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1  Introduction 
On 8 August 2017, the Minister of Infrastructure and Water Management sent a letter to the 
House of Representatives1 which raised questions about the fire resistance of four road tunnels 
(Coentunnel, Ketheltunnel, Sallandtunnel and the Koning Willem-Alexandertunnel) managed by 
Rijkswaterstaat. Research by Rijkswaterstaat showed that in case of an extremely large fire, the fire 
resistance of concrete used in tunnels completed after 2008 could be reduced. These initial 
findings led to further investigation, the drawing up of operational agreements and the 
implementation of additional short-term measures so that the fire service can continue to do its 
work safely in the event of a tunnel fire. The safety of road users in the road tunnels in question was 
not compromised.

Since the fire resistance of concrete in road tunnels affects the interests of many parties involved in 
the safety of tunnels (tunnel managers, public emergency services and the competent authorities), 
the Knowledge Platform for Tunnel Safety (KPT) took the initiative to explore the possibilities for a 
special day on the fire resistance of concrete tunnels. The KPT sought contact with Rijkswaterstaat 
and the Instituut Fysieke Veiligheid (IFV) to see whether a symposium could be a first step towards 
sharing the available information about fire resistance issues in the tunnel sector. This initiative was 
well received and eventually a national symposium on fire resistance of concrete tunnels was 
organised in Houten on 16 November 2017. 

2  Context and starting point 
During the 2017 meeting, the issue of fire resistance was examined from various perspectives. 
Presentations were given by Rijkswaterstaat, the tunnel manager of the municipality of Amsterdam, 
the competent authority, an expert from Witteveen+Bos with a doctorate in spalling and the IFV. 
The discussions after each presentation showed clearly that there are many questions to be 
answered and that it was still unclear what impact current developments have on the fire safety 
requirements in legislation and regulations and what the effectiveness of certain measures is. It 
was therefore necessary for the emergency services and the competent authorities to join forces 
and enter into a dialogue with tunnel managers to align their interests.

At the end of the meeting, the question was asked how the cooperation between Rijkswaterstaat 
and other interested parties in exploring the fire resistance issue could be shaped. It was 
suggested that the KPT could support this, for example by bundling information and making it 
accessible from one central point. The municipality of Amsterdam also expressed its willingness to 
contribute and called for the involvement of all not national tunnel managers, the safety regions 
and emergency services. Once the parties have gained more insight into the problem, possible 
solutions can be discussed in a national follow-up meeting. It was agreed to direct the further 
cooperation and follow-up meetings in a quartermaster group, the so-called Kwartiermakersgroep 
Houten. 

1 The current state of affairs can be found in an online file. 

KPT

The Knowledge Platform for Tunnel Safety (KPT) was established in 2013 and has the public task 

of connecting knowledge seekers on the one hand and knowledge institutions and sources in 

the field of tunnel safety on the other. The KPT is funded by the Ministry of Infrastructure and 

Water Management. The KPT identifies trends and gaps in knowledge in the area of tunnels 

and tunnel safety in the Netherlands. International knowledge and experience of tunnel safety 

is shared with stakeholders at home and abroad. 

https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2017Z10720&did=2017D22286
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2017Z10720&did=2017D22286
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2021Z03210&did=2021D07105
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2021Z03210&did=2021D07105
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2017Z10720&did=2017D22286
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2017Z10720&did=2017D22286
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3  Collaborative process 
The Kwartiermakersgroep Houten initially included Jaap Heijboer (Rijkswaterstaat), Ron van den 
Ende (Rijkswaterstaat), Ben van den Horn (KPT) and Frans Cornelis (municipality of Amsterdam). The 
task was to pool and share knowledge on the way to recovery in the very complex matter of 
reduced fire resistance. 

The first step was to work towards a logical sequel to the meeting in Houten, in which a process of 
collaboration and information exchange could be used to share possible solutions. Rijkswaterstaat 
and the municipality of Amsterdam value good cooperation between national and non-national 
tunnel managers, because all parties may be working with the same suppliers and stakeholders. A 
shared approach would lead to an unambiguous picture of the directions in which solutions should 
be sought, on the basis of which consistent agreements with the competent authorities would be 
possible to realise the various responsibilities. 

4  Organisation 
The starting point of the collaborative process was the establishment of the so-called Discussion 
Tables, which discussed the issue from various perspectives and which were to be accessible to 
anyone with a substantive input. One or two coordinators were appointed for each of the four 
discussion tables, who also sat on the Kwartiermakersgroep. Participants in the discussion tables 
were invited to contribute their expertise, either as individuals or on the basis of an interest (from 
the industry).

With the establishment of the discussion tables, a collaborative process was established in which 
the research line of Rijkswaterstaat could be continued, supported by non-national tunnel 
managers where possible. This ensured that other parties could influence the research carried out 
by Rijkswaterstaat. The discussion tables worked towards concrete results between 2018 and 2020 
through various meetings.

To promote efficiency, it was decided that KPT would facilitate the process by making use of its 
network and support. This also fits in well with the public task of the KPT to establish a link between 
knowledge seekers on the one hand and knowledge institutions and sources in the area of tunnel 
safety on the other.

ANNEX A contains an overview of all participants in the discussion tables. The set-up of the interview 
tables is explained below:

Speakers on 16 November 2017

1. Demonstrating fire resistance in tunnels, by Albert Manenschijn and Ron van den Ende 

(Rijkswaterstaat)

2. Experiences of a tunnel manager - Part 3 (concrete virus) and Part 4 (lining eczema), by Frans 

Cornelis (tunnel manager for the municipality of Amsterdam)

3. Regulations on the fire resistance of road tunnels, by Rutger Veldhuijsen (Omgevingsdienst 

Noordzeekanaalgebied)

4. Spalling mechanism further analysed, by Bas Lottman (Witteveen+Bos)

5. Problems with concrete and the consequences for fighting tunnel fires, by Nils Rosmuller (IFV)

Download the report and the presentations 

https://www.kennisplatformtunnelveiligheid.nl/bijeenkomsten/bijeenkomst-brandwerendheid-betonnen-bouwwerken/
https://www.kennisplatformtunnelveiligheid.nl/bijeenkomsten/bijeenkomst-brandwerendheid-betonnen-bouwwerken/
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Discussion Table 1 - Existing tunnels

This discussion table, which also included the fire service and the competent authority, created the necessary 

connection between tunnel managers of existing tunnels to bridge the knowledge gap. Within the various 

Rijkswaterstaat regions, this discussion table also helped to create more uniformity in the approach to existing 

national tunnels. The aim was to create a systematic and uniform approach to identifying problems in existing 

tunnels and possible solutions for the short and long term. 

Discussion Table 2 - New tunnels

The impact on new tunnels of the problems with concrete was discussed and knowledge was shared between 

newly built national tunnels and non-national tunnels (Rotterdamsebaan and the RijnlandRoute). This discussion 

table shared knowledge about fire tests carried out and design choices made with regard to fire resistance. On 

the one hand, the participants aimed to support each other in demonstrating that the road tunnels yet to be built 

or completed would meet the fire resistance requirements and, on the other, to explore the standpoints of the 

competent authority, the clients and the contractors.

Discussion Table 3 - Research

This discussion table focused on the assessment of the risk of spalling in the event of a major fire in an 

unprotected tunnel, based on the current state of knowledge and the fire and heat tests carried out for or in 

road tunnels. The objective was to produce a document about the spalling of concrete in road tunnels for 

stakeholders and interested parties. The aim was to bring depth to the subject and to communicate the findings 

in clear and readable language.

Discussion Table 4 - Firefighting and emergency response

This discussion table focused on the interaction between tunnel managers and the emergency services. The 

objective was to develop tools and to provide knowledge which would help the officer-in-charge, in collaboration 

with the tunnel manager, to make a good assessment of the decision to respond to a fire in a tunnel. 

5  Initial results 
On 15 November 2018, a second national symposium on the fire resistance of concrete in tunnels 
was held in Zoetermeer. At this meeting, the coordinators of each discussion table presented an 
introduction on their work plans and their results since the first national symposium in Huten. 
Presented were among other things the results of various heat tests and the effect of heat-resistant 
lining on the moment of spalling. Rijkswaterstaat indicated that it would also be investigating its 
tunnels completed between 2000 and 2008, as well as new tunnels. 

In consultation with the Netherlands Fire Service, Rijkswaterstaat and the IFV Brandweeracademie 
(Dutch National Fire Service Academy), Dialogue Table 4 worked on guidelines for the officer-in-
charge for fighting fires in tunnels involving problems with concrete. A major fire in a tunnel is in 
itself a challenge for offensive firefighting by the fire service. The possible unexpected spalling is an 
additional difficulty for the officer-in-charge of the fire service. That is why tools have been produced 
to support the officer-in-charge: a decision diagram and operational capability tables. Discussion 
Table 4 received support from Discussion Table 3, which shared its knowledge about 'concrete 
spalling'. All activities of Discussion Table 4 were completed in 2018. 

Speakers on 15 November 2018

1. Report Discussion Table 1 - Existing tunnels (Frans Cornelis, Ron van den Ende)

2. Report Discussion Table 2 - New Tunnels (Martijn Blom, Frank Haring)

3. Report Discussion Table 3 - Research (Bas Lottman, Ron Beij)

4. Report Discussion Table 4 - Emergency services and incident response (Nils Rosmuller)

Download the report and the presentations 

https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.kennisplatformtunnelveiligheid.nl/bijeenkomsten/brandwerendheid-beton-tunnels-2/
https://www.kennisplatformtunnelveiligheid.nl/bijeenkomsten/brandwerendheid-beton-tunnels-2/
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
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Figure 1 / Test 

6  Closing meeting 
For two and a half years after 2018, the cooperation of the discussion tables on fire resistance was 
intensive due to the complexity of the subject. This was due to the ongoing developments in tunnel 
testing and the time required to interpret and align the results. Due to the diversity of interests, the 
reporting of the knowledge obtained from the discussion tables was a challenge. The adage 
knowledge is power, sharing knowledge is strength certainly applied here. The strength of this 
process was that the discussion tables helped each other and supplemented each other where 
necessary, so that it was possible to work towards a national closing meeting.

On 22 June 2021, all of the discussion tables shared the final results in a digital meeting, with in 
particular the results from Discussion Table 3 - Research. This discussion table drew up a 
memorandum entitled Toelichting conclusies na analyse brandprotest weggtunnels 
('Explanation of conclusions following fire tests in road tunnels'). The main conclusion is that, 
with the present state of knowledge, it can be concluded that in the event of a major fire in an 
unprotected concrete tunnel, there is a high risk of spalling. It is (urgent) to consider concrete 
spalling in the fire resistance of tunnels and to check if (additional) measures are necessary. 

It was also explained that, at Discussion Table 4, the significance of spalling for safe firefighting was 
discussed. The guidelines for the officer-in-charge were completed in 2018.

The closing meeting concluded that the awareness of the problems with concrete in tunnels had 
increased and that the network for sharing knowledge had been strengthened. This strengthened 
information and knowledge network contributes to sustainable collaboration now and in the future. 

7  The KPT is available for questions 
With the organisation of the last (virtual) meeting, all available knowledge that could be shared has 
been shared. This concludes the challenge formulated in 2017, and the discussion tables are now 
at rest. All stakeholders who contributed to the discussion tables are thanked for their valuable 
input. The KPT remains available as a point of contact for questions regarding the published 
information on its website www.kennisplatformtunnelveiligheid.nl and via the links provided in 
this document. For specialist questions on fire resistance which are not related to the discussion 
tables, the KPT will try to refer to knowledge institutes. 

Speakers on 22 June 2021

1. Opening and review of the collaborative process, Ben van den Horn (KPT)

2. Results of Discussion Table 1 - Existing Tunnels, by Ron van den Ende 

3. Results of Discussion Table 2 - New Tunnels, by Martijn Blom

4. Results of Discussion Table 3 - Research, by Bas Lottman 

5. Results of Discussion Table 4 - Emergency response, by Nils Rosmuller

See ANNEX B for the report and links to the presentations. 

https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/KPT-toelichting-conclusies-na-analyse-brandproeven.pdf
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.kennisplatformtunnelveiligheid.nl
https://www.kennisplatformtunnelveiligheid.nl
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/KPT-toelichting-conclusies-na-analyse-brandproeven.pdf


Page 8 of 16 

ANNEX A Composition of discussion tables 

A.1    Discussion Table 1 - Existing tunnels 

Name Organisation 

Coordinator Frans Cornelis 

(from 2021: Jeroen Schrijver) 

Municipality of Amsterdam 

Coordinator Ron van den Ende Rijkswaterstaat 

Leander Noordijk Arcadis 

Rob Vergoossen Royal HaskoningDHV 

Erik Schlangen Delft University of Technology 

Edwin Vermeulen Betonhuis 

Jan Parmentier Besix 

Ron Beij Amsterdam-Amstelland fire service 

Rutger Veldhuijsen Omgevingsdienst Noordzeekanaalgebied 

Erik Meijs Tunnel Manager Municipality of The Hague 

Martijn Blom Rijkswaterstaat GPO 

Frank van der Wal Promat 

A.2    Discussion Table 2 - New tunnels 

Name Organisation 

Coordinator Albert Manenschijn 

(from 2018: Martijn Blom) 

Rijkswaterstaat GPO 

Coordinator Frank Haring Projectorg. Rotterdamsebaan (The Hague municipality

Ivo Huiskes (Secretary) Rijkswaterstaat GPO 

Hans Spobeck Municipality of Vlaardingen 

Mark van Houwelingen Rotterdam-Rijnmond Safety Region 

Participating projects:

- A9 Gaasperdammerweg

- A10 Zuidasdok

- A16 Rotterdam

- A24 Blankenburgverbinding

- N434 RijnlandRoute

- Rotterdamsebaan 
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A.3    Discussion Table 3 - Research 

Name Organisation 

Coordinator Bas Lottman Witteveen+Bos 

Coordinator Ron Beij Amsterdam-Amstelland fire service 

Kees Blom TU Delft/municipality of Rotterdam 

Martijn Blom Rijkswaterstaat GPO 

Kees Both Etex Group (Promat) 

Arnoud Breunese Etex Group (Promat) 

Ruud van Haren Nieman 

Mark van Houwelingen Rotterdam-Rijnmond fire service 

Micha de Jong Efectis 

Peter van de Leur DGMR 

John van Lierop European Fire Sprinkler Network (EFSN) 

Leander Noordijk Arcadis 

Marc Otterle Heijmans 

Erik Schlangen Delft University of Technology 

Evert Sonke Arcadis 

Rutger Veldhuijsen Omgevingsdienst Noordzeekanaalgebied 

Edwin Vermeulen Betonhuis 

Adri Vervuurt TNO 

Eelco van der Weij Volker Infra 

Gerrit Wolsink Rijkswaterstaat 

A.4    Discussion Table 4 - Emergency response 

Name Organisation 

Coordinator Nils Rosmuller Instituut Fysieke Veiligheid 

Ron Beij Amsterdam-Amstelland fire service 

Addy Burger Utrecht Safety Region 

Hans Godding Limburg-Zuid Safety Region 

Adriaan ter Huurne Twente Safety Region 

Rob Terpstra Brabant-Zuidoost Safety Region 

Marcel Valk Utrecht Safety Region 

Hylke Visser Rijkswaterstaat 
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Annex B Closing meeting 22 June 2021 
Date: 22 June 2021 
Time: 13.30-15.30h 
Location: Online via Teams 
Participants: Over 100 

B.1    Opening and introduction 
Ben van den Horn opened the meeting and warmly welcomed the speakers and the more than 
100 participants. This was followed by a brief review of the collaborative process on the fire safety 
file (see Section 1 of this document). The coordinators of the discussion tables presented the final 
results. There was room for questions following each presentation. The presentations can be 
viewed via the links. 

B.2     Presentations

B.3 Q&A 

Discussion Table 1 - Existing tunnels 

1 Will a new decision by the competent authority on the remedial measures be required, e.g. 
a new opening permit? 

This is a relevant question. It depends on which measure you take. In the case of the Coentunnel, you 
go back to a requirement for an existing situation and it may not be necessary. This question should 
always be asked to the competent authority in order to manage it responsibly and properly. 

PPPrrreeessseeennntttaaatttiiiooonnn   ooofff   rrreeesssuuullltttsss   fffrrrooommm   DDDiiissscccuuussssssiiiooonnn   TTTaaabbbllleee   111   ---   EEExxxiiissstttiiinnnggg   TTTuuunnnnnneeelllsss   (((RRRooonnn   vvvaaannn   dddeeennn   EEEnnndddeee)))   

This discussion table helped to create awareness of the problems with concrete in tunnels, provided a 
better information and knowledge network and contributed to sustainable collaboration for now and 
in the future. The collaborative process has been documented in a memo.

Downoad presentation

Download memo Existing tunnels

PPPrrreeessseeennntttaaatttiiiooonnn   ooofff   rrreeesssuuullltttsss   fffrrrooommm   DDDiiissscccuuussssssiiiooonnn   TTTaaabbbllleee   222   ---   NNNeeewww   tttuuunnnnnneeelllsss   (((MMMaaarrrtttiiijjjnnn   BBBlllooommm)))
The activities of this discussion table have directly and indirectly contributed to the updated fire 
resistance standards, the successful opening of the A9 Gaasperdammertunnel in 2020, the successful 
setup of the Victory Boogie Woogietunnel in 2021 and helped all other participating projects with a 
controlled approach to fire resistance assurance. 

Download presentation

PPPrrreeessseeennntttaaatttiiiooonnn   ooofff   rrreeesssuuullltttsss   fffrrrooommm   DDDiiissscccuuussssssiiiooonnn   TTTaaabbbllleee   333   ---   RRReeessseeeaaarrrccchhh   (((BBBaaasss   LLLooottttttmmmaaannn)))
This table has drawn up a memo entitled Toelichting conclusies na analyse brandprotest wegtunnels 
(Explanation of conclusions after analysis of fire tests on road tunnels). The main conclusion is that 
with the current knowledge, it can be concluded that in case of a major fire in an unprotected 
concrete tunnel, there is a high probability of the occurrence of spalling. 

Download presentation

Download memo Explanation of conclusions after analysis of fire tests on road tunnels)

PPPrrreeessseeennntttaaatttiiiooonnn   ooofff   rrreeesssuuullltttsss   fffrrrooommm   DDDiiissscccuuussssssiiiooonnn   TTTaaabbbllleee   444   ---   EEEmmmeeerrrgggeeennncccyyy   ssseeerrrvvviiiccceeesss   (((NNNiiilllsss   RRRooosssmmmuuulllllleeerrr)))

Already in 2018, this discussion table produced guidelines for the officer-in-charge in fighting fires 
in tunnels with problems with concrete, consisting of a decision diagram and operational 
capability tables.

Download presentation

Download guidelines for the officer-in-charge 

https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-1.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/Afsluitende-notitie-gesprekstafel-1.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-2.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-3.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/KPT-toelichting-conclusies-na-analyse-brandproeven.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-4.pdf
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.ifv.nl/kennisplein/Documents/20200630-IFV-Handvatten-bevelvoerder-brandbestrijding-wegtunnels.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-4.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/KPT-toelichting-conclusies-na-analyse-brandproeven.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-3.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-2.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/09/Afsluitende-notitie-gesprekstafel-1.pdf
https://www.kennisplatformtunnelveiligheid.nl/wp-content/uploads/2021/05/20210622-Presentatie-KPT-Brandwerendheid-Gesprekstafel-1.pdf
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2. How were the 2008 and 2000 boundaries chosen? Why not 1995, 1990, 1986 or other? 
And does this have consequences for car parks, aqueducts, and so forth?

The boundary was determined at the time by the fact that a great deal of information was 
available at Rijkswaterstaat about the period 2008-2017 and little about the period before that. 
Concrete road tunnels from the period 2000-2008 were also looked at in retrospect. No research 
or analysis was done on car parks. The focus of the research was on road tunnels.

3. Rijkswaterstaat has carried out additional research. Will these research reports be 
made available?

After coordination of the reports with the competent authorities, agreements are made on how 
and when the additional research data will be made available. 

Discussion Table 2 - New tunnels

1. Is there a standard thickness for the application of fire-resistant lining (100 °C) for 
new tunnels?

No, the thickness depends on the choice of product. If the same type of lining of the same 
manufacturer is chosen for three different national tunnels, Rijkswaterstaat will request a test for 
each tunnel. After all, deviations in the product properties may occur as a result of changes in the 
production process.

2. Has the (future) use of hydrogen in these tunnels also been considered? Hydrogen 
generates temperatures in the order of 1300 °C. How does this relate to the current 
fire resistance of two hours?

The RWS curve goes up to 1350 °C. All kinds of studies are underway into the significance of 
using other fuels for the infrastructure in the Netherlands. Hydrogen burns for only a few 
seconds (and not two hours) at which point a maximum flame temperature of 2073 °C can be 
reached.

Discussion Table 3 - Research

Questions about objects other than road tunnels:

1. What is known about railway tunnels/underpasses and this problem?

2. What is the situation with railway tunnels? This problem is not limited to road 
tunnels, as a strong fire can cause spalling, and this is not restricted to the RWS curve.

3. Is spalling taken into account for other objects?

The answer to questions 1 to 3 is that the discussion table mainly focused on unprotected concrete 
(concrete that is not protected with heat-resistant lining or PP fibres) used in road tunnels in the 
Netherlands. Spalling can also occur in other structures if the conditions are present. Think, for 
instance, of other tunnels with potentially major fires. The age of a tunnel can also play a role, 
considering the long-term behaviour of concrete and the composition of the mix.

Questions about solutions to prevent spalling:

4. Can concrete be made more spalling-resistant by adding fibres (PP or steel)?

5. Is the use of PP fibres as a control measure comparable to the use of heat-resistant 
lining? Or is it better to use heat-resistant lining?

The answer to questions 4 and 5 is that adding polypropylene fibres (PP) of the right type and 
dosage to the concrete is a possibility to prevent spalling to a large extent or even completely. The 
addition of steel fibres is not actually a common method of increasing fire resistance. However, using 
PP fibres in concrete does not prevent the tunnel structure from overheating. This can only be 
achieved by using heat-resistant lining (HWB) with sufficient thickness and cover. 
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Questions about fire curves and fire loads:

6. Has any additional research been carried out into spalling behaviour for a standard fire 
curve? Is there any reason to assume that there might also be a problem with buildings?

7. The RWS curve was developed primarily for temperatures at the ceiling, in hot flue gas. Has 
the expected temperature on the walls at different heights also been considered?

8. What is meant by a major fire? How many megawatts are we talking about?

The answer to questions 6 to 8 is that, in tunnels, the heavier hydrocarbon fire curves (such as the RWS 
curve) are usually used. It is known, however, that concrete in tunnels can also spall when loaded with the 
standard fire curve. The discussion table also looked at fire development in road tunnels as a result of fire 
scenarios. Especially in (very) wide tunnels, differences in the fire load in the cross section can occur. 
However, with the present state of knowledge, it is not possible to indicate the influence on the spalling 
process.

Discussion Table 4 - Emergency response

1. It is stated that ventilation is crucial. According to the failure definitions of the National 
Tunnel Standard, it is permissible for the ventilation to fail for some time. Are there stricter 
requirements for ventilation in tunnels with reduced fire resistance?

The requirements for the ventilation may differ from one tunnel manager to another. It is assumed that 
in case of a fire, ventilation does not fail completely. If there is no or reduced ventilation in a tunnel, 
closure of the tunnel should be considered. No additional requirements are placed on the reliability of 
ventilation due to reduced fire resistance.

2. To what end do you use the explosion risk meter in a fire scenario?

In principle, no explosion can take place during a fire. Yet, for safety reasons, it is standard procedure for 
the fire service to bring the explosion risk meter along when entering a confined space containing 
flammable substances. The objective is to prevent ending up in a combustible mixture for whatever 
reason. In the case of a fire that originated in a collision, there could still be a local combustible mixture 
that has not ignited. The fire service also takes into account the presence of batteries and hydrogen in a 
fire. The possible effects of this are not yet known. For example, the fire could be located near the brakes 
while the battery is outgassing. There is then no fire at the battery, but there may be an explosion later. 
There are also many explosion risk meters which also measure CO and then you know immediately 
whether you are working in a high concentration of CO. But if there really is a fire and there are no other 
sources (such as other vehicles with a combustible substance) then the chance that an explosive 
concentration is measured is small, and it is really just to be sure.

3. Do the operational capability tables also take into account the presence/contribution of 
water mist?

We did not look into this, we hardly have this situation in the Netherlands (the Roertunnel and the 
Swalmentunnel have a water mist system). However, this is always something to consider when 
designing a tunnel (car park). It is a possibility to limit the consequences.

4. Ventilation is of crucial importance in tunnels; why is ventilation not given the same value 
in multi-storey car parks?

Car parks are subject to different laws and regulations; it is a different building in terms of form and 
effectiveness of ventilation. But you could ask the legislator (Buildings Decree) for the precise reason.

5. I understand that, in the case of a very large fire with a very small probability, the integrity 
of the tunnel is no longer guaranteed after approximately 20 minutes. So, what is the point 
of specifying an operational capability for such large fires? After all, the officer-in-charge 
already needs 10  
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to 20 minutes to form an impression about the nature and scale of the fire. There is then 
no time left to carry out a safe and responsible firefighting operation in the tunnel. 

Agreed, we say that too. We also say that the officer-in-charge or duty officer at the site will still make 
his or her own professional assessment, and then it may help to have an idea of the operational 
capacity to consider when taking this decision. 

B.4  Closure
Ben van den Horn thanked the coordinators and participants of the discussion tables for their 
presentations and answering the questions, and the guests for their contribution. The follow-up as 
described in Section 7 of this document is presented. 
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Fire resistance of concrete 
in road tunnels
Results and report on the collaborative process

On 8 August 2017, the Minister of Infrastructure and Water Management sent a letter to 
the Dutch House of Representatives concerning the reduced fire resistance of concrete 
in four tunnels as established following an investigation by Rijkswaterstaat. This received 
extensive media attention and the findings led to many questions from various 
interested parties. This publication contains an overview of the results obtained through 
a collaborative process of those interested parties, facilitated by the Knowledge Platform 
for Tunnel Safety (KPT). After feedback in three national meetings, all the knowledge 
gathered was shared with the tunnel sector and recorded in this publication. This 
concludes the collaboration in four working groups (discussion tables) started in 2018. 
The KPT remains available as a point of contact for questions about the published 
information on its website which can be found via the links in this document. 
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