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Editorial/Björn Sundström

Björn Sundström

Sweden and Norway have for the first time expe-
rienced major forest wildfires of a magnitude com-
mon in warm climate like Australia and Greece. 
The fires occurred during periods of extreme weath-
er. In Norway a long winter period was extremely 
dry without any snow. In Sweden last summer was 
unusually hot and dry. Perhaps global warming in-
troduces new patterns for wildfires? Norway had 
three large fires. Two of them were forest fires and 
the third was a fire in a village, Laerdal. SP Fire Re-
search AS in Trondheim has investigated the spread 
of that fire. The dry conditions and the strong wind 
were extreme. An important issue is how to control 
and stop a fire from involving an entire village under 
such conditions.

The forest wildfire in Sala in August was the biggest in Sweden and the magnitude and growth 
rate took people by surprise. Various investigations are now under way, resulting in due course in 
the Government’s own investigation. We can almost guess with certainty that the results will con-
centrate particularly on the organisational aspects. One of these is particularly important: How 
action can be taken effectively at an early stage, thus avoiding losing control over a wildfire. This 
can be more easily said than done when dealing with particularly uncommon events.The EU Cas-
cEff project is looking at situations as these, with investigation of the Sala fire as one of its work-
ing areas.

The SP Fire Research group has now extended its working areas to cover both cold and heat. 
SP Fire Research in Trondheim possesses unique expertise in testing the ability of structures to re-
sist a jet fire when frozen to several degrees below zero.

This year’s FIVE (Fires in Vehicles) conference was held in Berlin, and was the largest and most 
comprehensive to date. With close and successful cooperation with our German event partner, 
BAM (Federal Institute for Materials Research and Testing), we were welcomed by the beautiful 
city of Berlin. Read more about it on Page 25.

SP Fire Research has added a further four to its numbers: We welcome Kerstin Eriksson, Niklas 
Brude, Karl Fridolf and Alen Rakovic.

http://events.Th
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HAUKUR INGASON

haukur.ingason@sp.se
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Figure 1   BA fire test in the Northern Link tunnel using two standard 
fuel pans.  For safety reasons, the two pans have been placed 
in a larger rectangular pan, in turn resting on a beam weigh-
ing instrument that makes it possible to calculate the heat 
release rate in megawatt (MW).

PETER KARLSSON

peter.karlsson@sp.se

+46 10 516 54 35

1 As part of the work of the 2014 Trans-European Transport Network 
(TEN-T) programme.

2 The pan is the dish containing the fuel, and which may be rectangular or   
round.rund.
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Fire detection systems tested in 
road tunnels
SP Fire Research has in conjunction with the Swedish Transport Administration developed a simple method of testing fire 
detectors in road tunnels. It will find application in evaluating the performance of new and existing fire detection systems 
in road tunnels in Sweden. The work forms part of an EU project that has tested the performance of various technical sys-
tems that are planned for use in the Stockholm bypass, a new route for the European highway (E4) past the Swedish capi-
tal.

There is strong need for a simple method of being able to test, on site, 
the performance of fire detectors in road tunnels. Up to now, there 
has been no international standard defining how such tests should be 
performed. Sweden has progressively developed performance specifi-
cations in terms of the size of a fire to be detected and the time before 
activation of the system. One requirement has been that the detection 
system must be activated before the fire has reached a heat release 
rate of 3 MW and that, in an air velocity of 2 m/s, this must occur 
within three minutes of the start of the fire. As many different traffic 
situations can occur, and as the air velocity in tunnels varies from one 
tunnel to another, it is difficult to assess the performance of the sys-
tems that are at present available for use in road tunnels. They can 
be of heat, smoke, flame or gas detector types, together with various 
types of visual monitoring that react to changes in the traffic situation 
or fire environment.

New requirements
The Swedish Transport Administration (STA) intends to install fixed 
fire-fighting systems in new tunnels in areas where queues can occur. 
This makes greater demands on fast and reliable fire detection, both 
in terms of time and actual position of activation. The Administra-
tion wanted to investigate, for example, if it was possible to detect a 
0.5 MW fire in a road tunnel within 90 seconds and with an air flow 
velocity of 6 m/s.

Identifying a suitable fuel
Part of the problem is to know what representative fuel to use, what 
the heat release rates of the various fuels are, and what quantity of 
smoke they release in relation to different air velocities. We took these 
questions with us into the EU project1 and have now, on the basis of 
laboratory trials and full-scale tests in road tunnels in Stockholm, ar-
rived at a new method of testing.

It is known that flame detectors react quickly to open flames, that 
smoke detectors react quickly to fuels that generate large quantities of 
smoke particles, and that gas detectors are sensitive ‘sniffers’. Camera 
systems are quick to detect changes in patterns, e.g. stationary vehi-
cles or smoke, as seen in Figure 1. It is also recognised that detectors 
can struggle under certain conditions when conditions around them 
are not optimum. Hidden flames, for example, mean that flame de-
tectors will have a problem. Smoke detectors can have difficulties in 
detecting smoke from alcohol-based liquids, such as burning meth-
anol or ethanol. Heat detectors are particularly sensitive to tunnel 
width and height, in combination with higher air velocities. All this 
means that there are many vulnerabilities and characteristics of differ-
ent types of fires.

The objective of the work was to develop a test method represent-
ative of an ordinary fire in a smaller vehicle. Different types of fires 
were considered, with the choice falling finally on the use of varied 
quantities of ordinary liquid-based oil products.

Tests at SP and in the Törnskog tunnel
Tests were carried out at SP and in two tunnels in Stockholm: the 
Törnskog tunnel, which is a road tunnel to the north of the city, and 
the Northern Link tunnel, which was recently opened for traffic. The 
STA had three questions:

1. What pan size2 is needed in order to create a 0.5 MW fire for 
various fuels? 

2. What is the most suitable fuel to use with respect to smoke pro-
duction and thermal radiation, and 

3. What is the effect on the heat release rate and smoke production 
of an air flow velocity of 6 m/s over the pan? 

Three fuels were used in the SP tests (heptane, diesel oil and petrol), 
five different sizes of pans and two air flow rates (0 m/s and 6 m/s). 
The results of these tests decided SP to continue the tests on the basis 
of diesel oil, petrol and two sizes of pans. 

The first set of tests in the Törnskog tunnel involved six trials with 
varying air velocities and fuels. Linear detectors, flame detectors and 
smoke detectors were installed in the tunnel. It was not possible to 
obtain data from the linear detectors, which sense heat by convection 
and radiation, and so the temperature rise in them was simulated 
through the use of a special designed circular shaped plate thermome-

mailto:haukur.ingason@sp.se
mailto:peter.karlsson@sp.se
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ter (line plate thermometer), which senses both these quantities. Heat 
release rates in the tests were varied between 0.3 MW and 1.35 MW, 
depending on the size of pan and the air velocity. Both heat release 
rate and smoke production increased modestly as the air velocity was 
increased.

Nine fire tests were carried out during the last group of tests in the 
Törnskog tunnel, investigating fires in exposed pans and pans under-
neath a steel mock-up in the shape of a vehicle wheel well. Tests in-
volving various solid materials as found in vehicles (plastics, electri-
cal cables and rubber) were also carried out. It was decided, after the 
tests in the tunnel, that any further experiments would use exposed 
petrol fires in standard 0.6 m diameter circular pans. These can easily 
be made, when required for testing fire detection systems in tunnels, 
by cutting 6 cm off the bottom of a standard 200 litre steel drum.

The trials showed that flame detectors were quickly activated in 
all cases, as were also the smoke detectors, fulfilling the requirement 
of response within 90 seconds to a 0.5 MW fire in an air flow rate of 
6 m/s. However, the temperature rise in the line plate thermometer in-
dicated that one detector had not detected this fire. To confirm this, 
final tests were carried out in the Northern Link tunnel, using varying 
numbers of 0.6 m petrolfilled pans and three types of detector system, 
together with line plate thermometer.

The Northern Link tests
These experiments were carried out at a position in the tunnel pro-
tected by linear and smoke detection systems, together with visual 

CCTV monitoring. In addition, the test site was instrumented with 
line plate thermometer and ordinary gas temperature sensors. The 
performance specification for the Northern Link tunnel before it 
could be opened specified that the detection system must be activat-
ed within three minutes in response to a 3 MW fire and 2 m/s air 
flow velocity. The ability of the system to detect a 0.5 MW fire with 
an air flow velocity of 6 m/s within 90 seconds was also to be inves-
tigated. Changing the number of 0.6 m petrol-filled pans from one 
to four enabled measurement of heat release rates between 0.5 MW 
and 3.6 MW. A total of 16 fire tests was performed, with the results 
showing that, in most cases, the camera and smoke detection systems 
responded to a 0.5 MW fire (one dish) within 90 seconds. The line-
ar detectors (heat-sensing) reacted within 90 seconds to a heat release 
rate of about 2-2.5 MW, which was approximately equivalent to that 
from three dishes.

Conclusions
A suitable method of testing the performance of flame, smoke, line-
ar and visual fire detection systems in road tunnels requires the use of 
three 0.6 m diameter standard pans, each containing eight litres of 95 
octane petrol, and air flow velocities of 2 m/s and 6 m/s. One pan is 
sufficient if early warning is required without defining the position of 
the fire-fighting system.
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New book on Tunnel Fire Dynamics 
Three scientists at SP Fire Research have authored a new Springer book on Tunnel Fire Dynamics. This work summaries 
the research the authors and others has carried out. The book was published in early January 2015, and the response has 
been very positive.

The aim of the book is to significantly improve the understanding of 
fire dynamics and fire safety engineering in tunnels. Chapters on fuel 
and ventilation control, combustion products, gas temperatures, heat 
fluxes, smoke stratification, visibility, tenability, design fire curves, 
heat release, fire suppression and detection, CFD modeling, and sca-
ling techniques all prepare readers to create their own fire safety stra-
tegies for tunnels. This book should be purchased by any engineer or 
public official with responsibility for tunnels. It would also be of in-
terest to many fire protection engineers as an application of evolving 
technical principles of fire safety.

The idea is also that it can be used in international university edu-
cation and research. The unique collection of examples in the form of 
table values and formulas facilitates the research work considerably 
in the future. The book focuses on practical knowledge based on ana-
lysis of fires that occurred and testing in the full-scale environment 
and model scale. Crucial parameters for how fires can develop are ca-
refully described. Examples of such factors include the availability of 
oxygen in these complex environments which is completely different 
from the fires above ground. The book also reported the fire tests car-
ried out in tunnels over the last 40 years and how large the effects 
may be.  

Underground facilities are often costly and how these systems can 
be optimized from a fire safety perspective is presented briefly. Fixed 
fire fighting system (sprinkler) is also an important aspect and in a 
separate chapter, the effects of active systems on the tunnel environ-

ment are presented. The book focuses on new basic knowledge about 
fire development in vehicles as well and describes various scenarios 
that take into account the risk of production of toxic species from 
burning vehicles and how toxic substances are transported away 
from the fire. 

The authors from the left: Ying Zhen Li, Haukur Ingason and Anders 
Lönnermark.

BJÖRN SUNDSTRÖM

bjorn.sundstrom@sp.se

+46 10 516 50 86

mailto:bjorn.sundstrom@sp.se
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Figure 1  A water mist nozzle of anti-vandal type, also activated if it is 
used as a fixing point for a rope or noose.
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An overview update on water 
mist fire protection systems

A new SP report presents the results of the development of water mist fire protection systems over the last few years, de-
scribes new technology and presents the results of confirmatory trials for various applications, describes installation reg-
ulations together with test methods and their applications, and presents examples of both good and bad experience from 
real installations.

Several new concrete applications
Roadway tunnels are a particular application in which sprinklers are 
not, and have not been, particularly common. Increasing traffic on 
the European road network, ever more tunnels and, not least, sever-
al serious tunnel fires, have paved the way for the use of sprinklers. 
Water mist systems have been launched as an alternative to tradi-
tional sprinklers or water spray systems and, in recent years, sever-
al large-scale series of tests have been conducted. A similar applica-
tion can be found in multi-storey car parks. Several series of tests 
have shown that the performance of water mist is comparable with 
that of traditional sprinkler systems, despite the fact that the distanc-
es between nozzles are often greater and the overall water delivery 
density is lower. Another application in which water mist fire protec-
tion systems can be used is that of sub-floor and above-ceiling areas, 
in which the primary fire hazard, and potential fire load, consists of 
electric cables on cable ladders. Prison cells represent a further appli-
cation for which water mist is particularly suitable, both in the form 
of permanently installed automatic systems and of systems for man-
ual fire-fighting. A problem peculiar to prisons is that of the risk of 
intentional damage to the nozzles, or of their potential use for secur-
ing a rope or noose. Automatic nozzles (with glass bulb elements) are 
available on the market for prison cells or areas where persons might 
be suicide risks or at risk of self-harm. An example of such a nozzle is 
shown in Figure 1. The design is such that it is difficult to dismantle 
it. If the yoke carrying the glass bulb is subjected to a load of about 
150 Newton (about 15 kg), the nozzle will operate. This type of noz-
zle is suitable for wall or ceiling mounting.

The primary fire hazard in aircraft hangars is that of fuel spillage 
on the hangar floor. The use of high-expansion foam systems is com-
mon, but their use necessitates filling the area with foam. Another al-
ternative is that of ceiling-mounted foam-water spray or foam noz-
zles, but the presence of an aircraft fuselage and wings screens the 
water spray from covering a burning fuel spill running underneath an 
aircraft. Several companies have therefore developed what are known 
as ‘pop-up’ nozzles for installation in the floor. In the interests of rap-
id activation, these systems often use flame detectors and are divid-
ed up into sections, each representing a stand position for an aircraft. 
Service and maintenance of aircraft often require electrical equip-
ment, cables and connections to be directly exposed. The use of foam 
liquid, such as AFFF, is therefore not usually desirable. Common air-
craft fuels are JP-8 or other hydrocarbons. As hangars are often very 
large, the primary fire suppression mechanism is therefore direct cool-
ing of the fuel, rather than evaporation of the water and inertalising 
the fire by water vapour. In order to improve fire protection, end-us-
ers often elect also to install ceiling-mounted nozzles over and around 
aircraft stands. An example of a nozzle is shown in Figure 2.

Smaller water droplets with new technology
New technologies available on the market include systems in which 
the water droplets are generated by a patented method, of which one 
of the elements consists of an oscillating sheet. The water droplets 
produced in this way are considerably smaller than those produced 
by a system depending on hydraulic atomization of the water, of the 
order of smaller than 10 μm, as compared with 50-150 μm. The re-
sult is that the water droplets behave more like a gas, being carried 
by air currents and capable of flowing around obstructions. Other 
systems combine water mist with an inert gas, usually nitrogen. The 
gas has several functions: compressed, it ejects the water from a pres-
sure vessel into the system pipes; it breaks the water into very small 
droplets at the nozzle and, finally, it assists fire suppression by reduc-
ing oxygen concentration in the area. Velocity through the nozzles is 
high, ensuring good mixing of the mist with the air in the protected 
area. As the quantities of water are very low, the risk of water dam-
age is reduced.

Additives can improve efficiency
Although water is a very effective fire suppressant, the use of addi-
tives can considerably improve its performance. Smaller-scale trials 
with various additives have shown that alkali metal salts are very ef-
fective, even at low concentrations. Anti-freeze additives are another 

mailto:magnus.arvidson@sp.se
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Figure 2  Nozzles for suppressing and extinguishing fuel spill fires in aircraft hangars.
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application where the fears are instead that the additive will reduce 
the fire suppression performance. All anti-freeze additives have both 
benefits and limitations. In some cases, the limitations are such that 
some particular antifreeze additive at a particular concentration can-
not be used in a water mist system. In other cases, it is the specific 
application and design of the system that determines whether an an-
tifreeze additive can be used or not. In general, antifreeze additives in-
crease the density, viscosity, volumetric expansion and corrosivity in 
comparison with those of pure water, as well as reducing the surface 
tension. Propylene glycol, glycerine and betaine supply energy to a 
fire, thus increasing the heat release rate, while potassium acetate im-
proves the fire suppression performance in comparison with that of 
pure water.

System reliability evaluations
The reliability of water mist type systems is often discussed, and there 
are extensive and detailed fault tree analyses that provide at least an 
indication of the reliability of different system designs. These analyses 
involve a number of simplifications and assumptions. Although they 
use input data for components used in the systems, these data are 
taken from the components when used in other applications. 

An analysis performed by FM Global shows that errors with great 
impact on the probability of a system failure include; that the wa-
ter supply has no water, that the pressure is too low in the drive gas 
reservoir, incorrect control settings, errors in the fire panel or trans-
mission errors and closed main valves. Human error, such as that 
the propellant or water tank is empty or that the control settings 
are wrong, are common. Failure of the fire control panel (if used) or 
transmission failures are among the five largest contributions to sys-
tem failure.

Studies have also been carried out on the reliability of the various 
fire suppression systems on ships. The analysis shows that tradition-
al automatic sprinkler systems have high reliability, with the reliabil-
ity of water mist systems being of the same order but slightly lower. 
According to the source, the strength of a fault tree analysis is that, 
in principle, it can be applied to any type of system, regardless of its 
complexity. Its weakness, on the other hand, is that it does not con-
sider the interaction between components or any domino effects. The 
reliability of various components in a system is not necessarily deter-

mined by the components alone, as a fault in one component can car-
ry over to another. For this reason, a fault tree analysis presents a re-
sult that is only an approximation of the real reliability of a system. 
Nevertheless, the methodology does yield useful results when no oth-
er source material is available. It is recommended that results should 
be compared with those from trials or historical data in order to veri-
fy the calculation model.

Experience from actual installations
The risk of clogging of filters and nozzles was one of the fears to 
which particular attention was paid when the use of water mist sys-
tems began to be widely introduced at the beginning of the 1990s, 
and in several cases these fears have been found to be justified. An-
other common experience is that system applications are sometimes 
not covered by the system’s certificate, or that one particular sys-
tem design has been tendered, but a different one has been installed. 
Two serious incidents show that closed areas with no direct access 
to the open air are unsuitable for storage of pressurised inert gases. 
If, instead, the area has a boundary with the open air, pressure-re-
lief valves can be installed and would open in the event of an escape 
of gas and ventilate the area. Opening a door to the area also assists 
ventilation when somebody needs to enter.

There are also examples of cases when automatic nozzles (i.e. with 
glass bulbs) have not operated when tested in the field. This under-
lines the importance of regularly testing the performance of all parts 
of the system, i.e. including the automatic nozzles. Traditional sprin-
kler systems in on-shore installations are subject to a testing regime 
by which a number of sprinklers from each system are dismantled 
and performance-tested. This should naturally also be applied for wa-
ter mist systems.

The report
This project was financed by the Swedish Fire Research Board, with 
the results published in SP Report 2014:30, ‘Water mist fire protec-
tion systems – an updated state-of-the-art report, Swedish Fire Re-
search Board project no. 500-121’. The report is only available in 
Swedish.
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Figure 1  The fire started in the house in the centre of the photo.  The 
photo is taken about 90 minutes after the fire brigades were 
alarmed.  The fire had then already spread 190 metres across 
the sports field.  

ANNE STEEN-HANSEN

anne.steen.hansen@spfr.no

+47 481 10 107
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Fire spread in the large Lærdal 
fire, January 2014
In the evening of the 18th January 2014 a fire started in a private home in the small municipality of Lærdal in the western 
part of Norway. There were strong winds, there was no snow on the ground, and there had been very little precipitation 
during January. The fire spread from house to house through the night and next morning and resulted in large material 
damages.

Background and objective for our project
There was a considerable risk that the fire would spread to a large 
area comprising listed cultural heritage wooden buildings from the 
18th and 19th centuries. Several fire brigades, the Civil Defence, Red 
Cross and many private volunteers put in a tremendous effort to con-
trol the fire and succeeded in protecting many residential homes and 
most of the listed buildings.  40 buildings burnt down, including 17 
residential homes and 3 listed buildings.  681 people were evacuat-
ed during the fire and fortunately no one was seriously injured during 
the blaze.  

SP Fire Research AS has performed a project for the Norwegian 
Directorate for Civil Protection (DSB) where the objective was to de-
scribe how the fire spread from the first house to the nearby buildings 
and further on.  We have also investigated factors that helped restrict 
the fire spread, and factors that contributed to preventing buildings in 
critical positions from being ignited.  Such factors may be connected 
to either fire preventive measures or to firefighting efforts.  

The project has increased the understanding and knowledge of 
large fires where residential wooden houses are involved, and the re-
sults will be valuable for prevention of future large fires.  Possible 
mechanisms of fire spread were assessed, e.g. fire brands that spread 
the fire hundreds of metres.  The influence of building construction 
details and surroundings upon the fire development as well as effects 
of different efforts during the firefighting were also evaluated.

Methods
Several methods were used to investigate how the fire spread. A re-
view of relevant literature was performed to get knowledge of the 
state-of-the-art within the field of fire spread in large fires. An inspec-
tion of Lærdal was performed. Despite the fact that this was about 
12 weeks after the fire, we got an impression of the geographical area 
and got information about the fire from key people involved during 
the incident, and who described their experiences during the fire. A 
limited number of interviews of witnesses was conducted. Of special 
importance were the interviews with journalists and photographers 
who were present during the fire. Through them, and through search-
ing on the internet, we had access to about 1500 photos and 10-20 
videos that were analysed to identify where and when the fire spread. 

The fire spread
Based on the analysis we drew a map of how the fire spread during 
the night, and another map indicating where the different fire spread 
mechanisms were important.  The map showing the time aspects of 
the fire spread is shown in figure 2.

Several factors led to the fast spread of fire in Lærdal: strong wind, 
dry weather, dry materials, and dry vegetation constituted optimal 
conditions for a rapid development and spread of the fire.

The most important fire spread mechanism was flying brands, but 
heat radiation and direct flame exposure also contributed. There 
were several occurrences of spot fires that started far away from the 
main fire area. 

Effects of fire restricting measures
The efforts of the fire brigades were of vital importance, together 
with all the other organizations and volunteers who took part dur-
ing the firefighting. An example of an effective measure is the fire bri-
gades’ general firefighting with water. An extinguishing lance was 
used in one of the houses and this helped save the house from the fire. 
A tanker with extinguishing foam was brought from the nearby air-
port to the fire, and the foam was applied to undamaged buildings to 
prevent ignition. Farmers contributed by wetting the ground and ex-
tinguishing heaps of embers using water from liquid manure spread-
ers. In addition, volunteers and private persons contributed by raking 
away embers, extinguishing small fires, wetting houses and gardens 
etc. 

It is not possible to point at one single measure among those men-
tioned that had a larger effect than the others; all of them were prob-
ably important factors in restricting the fire spread. Instances were 
observed where the fire had jumped over buildings where one or 
more fire restricting measures had been applied and ignited houses 
further away from the main fire area.

Recommendations
Based on the analysis of the fire spread, several fire restricting meas-
ures can be recommended. Owners of private homes can increase ig-
nition resistance by embers and sparks through simple preventive 
measures and when building new houses or renovating existing ones 
siding and roof constructions can be upgraded. Fire brigades and oth-
er personnel who take part in firefighting can apply different tech-
niques and extinguishing agents that are suitable to prevent further 
fire spread.

mailto:anne.steen.hansen@spfr.no
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Figure 2 Overview over the fire spread with indication of time when the fire spread from building to building.  The fires started in the house marked 
with a star in the upper right corner of the map.  The arrows show when and where the fire spread; darker arrows means late in the fire.  
A larger version of the map is available in the project report.  

The report (in Norwegian) can be 
downloaded from SP Fire Research 
AS’s og DSB’s webpages (www.spfr.no 
and www.dsb.no)

�

One important point is that fire preventive and restricting measures 
in areas with houses built of wood should be thoroughly planned. 
Many countries have guidelines available that help communities to 
make good plans for this type of fire preventive work. The Norwe-
gian Directorate for Civil Protection (DSB) and the Norwegian Direc-
torate for Cultural Heritage have published guidelines for fire protec-
tion in towns with wooden cultural heritage houses. These guidelines 
describe how a fire protection plan should be developed and which 
elements it should contain. The guidelines will also be relevant for fire 
protection of urban areas with wooden houses that are not regarded 
as cultural heritage. The guidelines (in Norwegian) can be download-
ed from DSB’s web pages.

Need for more fire research
We see that there is a clear need for more knowledge about large fires 
both in built-up areas and in forests and wildlands. Several topics 
should be investigated:
• Is the risk of large fires increased in Norway because of changes 

in society and climate?
• How large is the fire exposure from houses engulfed by flames?
• What is the state-of-the-art of prevention and fighting of large 

fires in other countries? Is this knowledge relevant for Norwe-
gian conditions?

• The effect of different fire safety measures should be investigat-
ed:
o simple measures for new and existing buildings

o fixed firefighting systems for exterior use

o different extinguishing media and techniques

o Development of cost-effective extinguishing systems and 
fire safety measure

http://www.spfr.no
http://www.dsb.no
http://www.spfr.no
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Extract from SWEDAC’s Quality News, June 2014

Stina Nylén är teknisk handläggare med särskilt ansvar för anmälda 
organ inom Swedacs enhet för industri och anläggningar.
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Stina Nylén, technical officer in SWEDAC’s Enterprise and Industry 
Unit, with particular responsibility for notified bodies. 

All notified bodies assessed by 
accreditation
In Sweden, SWEDAC is the public authority that assesses the competence of third-party bodies that test, certify and in-
spect against requirements set out in various EU directives, and which also notifies these bodies to the EU Commission. 
Nowadays, assessment of competence is always based on accreditation.

- Our assessment of notified bodies follows the same procedure as for 
other accreditation, and in addition contains elements of consultation 
with the respective competent authorities – both during the accredi-
tation process and in connection with the notification decision, says 
Stina Nylén, a technical officer in SWEDAC’s Enterprise and Industry 
Unit, with particular responsibility for notified bodies. The notified 
bodies system has been in existence since the EU products safety sys-
tem was introduced in 1985: a system based on a legislatory structure 
by which the joint EU directives set out only basic health, safety and 
environmental requirements, complemented by reference to harmo-
nised standards for the relevant detailed technical requirements.

Declarations of Conformity
In many cases, it is sufficient for the manufacturer placinga product 
on the market to prepare an EC Declaration of Conformity with the 
relevant requirements. However, a special third-party body – a Noti-
fied Body – is required to conduct conformity assessment in the area 
of products covered by 28 different directive areas by means of certi-
fication, inspection or testing. These 28 directive areas cover particu-
larly risk-associated products, such as medical devices, machinery, 
pressure vessels and construction products. Since 1993, SWEDAC 
has been responsible for assessment of notified bodies, with responsi-
bility further updated in 1995 to include the Government’s authority 
to notify such bodies to the EU Commission.

- SWEDAC has a special position in a European perspective in that 
we are responsible for both competence assessment and notification 
of bodies, notes Stina Nylén.

Accreditation requirements
In earlier years, competence assessment of notified bodies has differed 
somewhat from one EU country to another. However, with the com-
ing into force of EU Regulation 765/2008 on 1st January 2010, ac-
creditation is now also recommended in connection with assessment 
of notified bodies. Member states that use different methods must, in 
such cases, be able to document that their assessment meets the same 
high quality regulations.

- Accreditation is regarded as being a more efficient method of 
confirming technical competence, and it has also a number of other 
benefits, such as a simpler procedure for notification, explains Stina 
Nylén. SWEDAC has long applied the same conformity assessment 
standards as used for accreditation when performing competence as-
sessments of notified bodies. This means that, with the new law con-
cerning accreditation and technical inspection that came into force 
on 1st August 2011, in conjunction with SWEDAC’s new regulations 
from 30th June 2011, assessment is now fully in line with the proce-
dures for other accreditation, complemented by liaison with the rel-
evant competent authorities. SWEDAC has so far notified 45 bodies 
to the EU Commission, of which six have been notified in connection 

with the new EU Regulation on Construction Products that came 
into force on 1st July 2013. Certain construction products – for exam-
ple, those which must meet particular requirements in respect of fire 
resistance – must be tested and certified by a notified body in order 
to enable them to be CE-marked. However, several EU directives are 
under review, in accordance with the Commission’s ‘Alignment Pack-
age’, i.e. the common measures intended to be employed when draft-
ing new directives or revising existing ones.

- One area in which the requirement for notified bodies disappears 
is that of the Low-voltage Directive. The new directive has recently 
been published, and will come into force on 1st April 2016, says Sti-
na Nylén.

�
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SS-EN 13381-1:2014                                                                                                         
Test methods for determining the contribution to the fire resistance of 
structural members - Part 1: Horizontal protective membranes

SS-EN 13381-2:2014                                                                                                         
Test methods for determining the contribution to the fire resistance of 
structural members - Part 2: Vertical protective membranes

SS-EN 13381-5:2014                                                                                                         
Test methods for determining the contribution to the fire resistance of 
structural members - Part 5: Applied protection to concrete/profiled 
sheet steel composite member

SS-EN 13501-6:2014                                                                                                         
Fire classification of construction products and building elements - 
Part 6: Classification using data from reaction to fire tests on electric 
cables

SS-EN 1364-3:2014                                                                                                           
Fire resistance tests for non-loadbearing elements - Part 3: Curtain 
walling - Full configuration (complete assembly)

SS-EN 1364-4:2014                                                                                                           
Fire resistance tests for non-loadbearing elements - Part 4: Curtain 
walling - Part configuration

SS-EN 1365-2:2014                                                                                                           
Fire resistance tests for loadbearing elements - Part 2: Floors and 
roofs

SS-EN 1366-1:2014                                                                                                           
Fire resistance tests for service installations - Part 1: Ventilation ducts

SS-EN 1366-12:2014                                                                                                         
Fire resistance tests for service installations - Part 12: Non-mechani-
cal fire barrier for ventilation ductwork

Published Swedish standards 2014
SS-EN 13823:2010+A1:2014                                                                                           
Reaction to fire tests for building products - Building products exclu-
ding floorings exposed to the thermal attack by a single burning item

SS-EN 15254-6:2014                                                                                                         
Extended application of results from fire resistance tests - Non-load-
bearing walls - Part 6: Curtain walling

SS-EN 15269-5:2014                                                                                                         
Extended application of test results for fire resistance and/or smoke 
control for door, shutter and openable window assemblies, including 
their elements of building hardware - Part 5: Fire resistance of hinged 
and pivoted metal framed glazed doorsets and openable windows

SS-EN 1634-1:2014                                                                     
Fire resistance and smoke control tests for door and shutter assemb-
lies, openable windows and elements of building hardware - Part 1: 
Fire resistance test for door and shutter assemblies and openable win-
dows

SIS-TS 24833/INSTA 950                                                                                                  
Fire Safety Engineering — Comparative method to verify fire safety 
design in buildings

ISO 13784-1:2014                                                                                                             
Reaction to fire test for sandwich panel building systems - Part 1: 
Small room test

ISO 3008-2:2014                                                                         
Fire-resistance tests - Part 2: Lift landing door assemblies

LARS BOSTRÖM

lars.bostrom@sp.se

+46 10 516 56 08

Robert Jansson, SP Fire Research  was nom-
inated in the category Concrete Scientist of 
the Year by the Swedish Concrete Associa-
tion.
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Concrete and fire
Research into the behaviour of concrete when exposed to fire has been carried out by 
SP Fire Research since the beginning of the millennium, with the results having attract-
ed considerable interest on both national and international levels. One of those closely 
concerned in SP Fire Research is Robert Jansson, who presented his doctoral thesis on 
the subject 2013. His research is continuing, concentrating now on revision of Euroc-
ode EN 1992-1-2, i.e. the European design rules for concrete structures, together with 
prenormative research within RILEM aimed at development of suitable test methods for 
classification of different types of concrete when exposed to fire. That his work has at-
tracted attention has previously been shown by the award of prizes, with the most recent 
seeing Robert nominated in the category of Concrete Scientist of the Year by the Swedish 
Concrete Association at a major gala event at Berns Salons in Stockholm.

mailto:lars.bostrom@sp.se
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Figure 1  Some parts of fire protection can easily be measured after 
construction, such as the opening width of windows intended 
to provide a means of escape.

PH
O

TO
: M

IC
H

A
EL

 S
TR

Ö
M

G
R

EN
, S

P 
FI

R
E 

R
ES

EA
R

C
H

Are we complying with fire 
protection requirements in society?

Quality shortcomings in the construction sector in Sweden are a major problem, not least in the field of fire safety. Despite 
this, no systematic methods are used in order to measure if fire protection requirements in society are met. This article 
presents the results of a Swedish Fire Research Board project aimed at describing various methods that can be used to de-
termine whether the necessary requirements are being fulfilled.

There are several indications that building requirements and other re-
quirements are not being properly complied with in the built environ-
ment. The result of these shortcomings is that the regulations fail to 
achieve their intended effects, which can lead to consequences such 
as increased risk and damage in the event of fire. Events that have oc-
curred, in the form of collapsed buildings or moisture problems in 
new buildings, have been described as the tip of an iceberg, with re-
sulting quality defects liable to reveal themselves in the future in the 
form of damage or sub-standard performance. Few investigations 
have been carried out in the field of fire protection, although there are 
clear indications of similar problems.

Importance of monitoring before accidents or damage occur
It is particularly difficult to monitor defects or shortcomings with-
in areas that present potential risks of events that occur only rarely, 
but which can have major consequences. When accidents occur, pre-
ventive work could have had a major significance for the result, since 
poor quality of such work can result in more severe consequences. 
Poor quality and defects can become apparent after an accident, but 
may have remained hidden for decades before fire protection systems 
are tested, i.e. at the time of an incident. If we collect information on 
faults and defects only after the event has occurred, we are not going 
to be able effectively to forecast or take steps against them. Some ele-
ments of fire protection can easily be measured, such as that incorpo-
rated in the structure, while other elements can easily be checked lat-
er, as shown in Figure 1.

Fire protection in buildings must be seen from a life cycle perspec-
tive, with the base level being set during the construction process. 
Fire protection requirements are set by building regulations, insur-
ance requirements and the builder’s own ambitions. Each element of 
the entire chain, from initial requirements to the construction pro-
cess, with planning and execution, right through to the operation-
al phase of the building, are important links in the chain to achieve 
the level of fire protection that we want in society. If any part fails to 
meet its required performance, there will be knock-on effects on fire 
protection at the user level. This is shown in Figure 2, starting from 
the premise that the ideal situation is to achieve at least the minimum 
level throughout the chain. A hypothetical case assumes that defects 
nevertheless occur, resulting in progressive reduction in fire protec-
tion. This effect, of compliance failures, is important to investigate. 
This project is attempting to identify suitable methods for quantifying 
these defects.

Identified methods
This project has employed studies of the literature, a questionnaire 
and interviews to identify a number of methods, as shown in Table 1. 
On the international level, there are only a few countries that per-

form systematic monitoring of compliance with fire protection requi-
rements, although more successful methods are employed in other 
areas, such as road traffic and aviation safety. The identified methods 
have been evaluated in respect of aspects such as validity, reliability, 
cost, resolution and representativity. However, the core of the work is 
that mechanisms must be available that can assure that potential pro-
blems and shortcomings are identified at an early stage, so that mea-
surements can be made in areas where they will have the greatest be-
nefit. Methods should be chosen systematically aiming for a longterm 
and broad perspective.

mailto:michael.stromgren@sp.se
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Indicative methods Indepth methods Statistically representative studies

Anonymised incident reports Round-robin studies
Statistically representative 
studies

Dialogue for feedback of expe-
rience

Case studies (pre-incidents)

Expert assessments Accident investigations

 Interviews and enquiries

Table 1  Summary of methods for monitoring compliance with fire protection requirements.

Figure 2  Performance requirement levels must be fulfilled throughout the entire life 
cycle of a building, and it is important that we should be able to quantify any 
shortcomings in compliance. 

BJÖRN SUNDSTRÖM

bjorn.sundstrom@sp.se

+46 10 516 50 86

�

Authorities and others specifying requi-
rements should therefore initially draw up 
an overall monitoring strategy. This strategy 
must be capable of picking up indicators that 
will lead in the next stage to more indepth 
measurements. Ideally, statistically representa-
tive methods should be used, but this means 
considerably higher costs. However, a combi-
nation of different methods can provide an ef-
ficient use of resources to deliver information 
having both a useful span and depth. Without 
systematic monitoring we will not be able to 
develop important policy measures, such as 
standards and inspection systems, which are 
necessary in order to ensure a good level of 
public fire protection.

The results of this work will be published 
as an SP Report, planned for publication in 
spring 2015.

Michael Strömgren awarded the 
D. Peter Lund Prize
Each year SFPE, the Society for Fire Protection Engineers, awards the D. Peter Lund Prize to those who have contributed 
to enhancing the professional recognition of fire engineers.  The prize for 2014 has been awarded, in international compe-
tition, to SP Fire Research’s Michael Strömgren.

The citation reads:  “Michael is a leader in promoting profession-
al recognition of fire protection/safety engineering in Europe, at both 
the local Swedish Chapter level and within the European Chapter 
Coordination Group. He conducted a survey that has identified the 
state of the fire safety engineering profession throughout Europe, led 
the development of a white paper on steps needed to further advance 
recognition of the profession in European countries, and is leading ef-

forts to implements various components. He is a strong advocate for 
requiring fire protection education as a basis for professional recogni-
tion and the role that SFPE educational seminars can play. His work 
on behalf of SFPE has contributed to a significant expansion of the 
number of SFPE chapters in Europe.”  

We congratulate Michael on a fantastic job!

mailto:bjorn.sundstrom@sp.se


14  brandposten #51 2015

The test specimen is exposed to cryogenic cooling (left), directly followed by a jet fire test (right).
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Cryogenic cooling of passive fire 
protection followed by jet fire 
exposure 
In a new test method, developed at SP Fire Research in Norway, the test specimen is subjected to cryogenic cooling directly 
followed by jet fire exposure after a minimum time interval. Our goal has been to establish a relevant test that simulates a 
realistic scenario.

Background
The low liquid temperatures in cryogenic spills may cause brittle frac-
ture to structural elements, equipment and devices. Potential dama-
ge of passive fire protection (PFP) may reduce the system’s integrity 
against fire. If the liquid in question is liquid natural gas (LNG), the 
flammable vapour from the spill represents an additional fire and ex-
plosion hazard. Effective PFP systems must withstand degradation 
from cryogenic exposure without compromising their fire protection 
performance.

Method
SP Fire Research has participated in developing a new test method 
where the insulation abilities of passive fire protection elements is 

tested with regards to both cryogenic cooling and fire exposure. The 
test specimen is first cooled by liquid nitrogen and then directly expo-
sed to either a jet fire or hydrocarbon fire after a minimum time inter-
val. The fire test is performed according to either the jet fire test stan-
dard, ISO 22899-1, sometimes with increased heat flux exposure, or 
according to an ISO 834 hydrocarbon fire. The test specimen is posi-
tioned in the test furnace as described in the relevant test standard.

This sequence of actions provokes large thermal stresses and the 
test will reveal whether the material is suitable for use as both cryoge-
nic spill protection and as passive fire protection, using only one test 
specimen. Our goal has been to develop a challenging test that simu-
lates a realistic chain of events and yield repeatable and reproducible 
results.

mailto:reidar.stolen@spfr.no
mailto:nina.reitan@spfr.no
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We perform jet fire tests, either according to ISO 22899-1/OTI 95634 or 
in a modified test setup for higher heat fluxes.

Small scale jet fire tests (minijet) are used in product development and 
screening.
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Jet fire test methods at SP Fire 
Research, Norway

Jet fires represent a major fire risk in offshore installations and other installations with pressurised hydrocarbons. SP Fire 
Research has long experience in jet fire testing and has been in the forefront during the development of several test stand-
ards used by the industry and the authorities today. SP Fire Research facilitates individual tests as well as extensive test 
programs, all according to the client’s needs.

Jet fire test according to ISO 22899-1/OTI 95634
The jet fire test standard (1,2) gives an indication of  the properties of 
the passive fire protection, and provides performance data under the 
specified conditions. The jet fire test standard is acknowledged as suf-
ficient for requirements of resistance to 250 kW/m2 (3).

High heat flux jet fire test 
We have developed a method for jet fire testing with high levels of 
heat flux (average 350 kW/m2). Our furnaces for extended jet fire can 
be used when standard jet fires are not sufficient, and offer the possi-
bility of testing at higher temperatures and with larger specimens.

Sequential jet fire test
In our extended jet fire furnace, we can vary the heat flux during 
a test. The furnace can also be used to simulate a hydrocarbon(H-
C)-fire, which gives the ability to perform a combination of jet fire ex-
posure directly followed by a simulated HC-fire in the same test. 

New test setup for cryogenic exposure followed by a jet fire 
SP Fire Research has participated in developing a new test method, 
where test specimens are subjected to extreme temperature variations 
by cryogenic cooling followed by jet fire exposure after a minimum 
time interval.  

Mini-jet fire 
SP Fire Research has developed a smaller-scale test set-up, mainly 
used for product development and realistic screening tests. The mi-
ni-jet uses a premixed flame of air and propane to obtain similar 
flame temperature as a standard jet fire according to ISO 22899-1/
OTI 95634. 

References
(1)  ISO 22899 Determination of the resistance to jet fires of passive 

fire protection materials.  
Part 1: General requirements

(2) ISO 22899 Determination of the resistance to jet fires of passive 
fire protection materials.  
Part 2:  Guidance on classification and implementation methods

(3)  NORSOK Standard S-001

mailto:reidar.stolen@spfr.no
mailto:nina.reitan@spfr.no
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SP Fire Research’s own bus driver, Jonas Brandt, drove the bus through Borås.
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Fire detection and fire alarm 
systems in heavy vehicles

Since June 2013, SP has been operating a project investigating fire detection and fire alarm systems in heavy vehicles. The 
aim of the project is to develop recommendations on how these vital parts of a vehicle’s fire protection should be designed. 
One of the objectives of the work is to develop an appropriate test method and an international standard for fire detection 
systems in the engine compartments of heavy vehicles. The project is financed by Vinnova’s Strategic Vehicle Research and 
Innovation (FFI) project.

UN Vehicle Regulation No. 107, concerning the general construction 
of buses and coaches, includes requirements for fire detection in en-
gine compartments, in auxiliary heater compartments, in toilet areas 
and in the driver’s sleeping compartment in coaches, but with non-
specific requirements for the various systems’ performance. EN 54 
already specifies requirements and laboratory tests for fire detection 
systems, but these are intended for use in connection with systems in-
stalled in areas (primarily buildings) in which the environment is not 
representative of that found in an engine compartment.

The objective of the project is to contribute to ensuring that only 
suitable detection systems are installed in heavy vehicles.

Brandposten No. 50, 2014 described that part of the project con-
cerned with the detection of fire in vehicle toilet areas and driver 
sleeping compartments in coaches. The project as a whole is divided 
up into six different parts, with the work of the other five parts con-
centrating on engine compartments’ environmental conditions and 
the functions, capabilities and limitations of various detection sys-
tems.

To be able to assess the performance of a detection system, it is 
necessary to understand the environment in which it is to be in-
stalled. Information has therefore been gathered by means of studies 
of the literature, questionnaires and visual inspection of engine com-
partments. 

Physical measurements have also been made in actual engine com-
partments. This work involved instrumenting a bus with equipment 

for measuring temperatures, particle size distributions and vibration. 
Smoke and gas detection systems were also installed, and run in par-
allel with SP’s equipment during a number of different tests. These 
tests included applying various risk conditions and sources of false 
alarms to sensors, under the varying traffic conditions of motorway 
operation, urban traffic and on gravel areas in order to monitor the 
engine compartment conditions and how the systems react under 
the various conditions. The results of fire investigations (see Page 30) 
were also included.

Two graduation projects linked to the work have looked at fire de-
tection systems in other transport sectors – “Fire detection and fire 
alarm systems in trains and aircraft – A pilot study” by Johan Ston-
egård and Martin Svensk, and the causes of fires in buses, “Bus fires 
in Sweden 2005-2013 – Frequency, origin, extent and extinguishing” 
by Alen Rakovic. Results from these project form important parts of 
the overall development process aimed at improving the fire safety of 
vehicles

By the summer of 2015 a new series of pre-tests of several differ-
ent fire detection system manufacturers will have been performed by 
SP Fire Research. The new test method will be developed on the ba-
sis of practical experience and theoretical knowledge concerning the 
performance and properties of fire detection systems, and of the envi-
ronment in which they are intended for installation, with work start-
ing on drafting a new international standard. 

mailto:peter.karlsson@sp.se
mailto:jonas.brandt@sp.se
mailto:ola.willstrand@sp.se
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The report, “Evacuation from 
fire – the function of different 
visual safety way-guidance 
systems” (Rømning i brann – 
Funksjonen til ulike visuelle 
ledesystemer).
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New report on evacuation from fire 
and visual safety way-guidance 
systems
SP Fire Research AS has recently finished a project where we have examined evacuation in fire with regards to different 
types of visual safety way-guidance systems. The report is commissioned by the Norwegian Building Authority and the 
Norwegian Directorate for Civil Protection.

The Norwegian authorities have received 
numerous questions concerning the perfor-
mance requirements and references to dif-
ferent standards for installation of visual sa-
fety way-guidance systems. This shows that 
stakeholders are experiencing uncertainty 
and confusion on this subject and that there 
may be room for improvement.

A goal of this project was to determine the 
appropriate theoretical basis for assessing 
the performance of visual safety way-gui-
dance systems and the construction require-
ments associated with them. 

Three different Norwegian regulations, 
along with their respective guidelines and re-
levant standards, contain ambiguities and 
conflicting requirements on performance 
levels. Part of the problem lies in the inter-
pretation of different wording and concepts 
used in legislation and other governing do-
cuments. This issue needs to be addressed in 
order to avoid misconceptions; it is neces-
sary to review regulations and guidelines, 
improve the harmonization of concepts and 
references, clarify definitions, and ensure 
that there is only one regulation that add-
resses the performance level of visual safety 
way-guidance systems with regard to escape 
from fire.

During the literature review a number of 

studies were found that can contribute to the 
theoretical basis for the performance requi-
rements in the Norwegian regulations. The 
main conclusions were:

• The guiding effect from continuous way-
finding information along an escape 
route appears to be more important for 
evacuation through smoke than other 
parameters such as illuminance and low 
versus high positioning of the system.

• Low mounted safety way-guidance lines 
(electrical or photoluminescent) provide 
an evacuation efficiency equal to, or fas-
ter than, conventional emergency ligh-
ting (spaced point sources of light over-
head). 

Several information gaps were revealed 
during the literature review. On this basis we 
recommend a systematic study to establish 
an objective system for evaluating the perfor-
mance of different visual safety way-guidan-
ce systems, independent of the type of system 
(electrical, photoluminescent or other types 
of solutions). A performance-based test met-
hod should be able to establish the guidance 
performance of a visual safety way-guidance 
system, i.e., how quickly people manage to 
evacuate to a safe location rather than just 

the illuminance of the components of the 
system.

There is also a need for studies on evacua-
tion of large crowds from large rooms under 
varying conditions. Such studies can form an 
important basis for the evaluation of perfor-
mance requirements given by the Norwegian 
regulations.

The report is published in Norwegian and 
is available online on both www.spfr.no and 
www.dibk.no.

Karl Fridolf new chairman of BIV
BIV, Swedish chapter (no. 47) of the Society of Fire Protection Engineers, held its annual meeting on November 27 in Stockholm. At  the 
meeting, a new board was elected, with Karl Fridolf of SP Fire Research as the chairman. At the same time, Brandskyddslaget’s Staffan 
Bengtson and SP Fire Research’s Michael Strömgren retired from the board. The meeting also announced the award of the 2014 BIV scho-
larship to Håkan Frantzich of Lund University. BIV strives to achieve a high level of fire safety engineering in Sweden based on a solid foun-
dation of scientific principles.

Since the beginning of November, Karl Fridolf has also been employed by SP Fire Research and will be situated in Lund: we congratulate 
him and welcome him to SP.

BJÖRN SUNDSTRÖM

bjorn.sundstrom@sp.se

+46 10 516 50 86

mailto:karolina.storesund@spfr.no
mailto:ragni.mikalsen@spfr.no
mailto:bjorn.sundstrom@sp.se
http://www.spfr.no
http://www.dibk.no


18  brandposten #51 2015

HENRY PERSON

henry.persson@sp.se

+46 10 516 51 98

Number of reported incidents to MSB linked to fires in biofuels or waste for the period 2005-2013. 
However, the number of fires actually relating to industrial handling and storage of biofuels and waste 
make up only about 30 % of these fires, i.e. on average about 200 fires/year.

Fires in biofuels and waste – 
statistics for greater safety

Large-scale handling and storage of biofuels/biomass and waste, which can involve significant risks of fire, occur in many 
different business activities around the country. As part of the work of a Swedish Fire Research Board project, we have 
collected statistics on the frequency and extent of fires in such facilities. We have also obtained information on which ma-
terial fractions are most commonly encountered, and on the ways in which they are stored.

Lack of fire statistics
The move from fossil fuels to various types of biofuels/waste as fuel 
has resulted in considerably more handling and storage of many 
different material fractions. A preliminary study carried out in 
2008 and financed by the Swedish Fire Research Board (SP Report 
2008:51) found that there are no specifically collected statistics on 
fires in biofuel stores or biofuel plants. Some statistics were collect-
ed for fires in waste heaps and landfill sites at the beginning of the 
2000s, but as considerable changes have occurred in the handling 
and storage of such materials in recent years it can be suspected 
that these statistics are no longer fully valid. The objectives of this 
study have therefore been to obtain updated statistics on fires in 
such plants, to collate the experience obtained from these incidents, 
and to improve knowledge of how various types of biofuels and 
waste are stored.

The work included an analysis of the Swedish Civil Contingen-
cies Agency’s incident data, questionnaires to the industry and to 
the country’s county administrations, studies of associated investi-
gations and presentation of experience from a number of fires that 
have occurred.

Outdoor storage in heaps is the most common form
The questionnaire to the industry received 81 replies, from which it 
appears that about 85 % of respondents stated that outdoor stor-
age, in stacks or in heaps, not compressed, is the most commonly 
used. The next most common forms of storage are mechanically 
compacted heaps and baled materials, but are used by only about 
15 % of the respondents. Cellular storage, i.e. in which the mate-
rial is stored in pits, compacted and then covered with an airtight 

material to prevent the access of oxygen, is used by only 6 % of the 
respondents today, but is a form of storage that is forecast to be in-
creasingly used for the storage of waste. The greatest quantity of 
waste that is stored outdoors consists of commercial waste and recy-
cled wood. As far as biofuels are concerned, sawdust, bark, wood-
chips from branches and tree tips account for the greatest quantities.

Indoor storage is required for biofuels and various fractions in-
tended for materials recovery in which the material must be protected 
against moisture. Most materials are stored in flat storage buildings, 
though storage in silos is used for some materials. Silo storage is often 
used in the pellets industry, but is also often used as an intermediate 
stage in fuel handling in combined heat and power plants. Wood pel-
lets are the material that is stored in the greatest quantities indoors.

Fire statistics indicate a weakly declining trend
Statistics from the MSB incident data base show that, on average, 
about 580 fires per year – linked in some way to biofuels or waste – 
were reported over the period 2005-2013. The greatest number of 
fires (676) occurred in 2008, after which the statistics show a weak-
ly declining trend. The trend for Fires in buildings is stable, while the 
number of fires classified as Fires not in buildings (outdoors) vary 
considerably from year to year.

Among the reported fires there were many that were not relevant 
to our project, i.e. industrial handling and storage of biofuels/biomass 
and waste. We therefore performed a more in-depth analysis of the 
incident reports for 2012. Of the total of 488 fires, only 154 could 
be safely regarded as relevant. One group of 220 incidents could be 
eliminated, e.g. fires in scrap heaps, grass fires, fires having their or-
igins in domestic fires, arson that could not be linked to industrial 
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Spontaneous ignition in heaps of stored material is the commonest cause of fires in facilities handling and storing biofuels and waste.
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storage, spontaneous ignition in compost heaps, bark mulch in flow-
er beds, manure heaps etc. The remaining 114 fires were regarded as 
uncertain, generally due to the fact that the incident report had not 
been filled in with all details. Thus only about 30 % of the report-
ed incidents were regarded as relevant. If we assume that the review 
of 2012 is representative of the entire 2005-2013 period, it means 
that an average of about 190 fires occur in industrial plants per year, 
of which about 40 are classified as Fires in buildings (25 % relevant) 
and about 150 as Fires not in buildings (35 % relevant).

Among the relevant fires, it can be noted that the commonest type 
of Fires in buildings occurs in CHP/district heating plants and in the 
wood industry, and from which the commonest starting points are 
stated as storage, silo and heap.

The commonest outdoor fires occur in a stack or heap of stored 
material, with woodchips, bark, sawdust, peat and branches and tree 
tips being the most common. The MSB statistics and the question-
naires state that the most common cause of the fire is selfignition, 
both for Fires in buildings and for Fires not in buildings. Fires in pro-
cess machinery and conveyors are also relatively common.

The replies to the industry questionnaires showed that fires occur 
only rarely in most businesses, often with several years between one 
fire and the next. However, there are a few particular businesses that 
suffer considerable more fires, of up to 6-8 per year. Work in improv-
ing preventive measures in these sectors would result in a noticeable 
reduction in the total number of fires.

A small number of fires account for the high-cost incidents
The industry questionnaire asked for information on the costs of in-
cidents and on the quantities of burnt or damaged materials. The 
analysis is based on information for 2011 and 2012, with costs for 
25 and 29 fires respectively. Although the limited number of replies 
represents an uncertainty, they show that the annual cost of fires can 
vary very widely. In most cases, the cost of the damage caused by 
any one fire is less than SEK 1 million. However, major fires do oc-
cur, with resulting costs of SEK 5-50 million and, in some cases, even 
higher.

In most cases, the quantity of burnt or damaged material is given 
as ‘< 1 tonne’ per year. Adding the various specified average quan-

tities indicates that the total quantity of material burnt per year 
amounted to about 100 tonnes in 2011 and 260 tonnes in 2012, with 
corresponding quantities of damaged materials amounting to about 
1400 tonnes and 1500 tonnes respectively. In other words, this means 
that the quantity of damaged material can be more than ten times 
greater than the quantity that was actually burnt.

On the basis of an average annual frequency of about 200 fires, 
these figures indicate that the average cost of fire damage amounts 
to about SEK 150-350 million, and that the quantity of burnt and 
damaged material amounts to about 6500-7500 tonnes. However, 
the costs and quantities can increase very considerably for individu-
al years during which some more extensive major fire has occurred. 
As an example, the major woodchips fire that occurred in Mönsterås 
in 2011 resulted in a total cost of about SEK 300 million, destroying 
over 50 000 tonnes of woodchips.

Learning from incidents is most important in reducing the 
number of fires
About 70 % of the fires were detected through observation of smoke, 
visible flames or smell. The use of video monitoring and IR camer-
as is becoming increasingly common and can be expected to increase 
further in the future. The fires are generally extinguished by conven-
tional water application using hose line nozzles or water monitors.

Much can be learnt from experience of earlier fires, and should be 
utilised more actively. Unfortunately, in many cases, the documenta-
tion of incidents and fires is inadequate, with the result that expen-
sively acquired knowledge and experience are quickly lost.

The report presents examples of the improvements that have been 
made by making use of the experience obtained from incidents that 
have occurred. A common feature of these is that such improvements 
are the results of a strong response from the company management, 
implementing organisational fire prevention measures based on some 
form of risk analysis and the preparation of clear guidelines for op-
eration. Key factors are to ensure continuous monitoring of the area, 
ensure that an adequate water supply system is available, enabling 
fire-fighting quickly to be started, and to ensure that all personnel are 
properly trained and motivated.
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Scaling of wood pallet fires
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Wood pallets are widely used in industrial storage and transportation, and have also been a standard fuel in representa-
tion of cellulose fuels in many large scale fire tests. A method for scaling time-resolved burning behaviours of wood pal-
let fires has been developed. In order to validate the scaling method, a series of laboratory tests was carried out and the 
time-resolved heat release rates were obtained and compared. 
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These types of large scale tests mostly involve tons of fuels and the 
cost of each test is large. Standardized wood pallets are often used for 
large scale testing of water spray systems in tunnels and are used as 
standardized fuel for design of sprinkler systems in industrial build-
ings. Knowledge about scaling of wood pallet fires would be very 
valuable as, if possible to scale to smaller fuels, it may save a lot of ef-
forts and costs, without reducing the quality of the work. Therefore a 
scaling method was developed in order to accomplish this goal. 

Previously scaling of wood crib fires has been developed. Here we 
have extended the scaling theory to be valid for wood pallet fires. 
The advantage of the proposed scaling method is that individual 
parts can be scaled simply. The method provides a high potential for 
scaling this type of fuel in different applications. 

 
Validation tests
Laboratory tests were carried out to validate the scaling method. The 
scaling ratio applied in the tests is 1:4. Fuels consisting of 1/2 wood 
pallets (1:2 scale wood pallets) are considered as prototype (interme-
diate scale). Photos from the intermediate scale test 3 and the model 
scale test 1 are given in figure 1 from which it can be found that the 
flame shapes including flame heights are of high similarity. 

Comparisons of test results 
Heat release rate curves obtained from the model scale tests have 
been scaled up to the intermediate scale and compared in figure 2. 
Clearly, it shows that the heat release rate curves obtained from tests 
in different scales correlate well during the burning periods. One ex-
ception that can be observed is the jump in the heat release rate at 

approximately 10 min 15 seconds in test 3. The reason is that the 
wood pallet pile fell down at that moment which caused a sudden in-
crease in the total exposed fuel surface area. 

The study shows good agreement between different scales of 
time-resolved heat release rate curves. This proves the reasonabili-
ty and capability of the method proposed for scaling time-resolved 
burning behaviors of wood pallet fires. 

More information can be found in SP Report 2014:57.       

 Figure 1  Photos from tests (at around 8 min).

Figure 2  Comparison of time-resolved heat release rates. 

 (a)    

 (b)    

�
(b) Model scale, 54 kW (a) Intermediate scale, 1.8 MW.  

PH
O

TO
S:

 Y
IN

G
 Z

H
EN

 L
I

mailto:yingzhen.li@sp.se
mailto:haukur.ingason@sp.se


brandposten #51 2015                 21

KERSTIN ERIKSSON

kerstin.eriksson@sp.se

+46 10 516 54 26

FRANZ EVEGREN

franz.evegren@sp.se

+46 10 516 50 88

New Jet Fire Protection systems
• Process Vessels and Pipework for 180 minutes Jet Fire Protection
• Fire Barriers – JF30 and JF 60 minutes Jet Fire protection
• Corrugated panel system – JF 30 and JF 120

Blast-Resistant Fire Divisions
• FireMaster Marine Plus Blanket now has explosion testing to 

1.25 bar overpressure

New micrporous insulation products
Our new microporous range is now incorporated into our jet fire solutions offering new lightweight and space saving fire 
protection possibilities.

Find out more
Contact us for copies of our new design manuals:
• Fire Resistant Divisions Manual – Over 100 pages of detailed design information on our fire resistant division systems.
• Process Equipment Fire Protection Manual - The complete guide to our hydrocarbon and jet fire protection solutions for 

vessels, steelwork, valves, actuators, vessels, pipes and cable trays.
 
www.tknutsson.se. info@tknutsson.se

FireMaster – New Advanced Fire Protection Solutions
Morgan Thermal Ceramics new range of fire protection solutions is now available.

A well attended and lively risk 
seminar
The spring of 2014 marked the first of a series of seminars arranged 
by SP Fire Research on risk management. The aim of these seminars 
is to create an arena for drawing attention to philosophical aspects of 
risk management and practical application, and so providing a meet-
ing point for research and commerce/industry. The most recent sem-
inar was held in Lund on 25th November, under the theme of “The 
quest for an objective assessment of risk”. All the presenters had 
been asked to link to the question of the objectivity of risk analyses, 
and the common thread for the day was a joint discussion around 
the theme. The presentations also related to different parts of the risk 
analysis process, from the initial gathering of experience and know-
ledge to decision-making.

One of the conclusions that could be drawn, both from the pres-
entations and from the following discussions, was that a risk analysis 
can never be objective. Risk analyses are concerned with attempting 
to describe an uncertain future. Professor Terje Aven from the Uni-
versity of Stavanger argued that uncertainty is a main component of 
risk:  his view is that it is restrictive to base risk purely on historical 
data such as expected values and probabilities. The view of Niklas 
Vareman from Lund University is that, to be objective, a risk analy-
sis must be free of evaluations, non-epistemic values and bias. None 

of these targets is wholly possible. Omar Harrami from the Swedish 
Civil Contingencies Agency described a number of contexts in which 
risk analyses are performed. He pointed out that the results of analy-
ses are affected by aspects such as the limitations of the analysis and 
the questions that are put. In addition, the seminar heard of some 
of the difficulties that we who work with risk analyses must tackle.  
Helen Degerman from ÅF described, for example, how it is the needs 
that should determine the work, rather than the solution. We have 
to be bold and think differently. In addition to the above presenters, 
Martin Kylefors from SP, Ulrika Sahlin from Lund University, and 
Frank Markert from Technical University of Denmark (DTU) also 
participated.

The presentations from the seminar can be downloaded from 
www.sp.se/sv/training/Sidor/seminariumrisk.aspx.

The next seminar in this series of risk seminars will not be held un-
til the autumn of 2015, as SP will be involved during the spring in a 
series of seminars on the theme of “Values, decision-making and risk 
– relevant perspectives and future research”, together with Lund Uni-
versity.  Further information can be found at www.pi.lu.se/verksam-
het/values-decision-making-and-risk.
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As fires in buses and coaches have become an increasing problem, awareness of the risks and vulnerabilities of public 
transport systems has increased. National and international regulations have been progressively introduced, with require-
ments for the introduction of fire-fighting systems in buses and similar vehicles becoming increasingly common.

Dafo Brand AB, with many years’ experience in the development of 
fire-fighting systems for heavy vehicles, was an early supplier of sys-
tems intended to meet local rules and regulations. However, aware-
ness of the need for further development of present-day systems has 
resulted in the thoughts now realized by the Vulcan project.

The Vulcan project aims to develop an overall approach to all 
the questions and problems that are relevant to the development of 
fire-fighting system concepts for buses and coaches in particular and 
for other vehicles in general. In order to achieve this in accordance 
with the project’s visions this required a broad base of knowledge 
and experience from different technology areas.

A project group of companies with different approaches to fulfil-
ment of these requirements was set up within the framework of the 
7th EU Program for Development and Research. The Vulcan project 
consists of Dafo Brand AB (Sweden), InRay Solutions Limited (Bul-
garia), PNR ITALIA S.R.I. (Italy), Cleancarb sarl (Luxemburg), Eesti 
Innovationi Instituut OÜ (Estland), NOVAMINA centar inovativnih 
tehnologija d.o.o. (Croatia), SP Technical Research Institute of Swe-
den and Volvo Construction Equipment (Sweden). The project can 
be divided into a number of main areas, which together constitute the 
basis for the objective of raising fire safety in heavy vehicles to a new 
level. These areas are:

Detection
Traditionally, fire detection in engine compartments has been based 
on heat detection. This has been logical in the light of requirements 
for operational reliability in a relatively difficult environment. Trials 
have been performed of the various alternatives, such as smoke and 
IR detection, but problems of dirt and wide temperature ranges have 
rendered these solutions unreliable. 

At the same time, the need for early detection of a fire has become 
ever more apparent, as understanding of the importance of early at-
tack and the resulting savings in terms of reduced downtime costs 
and reduced repair requirements has increased.

The Vulcan project aims to develop smoke detection systems for 
vehicles to permit detection of the very early stages of a fire, using 
equipment that can withstand the conditions encountered in an en-
gine compartment. In addition, with analogue detection, various re-
sponses can be initiated, depending on the cause and progress of the 
fire. Practical trials under very difficult working conditions indicate 
very promising results, and we are convinced that this will result in a 
completely new approach to the detection of fires in engine compart-
ments.

Processed alarm management
In traditional firefighting systems in vehicles, the response has often 
been of a single type, meaning that the system has operated (possibly 
after a brief delay), or after an alarm has been received by the cen-

tral control equipment. Vulcan is attempting to optimize the various 
possible responses, depending on the conditions applicable to the ve-
hicle at a given time. The combination of detection of both heat and 
smoke, while the system can also respond to other information from 
the vehicle, such as different driving conditions, permits the creation 
of a conditional matrix to provide different responses in terms of 
alarms and fire suppression actions. 

System integration
As more and more signal processing and supervision in modern ve-
hicles is performed by various bus systems, and as information to 
the driver is increasingly presented via graphical interfaces, often in-
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volving the use of touch screens or similar computerized solutions, so 
does the pressure from the automotive industry also to include exter-
nal systems in its graphical interfaces increase. This presents the sys-
tem suppliers with entirely new requirements, and also conflicts at 
present with many of the requirements currently imposed by regula-
tions.

One of the challenges of the Vulcan project is to provide informa-
tion from, and interaction with, the fire suppression system to the 
vehicle manufacturers via existing communication systems, without 
thereby compromising system safety or system integration. In a wid-
er perspective, this must of course also be followed by harmonization 
of various regulations. However, this is outside the framework of this 
project.

Extinguishant containers
Traditionally, there have been two types of extinguishant containers: 
either in the form of a pressurized container in which nitrogen un-
der pressure expels the extinguishant into a piping system when acti-
vated, or in the form of a normally un pressurized container which, 
when the system is activated, is pressurized from an external source, 
usually a smaller gas cylinder containing nitrogen under high pres-
sure.

Increasing restrictions on the transport of hazardous goods have 
progressively made the carriage of pressurized containers more com-
plicated and expensive. This applies very much to the pyrotechnic ac-
tuators which are used in several systems on the market today. The 
Vulcan project aims to develop a container that is unpressurised dur-
ing transport and normal use, but with the necessary pressure being 
generated internally in the container when the system is activated.

Nozzle technology
Most of the present-day liquid-based fire-fighting systems work on 
one of two principles: spray or mist. Both technologies have their 
benefits and drawbacks.

Spray-based systems have a good ability to reach the seat of fires, 
even in complicated engine compartment geometries, and have high 
immunity to the effects of compartment ventilation. They are also ef-
fective at low pressures, which simplify the design of containers, but 
can also be less effective in achieving an overall temperature-reduc-
tion effect.

Mist-based systems normally deliver excellent cooling effect and 
also have inerting properties. However, they can be affected by the 
ventilation in the engine compartment, and normally require very 
high pressures in order to create the necessary mist, which compli-
cates the design of the containers.

One part of the work of the Vulcan project is to develop a nozzle 
that can deliver mists at pressures normally associated with conven-
tional spray systems. The objective is to be able to combine the ben-
efits for various technologies in one and the same system, in order to 
deliver a more efficient extinguishing action.

Testing and verification
In all development projects, verification and testing are both impor-
tant and resource-demanding parts of the work. This applies both to 
careful and controlled measurements in a defined test environment 
and to actual verifications of performance and reliability under pos-
tulated normal operating conditions. SP, with its high expertise in 
combination with its long experience of fire testing, is an important 

partner in many different phases of the development work being car-
ried out by the Vulcan project. In addition, the involvement of Volvo 
Construction Equipment provides unique opportunities for long-term 
tests under actual operating conditions, while at the same time con-
tributing with valuable views on how developed products may best 
be designed for production.

Conclusions
The Vulcan project is a unique European cooperation that will 
change our view on the provision of fire safety and fire protection in 
buses, coaches and other heavier vehicles in the future. The project 
has already, halfway through its 24-month duration, shown that its 
worthy objective – of raising fire safety in heavy vehicles to a new lev-
el – is well within reach.

Further information can be found on the project’s website www.
projectvulcan.eu.

http://www.projectvulcan.eu
http://www.projectvulcan.eu
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Full-scale bus fire test

The introduction of new energy-carriers in transport means raises questions if new unforeseen risks especially for the 
rescue services are introduced in the case of fire. Therefore a full scale burn of an electric-hybrid bus was conducted as a 
joint undertaking between Volvo Buses, The rescue service of Borås and SP. 

As a response to the environmental requirements put on transport 
means new energy carriers are introduced, one example is the bat-
teries in electric-hybrid buses. As new energy carriers are introduced 
questions are raised on how these will behave in a fire. To answer 
some of these questions a unique full-scale burn was conducted as 
a cooperation between Volvo Buses, The rescues services of Borås 
SÄRF and SP. 

Real-Scale test
The test was conducted on SÄRFs training site Guttasjön and the 
bus was provided by Volvo Buses. The fire was started in the engine 
compartment as most fires start in the engine compartment. During 
the initial phase of the fire also different detection systems was tested 
as part of the fire detection project described at page 16 in this issue 
of Brandposten. 

The engine was running during the fire until it stopped by itself and 
the front and middle doors were left open to simulate the status of 
the bus after an evacuation situation in a bus with front and middle 
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doors, but no doors in the rear. Smoke and fire spread was monitored 
in the bus by temperature and gas measurements. In addition was vi-
deo-recordings made from several angles.

The fire was allowed to spread freely and the bus was left burning 
until it was completely consumed by the fire. Interesting points was 
if the battery would pose any additional risk, would the battery fall 
down into the passenger compartment, any flying objects or fierce fire 
from the battery etc. 

Results
The visual observations from the test showed that the battery placed 
on the roof did not result in any explosion nor did it fall down into 
the passenger compartment. The battery burned slowly and conti-
nued to burn also after the rest of the bus had ceased to burn. The 
most spectacular event during the fire was when one of the tyres ex-
ploded. Data has not been analysed yet, a public report on the test is 
expected during spring 2015.

The bus in an early stage of the fire. 
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A visit to the training tunnel facilities in Berlin.
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Jerome de Boysere, Fabien Hermouet, Julian Bulk and Serge Metral all 
from the Materials session.

The conference was attended by 160 delegates.

�

FIVE (Fires in vehicles) 2014

This year’s FIVE conference was held in Berlin. Many interesting presentations were given and the breaks were filled with 
continued interesting discussions with exhibitors and presenters.

FIVE 2014 brought together 160 delegates from various sectors and 
from 18 countries over the entire world. The conference presented the 
advances that had been made within the sector and the success stories 
of various work, as well as some of the remaining problems.

Successes and gains
Two good examples of successes were given in the keynote presenta-
tions of Serge Métral from French Railways, SNCF, and Horst Schau-
erte from the Berlin city transport operator, BVG. In both cases, the 
number of serious fires had decreased from being a quite common 
event to almost zero per year as a result of systematic work and the 
introduction of new requirements. Other presentations described the 
possibilities presented by the use of detection and fire suppression sys-
tems in vehicles in order to reduce the extent of fires.

Progress has been made in terms of the fire and rescue requirements 
when dealing with vehicles carrying some form of larger battery for 
propulsion, and particularly in ways of extinguishing such fires. Sever-
al projects are concerned with this area, and five presentations reported 
concrete results. Fire and rescue services can now be given more specif-
ic advice than the earlier “Let it burn” or “Use lots of water”.

Problems
Problems still remain, however, as were described in the two keynote 
presentations from Steven Hodges from Alion Science and Technology 
in the USA and Michael Försth from SP, but they also included areas 
in which advances had been made in terms of regulations and methods 
of protection. Examples included presentations of the CNG bus fire in 
Holland in 2012, and the fire involving two gasfuelled buses in Hels-
ingborg in the same year. Even quite a small fire can, if conditions hap-
pen to be bad, result in serious consequences. An example of such a 
fire was described by Joseph Kolly from the National Transport Safety 
Board in the USA, who investigated the cause of the battery fire in Boe-
ing’s Dreamliner.

Other areas covered were sources of ignition, materials and the 
spread of fire from one vehicle to another. These areas were illustrated 
with the help of computer simulations and experiments, together with 
reports of investigation of various fires and statistics, including prob-
lems of evacuation from vehicles, such as buses and coaches.

Conference dinner with vintage vehicles and a visit to a 
training tunnel
The conference dinner was held at Classic Remise in Berlin, allowing 
the participants to walk round and find their favourite vehicle, before 
enjoying an excellent dinner.

The conference was concluded by a very interesting visit to the Ber-
lin Fire and Rescue Service’s training tunnel to see an ongoing exercise. 
The tunnel is directly connected to the Jungfernheide underground sta-
tion in Berlin, and so underground trains were passing us during the 
exercise. The Fire and Rescue Service demonstrated its new method of 
running out hoses during the exercise, which has resulted in a consider-
able reduction in the time needed to reach the site of a fire.

The Proceedings are available for purchase from www.firesinvehi-
cles.com. In addition to the presentations, the conference hosted a 

poster session with several very interesting contributions, together with 
an exhibition showing ways in which fire safety could be improved. 
Material from earlier FIVE conferences can also be downloaded from 
www.firesinvehicles.com.

Absracts for consideration for FIVE 2016 can be accepted now: fur-
ther information is available on the website.
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Table 1   Air velocities measured by the Swedish Transport Adminis-
tration in the Northern Link tunnel, with and without the fire-
fighting system activated.

Tests in the Northern Link tunnel
The STA carried out four tests together with SP Fire Research. The 
air velocity in the tunnel system was measured using hand-held air 
velocity meters, in conjunction with the measurement system perma-
nently installed in the Northern Link tunnel, consisting of velocity 
sensors mounted close to the roof of the tunnel. The measurements 
with the fire-fighting system in operation were performed in the Ros-
lags tunnel, which has a cross-section 12 m wide and 6.6 m high. 
Figure 1 shows two sprinkler sections in operation. Air velocities 
were measured about 20 m upstream of the area over which the sys-
tem had been activated and about 50 m downstream of it, using the 
hand-held instruments at a height of 1.7 m above the road surface. 
The velocity meters used by the tunnel system were mounted close 
to the tunnel mouth and to the tunnel roof. Table 1 shows measured 
values from the STA’s system, with and without activated sprinkler 
sections. Both one 75 m section and two sections (i.e. 150 m in total) 
were activated and tested at different air flow velocities.

Little effect
It is clear that the effect on the air velocity in the tunnel is not parti-
cularly high, being of the order of 10-20 % of the unobstructed air 
velocity before activating two sprinkler sections. By compensating 
this reduction in fan capacity it is possible to avoid the system beco-
ming inadequate when two sprinkler sections are in operation. The 
effect of the ventilation on the spread of water droplets in the tunnel 
is very small: the droplets fall almost vertically towards the road sur-
face, even with a high ventilation velocity.

Figure 1   Two sections of the new fixed fire-fighting system in the 
Northern Link tunnel activated.
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Tests of fixed fire-fighting system 
in the Northern Link tunnel

The Northern Link tunnel in Stockholm was recently opened for traffic. This 4 km long road tunnel system is one of the lar-
gest and most complex in Europe. A new (sprinkler) fire-fighting system has been installed throughout the tunnel. On beh-
alf of the Swedish Transport Administration (STA), SP has tested what effects the system has on ventilation air flow rates 
in the tunnel. This is a question that has been raised by many, but which has not been answered before now.

When a fixed fire-fighting system is activated in road tunnels, it is 
normally over one or several sections. In ordinary buildings automa-
tic sprinklers are used, meaning each individual sprinkler is being ac-
tivated by the heat from a fire. However, this is not possible in road 
tunnels, as high longitudinal air flow rates make it difficult automati-
cally to activate the sprinklers that are directly above the fire. The re-
sponse is therefore to activate 50 m or 75 m sections in the vicinity of 
the fire. These sections (deluge) are activated manually, depending on 
the information provided by the detection system in terms of positio-
ning the fire. In most cases, it is sufficient to open one section, but if 
there is uncertainty concerning the location of the fire or if it lies bet-
ween two sprinkler sections, two sections may be opened.

The effect on air flow
When a 75 m sprinkler deluge section is activated, it will presuma-
bly create a certain back pressure on the ventilation system. The body 
of air must be pressed through and past the curtain of water created 
by the fire-fighting system in the tunnel. The magnitude of this back 
pressure is a question that many designers have asked, and parti-
cularly those responsible for designing ventilation systems. There are 
no simple methods of calculation for determining its magnitude. In 
certain cases, it can be calculated using advanced flow models, but 
there is considerable uncertainty over how they should be used. By 
far the simplest way of obtaining the information is to conduct tests 
on site in a real road tunnel.

Test 
no.

Number of 
activated 

75 m 
sections

Measured air velocity [m/s]

  
Reduction in air 

velocity

Before 
activation

After 
activation

[m/s]

1 Two 2.6 2.4 0.2

2 Two 5 4.6 0.4

3 One 1.1 0.9 0.2

4 Two 0.9 0.7 0.2
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Speakers at the fire seminar at the Norwegian Building Authority. From 
the left: Ragni Fjellgaard Mikalsen, Anne Steen-Hansen, Vidar Stenstad 
(DiBK) and Christian Sesseng. 
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Fire seminar at the Norwegian 
Building Authority

The Norwegian Building Authority (DiBK) arranged a fire seminar on September 25th 2014, in which fire research com-
missioned by the authorities and performed at SP Fire Research AS was presented. The topics presented for the 50 semi-
nar participants included fire safe use of plastics in building materials, visual safety way-guidance systems, as well as the 
function and use of residential smoke alarms. 

During her presentation of a research project on plastics in building 
materials, Anne Steen-Hansen pointed out that it is common to think 
of such materials as being not firesafe. She is Research Manager at 
SP Fire Research AS in Trondheim, Norway, and has participated in 
a recent project where the topic was studied. In her presentation, she 
explained that fire safety can be ensured by correct installation and 
application of plastics in building materials. The report «Plastics in 
building materials and fire safety» gives supplementary information 
on the experimental work as well as the results from the study. 

In a presentation of a recent report on the function of visual safety 
way-guidance systems, Ragni Fjellgaard Mikalsen talked about the 
importance of reviewing and improving the harmonization of con-
cepts and references in regulations and guidelines, as well as establish-
ing a performance-based test method to document the performance 
of visual safety way-guidance systems. Complete results and recom-
mentations made in the project can be found in the project report. 

Two studies of residential smoke alarms were also presented in 
the seminar. The first study concerned the degree of compliance to 
the regulation requirements. The second study was an experimen-
tal study on the amount of toxic gases from a smoldering fire during 
the time it takes to trigger a smoke alarm. The study also looked into 
delayed triggering of smoke alarms in dead air space. «Preliminary 
results show that the detection time can be reduced by using smoke 
alarms with a CO-detector instead of traditional, optical smoke 
alarms», says research scientist Christian Sesseng. 

The seminar was public and the participants included building en-
gineers, consultants,  construction material manufacturers and suppli-

ers, as well as representatives from authorities and fire brigades. The 
seminar was organized as a collaboration between DiBK and SP Fire 
Research AS. 

The reports (in Norwegian) «Plast i byggevarer og brannsikkerhet» 
and «Rømning i brann, funksjonen til ulike visuelle ledesystemer» 
can be read and downloaded from www.spfr.no and www.dibk.no. 

The response from the participants were good, and we aim at ar-
ranging a new fire seminar together with DiBK in 2015.

Koji Kagiya, Building 
Research Institute in 
Japan 
(kagiya@kenken.go.jp)

Visiting Japanese scientist
During the autumn of 2014, Dr Koji Kagiya from the Building Research Institute (BRI) in Japan has been a 
guest scientist at SP Wood Technology in Stockholm.  In Japan, among other work, he has conducted a num-
ber of full-scale fire experiments of wooden school buildings in order to provide data for the Japanese regula-
tions.

His research theme is investigation of fire-resistant design of wood buildings, including structures made of 
cross-laminated timber, CLT.  He is interested in the performance-based firesafety design in regulations and 
methods in European countries.  During his stay in Sweden, Dr Koji has visited other European countries:  
Estonia, Finland, France, Switzerland, the UK, Germany and Austria.

mailto:ragni.mikalsen@spfr.no
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Figure 1 Smoke leakage in one of the fire resistance tests.

Figure 2 Schematic diagram of the ISO/TS 19700 “Steady-State Tube Furnace”. �
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Comparison of composition of 
fire gases from small-scale and 
large-scale tests
SP Report 2014:25 describes how the fire gases from sandwich panel products have been characterised using a small-
scale test method, and how this information has then been used for a comparison with the fire gases from large-scale fire 
resistance tests.

Knowledge of the composition of the smoke spreading through 
a building in the event of a fire forms an important part of func-
tion-based fire technology risk assessment. Performing large-scale fire 
tests in order to investigate the consequences of a specific fire is diffi-
cult and expensive, and therefore performed only exceptionally. In-
stead, a method that is commonly used is to calculate the spread of 
smoke and fire gases, but it is rare that there is appropriate input data 
for specific materials: instead, rules of thumb values are used. The 
result of the lack of relevant information often results in overlook-
ing the toxicity of smoke from specific construction products, even 
when these form part of fire-separating structures. One way of deter-
mining the production parameters of toxic components is to perform 
small-scale laboratory tests. It is very important that any small-scale 
method that is used is validated in terms of being able to represent 
the large-scale scenario to be modelled, and that data extrapolation is 
performed in accordance with accepted fire technology principles.

The work described in this report was performed in accordance 
with EN 1364 on sandwich panels. In addition to the normal meas-
urements for this test, detailed measurements of the composition of 
the smoke gas in leakage from the cold side of the test specimen were 
made. These analyses were performed both before and after the struc-
ture under test lost its fire-separating ability. Materials from identical 
products were then tested in accordance with ISO/TS 19700:2007, 
“Controlled equivalence ratio method for the determination of haz-
ardous components of fire effluents”. The composition of the smoke 
gas from three different types of fire conditions was investigated: ox-
idative pyrolysis, well-ventilated fire and underventilated fire (as de-
fined in ISO 19706). The ability to test under defined fire conditions 
is a unique property of ISO/TS 19700, giving possibilities to extrapo-
late results from small-scale testing to other tests and other scales. As 
sandwich panels are composite materials, consisting of a core of in-
sulating material between metal plates on both sides, it was necessary 
to consider this in the small-scale test.

Two commonly encountered types of sandwich panels were inves-
tigated: one with a core of mineral wool, and the other with a core of 
PIR. These are products that are interesting for investigation as, in ad-
dition to carbon monoxide (CO), both can produce substances such 
as hydrogen cyanide (HCN) and oxides of nitrogen (NO

X). There is 
also a distinct difference between the two types of sandwich panels. 
The panel with the mineral wool core contains two different com-
bustible components; an adhesive for bonding the core to the metal 
sheets, and a binder in the core material, both in small quantities. The 
core material in the PIR panel, however, is combustible in its entirety, 
with a combustion efficiency depending on the particular fire condi-
tions and the presence of additives in the material. 

The report can be downloaded from www.sp.se under the Publica-
tions tab.

mailto:per.blomqvist@sp.se
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Stylish. Safe. Secure.

Combining bold architecture with un compromising fire
protection requires skill, quality consciousness, sensitivity
and  environmental awareness.

Swedbank’s new head office in Sundbyberg (with
 Environmental Building level Gold) is a good  example –
a total area of 45,000 square metres housing about 2,500
employees. The load bearing steel construction is protected
with  fire retardant paint from Protega, Novatherm 4FR .
Stylish. Safe. Secure.

www.protega.seTIME SAVES LIVES

http://www.protega.se
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Figure 1  Primary or secondary damage to the positive battery cable can provide important information on the progress of the fire, 
and it is very important that it should be checked, as here in the cab of a burnt-out truck.
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SP Fire Research expanding within 
fire investigation in heavy vehicles

By expanding its activity in the field of vehicle fire investigations, SP Fire Research aims to come still closer to its objecti-
ve of a multi-aspect approach to fire protection in vehicles.

In recent years, SP Fire Research has invested considerable effort into 
research in the field of fire protection of heavy vehicles. Several years’ 
concentration on buses and coaches have resulted in the development 
of an internationally noted test method (SP Method 4912) and vo-
luntary certification (P-marking) for fire suppression systems for bus 
and coach engine compartments (see e.g. Brandposten No. 47). This 
work is continuing in a major project financed by FFI (Strategic Ve-
hicle Research and Innovation): one of the elements is development 
of a test method for testing fire detection systems for use in the engine 
compartments of heavy vehicles. Other parts of our activities in the 
field of vehicle fires include arrangement of the FIVE (Fire in Vehicles) 
conferences, and standardised testing of such aspects as the fire resis-
tance of fuel tanks, fuel hoses and passages into the engine compart-
ment.

SP Fire Research has previously worked with the Swedish Accident 
Investigation Authority, such as in investigation of the serious fire in 
a gas-powered bus in Helsingborg (see Brandposten No. 47).  We are 
also increasingly involved in investigations of smaller fires in heavy 

vehicles. The lessons from this activity can be directly applied to other 
areas of research in the field of vehicle fire protection. As the investiga-
ted vehicles are often fitted with fire suppression systems, they present 
an opportunity to investigate how the designer had chosen to tackle 
the various fire risks. A good idea of the performance and limitations 
of the fire suppression system can then be obtained from the further 
fire investigation and through interviews with the driver or operator. 
These insights are very important for further development of the re-
quirements in our test method and for P-marking.

Bringing together our activities and knowledge in the field of testing 
vehicle components and technical solutions, vehicle fire suppression 
systems, the developing of test methods for fire detection and fire sup-
pression systems, and now with ever more in-depth understanding of 
why vehicles burn, we acquire further expertise in the field of vehicle 
fires. We can assist vehicle manufacturers, insurance companies, fire 
suppression system manufacturers and operators with expertise to ini-
tiate preventive measures or those intended to limit the damage from 
vehicle fires at all stages.

mailto:oskar.bialas@sp.se
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Figure: European Commission Eurostat from 2013.

SP Fire Research is active in the 
follow-up work on the major for-
est fire in Västmanland

The fact that the major forest fire in Västmanland in the summer was something over the normal can hardly have escaped 
anyone. The fire started as usual on a very small scale, but quickly spread to become a matter of national involvement, re-
quiring resources on all levels and from all parts of the country.

The fact that forest fires occur during the 
summer is a part of the everyday life of our 
fire and rescue services. Forest fires seldom 
grow beyond the point where they can be 
dealt with at municipality level, using local 
personnel and facilities. However, a small 
number of forest fires have occurred in the 
past few years that have grown considerably 
beyond the size manageable by local author-
ities. A fire broke out in the Tyresta national 
park and nature reserve on 1st August 1999, 
spreading to 450 hectares of the protected 
forest. Another larger fire occurred in Bod-
träskfors on 11th August 2006, destroying 
1900 hectares of forest. However, the 2014 
forest fire in Västmanland, damaging 14 000 
hectares of forest, and goes down in the his-
tory books as the largest forest fire suffered 
by Sweden in modern times.

Several unique decisions that affected the 
continued work were made during the on-
going work of fighting the fire. On 5th Au-
gust, the Västmanland County Adminis-
trative Board took over responsibility for 
fighting the fire in accordance with the Act 
(2003:778) Concerning Protection Against 
Accidents. Such taking-over of responsibil-
ity has been exercised on only a few earlier 
occasions. One unique decision was that the 
Västmanland County Administrative Board 
retained its responsibility even after the actu-
al fire-fighting work was concluded, in order 
to support those affected by the fire and meet 
their resulting needs. The County Adminis-
trative Bords’s Åke Jacobsson was appointed 
responsible for managing the work, together 
with about a group of others from the Coun-
cil. This stage of the work is expected to be 
concluded by 31st December, after which 
it will revert to normal management proce-
dures by the Council.

The interest in this particular forest fire is 
enormous, and many conferences and semi-
nars have already been held. SBB, the Swed-
ish Association of Fire Officers, Västra Göta-
land, held a well-attended seminar in Borås 
on 19th November. The Västmanland Coun-
ty Administrative Board, Sweden’s Asso-
ciation of Local Authorities and Regions, 
together with the Civil Contingencies Agen-
cy, MSB, jointly arranged a conference in 
Västerås on 24th November on the theme 
The Västmanland forest fire – a matter of na-
tional engagement. About 450 persons at-
tended the conference to present and discuss 
their experience.

SP Fire Research is active in the work of 
following up and clearing up after the fire. 
We are operating an EU project, CascEff 
Cascading Effects (see the article in Brand-

posten No. 50) which is concerned with 
modelling dependence after crises and ma-
jor accidents having consequential effects. 
One of the work packages of this project is 
concerned with analysis of the Västmanland 
forest fire. The analysis will include consid-
eration of the organisational structure that 
evolved while the work was in progress, de-
cision-making and how it affected the se-
quence of events and vice versa. An under-
standing of resources, their tactical use and 
distribution is another area of study. In ad-
dition to these operative matters concern-
ing the role of the fire and rescue service, we 
are looking at the effects between other par-
ties from an overall society view. The target 
for publication of our conclusions is March 
2015.

mailto:johan.lindstrom@sp.se
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Bus fires in Sweden 2005-2013

This article presents part of the results from the Bachelor´s thesis report “Bus Fires in Sweden 2005-2013 - Frequency, 
origin area, fire extent and extinguishing effort”. The study is based on data from the Swedish Civil Contingencies Agency 
(MSB) and a research project “Fire Detection & Fire Alarm Systems in Heavy Duty Vehicle Research and Development of 
Standards and Guidelines” coordinated by SP and financed by FFI – Strategic Vehicle Research and Innovation.

Introduction
The Swedish Civil Contingencies Agency’s 
(MSB) database on fires occurring in Sweden 
is based on incident reports from the emer-
gency services. Before 2005, bus fires had no 
separate category in the emergency services 
incident report; instead they were put in the 
category ”other vehicle fires”. However, since 
2005 bus fires are registered in their own sep-
arate category, which facilitates statistical 
analysis. 

The purpose of this survey was to map bus 
fires in commercial traffic between 2005 and 
2013 based on MSB’s data to further exam-
ine correlations and trends for specific pa-
rameters over time, as well as to provide sug-
gestions for further studies. The parameters 
examined were: number of bus fires per year, 
origin area of incident, extent of incident, 
emergency services fire-fighting actions, ini-
tial extinguishing effort, and bus driver’s sig-
nificance in fire related incidents. This article 
covers only the parameters regarding number 
of bus fires per year and origin area of inci-
dent.

The accuracy and detail of the reports var-
ies. Some reports are very carefully and cor-
rectly completed, which makes it easy to 
extract all the relevant information. Many 
reports are not complete, resulting in a lack 
of documentation where some relevant de-
tails of the accident could not be obtained. In 
a few cases, there was no information at all 
surrounding the incident. These records have 
been registered as unknown data in the re-

Figure 1 Total number of bus incidents related to fire and initial nature of incidents 2005-
2013.

Figure 2 Origin area of incident 2005-2013.

spective parameter. 

Bus incidents related to fire 2005 – 2013
The data includes a total of 1255 records spread over the nine-year 
period of interest. The separate bus fire category in emergency ser-
vices incident reports has considerably facilitated the gathering of 
statistics, but has not completely eliminated the problem of accura-
cy.  A closer examination of MSB’s data showed that a significant 
proportion of incidents that do not belong in the bus fire category 
are still registered as bus fires. Examples of such incidents are fires in 
minibuses and passenger cars. This survey was limited to buses and 
coaches in commercial traffic and therefore records of incidents in-
volving transport buses, mobile home buses, scrap buses etc were 
also excluded. This resulted in a shortfall of 26% (323) of all the re-
cords. 

Figure 1 presents the number of bus incidents related to fire be-
tween 2005 and 2013. The highest number of incidents for the stud-
ied period was in 2006, with 130 cases. Since 2009 the number of 
bus incidents has decreased from 114 to 81 in 2013. 

The initial nature of the incidents was divided into two categories: 
fire and smoke. Smoke incidents are cases where it is clear that there 
has only been smoke, for instance wheel arches, overheated brakes 
etc. As for the total number of incidents related to fire, the highest 
number of actual fires for the period was registered in 2006 with 108 
cases. Since 2009, the number of true fire incidents dropped by 32%, 
from 100 to 68 cases in 2013. Decline in fire incidents between 2009 
and 2010 corresponds to the increase in the number of smoke inci-
dents for the same period. In 2012 and 2013 the lowest numbers of 
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fire and smoke incidents were registered. No definitive conclusion 
can be drawn on a decreasing trend regarding fire-related bus inci-
dents based on these two years alone.  

Origin area of incident
The general pattern of results obtained is consistent with results 
from previous studies made both nationally and internationally. This 
means that the engine compartment is the area where the most inci-
dents originate. The engine compartment and the wheel well togeth-
er account for an average of 95% of the known cases, with 71% 
and 24% respectively. 

�

Future courses arranged by SP 
Fire Research
New fire protection regulations
The new fire protection regulations involve major changes that impo-
se strict requirements on legally correct application of the regulations.  
The requirements for inspection in the construction process have also 
become stricter under the new Planning and Building Act. SP Fire Re-
search is now offering a full-day training course on the new regula-
tions, concentrating on the new features, legally correct application 
and inspection.

Read more at www.sp.se/sv/training/Sidor/brandskyddsregler.aspx.

Harmonised courses in the “Reaction to Fire” test methods 
(R2F)
Through EGOLF (European Group of Organisations for Fire testing, 
inspection and certification), we are arranging courses in test procedu-
res etc. for the test methods forming part of the Euroclass system for 
construction materials (EN 13501-1).  The following test methods will 
be covered:

• Non-combustibility test, EN ISO 1182
• Determination of the gross heat of combustion (calorific value) 

EN ISO 1716
• Building products excluding floorings exposed to the thermal at-

tack by a single burning item (SBI), EN 13823
• Ignitability of products subjected to direct impingement of flame – 

Part 2: Single-flame source test, EN ISO 11925-2
• Reaction to fire test for floorings – Determination of the burning 

behavior using a radiant heat source, EN ISO 9239-1
Course date:  Borås, 16-20 February 2015.
Contact person:  linnea.hemmaro@sp.se

Construction products and the Construction Products Re-
gulation (CPR)
The Construction Products Regulation (CPR) came into force in Swe-
den on 1st July 2013.  In conjunction with the major changes in the 
fire protection requirements in the Swedish Building Regulations, this 
represents the greatest challenge facing the construction sector for 20 
years.

Read more at www.sp.se/sv/training/Sidor/Byggprodukter_byggpro-
duktforordningen.aspx

Courses in other areas
SP arranges several regular training courses in various topics.  We can 
also arrange customized courses for your organization, planning the 
contents and format to suit your requirements.

The following are examples of possible courses:

• Product-specific courses on current regulations and on which clas-
sification test methods are relevant for your particular product 
segment, such as EGOLF’s courses.

• Fire dynamics
• Underground structures – what special risks need to be considered 

in tunnels, mines or other below-ground facilities?
• The European classification system – what is the meaning of the 

various classes on reaction to fire, fire resistance etc.?  What do 
the various fire protection test methods mean in practice, and for 
the actual conditions to which products can be exposed?

Studying the whole period, it can be noted that the number of cas-
es in which incidents originated in the engine compartment is lowest 
in 2012 and 2013. This corresponds to the general pattern regard-
ing the number of bus incidents. One possible reason for this could 
be that the number of buses with extinguishing systems in the engine 
compartment has steadily increased for each year. However, as men-
tioned earlier, it is not possible to make a definitive conclusion on a 
decreasing fire safety trend based on results for 2012 and 2013 alone.

mailto:linnea.hemmaro@sp.se
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The seminar attracted over 100 participants from most of the Nordic 
countries.
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Seminar on rescue work under-
ground attracted substantial interest

Together with the Mälardalen University, Lund University and the Borås and Stockholm Fire and Rescue Services, SP pre-
sented on 24-25 November the results from the three-year Swedish Civil Contingencies Agency project for developing tac-
tics and selection of methods to facilitate rescue work in underground facilities. About 100 persons from fire and rescue 
services, consultancies and public and local authorities attended the seminar.

The seminar was held at Rosersberg in Stockholm with the partici-
pants first being given a presentation of the results from the project, 
before participating in a debate on how results should be used in fu-
ture in order to create conditions for more efficient rescue input. The 
results will be presented in reports, accompanied by recommenda-
tions for how rescue measures in underground facilities should be 
managed. The project has also developed a planning aid that can be 
used to analyze different possible rescue actions in tunnels. Finally, a 
training package will be delivered to the Civil Contingencies Agen-
cy, suitable for use in various incident manager training courses or as 
interactive training for those involved in such work. The seminar at-
tracted representatives from most of the Nordic countries, and gener-
ated a high level of participation and interesting discussions.

Responsibility and secured water
Discussions at the seminar included reference to the responsibilities of 
the fire and rescue services and of the installation owner. They tend-
ed towards the view that the owner of the installation bears major re-
sponsibility for preventing injuries, but that the fire and rescue servic-
es must be available to provide help when safety systems fail. It also 
became apparent that the fire and rescue services need to become bet-
ter in providing information on their capabilities and on the types of 
incident that they are capable of tackling.

Another area of lively discussion was that of the regulations con-
cerning ways of tackling smoke and chemical hazards as described in 
AFS 2007:7, together with secured water. Questions that were raised 
concerned awareness of what were the greatest risks in tunnels, and 
how they could best be eliminated. Other discussion questions that 
came up were: when is the use of breathing apparatus required, and 
is it safe to enter underground installations in which a fire is burning 
without a secured water supply? Is the safest and most effective meth-
od that of taking water and hoses down into an underground instal-
lation, or are other methods available?

Discussions form part of the results
These, and several other discussion aspects, will now be analyzed by 
the project group and reported together with other results from the 
project. All results will progressively be linked, as soon as they are 
available, with the Mälardalen University website (www.mdh.se/for-
skning/tmu), with the expectation that they will all have been pub-
lished by the beginning of next year.

The seminar contributed to new knowledge for the project group 
and for the public. Those attending the seminar expressed the results 
as “The seminar provided a little more clarity in what should be con-
sidered when planning for rescue work in tunnels”.
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http://www.mdh.se/forskning/tmu
http://www.mdh.se/forskning/tmu
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New SP-reports
SP Rapport 2014:25
Comparison of fire effluent composition 
between large-scale and small-scale tests 
with sandwich panels
Per Blomqvist och Patrik Johansson

This report describes how the fire gases 
from sandwich panel products have been 
characterised using a small scale meth-
od, and how this information has subse-
quently been used for a comparison with 
the corresponding composition of the fire 
gases from large scale fire resistance tests. 
See the article on Page 28.

SP Rapport 2014:28
Fire detection & fire alarm systems in 
heavy duty vehicles
WP5 – Fire detection in bus and coach 
toilet compartments and driver sleeping 
compartments
Ola Willstrand, Jonas Brandt and  
Robert Svensson

This report is a constituent report from 
the “Fire detection and fire alarm sys-
tems in heavy vehicles” project, present-
ing recommendations for the installation 
of fire detection systems in toilet compartments and driver sleeping 
compartments on coaches. The recommendations are based on full- 
scale fire tests that were carried out in a typical coach toilet compart-
ment and driver sleeping compartment. The performance of several 
different detection systems, in different positions and with varying 
fire scenarios, were analysed. The report also describes computer 
simulations that were performed for some of the fire tests in the toilet 
compartment. 

This project is financed by VINNOVA’s FFI programme (Strategic 
Vehicle Research and Innovation).

SP Rapport 2014:30
Släcksystem med vattendimma - en förnyad 
kunskapssammanställning (= Water mist 
fire protection systems – an updated state-
of-the-art report)
Magnus Arvidson

This report describes the advances made in 
the design of water mist fire protection sys-
tems in recent years, presents experience 
and results from confirmatory tests for dif-
ferent applications, describes installations 
standards and test methods for its applica-
tions, and presents examples of good and poor experience from actu-
al installations. The report is only available in Swedish.

Financed by the Swedish Fire Research Board. See also the article 
on Page 6. Only in Swedish!

SP Rapport 2014:32
Large scale fire tests with fixed fire fight-
ing system in Runehamar tunnel
Haukur Ingason, Glenn Appel and
Ying Zhen Li

The report presents the main results of 
the large scale fixed fire fighting system 
(FFFS) tests that were carried out in the 
Runehamar tunnel in September 2013. 
The report describes the background 
and the performance of the system in the 
large scale fire tests, and draws necessary 
conclusions on the efficiency of the system. 

SP Rapport 2014:35
The influence of parametric fire scenarios 
on structural timber 
performance and reliability
David Lange, Lars Boström, Joachim 
Schmid and Joakim Albrektsson

This report summarises the results of a 
project which was conceived to assess the 
impact of different fires on the level of 
safety in a timber structure. The means 
of achieving this was to measure the re-
sponse of a number of timber elements 
to a range of fires in a furnace and to identify and quantify the result-
ing factors which influence the load bearing capacity of timber con-
struction when exposed to the temperature time curves applied dur-
ing these experiments. The reduced cross section method, commonly 
used for design of timber elements exposed to the standard fire is ex-
tended to apply to the parametric fires used in the tests. The results of 
the testing are used to develop analytical and probabilistic models of 
timber in fire to study the effect that different fires have on the relia-
bility of timber structures.

SP Rapport 2014:37
The transportation of water reactive sub-
stances through road tunnels equipped 
with sprinkler system: A literature review
Jonatan Gehandler

This is a literature review concern-
ing risks with water reactive substanc-
es transported through road tunnels 
equipped with sprinkler systems. 
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SP rapport 2014:43
CFD simulations of the Cutting extin-
guisher
Robert Svensson, Johan Lindström, 
Raúl Ochoterena and Michael Försth

This work studies the Cutting extin-
guisher when used for fire-fighting ac-
tivities in conventional and idealised 
civil structures by the aid of comput-
erised simulations and experimental 
data. Findings of this study suggest that 
the Cutting extinguisher can be used 
for combating fires in confinements using less water than traditional 
methods. 

SP Rapport 2014:49
Bärförmåga vid brand i hallbyggnad-
er med samlingslokal (Br2) (= Structur-
al fire safety in one-story assembly hall 
buildings
Michael Strömgren, Martin Nilsson, 
Joakim Sandström, Robert Jönsson och 
Thomas Järphag

There have been wide differences in in-
terpretation of fire safety regulations in 
Sweden regarding structural fire safe-
ty of one-story assembly hall buildings. 
This project, financed by SBUF, provides recommendations on how 
the regulations should be interpreted. More extensive verification and 
document is required if the roof spans of the buildings are long. The 
report shows that the basic Swedish requirements are on an average 
level compared to international regulations, while the alternative de-
sign possibilities are more complicated. Only in Swedish!

SP Rapport 2014:57
Scaling of wood pallet fires
Ying Zhen Li and Haukur Ingason

Wood pallets are widely used in indus-
trial storage and transportation, and 
have also been a standard fuel in rep-
resentation of cellulose fuels in many 
large scale fire tests. A method for scal-
ing time-resolved burning behaviours of 
wood pallet fires has been developed. A 
series of validation tests was carried out 
in two different scales and the time-re-
solved heat release rates were obtained and compared. Read more on 
page 20.

SP Rapport 2014:55 och 2014:67
Lagring av biobränsle och avfall - Statis-
tik och erfarenheter från incidenter 
och bränder (= Storage of biofuels and 
waste – Statistics and experience from 
incidents and fires)
Henry Persson, Alexander Leandersson, 
Malika Amen och Anders Lönnermark

Large scale handling and storage of bio-
fuels/biomass and waste occurs in many 
different businesses around the coun-
try, with resultant potential for signif-
icant fire risks. This project has collected statistics on the frequency 
and magnitude of fires in such facilities, partly by analysing MSB’s 
incident statistics and partly by means of a questionnaire survey sent 
to industries associated with the sector. The questionnaire survey has 
also provided information on which material fractions that are most 
commonly encountered, and on the different ways in which they are 
stored. A questionnaire to the country’s county administrations has 
also obtained data on relevant public authority requirements relating 
to fire. In addition to this, examples are also given of experience from 
a number of fires that have occurred, and of their subsequent follow 
up actions. The project has been financed by the Swedish Fire Re-
search Board and SP.

The project is actually presented in the form of two reports. SP Re-
port No. 2014:55 is the project’s main report, giving a detailed pres-
entation of the various parts of the project, while SP Report 2014:67 
is a shorter summary of the main report, intended for those who are 
interested mainly in an overview of the results and conclusions. Only 
in Swedish.

All reports can be downloaded from www.sp.se  
(tab Publications)

To search the database, enter the report number and click the arrow 
as shown in the above screen print (not Enter).

http://www.sp.se
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A fire test in SP Trä’s model furnace for the course students.
ALAR JUST

alar just@sp.se

+46 10 516 62 42

PH
O

TO
: S

P 
TR

Ä

�

Fire safety in wood buildings – A 
course at Linnaeus University
SP is responsible for the “Fire safety in wood buildings” course that forms part of the work of a programme on “Expertise 
for sustainability in wood construction” at Linnaeus University in Växjö. The programme is run by Johan Vessby. The cour-
se is aimed primarily at professionals, and was held for the first time as a distance learning course in the autumn of 2014. 
Three course meetings have been held in Växjö, Stockholm and Borås.

The objective of the course is to provide its students with more in-
depth knowledge of the working area of fire safety in wood buil-
dings. It consists of lectures, homework, two calculation problems 
that count towards graduate qualification, demonstration fire tests in 
Stockholm and a study trip to SP Fire Research in Borås. The areas 
particularly covered are fire protection design and wood structures, 
the use of wood as a visible surface material, and fire-resistant detail 
designs.

The course literature consists of SP’s manuals, particularly Fire 
safety wood buildings 3, SP Report No. 2012:18.

The course manager is Alar Just of SP Wood Technology. Other 
lecturers are Joachim Schmid, Birgit Östman and Lazaros Tsantari-
dis, of SP Wood Technology, and David Winberg and Lars Boström, 
of SP Fire Research.

Ying Zhen Li awarded for excellent 

PhD-thesis
The doctoral dissertation by Ying Zhen Li has been awarded as 2013 Excellent Doctoral Dissertation of Sichuan Province 
of China. The province has a population of over 100 million and a number of universities.

BJÖRN SUNDSTRÖM

bjorn.sundstrom@sp.se

+46 10 516 50 86

The award n English translation: “Your doctoral dissertation “Stu-
dy of Fire Characteristics and Smoke Control in Super Long Tunnels 
with Rescue Stations” is awarded “2013 Excellent Doctoral Disser-
tation of Sichuan Province of China”, by the Education Department 
and the Academic Degree Committee of Sichuan Province of China. 
The university therefore issues this certificate for encouragement. Is-
sued by: Southwest Jiaotong University, 20/4/2014

Congratulations  Li !!

mailto:just@sp.se
mailto:bjorn.sundstrom@sp.se
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New employees with 
SP Fire Research
Kerstin Eriksson
Kerstin has been employed as a researcher in 
the Fire Dynamics section since August 2014.  
She is has a MSc in Risk Management and Sa-
fety Engineering as well as in Environmental 
Engineering, subsequently obtaining a doctorate 
from the Lund University.  Her thesis concentra-
ted primarily on municipalities and their prepa-
redness planning processes for dealing with crises.  In her subsequent 
post-doctoral work, which was also performed at Lund University, 
complemented by three months in Norway at the University of Sta-
vanger, she concentrated on the use of risk and vulnerability analyses 
in municipalities.  She will be stationed at SP’s Lund office, concentra-
ting on building up the work in the field of system risks that SP wants 
to enhance.  Her free time interests are dog training and her family.

Niklas Brude
Niklas has been employed as a technician in 
the Fire Dynamics section since August 2014.  
After spending ten years as a bricklayer, he 
studied safety technology and locks techno-
logy, followed by employment as a property 
technician.

He likes to spend his free time in cross 
country running, or with his family and friends. If possible, he spends 
his annual holiday in his summer cottage in Finland.

Karl Fridolf
Karl Fridolf joined the Fire Resistance section 
as a researcher in the beginning of Novem-
ber 2014. Qualified as a BSc in Fire Protec-
tion Engineering and an MSc in Engineering 
(Risk Management and Safety), he joins us 
from the Division of Fire Safety Engineering 
at Lund University, where he has been em-
ployed as a doctoral student since 2011. He will be based in SP’s Lund 
office, spending his first few months mainly on completing his research 
studies, with presentation of his thesis planned for June 12, 2015. In 
his spare time he likes to be involved in the work of several associa-
tions (also outside the fire sector) and was, furthermore, elected as the 
new chairman of BIV, the Swedish chapter of the Society of Fire Pro-
tection Engineers.

Alen Rakovic
Alen has been employed as a project manager 
in the Fire Dynamics section since November 
2014.  He holds a Candidate degree in sports 
science from the University of Göteborg from 
2006, and will be taking his fire protection 
engineer exam at Luleå University of Techno-
logy in January 2015.

Since his earliest years, Alen has tried most sports. At present, he is 
finding an outlet for his competitiveness by playing beach volleyball.  
When not doing so, he likes to spend time with his family and friends.

http://www.iwma.net
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