for building works not suitable for tunnels

• Safety requirements / fire load curves / test procedures:

o National regulations often unspecific / unclear, for some 
countries not existing (e.g. allowable damage, spalling)

o No international standards

� Legal and contractual uncertainty makes the decision-
process of the clients and the relevant authorities difficult

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection Systems

R&D Works

Experiences

Recommendations
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Active Fire Protection Systems

= systems must be switched on to be effective

– Ventilation systems

– Water suppression systems (e.g. sprinkler systems)

= systems permanently active

– Spray applied solution

– Panel solution

– Fireproof Concrete

Passive Fire Protection Systems

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection 
Systems

R&D Works

Experiences

Recommendations

Fire Protection Systems
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Passive Systems: Panel Solutions / Spray Applied Sol utions

�  Insulation effect

� PROMAT
©UGC

Introduction

Fire Protection 
Engineering

Targets

Standards

Protection 
Systems

R&D Works

Experiences

Recommendations
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Means

• Addition of Polypropylene (PP) - Fibres to a 
concrete according to the specifications

• Sufficient concrete cover

• Concrete according to the specifications, e.g. DIN 1045-1

• Durability comparable to standard concrete
• Reduced spalling

• High residual strength of concrete after fire event 

• Limited repair costs after a tunnel fire

Passive Systems: Fireproof Concrete
Introduction

Fire Protection 
Engineering

Targets

Standards

Protection 
Systems

R&D Works

Experiences

Recommendations
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• Addition of polypropylene-fibres

• Advanced concrete technology

- Aggregates with specific mineralogical composition

- Special grain-size distribution

�  Still standard concrete according to code DIN 1045

Extensive large-scale test programs for developing

• Safe, reliable and economic fireproof concrete

• Realistic test procedures for fireproof concrete

Introduction

Fire Protection 
Engineering

R&D Works
Activities

Test Programs

Summary

Experiences

Recommendations

R&D Works: Activities of HOCHTIEF for fireproof concrete

Results of R&D Activities: Patented Fireproof Concrete  ‘System 
HOCHTIEF’
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Test Programs
• Large scale tests with realistically 

loaded lining segments 

• Tests with unloaded reference beams

• Fire load curve according to the 
German EBA (Railway Tunnel)

• Analysis and evaluation of tests and test 
results by independent experts (Technical 
University Braunschweig, Germany)

Introduction

Fire Protection 
Engineering

R&D Works
Activities

Test Programs

Summary

Experiences

Recommendations
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Test Results of Unloaded Reference Beams

standard concrete + PP-fibres fireproof concrete ‘System 
HOCHTIEF’ 

Introduction

Fire Protection 
Engineering

R&D Works
Activities

Test Programs

Summary

Experiences

Recommendations
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Test results of loaded segments

fireproof concrete ‘System 
HOCHTIEF’ 

Spalling! No spalling!
Surface remains intact!

standard concrete + PP-fibres 
Introduction

Fire Protection 
Engineering

R&D Works
Activities

Test Programs

Conclusion

Experiences

Recommendations
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Summary of R&D Works

• Test procedures and set-ups for fireproof concrete�must reflect 
the actual situation with regard to curved geometry and 
especially to realistic loading

• Addition of PP-fibres to a standard concrete reduces spalling

• No spalling and intact surface in performed large-scale tests 
with fireproof concrete ‘System HOCHTIEF’ using PP-fibres and 
advanced concrete technology

Introduction

Fire Protection 
Engineering

R&D Works
Activities

Test Programs

Summary

Experiences

Recommendations



�����������������������������	�
����
�����������	�� �����	�������

Fire Protection Engineering for New and Existing Tunnels – London – 6 October  
2006  312

• PPP-project

• Two around 780 m long, 10.40 m 
internal diameter bored tunnels

Fire Protection System:

• JV: Fireproof Concrete

• Client: Performance unclear and long-
lasting authorisation process because 
of missing references

� Legal uncertainty!

� Client’s decision: Fire protection 

panels!

Introduction

Fire Protection 
Engineering

R&D Works

Experiences
Herrentunnel 
Lübeck

Gotthard Tunnel

Recommendations

Experiences: Herrentunnel Lübeck, Germany
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Experience after half a year of tunnel 
service:

• Damp patches on fire protection panels 
due to leakage water although water 

ingress within prescribed limits

• Panels have to be removed in order to 
locate and treat the defects 

�  Tunnel closure

Introduction

Fire Protection 
Engineering

R&D Works

Experiences
Herrentunnel 
Lübeck

Gotthard Tunnel

Recommendations
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Gotthard Tunnel, Switzerland - Fireproof Concrete
Introduction

Fire Protection 
Engineering

R&D Works

Experiences
Herrentunnel 
Lübeck

Gotthard Tunnel

Recommendations
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Fire Protection System

• Tender: No fire protection foreseen

• 2001: Fire in the Gotthard Road Tunnel 

�  Revised Fire Protection System

• Protected areas: Fireproof Concrete at ‘multi-functional areas’ 
and within fault zone

• All other areas unprotected

Introduction

Fire Protection 
Engineering

R&D Works

Experiences
Herrentunnel 
Lübeck

Gotthard Tunnel

Recommendations
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Technical Concept

• Addition of PP-fibres

• Testing program with crosswise pre-stressed slabs (according 
to the Austrian ’Guideline’)

Actual Status

• Test results positive

• Fireproof concrete with PP-fibres 
accepted by the Client

• Currently under construction

Introduction

Fire Protection 
Engineering

R&D Works

Experiences
Herrentunnel 
Lübeck

Gotthard Tunnel

Recommendations
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• Continue with R&D works

• Develop international fire protection standards for the design and 
the test procedures of tunnel lining

• Make project specifications more specific with regard to fire 
protection measures and test procedures

• Fireproof concrete more for construction of new tunnels

• Other fire protection systems more for upgrading of existing 
tunnels

Recommendations Introduction

Fire Protection 
Engineering

R&D Works

Experiences

Recommendations


