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Editorial/Björn Sundström

Björn Sundström

    

SP, Swedish ICT, and Innventia have merged, with the aim of together 
creating a more united institute sector and becoming a stronger innova-
tion partner for both the Swedish business community and broader so-
ciety. In the new year, we officially changed our name to RISE. Read more 
at www.ri.se/en

Domestic fires back in the spotlight 
The MSB (Swedish Civil Contingencies Agency) has been commis-
sioned by the Swedish government to reduce the number of deaths re-
sulting from domestic fires and, as a part of this effort, is in the pro-
cess of conducting several research projects. Through the Federation 
of the European Union Fire Officer Associations (FEU), the rescue 
services of Europe are calling for the creation of more precise suita-
ble fire safety requirements. Several technical systems have emerged 
as promising methods of reducing the number of fires. The EU has in-
troduced requirements on self-extinguishing cigarettes that reduce the 
risk of igniting furniture, although this has generated some controver-
sy (see Brandposten no. 54). The good news is that the issue is on the 
table and being discussed; simultaneously, however, there’s a feeling 
of ‘déjà vu’ for me: Based on the large number of deaths in domes-
tic fires in the 1990s, the European Commission sought to create an 
EU directive on furniture at that time. The objectives were to reduce 
the risk of furniture ignition and, if this occurred, ensure that peo-
ple were able to evacuate. No technical solution was proposed, and 
so the Commission created the ‘Combustion Behaviour of Uphol-
stered Furniture’ (CBUF) project, which I was the technical manager 
of. Together with 10 other collaborators, a foundation for a technical 
specification on which to build a directive was developed. This was 
concluded in 1995, but no directive was established due to a strong 
lobbying element, the claims of which included assertions that fire-
proof furniture would require the use of hazardous flame-retardants. 
Since then, tougher requirements on products for use in train and bus 
interiors and mattresses have come into force, and the ways in which 
almost all construction products react to fire are to be declared us-
ing CE marking. Now, the debate regarding the fire-resistant prop-
erties of upholstered furniture has returned, as has the argument that 
it is not possible to make fireproof furniture without using hazard-
ous flame-retardants. This perspective is now over 20 years old, and 
it is likely that there exist other ways of making products safe – from 
all perspectives. One option is a classification system, similar to that 
which exists for surface materials in buildings, that would allow 

more expensive, high-per-
formance products to be 
selected for applications 
that truly require them, 
and products with lower 
fire safety requirements to 
be used in other, less de-
manding areas. The EU 
regulation on construction 
materials works perfect-
ly well, and could easily 
be adapted for use in this 
field.

More efficient sprin-
kler systems for tunnels are 
currently being developed 
based on large-scale experiments. Our teams in Norway and Sweden 
constitute a unique resource that combines large-scale experiments 
with theoretical calculations. Development is proceeding at a rap-
id pace, and we will heavily invest time and effort in our competence 
platform for underground structures over the course of 2017. See 
also our ‘Proceedings’ from ISTSS 2016.

The data we have on forest fires suggests that the Sala fire will re-
cur every 80 years, statistically speaking. On the other hand, large 
forest fires – however rare they may be – are far, far more destructive 
with regard to the area burned per year. Statistics use historical data, 
and we see a shift in the climate coming; one that will bring warmer 
weather. Large forest and vegetation fires in Norway occurred during 
a relatively dry winter that was frequently without snow. Do we need 
to adapt to a new paradigm? What does the future hold?

We have added several new competences since the last issue. A 
warm welcome to our new colleagues: Jonatan Backlund, Mourhaf 
Jandali, Fredrik Trella, Max Rosengren, Per-Anders Johansson, and 
Therese Friggerdal.

http://www.ri.se/en
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Investigation of the tanker trailer fire in the 
Skatestraum Tunnel in Norway, 2015.

Full scale EV fire test.
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Test No
Date,
June 
2016

Nozzle
K-factor 

(l/(min·bar1/2))

Flow per 
nozzle 
(l/min)

Total flow 
(l/min)

Pressure at 
nozzle (bar)

Wind speed 
(m/s)

1 13 TN-25 360 300 1800 0,69 3

2 14 TN-17 240 268 1608 1,25 3

3 15 TN-17 240 233 1400 0,95 3

4 16 TN25 360 268 1608 0,55 3

5 17 SW-24 160 233 1400 2,13 3

6 20 SW-24 bulb 160   298 
Depending on

number of 
sprinklers

Depending on
number of 
sprinklers

2

Table 1 Testing programme and conditions

Figure 1 Fire load prior to the first test.

Large-scale testing of fixed fire 
fighting systems in tunnels

Having been commissioned by the Swedish Transport Administration, RISE Safety performed six large-scale fire tests us-
ing different fixed fire-fighting systems (FFFS) in the Runehamar tunnel in Åndalsnes, Norway. The tests provided a basis 
for the Swedish Transport Administration (STA) in developing new and improved solutions for FFFS in road tunnels, and 
showed marked differences between the solutions tested.

Comparing different solutions
In 2013, RISE Safety performed a similar large-scale testing series. Its 
purpose was to test and evaluate a new FFFS for the Stockholm by-
pass tunnel. The setup consisted of a deluge water spray system with 
side-wall nozzles that emit large amounts of water in the form of 
large droplets. The nozzles used were TN-25 (Tunnel Nozzle, K-25), 
and a water density of 10 mm/min showed that the system worked 
very well, and in accordance with the requirements of the STA.

The STA is now in the process of planning further tunnel projects, 
wherein similar firefighting systems are to be evaluated; these will, for 
various reasons, not be identical to the systems tested in 2013. In or-
der to verify the efficacy of the intended solutions, large-scale fire tests 
were required.

New concepts for new projects require new tests 
Due to a planned change in the traffic situation in the Göta Tunnel 
in Gothenburg, the STA is considering the use of a solution involving 
a FFFS, albeit using a lower water density than that of the Stockholm 
bypass tunnel’s system. The primary reasons for this are a limited 
supply of water, and the limitations of the drainage system. The dis-
cussed TN-25 solution for bypass Stockholm made it possible to de-
sign the system with regard to its requirements, in terms of both the 
capacity of the water supply and drainage system. There were, how-
ever, in addition to the questions raised regarding the FFFS for the 
Göta Tunnel, ones regarding systems located in exit ramps that used 
TN-25 nozzles. These ramps are narrower than the primary tunnels, 
and so require reduced throwing lengths and thus less nozzle pres-
sure. Testing of the TN-25 nozzle at lower pressures was thus added 
to the testing programme.

Prior to the tests in 2013, it was decided that the Northern Link 
tunnel in Stockholm would use nozzles that were available on the 
market, in order for the design of the water spray system to be final-
ised in time. The nozzle chosen was the SW-24 side-wall nozzle with 
a K factor of 160 l/min/bar½ (11.2 gpm/psi 

1/2
). The nozzle has a the-

oretical droplet diameter that is roughly 60% that of the TN-25 noz-
zle, but a similar throwing length (c. 7 m). This nozzle had not been 
tested for tunnels, and was therefore added to the testing programme.

The 2013 tests with the TN-25 nozzle demonstrated that side-wall 
nozzles that emit large amounts of water and large droplets are effec-
tive in a scenario involving a simulated trailer fire. As new projects re-
quire lower water flows, a similar type of side-wall nozzle with a low-
er K factor and comparable throwing lengths was developed. This 

mailto:yingzhen.li@sp.se
mailto:magnus.bobert@sp.se
mailto:haukur.ingason@sp.se
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Figure 2 A photograph taken 9 minutes after ignition, showing all six tests. Tests 1-3 (top) and 4-6 (bottom).
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would mean a lower water flow rate and slightly higher nozzle pres-
sure, and thus lower water density (mm/min). A prototype, designat-
ed ‘TN-17’, with a K factor of 240 l/min/bar 1/2 (17 gpm/psi 1/2), was 
therefore provided for the large-scale tests in June 2016.

Tests with thermal activation
There is a strongly held opinion among tunnel engineers and sprin-
kler experts that thermally activated devices such as sprinkler nozzles 
equipped with glass bulbs (automatic sprinkler heads) are not useful 
in tunnels with a longitudinal ventilation flow, and so deluge zones 
combined with detection systems have traditionally been used. The 
rationale is that convective flow from the fire can activate the wrong 
sprinkler heads downstream, jeopardising the entire system as too 
many sprinkler heads are activated that do not contribute to fighting 
the fire. However, the STA is considering the installation of automat-
ic sprinkler heads (i.e. thermal activation) in tunnels with a low lon-
gitudinal velocity (e.g. the Muskö Tunnel south of Stockholm). One 
reason for this is that RISE Safety conducted an extensive research 
programme using a scaled-down tunnel system in order to explore 
the suitability of automatic sprinkler heads in relation to longitudinal 
flow in tunnels, which showed that they work well in low longitudi-
nal velocity applications, as well as in tunnels which ordinarily have 
a high ventilation rate that is reduced on activation and those with 
transversal or natural ventilation. It was thus decided to add a test 
that used automatic sprinkler heads to the test programme. The SW-
24 sprinkler head, which is manufactured with 93°C fast-response 
bulbs, was selected, as the TN nozzles are not available with an auto-
matic thermal activation device.

Description of the fire tests
A common feature of all of the nozzles that the STA investigated is 
that they are supplied by a pipe that is positioned in the middle of the 
tunnel ceiling. Pairs of nozzles are positioned every 5 m along this, 
and horizontally spray water towards each tunnel wall. The throw-

ing lengths are in the order of 6-8 m, depending on the type of noz-
zle and pressure at the nozzle. The main goal of the system is to limit 
fire size and prevent fire spread during the period of evacuation. The 
nozzles used in all of the tests were provided by Tyco Fire Protection 
Products.

The tests were performed under the same conditions as those of 
the 2013 tests in the Runehamar tunnel, which is situated roughly 
5 km from Åndalsnes, Norway. It is a two-way asphalted road tunnel 
that was taken out of service in the late 1980s, and is approximately 
1,600 m long, 6 m high, and 9 m wide, with a cross-sectional area of 
approximately 47 m2. The fire was located 600 m from the east por-
tal, i.e. at the point at which the tunnel plateaus. The surface of the 
tunnel ceiling at the test site was protected with shotcrete.

Table 1 presents a list of the tests performed. For Tests 1-5, the pro-
cedure, except for time until activation, was essentially the same as 
was used in the 2013 tests. The time from detection (which occurred 
when the temperature reached 141°C at the ceiling) until manual ac-
tivation of the system was 4 minutes. For Tests 1-5, the wind speed 
was 3 m/s; for Test 6, it was 2 m/s.

During Test 6 (SW-24; a sprinkler with a glass bulb), no manual 
activation was performed. As the automatic sprinkler system requires 
filled and pressurised pipes to function, the pipe system was filled 
with water prior to the test by opening the valve near to the pressure 
gauge at the end of the system, which caused the pump to start and 
run for a short time.

The fire load consisted of 420 wooden pallets, corresponding to a 
free-burning heat release rate of 100 MW; additionally, a target, con-
sisting of a pile of wooden pallets, was used to simulate nearby vehi-
cles in the tunnel, and was positioned 5 m downstream of the fire.

In order to simulate a covered trailer, with the front, back and 
top of the load being covered, a steel frame was constructed for the 
fire load. The sides were, however, exposed. The fire load consisted 
of piles of 21 pallets, ten rows deep and two abreast, with the pile’s 
shorter sides facing (the pallets were 1.2 m wide, thus the width of 
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Figure 3 The three nozzle types used in the tests; SW-24 was used both 
as an open nozzle (middle-right) and with a bulb (far right).

Figure 4  The measured heat release rates for all tests.
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the load was 2.4 m). The total height of the fuel load was just over 
3 m, its length 8 m (the steel frame was 8.4 m long so as to provide 
room to manoeuvre while loading took place), and its width the same 
as that of the steel sheets, i.e. 2.4 m. At the fire site, the tunnel is 6 m 
high and 8.6 m wide. The measuring instruments used were mostly 
thermocouples Type K, 1.5 mm , but also included photocell visibili-
ty instruments, differential manometers, and gas analysers. The meas-
urement data was used to, among other things, calculate heat release 
rate (HRR). Figure 1 shows the setup of the fire load for each test.

Using gas analysis, the heat release rate at various points in time 
over the course of the test was calculated. In addition, parameters 
that are crucial during evacuation, such as CO – which at high lev-
els can cause death – were measured. Photocell visibility measuring 
instruments were placed 150 m from the fire and at the gas meas-
urement station, 1000 m downstream of the fire, and measured air 
transparency and provided a comparison between the air before and 
during (when it had become mixed with smoke gases) the test. Both 
photocell visibility measuring instruments were mounted 1.5 m above 
the ground. The ignition source consisted of two rectangular pools of 
0.2 x 0.8 m, each filled with 2.5 l of heptane. These were placed un-
der the pile of wooden pallets nearest the metal sheet, up-stream of 
the fire.

Fixed fire fighting systems
The pipe system used was the same as that used in the 2013 tests, 
and the water density (total flow rate) in the deluge zone of the wa-
ter spray system was the same as if the pipe had been located at the 
centre of a full-sized tunnel, with the nozzles positioned back-to-back 
on the central ceiling pipe so as to throw water symmetrically in both 
directions (see Figure 2), which is how it is intended to be used. The 
nozzles used in the test series are shown in Figure 3.

Results
The 2013 tests with the TN-25 nozzle showed that large-droplet noz-
zles with a relatively high flow rate are effective in controlling fire size 
and fire spread, as the water penetrates the fire effectively. In these 
tests, which used a lower water flow rate and the TN-25 nozzle, the 
system functioned in a similar way. A similar result was achieved us-
ing the TN-17 nozzle and a corresponding flow rate (1608 l/min) 
during the first 30 minutes of the test but, around 45 minutes in, the 
fire redeveloped; however, the maximum heat release rate after the re-
development was not higher than that of the first phase. 

Using the TN-17 nozzle with a lower flow rate (1400 l/m) resulted 
in a similar first phase; as the fire spread, however, the maximum heat 
release rate exceeded that of the first phase.

The SW-24 nozzle performed most poorly, although it protected 
the construction relatively well and kept the maximum heat release 
rate below that set by the STA as a goal (30 MW).

The test using the SW-24 nozzle with glass bulbs (thermal activa-
tion) showed potential for use in tunnels with lower wind speeds. 
Further testing of thermal activation systems is needed in order to as-
sess their suitability. Of particular interest is testing sprinklers with 
thermal activation that emit larger drops.
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Filling of liquid nitrogen. 250 liters of liquid nitrogen are poured into the upper part of the 
test rig before it is released upon the test specimen mounted below.
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ISO 20088-1 – an ice-cold standard 
for testing of insulation materials

SP Fire Research AS is one of the first laboratories in the world to offer testing of insulation materials according to ISO 
20088-1:2016 “Determination of the resistance to cryogenic spillage of insulation materials - Part 1: Liquid phase”.

In ISO 20088-1:2016 the insulation material 
is cooled to a very low temperature by using 
liquid nitrogen (cryogenic cooling). This rep-
resents an extreme exposure of the tested ma-
terial and the test results will be used to qual-
ify a material for use in areas where it can be 
exposed to cryogenic spillage of condensed 
gas. The need for this new standard comes 
from the risk of exposure of structures, in-
struments and equipment having degraded 
protective insulation to liquefied gas follow-
ing cryogenic cooling.

In addition, cryogenic spillage of liquid 
natural gas (LNG) represents a risk of explo-
sion and fire. This means that the insulation 
material should withstand exposure from a 
cryogenic spillage as well as a jet fire. SP Fire 
Research AS therefore offers custom–made 
testing that will document the material’s re-
sistance to both extreme cooling and subse-
quent fire.

SP Fire Research AS has been actively in-
volved in the preparation of the new test 
standard and we are proud to be one of the 
first laboratories to offer testing according to 
ISO 20088-1. We are also participating in the 
ongoing work on developing the subsequent 
parts of the standard- Part 2: Vapour phase, 
and Part 3: Jet release. 
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Figure 3 Test 1 –Time-temperature curve for the first 18 minutes after 
the car was dropped from 20 m height. The thermocouples 2_1 
– 2_6 are positioned on the battery, while the thermocouples 
named kupe 1 and kupe 2 give temperatures in the coupé.

Figure 1 One of the EVs used in the tests. 

Figure 2 The battery was a Li-ion battery consisting of 12 modules. Six 
of them are shown here. The batteries were installed with a 
protective casing in the car.

Figure 4 Test 1 – The photo is taken 2 minutes after the drop, and large 
amounts of smoke is produced from the battery. 
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Full scale EV fire test

In collaboration with Skien Fire Department, Grenland Energy and the University College of Southeast Norway, SP Fire Re-
search has performed fire tests on two electrical vehicles (EVs). The aim was to study how the battery pack in an EV be-
haves when exposed to mechanical damage, if the car catches fire, and how much water is needed to extinguish the bat-
tery fire. Our contribution was financed by the Norwegian Directorate for Civil Protection (DSB). 

Two fire tests were conducted - a fire was initiated by mechanical 
damage in one test and ignited by an external fire source in the other 
test. The cars were imported gasoline cars with brand name Tata  
(Figure 1), and were rebuilt to EVs. The batteries consisted of a 
26 kWh Li-ion battery with Nickel Manganese Cobalt Oxide (NMC) 
cathodes and were divided into 12 modules (Figure 2), with 30 cells 
in each module. Thermocouples were used to monitor the tempera-
ture on the battery surface and in the coupé. Smoke development was 
monitored by visual observations. 

Test 1 – Drop of electrical vehicle from 20 m height 
The aim of Test 1 was to study whether a mechanical impact on the 
car could initiate thermal runaway in the battery and lead to a fire. 
The car was lifted to 20 m with the rear end pointing downwards. 
The car was dropped and hit the ground with a velocity of about 
70 km/h, which can be related to a car crash from behind. Tempera-
ture curves from test 1 are given in Figure 3. 

mailto:andreas.boe@spfr.no
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Table 1 Learning from the tests

Figure 5 Test 1 – The photo is taken 8 minutes after the drop. At this 
point the car has started to burn vigorously.  

Test 2 Extinguishing attempt 1. Most of the temperatures are re-
duced during the extinguishment, but the fire reignites shortly 
thereafter (not seen from the curves). 

Test Observasion Practical meaning

1 A vehicle battery may suffer great damage due to a mechanical 
impact, and thermal runaway may be initiated that results in a 
fire. 

Although the battery started to burn in Test 1, it is important 
to know that this will not happen every time a collision occurs. 
This will be affected by several factors, such as impact energy, 
how well protected the battery is, and what type of battery che-
mistry is used. 

1 A battery where thermal runaway has occurred may be hot for a 
long period of time.

A battery that is hot for a long period may affect how it should 
be handled after a collision, and by whom. 

2 Even if an EV burns heavily, the battery cells may not have re-
ached thermal runaway, and the fire may be extinguished like a 
conventional car fire.

If the result from Test 2 can be reproduced for other EVs, this is 
an important finding. It could mean that an EV that catches fire 
due to an external cause (spread from external fire, arsonist etc.) 
may be extinguished like a conventional car fire. 
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Immediately after the impact, smoke appeared from the battery 
(Figure 4), and the monitored temperature on the battery pack in-
creased rapidly. The amount of smoke varied during the first min-
utes, while the temperatures were stable or even decreasing between 
3 and 6 minutes after the impact. 

However, after about 6 minutes the temperature increased quick-
ly again and the battery started to burn (Figure 5). The fire spread 
to the rest of the vehicle, and after 9 minutes the car was engulfed in 
flames. The car was allowed to burn freely thereafter, and was com-
pletely burned out after 90 minutes. The battery pack, however, was 
warm for a long period after the flames had extinguished. The tem-

peratures measured on different parts of the battery pack were be-
tween 310 and 540 °C during the 150 minute period after the impact. 

Test 2 - EV exposed to external heat
The aim of Test 2 was to initiate thermal runaway in the battery by 
external heating of the battery and the car, and to investigate how 
much water is needed to extinguish the fire. A small propane burner 
was positioned under the vehicle, directly beneath the position of the 
battery. Temperature curves are shown in Figure 6 and Figure 7. 

After approximately 10 minutes the first flames were observed, and 
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Figure 7 Test 2 – Extinguishing attempt 2.  In this attempt the fire is 
completely extinguished and does not reignite. 

Figure 8 Test 2 – The car is engulfed in flames at this point, which is 
just before extinguishing attempt 2 is carried out. 
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the propane burner was removed after 12 minutes. From this point 
on, the battery was heated only due to the car fire. However, the bat-
tery temperature was higher than could be attributed to the propane 
burner alone, indicating that the fire also heated the battery.

Two extinguishing attempts were performed. The first attempt was 
conducted after 14 minutes (Figure 6). All visible flames were extin-
guished and about 100 liters of water were used. The fire reignited 
shortly thereafter and grew to full size again. 28 minutes after start of 
the test the second attempt was carried out (Figure 7). At this point 
the car had been fully engulfed in flames for several minutes (Fig-
ure 8). The attempt lasted for about 4 minutes, and 550 liters of wa-
ter were used. The flames went out and the temperatures did not in-
crease again. 

Earlier experience with automotive battery fires have shown that 
large amounts of water are needed for extinguishment. The result 
from this test, however, shows that both the amount of water needed 
and the time consumed are similar to a conventional car fire. 

By studying the temperature curves and the batteries, it was found 
that the battery cells did not reach thermal runaway in Test 2. When 
the battery has not reached thermal runaway, it is expected that an 
EV fire can be extinguished just as fire in a conventional vehicle. 

The Society of Fire 
Protection Engineers
”The Society of Fire Protection Engineers (SFPE)TM has announced its 2017 board of direc-
tors, comprised of 14 executives from the fire protection engineering industry who represent a 
cross-section of its member companies. Michael Strömgren at RISE was appointed to the inter-
national board for his fourth term by filling one of the vacant spots. Michael Strömgren says 
“I look forward to continue the strategic work at the international board level to advance fire 
safety engineering globally. The plan we worked out three years ago has given SFPE a new mo-
mentum and I look forward to the next steps as we develop the strategic plan for 2018-2020.”

Michael Strömgren, RISE Safety.
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Figure 1 A work group consisting of representatives of the rescue 
services of Europe that, together with RISE Safety’s technical 
expert Ida Larsson, is currently working to develop recom-
mendations for suitable testing methods for furniture. This 
photograph was taken during a week-long meeting that was 
held in Bilbao, Spain, in mid-October 2016.
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Focus on the risks presented by furniture 
fires
Many fires that result in loss of life involve furniture. There are at present several ongoing projects in this field, which aim 
to both analyse the problem in more detail and attempt to find suitable testing standards and methods that can be used to 
make furniture more fireproof. In contrast with the field of fire safety, it is often argued that this leads to an increased use 
of undesirable flame retardants.

Furniture is involved in many fires that cause fatalities
In Sweden, 90 people die in domestic fires annually. A large portion 
of the fires that cause these fatalities involve fires in sofas, easy chairs, 
mattresses, and other upholstered furniture. These products are often 
upholstered with combustible materials with a high energy content, 
such as polyurethane, that contribute to rapid fire development and, of-
ten, heavy smoke production. Many materials in upholstered furniture 
are also highly flammable.

The great risk posed by fire in upholstered furniture has made some 
countries, such as Great Britain and California, create standards with 
high fire safety requirements for this type of products, which have been 
shown to reduce the number of fires that cause fatalities, save lives, and 
decrease the cost of fires. Many countries, however, have considerably 
lower, or no, fire safety requirements for upholstered furniture in do-
mestic environments. In several countries, it has been argued that the 
fire safety requirements for upholstered furniture should be increased, 
and that testing methods and standards should be harmonised and 
valid for all of the EU.

Firefighters want to increase fire safety
One of the groups that works to increase the fire safety of uphol-
stered furniture is the Federation of the European Union Fire Officer 
Associations (FEU), which consists of representatives of the rescue 
services of European countries. The FEU is currently running a pro-
ject that aims to examine a number of testing methods that it con-
siders to be suitable for use with upholstered furniture in Europe in 
order to decrease the number of fires in which fatalities occur, and 
recommend one or more for general usage. The testing methods are 
to be widely applied, regardless of the material, and serve as deci-
sion-making support for manufacturers, suppliers, government au-
thorities, etc. The project is funded by the EU through the civilian 
‘Exchange of Experts’ programme, which RISE Safety participates 

in through sharing their technical expertise. In 2016, two week-long 
project meetings were held in Europe, during which this issue was ad-
dressed. Representatives from the furniture industry, government au-
thorities, standards institutes, testing laboratories, interest organisations 
for flame retardants (EFRA), and environmental/health groups, among 
others, were invited so as to provide the work group with broad and 
comprehensive expertise on the subject. A first draft of the report was 
completed in the end of 2016, but the final report is expected to be fin-
ished in 2017.

Fear of flame retardants vs. fire safety requirements
In recent years, the negative effects and risks involved in the use of flame 
retardants on the environment and health have been focused on more 
strongly. Although fire safety standards for upholstered furniture do 
not generally advocate the use of flame retardants, this is often the op-
tion chosen by furniture manufacturers to fulfil fire safety requirements. 
This has led to, for example, California lowering their fire safety re-
quirements for upholstered furniture. In the revised edition of Technical 
Bulletin (TB) 117, the test that involved using a gas flame as an ignition 
source has been removed, and only the cigarette test remains. The gov-
ernment authority hopes that this will reduce the amount of flame re-
tardants used, without the need for a ban on flame retardants.

Even Great Britain, which has the highest fire safety requirements on 
upholstered furniture in the EU, is currently revising its regulations on 
fire safety requirements, ‘The Furniture and Furnishings (Fire Safety) 
Regulations’. One of the reasons for this is a desire to decrease the use 
of flame retardants. In contrast to California though, the cigarette test 
in Britain is to be removed, and only gas flames and ‘crib 5’ will be used 
for testing. The first proposed revision of the regulations was strong-
ly questioned by the stakeholders, and the government authorities were 
forced to withdraw it. A revised version of the proposal is currently 
under consideration, but it is uncertain when the new regulations will 
come into force.

Several projects in the field
In order to meet the requirements for increased fire safety while simul-
taneously reducing the use of flame retardants, SP Fire Research AS in 
Norway and RISE Safety in Sweden ran a joint project, funded by the 
Swedish Civil Contingencies Agency (MSB), that investigated the devel-
opment of fireproof furniture without flame retardants. An article on 
this subject was published in the previous issue of Brandposten (no. 54, 
2016).

MSB also gives special priority to research regarding fires in domes-
tic environments and, in 2014, three projects that investigated domes-
tic fires with different focus were granted funding (see Brandposten no. 
50, 2014). In addition, RISE together with the Faculty of Engineering at 
Lund University heads a research programme that focuses on the tech-
nical aspects of fires in which fatalities occur, including upholstered fur-
niture and its contribution to and effect on these fires. In October 2016 
a halfway-point seminar was held for the research projects in Malmö, 
and was attended by almost 200 people (see page 14).
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Systems and products to prevent 
domestic fires

There are a number of systems and products on the Swedish market that could potentially prevent a domestic fire, warn 
those in danger, or reduce the consequences of the fire. A survey of ‘active systems and products’ shows which are availa-
ble on the market, and how effective they are.

A pan that is forgotten on a stove, a burning candle, a dropped ciga-
rette, or a fault in an electrical device; all can lead to a domestic fire in 
which someone is injured or dies. An unambiguous definition of ‘ac-
tive systems or products’ does not exist, so, within the framework of 
the project, the following was suggested: “A system or product that 
allows an individual to commit an error without suffering injury or 
dying in a fire.” This definition includes several systems or products: 
fire-safe cigarettes, self-extinguishing candles and candle-snuffers, less 
flammable mattresses and bedding products, residual-current circuit 
breakers, stove-top protection systems, smoke alarms, and different 
kinds of sprinkler systems.

The effectiveness of systems and products such as fire-safe cigaret-
tes, smoke alarms, and residential sprinklers is shown by evidence ob-
tained through fieldwork. For other systems and products, such as 
self-extinguishing candles and candle-snuffers, stove-top protection 
systems, and less flammable mattresses and bedding, there exists less 
of this kind of evidence.

Stove-top protection systems
A stove-top protection system is a technical device that monitors 
the top of a stove and, when there is a risk of fire, alerts the user or 
breaks the current to the stove. These systems may also be equipped 
with detectors that react to smoke, heat, movement, or a combina-
tion of these. Testing has been undertaken and documented with 
stove-top protection systems but, as technological development has 
progressed rapidly in recent years, the results are no longer particu-
larly relevant. Practical experience of stove-top protection systems re-
mains relatively undocumented, and there exist no statistical analy-
ses that show whether they help in reducing the number of fatalities 
due to fire. In 2015, a harmonised EU standard (SS-EN 50615) for 
the testing of stove-top protection systems was published. One chal-
lenge is for the system to be able to distinguish between a develop-
ing dangerous situation, such as a cooking utensil containing hot oil 
approaching the auto-ignition temperature, and normal cooking. If 
the stove-top protection system often breaks the current to the stove 
during normal usage, the user may lose confidence in the technology, 
which then becomes a source of irritation.

Self-extinguishing candles and candle-snuffers
Self-extinguishing candles are to fulfil the requirements of EN 15493, 
in which it is stated that candles should self-extinguish in a “satisfac-
tory manner” during testing. These candles are normally designed so 
that the wick does not extend the entire length of the candle. There 
are also products that are intended to increase the fire safety of can-
dles; among others, a cylindrical case that is fitted over the end of a 
chandelier candle to prevent it from burning all the way down to the 
candlestick. Tests using candle snuffers show that they, when used 
correctly, have the potential to prevent the ignition of nearby flamma-
ble materials entirely. The potential for further improving these prod-

ucts is likely relatively small, with the greatest improvements most 
likely relating to improved marketing, such that these products have 
a larger impact on the market through regulations and/or informa-
tion. It should also be noted that battery-powered candles are an al-
ternative to traditional flammable ones.

Residual-current circuit breakers
Residual-current circuit breakers (RCCB) have been required in 
newly built housing, schools, preschools, and childcare centres for 
15 years, as well as when expanding on or making changes to electri-
cal installations. The product should, as a rule, both protect against 
personal injuries and prevent fires from occurring. In three independ-
ent field studies, just under 10% of tested RCCBs did not function as 
expected, suggesting that regular testing and/or replacement is a way 
to improve the reliability of products. No studies that show whether 
the introduction of RCCBs actually reduces the number of electrici-
ty-related fires have been found.

Fire-safe cigarettes
We possess several years’ worth of experience with self-extinguish-
ing cigarettes, in terms of both the American and European markets. 
Several studies indicate that the effect of these cigarettes on the num-
ber of fires and fatalities due to fire has been relatively small. Thus, it 
seems that improving fire-safe cigarettes, and the testing method used 
to evaluate them, is a distinct possibility.

Less flammable furniture, mattresses, and bedding
At one time, all of the upholstered furniture and mattresses that were 
sold on the Swedish consumer market were required to be impossi-
ble to be ignited by a lit cigarette. After a number of fires in care fa-
cilities and prisons at the beginning of the 2000s, it became clear that 
mattresses that are only able to withstand a lit cigarette and possibly 
a small gas flame are not sufficient from a fire safety perspective. In 
premises in which there is a great risk of arson, for example in psy-
chiatric care facilities or similar, higher fire safety requirements are of-
ten posed. Those of mattresses refer to SS 876 00 10, which in turn 
refers to testing according to the Nordic standard NT FIRE 055, 
which is a large-scale method for assessing the fire development and 
smoke production of a product in well-ventilated conditions. Regard-
ing furniture, the ‘care bed standard’ refers to testing according to the 
Nordic standard NT FIRE 032, for furniture for use in environments 
in which there is a high risk of arson. Testing standards also exist for 
the category of products termed ‘bedding’, which includes mattress 
covers, blankets, pillows, sheets, etc. The ignitability of products by 
a cigarette and/or gas flame is tested in a similar manner to that used 
for mattresses (see above). There are, however, no legal requirements 
as regards the fire testing of bedding products, for either those sold to 
consumers or provided by the state in hospitals, prisons, and so on.
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The aftermath of a fire that was suppressed by a domestic sprinkler.
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Smoke alarms
Smoke alarms detect fire smoke and, in response, produce an acous-
tic alarm. Since 1999, Boverket’s building regulations (BBR) have re-
quired that smoke alarms be installed in all newly built housing. A 
general recommendation of the Swedish Civil Contingencies Agency 
(MSB) that relates to older housing states that smoke alarms should 
be installed in places where people sleep. Smoke alarms have been on 
the market since the 1970s, and some studies show that they halve 
the number of fatalities due to fires, although others present results 
that suggest that their effect is less significant. Smoke alarms are, 
however, a relatively inexpensive measure, and thus have a great deal 
of potential for improving fire safety in general. Several field stud-
ies have shown that the number of detectors that do not function is 
great, although others give a figure of roughly 10%. In most cases 
(75%) this is due to a depleted or removed battery, in the remaining 
(25%) due to other errors. In some cases, however, the presence of a 
functioning smoke alarm does not prevent people from dying as a re-
sult of a fire. As compared to fatalities due to fire wherein there was 
no smoke detector or one that did not function, the victims in these 
fires were affected by at least one factor that meant that they had less 
time to evacuate when the alarm went off: For example, they were 
close to the fire, had little opportunity to evacuate as they attempted 
to fight it, or in some other way were unable to react rapidly.

Residential sprinklers
The   approach of using residential sprinklers to fight fires was devel-
oped in the USA in the early 1970s, and is common in houses, apart-
ment buildings, and other forms of housing. The technique was in-
troduced in Sweden at the beginning of the 2000s, and has been a 
requirement in newly built sheltered accommodation since 2012. Ex-
tensive practical experience of residential sprinklers has been docu-
mented in the USA, in terms of both individual local governments 
and statistics gathered from throughout the nation. A study based 
on national statistics shows that combining residential sprinklers and 
wired smoke alarms reduces the probability of a death occurring in a 
fire by roughly 85%.

Several studies show that residential sprinklers reduce the number 
of fatalities and injuries, and the cost of damage due to fires. These 
studies generally have not, however, factored in the difference be-
tween housing/residential areas with sprinklers and those without. It 
is thus difficult to assess whether outcomes were influenced by the ex-

istence of residential sprinklers or other factors. However, an Ameri-
can study in which the age of buildings, building size in terms of area, 
type of smoke alarm, household income, etc. were taken into account 
shows that there is strong evidence for residential sprinklers prevent-
ing civilian fire casualties and injuries to firefighters during fires.

Other types of sprinkler system
In recent years, mobile sprinkler systems have been increasingly used 
to improve fire safety in existing living environments in which there is 
a heightened need for fire protection; these include the homes of the 
elderly, heavy smokers, those with dementia, and disabled people in 
care homes or home environments. An advantage of these systems is 
that they are mobile, and activate during an earlier stage of the fire 
than fixed residential sprinkler systems. In a large number of docu-
mented cases, mobile sprinkler systems have prevented fatalities in 
fires; no studies, however, have been conducted to explore their effect 
on Swedish statistics.

A new type of sprinkler system is available on the international 
market, and features a wall-mounted nozzle that can be rotated. The 
system is activated by a heat detector placed at the ceiling and, using 
a built-in infrared sensor, the nozzle is automatically directed towards 
the fire and begins to spray water. Although the system is more tech-
nically complex than a traditional residential sprinkler system, on the 
other hand, the water flow per nozzle is only one fifth that of residen-
tial sprinkler systems set to the lowest possible water flow rate.

Is a zero vision – wherein fire casualties are reduced to zero 
– possible?
Technical systems and products that prevent fires or reduce the like-
lihood of them occurring (fire-safe cigarettes, self-extinguishing can-
dles, RCCBs, stove-top protection systems, etc.), warn of the occur-
rence of a fire (smoke detectors), and reduce the consequences of a 
fire (sprinkler systems) are available on the market; if these were em-
ployed more extensively in domestic environments, and maintained 
more carefully, the number of fires in which a death occurs in Sweden 
would begin to approach the zero vision. Here, costs must natural-
ly be weighed against benefits; an analysis that lies outside the aim of 
this summary.

From an area such as vehicle safety, parallels can be drawn to safe-
ty functions in cars, including seat belts, airbags, antilock brakes 
(ABS), electronic stability programmes (ESP), and emergency brak-
ing systems (AEB). These safety functions were introduced in cars 
over the course of recent decades, and are now generally regarded as 
standard equipment: they are, in fact, so common and natural that 
few reflect on their existence. Several car manufacturers have even 
made safety aspects central to their marketing.

Is this, perhaps, a development that will occur in the future in the 
fire safety area? Will furniture manufacturers market sofas, easy 
chairs, and beds as fireproof; will stove manufacturers equip all of 
their stoves with stove-top protection systems; will sprinkler systems 
become standard in newly built apartment buildings or small hous-
ing? SP Report 2015:48, ‘Active fire protection systems and products: 
A review of the performance in residential fires’, presents some of the 
results of the project. The report is in Swedish. The project is being 
run by RISE Research Institutes of Sweden and Lund University, with 
RISE as project manager, and funded by the Swedish Civil Contin-
gencies Agency (MSB).
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The speakers at the residential fire seminar in Malmö.
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The halfway point of the residential 
fire projects has been reached 

Three projects that aim to reduce the number of fatalities and injuries in residential fires have now been underway for two 
years. The results obtained thus far by the projects were presented at a joint seminar that gathered 170 participants in 
Malmö in late October 2016.

After the Rinkeby fire, in which seven people were killed, the MSB 
was commissioned by the Swedish government to suggest measures 
to reduce the number of residential fire casualties. As a result, the 
MSB adopted a national strategy in order to improve civilian fire pro-
tection. Research is one part of this strategy, and three MSB-funded 
research projects, which aim to reduce the number of fatalities and 
injuries in residential fires, are currently ongoing. One of these fo-
cuses on the individual, and is being directed by Karlstad University. 
Malmö University studies fires in housing as an urban phenomenon. 
The third project is led by RISE who, together with the Division of 
Fire Safety Engineering at Lund University’s Faculty of Engineering 
(LTH), focuses on the technical and physical aspects of fires in homes 
that can cause fatalities.

Halfway-point seminar
The three projects have now been running for roughly two years, and 
so the results achieved thus far were presented at a joint seminar in 
late October 2016. The seminar was held at Malmö University, and 
gathered together 170 participants and 17 researchers, who presen-
ted what they had learnt so far. The presentations are available in 
Swedish on The Swedish Fire Research Board’s website: http://www.

brandforsk.se/forsk- ningsprojekt/bostadsbrander/seminariedag-
oktober-2016.

The SP/LTH project has its own homepage, where all publications 
produced within the project are published: http://www.sp.se/sv/in-
dex/research/firere- search/bostadsbrander/Sidor/default.aspx. A 
recently published report is also presented in this issue of Brand-
posten.

Work continues
The SP/LTH project will conclude in Spring 2018. The project is cur-
rently in an intense stage of development, wherein the problem of res-
idential fires, along with potential solutions, is being examined from 
several different perspectives. These include: What impact has an ear-
lier activation of residential sprinkler have on the fire safety, is it pos-
sible to reduce the water flow in the sprinklers without adversely af-
fecting their effectiveness; How various trends (furnishings, etc.) in 
society affect fire safety; Cost-benefit analyses and the effectiveness 
of various other measures; Ethical aspects when making decisions re-
garding fire protection measures – less extensive measures for all, or 
more extensive for a few and What abilities must rescue services pos-
sess in order to save lives?
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BASA-Huset in Tønsberg, Norway. The point of origin of the fire is 
indicated by the red star. The parts of the building on the right-hand 
side of the red line were destroyed. 

Most of the building was destroyed in the fire. 
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Inferno caused by lack of preventive 
measures
Thursday 23 July 2015 a fire broke out in the BASA-Huset, an industrial building accommodating some 70 companies in 
Tønsberg, Norway. Most of the building was completely destroyed and the insurance claims are estimated to total several 
hundred million Norwegian crowns. An investigation conducted by SP Fire Research has revealed numerous serious and 
censurable circumstances regarding fire safety in the building. Some of them are regarded as having contributed signifi-
cantly to the severe outcome of the fire. 

The investigation has revealed several serious and reprehensible fire safe-
ty related practices in the building. It appears that a focus on fire safe-
ty was absent, as demonstrated by several deviations from requirements 
in relevant laws and regulations. Some of these deviations have directly 
contributed to the consequences of the fire. A specific example is the in-
adequate maintenance of the sprinkler system, which was disconnected 
on the day of the fire without implementation of sufficient compensatory 
measures. In addition, the resistance of several fire separating walls was 
compromised, which probably led to faster fire spread through the build-
ing than if the fire resistance of the walls had been intact.  The investi-
gation also showed that several organisational (organisation = building 
owner or others responsible for building operations, safety, and mainte-
nance) measures were missing, including a plan for fire prevention.

It has also been found that the local fire service did not conduct any 
inspections in BASA-Huset after 2003. The activities and nature of the 
building before 2003 required it to be inspected by the fire service ac-
cording to the fire regulations. However, it was never deregistered and 
should therefore have been inspected on a regular basis. If the inspec-
tions had been conducted according to the regulations, and the devi-
ations had been registered and corrected, the consequences of the fire 
would likely never have been so severe.

Based on information found through our investigation we recommend 
improvements in fire service and building owner fire safety practices fo-
cusing on the following factors: 

• Fire services should assess and confirm that their procedures ensure 
that buildings requiring inspections by regulations or risk assessments 
are included in their building inspection program. 

• Fire services should establish effective procedures for sharing infor-
mation between the staff involved in fire prevention work and the 
staff involved in firefighting. This will, for example, help ensure that 
valuable observations from the fire brigade’s response to nuisance 
alarms can be used in fire prevention work.

• During building inspections, more emphasis should be placed on or-
ganisational fire prevention measures to ensure that the organisa-
tion has developed all required plans and that the plans are current. 
A check should be made that key personnel are suitably qualified 
and experienced to fulfil their roles. In this way they will be better 
equipped to make sound decisions related to the operation and main-
tenance of buildings.  

• The need for labelling of fire partitions, fire doors, and other fire safe-
ty measures should be evaluated. In this way the users of a building 
will easily understand the function of these fire safety systems and 
know that modifications could compromise their performance. The 
labels would direct users to the responsible person(s) who would un-
derstand the potential consequences of proposed modifications and 
minimise negative impacts.

• The Norwegian Directorate for Civil Protection should develop infor-
mation targeted at building owners. The information should include 
references to the laws and regulations the owners are obliged to fol-
low regarding fire safety and fire prevention work.

The investigation, which was conducted for the Norwegian Directorate 
for Civil Protection and the Norwegian Building Authority, aimed to ad-
dress the reason that the fire grew as large as it did and determine what 
could be learned from the incident. A special focus was paid to the con-
dition of passive and active fire safety measures, organisational meas-
ures, the fire brigade’s extinguishing effort, and how these factors affect-
ed the outcome of the fire. The study was based on current regulations, 
police documents, building files and interviews.
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Aalborg University in Copenhagen, Denmark.

The participants of NFSD 2016.
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Nordic Fire & Safety Days 2016 – 
a Nordic bridge of knowledge 
of fire and safety
Nearly 200 people participated in the Nordic Fire & Safety Days (NFSD) 2016 conference, a collaborative project under-
taken by those Nordic universities and research institutes that research risk and fire safety. At the conference, which this 
year was held at Aalborg University, Denmark, a total of 70 presentations were given over the course of two days. The 
presentations evidenced the considerable depth and relevance to society that characterises Nordic fire and safety re-
search. There is a need to build knowledge bridges between the Nordic countries, as well as between research and appli-
cation.

The conference was organised in response to an increasingly strong 
interest in the areas of fire and safety technology in the Nordic coun-
tries. NFSD 2016 explored challenges regarding safety in connection 
with fire and human behaviour, and the risk management of rescue 
services with regard to issues such as insulation and façades, tunnel 
safety, and domestic fires. Strong participation on the part of inter-
national and Nordic industry and local and government authorities 
made the conference a suitable environment for project development. 
In order to make the best possible use of opportunities, the timetable 
for next year’s NFSD will contain two project-creation events, where-
in researchers and the industry will be able to create projects togeth-
er. Funding opportunities will be presented during meetings.

Three important areas were discussed at NFSD 2016
1. Heat insulation: The EU requirements on energy saving in 

buildings have led to new construction methods, and involve 
the use of an increasing quantity of insulation materials. A pan-
el debate at the conference dealt with the particular fire safety is-
sues that are to be handled in this context. The panel consisted 
of Roy Weghorst of Kingspan, Birgitte Messerschmidt of Rock-
wool, Anders Bergqvist of the Swedish Fire Protection Associa-
tion, and Morten Birk Sabroe Valkvist of the Copenhagen Fire 
Department.

2. Three aspects of tunnel fires were highlighted when Ove Njå of 
the University of Stavanger discussed risk aspects, while Daniel 
Nilsson of Lund University explored the technical aspects relat-
ing to evacuation, and Anders Lönnermark of RISE gave a pres-
entation regarding the development of fires in tunnels.

3. There were four sessions on domestic fires. The first session was 
introduced by Tomas Gell of The Swedish Fire Research Board, 
which has invested a great deal of effort in this area and enabled 
several research projects to get off the ground; Norwegian ex-
pertise was also in abundance. Domestic fires are considered to 
be a problem in all of the Nordic countries.

This year’s NFSD was arranged by SP Technical Research Institute of 
Sweden (RISE), together with Aalborg University, the Technical Uni-
versity of Denmark, Lund University, Luleå University of Technology, 
the Norwegian University of Science and Technology, the Universi-
ty of Stavanger, Stord/Haugesund University College, the University 
of Iceland, VTT Technical Research Centre of Finland Ltd, and the 

Danish Institute of Fire and Security Technology (DBI). We look for-
ward to meeting those who participated once again at Nordic Fire & 
Safety Days 2017, which will again be held at Aalborg University on 
August 17-18, 2017.
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Figure 1  Photograph of the smoke emitted by the fire in the Skatestraum Tunnel on July 
15, 2015.

Investigation of the tanker trailer 
fire in the Skatestraum Tunnel in 
Norway, 2015
RISE Safety was commissioned by the Accident Investigation Board Norway (AIBN) to investigate the origin and conse-
quences of the fire that occurred in the Skatestraum Tunnel on July 15, 2015, where the trailer of a tanker truck caught 
fire. The AIBN used the material produced by RISEas the basis for the main report and an animated video, both of which 
were recently published on the AIBN’s website.

Background to the commission
The Skatestraum Tunnel is a 1,902 m-long two-lane 
tunnel that goes under a fjord, and has a 10% incli-
nation in both directions. The centre of the tunnel, 
which is also its lowest point, is situated 80 m below 
the surface of the fjord. A trailer containing 16,500 li-
tres of petrol became detached from the truck that 
was pulling it, and collided with the tunnel wall ap-
proximately 460 m from the low point of the tunnel. 
Due to the collision, a tank compartment containing 
4,500 litres of petrol, which was subsequently ignited, 
was ruptured. The commission included the gathering 
of information regarding how the fire came to occur, 
and the establishing of a timeline for the initial flow 
of liquid and development of the fire. It also entailed 
describing the temperature and smoke development 
of the fire, calculating the heat release rate for its en-
tire duration, describing the conditions throughout the tunnel in 
relation to the ability of its occupants to survive, and evaluating 
the extent of the damage to the tunnel in relation to the size of the 
fire. In order to be able to do this, an analysis of witness statements, 
data logged by various technical systems, photographs, technical 
reports, and a discussion with the AIBN officers who had been on-
site was performed. This was combined with one- and three-di-
mensional calculations.

The conclusions reached 
The following conclusions were presented to the AIBN:
• The most probable cause of ignition was a vehicle that entered 

and then ignited a flammable cloud consisting of a mixture of 
petrol vapours just down-slope of the trailer. 

• The fact that the tunnel has a 10% inclination significantly in-
fluenced the course of events. The rapid initial spreading of the 
liquid, smoke, and heat up- and down-slope from the fire was 
the result of this inclination. 

• That no one was killed in this fire can be ascribed to the rapid 
and correct reactions of all involved in the accident. 

• Anyone trapped in the area down-slope from the fire would 
have died from radiation flux. 

• Anyone caught in the smoke, whether up- or down-slope of 
the fire, would have had great difficulty leaving. The delay 
caused by the reduction in visibility would likely have resulted 
in loss of consciousness due to heat, and then death. 

• The smoke exceeded critical levels first, followed by the tem-
perature, and finally the radiation flux.     

• The surface water drainage system that was supposed to di-
vert liquid from the surface of the road did not do so efficiently 
enough to prevent a surface fire that became very large, reaching 
just over 200 MW within two minutes of ignition.

• The air flow generated by the fire rendered the effect of the ven-
tilation system relatively insignificant, such that it had little in-
fluence on the course of events and the environment inside the 
tunnel.

• According to calculations, the strong thermal generated by the 
fire resulted in an air speed of over 27 m/s up-slope from the fire 
(warm air) and 9 m/s down-slope (cool air). None of the tech-
nical safety systems that existed in the tunnel played any signifi-
cant role in the outcome.  

• The initial heat release rate of the fire, the result of outflowing 
petrol, was estimated as being 212 MW, rising to a maximum of 
440 MW during a short period when both the outflowing petrol 
was burning and the remaining petrol in the trailer had ignited. 
The duration of the fire in the trailer was estimated to roughly 
40 minutes.

• The highest calculated temperature was 1350°C at the ceiling, 
10-20 m up-slope from the centre of the trailer.

• The temperature up-slope from the fire decreased rapidly with 
distance; 150-200 m up it was 600°C, and at the portal (460 m) 
it was just below 200°C.

The entire AIBN report has been published on the AIBN website: 
https://www.aibn.no/Veitrafikk/Avgitte-rapporter/2016-05.

mailto:haukur.ingason@sp.se
mailto:yingzhen.li@sp.se
http://www.aibn.no/Veitrafikk/Avgitte-rapporter/2016-05
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Next generation Nordic fire safety 
engineering

The Nordic fire safety engineering project for innovative and sustainable building solutions is in its third and final year. We 
are producing practical standards on two areas within fire safety engineering:  

- Standard on Probabilistic Method to Verify Fire Safety Design in Buildings
- Standard on Control in the Building Process

MICHAEL STRÖMGREN

michael.stromgren@sp.se

+46 10 516 58 92

PIERRICK MINDYKOWSKI 

pierrick.mindykowski@sp.se

+46 10 516 59 87

This project is important as it will support Nordic harmonization of 
fire safety which in the end may facilitate trade of services and prod-
ucts. We all share challenges in our societies as we introduce new 
technologies and aim for more sustainability, often challenging tradi-
tional fire safety concepts. For example, some cases where traditional 
fire safety regulations may hinder building design are: 

- passive housing
- energy efficiency and use of combustible materials
- green facades or roofs
- tall buildings

So what is new in these standards? There are plenty of guidelines and 
standards on fire safety engineering by British standards, SFPE, ISO 
and others. The Nordic standards are however for the Nordic coun-
tries which is a region that has used fire safety engineering for quite 
some time now. In some areas, the Nordic region is doing pioneering 
work. Some things we are trying to achieve in this work are:

-  turning good knowledge into practice
-  take recommendations one more level
-  bridge the gap between probabilistic criteria, such as FN-curves and 

acceptance criteria used in scenario based design
-  quality control & review in the building process

The latter is very important since engineering fire safety may increase 
the stakes. There is too little guidance on the subject in our opinion, 
especially for the liberal control and review system we have in Swe-
den. For example it is possible to build fire safe buildings even when 
using combustible material, deviating from prescriptive non-combus-
tibility requirements. However, we must ensure that we reach a high 
quality of the end product by making sure that design and actual 
construction work meet our goals.

We have come far enough to treat the new publications and review 
them for different type of cases in the Nordic countries. During the 
spring we will do the final revisions and then start the INSTA process 
to finalize the publications. This also means that we reach the formal 
enquiry phase where we expect thorough feedback from all interest-
ed parties!

Keep your eyes open - we want your feedback.

Photo 2 Project meeting at DBI where we discussed how the draft 
standards works in practical cases in the Nordic countries.

Photo 1  Recently, DBI tested green facades, one type of new building 
design that challenges traditional fire safety. 

PH
O

TO
: M

IC
H

A
EL

 S
TR

Ö
M

G
R

EN
, 

R
IS

E 
SA

FE
TY

PH
O

TO
: A

N
D

ER
S 

D
R

A
G

ST
ED

mailto:michael.stromgren@sp.se
mailto:pierrick.mindykowski@sp.se


brandposten #55 2017                19

The delegates of FIVE 2016 gather for a poster session and registration.
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The delegates gather for the opening of the conference.

PH
O

TO
: Z

EL
JK

O
 L

A
D

ES
TA

M
, R

IS
E

PETRA ANDERSSON

petra.andersson@sp.se

+46 10 516 56 21

OLA WILLSTRAND

ola.willstrand@sp.se

+46 10 516 54 50

Sweden Iceland Denmark Finland Norway

RISE Safety

Iceland Construction Authority DBI

KK Palokonsultti 

DiBK

Briab
SP Fire Research AS

Boverket

Brandskyddslaget

Iceland Fire Research Institute Rambøll
COWI

Lund University

NCC Standards Norway

The project is led by RISE and has the following partners:

The project is funded by Nordic Innovation, SBUF, DIBK  and own contributions by project participants.

FIVE 2016
The FIVE (Fires in Vehicles) conference 2016 was held in Baltimore, USA, at the beginning of October. The conference gath-
ered just over 100 delegates from all over the world, who could listened to presentations on different aspects of fires in on-
road, off-road, and rail-based vehicles. These related to everything from special dangers, such as projectiles that result 
from a fire, to the effect of vehicle fires on surrounding structures and various ways of limiting the spread of fires.

The FIVE (Fires in Vehicles) conference is organised every other year 
by SP. The first was held in 2010 in Gothenburg; subsequently, in 
Chicago in 2012, Berlin in 2014, and Baltimore in 2016. FIVE fo-
cuses on fires in vehicles, regardless of whether these are cars, buses, 
heavy-duty vehicles such as harvesters, or trains. Many vehicle types 
experience similar fire-related problems, and knowledge dissemina-
tion between the various branches of the automotive industry is cru-
cial.

Progress and continued problems
An area that has grown since FIVE began six years ago is electric ve-
hicles and their potential fire and rescue hazards. Much has been 
done in this field, as was demonstrated by keynote speaker Casey 
Grant of the NFPA’s Fire Protection Research Foundation. The other 
three keynote speakers highlighted the progress made regarding var-
ious regulations, standards, and laws. There is, however, still a great 
deal to be done, as new hazards and problems are continually discov-
ered as vehicles and society develop. In addition, fires continue to oc-
cur as frequently in the vehicle fleet of today as they have in the past. 
There is a growing interest in evacuation of buses, as it takes even 
young, healthy passengers time to evacuate, and the problem is great-
ly exacerbated for the elderly and the disabled. 

 The risks inherent in using new fuels in vehicles, such as natural 
gas, biogas, or hydrogen, are still of great interest to researchers. Even 
smaller gas-powered objects, such as gas springs, can pose a great 
threat due to the risk of projectiles. Continued development of the 
rules and regulations relating to detection and suppression systems 
and other fire safety systems is important so as to limit damage and 
enable safe evacuation.

Proceedings
The proceedings of all of the conferences have been published. Those 
of FIVE 2010-2014, can be downloaded from www.firesinvehicles.
com, where the proceedings of FIVE 2016 can also be bought.

mailto:petra.andersson@sp.se
mailto:ola.willstrand@sp.se
http://www.firesinvehicles.com
http://www.firesinvehicles.com
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A fire in a wind turbine in Isselburg, Germany, 2016.
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Burning parts falling from a wind turbine on fire in Isselburg, Germany, 
2016.

Fire safety in wind turbines

In 2013, wind power supplied 1% of the world’s total energy demands, and at present, offshore wind power constitutes 
roughly 2% of the world’s power production capacity. More than 91% (8,045 MW) of all offshore wind turbines are in Eu-
ropean waters, primarily in the North Sea (5,094 MW: 63%), the Atlantic (1,808 MW: 22%), and the Baltic Sea (1,142 MW: 
14%). Optimising the production of this green energy source is of interest to many. Fires in wind turbines have been iden-
tified as a possible cause of losses, and are a safety aspect for personnel. A number of challenges were identified and dis-
cussed at a seminar in September 2016, and will be considered in a coming research project.

Background to the fire safety of wind turbines
Offshore wind power is a growing energy source. The global off-
shore production of electricity from wind power increased to 8.8 
GW in 2014. The total production of electricity globally in 2013 was 
23,322 TWh.

Optimising wind power so as to minimise disruption of production 
insofar as is possible would thus be enormously positive from an en-
vironmental perspective. The occurrence of fires in wind turbines is 
one such disruption, and the focus of a study that was performed by 
RISE Safety at RISE Research Institutes of Sweden.

The study shows that 10-30% of all incidents in wind turbines 
that lead to a halt in production are due to fire. This is true for both 
on- and offshore wind turbines. According to data from the Caith-
ness Windfarm Information Forum, the number of incidents annual-
ly ranged between 120 and 160 for the years 2007-2012. A study by 
G. Rein, Reader in Thermal Energy at the Department of Mechanical 
Engineering of Imperial College, London, estimates that this figure 
only constitutes 10% of the actual fire incidents. Unfortunately, the 
validity of the data is uncertain as there is currently no formal pro-
cess for reporting incidents.

The literature provides a range of numbers for wind turbine fires, 
depending on the source of information. The most reliable source is 
deemed to be Det Norske Veritas Germanischer Lloyd (DNV GL), 
an international consulting firm that gathers statistics, which states 
0.5 fires per 1000 wind turbines per year. With regard to frequency, 
problems due to fire may be less significant than other issues, such 
as mechanical malfunctions in offshore wind turbines. Wind turbine 
fires have, however, caused substantial losses (equal to or higher than 
the original cost of the wind turbine), particularly at sea. Offshore 
wind turbines are more difficult to access in case of fire than onshore 
ones. The causes of fire incidents appear to be similar for on- and 
offshore turbines, and are not simply a problem with regard to the 

continuity of operations, but primarily a matter of safety. In 2013, a 
crew of four engineers died in Ooltgensplaat, the Netherlands, in a 
wind turbine fire.

Causes of fire
The causes of fire are currently only recorded by insurance compa-
nies when the damage exceeds the insurance policy excess, i.e. when 
they must pay compensation. Various sources of information give the 
following causes of fire incidents: The highest frequency is ignition 
shortly after maintenance and repairs; followed by lightning strikes 
(although these still lead to fires, their incidence has decreased in re-
cent years with changes to the construction of turbines); electrical 
failure; ignition due to a hot surface; cooking. 50% incidents involve 
people in the nacelle, and thus a fire becomes a safety risk.

For a fire to start, an ignition source and combustible material are 
required. Possible ignition sources include lightning strikes, overheat-
ing, surface ignition, and electrical failure. Combustible materials in-
side a wind turbine include the composite materials of the blades, 
the interior surfaces and linings of a nacelle, and the main shaft of 
the turbine itself. Furthermore, there are flammable liquids in vari-
ous parts of the nacelle, including the gear box, hydraulic system, oil 
pumps, mechanical brake, and generator.

Fire protection systems
Both active and passive fire protection systems play an important 
role in ensuring fire safety in wind turbines.

The roles of active fire protection systems include detection (of 
flames, heat, gas, and smoke), alerting personnel and rescue servic-
es, and activating systems for fire suppression or extinguishing. Ac-
tive systems may, however, emit gases or aerosols that can lead to 
non-thermal damage to the nacelle.

Passive fire protection includes the choice of material, sectioning, 

mailto:anne.dederichs@sp.se
http://SCHULMAN.TV
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Rescue services arrive at the scene of a wind turbine fire in Isselburg, 
Germany, 2016.
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and other measures for minimising fire spread. Various sources in the 
international literature provide guidance and recommendations re-
garding how passive fire protection systems can improve fire safety in 
wind turbines.

National requirements apply to questions of health and safety. De-
pending on the location of the turbine and who owns it, the devel-
opment of an emergency-preparedness plan may be one of these re-
quirements. It is recommended that wind farm operators provide 
a detailed plan of the fire safety precautions in place, including the 
specifics of emergency response and evacuation. These documents 
should be developed in collaboration with the relevant rescue servic-
es. In addition, it is recommended that employees and rescue services 
receive relevant training.

Continued work: A research project on fires in wind tur-
bines is launched
In September 2016, fire safety researchers discussed the subject of 
wind turbine fires with manufacturers, energy suppliers, and repre-
sentatives of the active and passive fire protection system industry. 
A research project has been launched, with funding currently being 
sought. The project will be directed by Dr Anne Dederichs, associ-
ate professor at the Technical University of Denmark and senior re-
searcher at RISE, Research Institutes of Sweden; Raúl Ochotera, re-
searcher at RISE, Research Institutes of Sweden; and Dr. Guillermo 
Rein, Reader in Thermal Energy at the Department of Mechanical 
Engineering of Imperial College, London.

Future challenges
• How can reliable information be gathered on fires in wind tur-

bines?
• How can the effects of fires in wind turbines be minimised 

through active and passive fire protection systems?
• What design criteria for active and passive fire protection sys-

tems are required in order for the risk of fires in wind turbine to 
be minimised?

• Is it possible to reach an agreement regarding guidelines and 
norms for the design of fire-safe wind turbines?

• Is it possible to reach an agreement regarding fire testing stand-
ards for wind turbines?

• How can statistical tools be used in the design of wind turbines 
so as to increase their fire safety?
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Minister for Enterprise and Innovation 
visits RISE Borås

Mikael Damberg, Minister for Enterprise and Innovation, visited 
RISE in Borås in January 2017. The purpose of the visit was to learn 
about RISE's approach to new innovations and how they can be de-
veloped and best utilised, with a particular focus on digitalisation and 
automation.  The minister also had the opportunity to observe the 
fire testing of a building façade at RISE Test and Demonstration faci-
lity (ToD) , which he found to be uniquely interesting.

Mikael Damberg, Minister for Enterprise and Innovation,  Pia Sandvik, 
President of RISE and  Björn Sundström, head of Safety.

http://SCHULMAN.TV
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Table 1  The number of incidents and corresponding burned area 
logged in the database for the 19 years (1996-2014) that 
the study encompasses.

Category Incidents Burned area (ha)

Total Annually Total Annually

46 228 2 433 9 829 517

39 996 2 103 1 298 68

5 145 271 44 331 2 333

Total 91 339 4 807 55 458 2 919Figure 1  The number of large forest fires and corresponding 
burned area for the period 1996-2014.

Photo 1 Burned ground, taken two months after the forest fire in 
Västmanland County in 2014.
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Forest and grass fires in Sweden, 
1996-2014

In a collaboration with the Swedish University of Agricultural Sciences (SLU) and the Swedish Meteorological and Hydro-
logical Institute (SMHI), RISE has analysed the wildfire situation in Sweden with regard to geographical distribution, time, 
and weather. The work, commissioned by the Swedish Civil Contingencies Agency (MSB), is part of a larger project on fu-
ture-preparedness and risk evaluation in a changing climate.

The fire in Västmanland County, Sweden, in 2014, in which one per-
son was killed, 25 buildings burned down, and many people evacu-
ated, has raised the question of society’s preparedness for and know-
ledge of wildfires in general, and forest fires in particular.

Generally, wildfires are not a big concern in Sweden. Fires are a 
natural part of the life cycle of a forest, and significant for the preser-
vation of biodiversity and the cultural landscape. At the same time, 
wildfires pose a risk to property, health, and lives. Larger fires may 
also affect functions that are essential to society, leading to local en-
vironments being seriously impacted and high financial costs. The 
fighting and eventual extinguishing of a wildfire is a very resource-in-
tensive operation for municipal rescue services.

For the analysis of the wildfires, MSB’s incident database (IDA), 
which covers all incidents that have led to the deployment of a fire 
brigade unit since 1996, was used. A ‘wildfire’ was defined as ‘fire - 
not in a building’, wherein the fire objects were ‘productive forest in-
cluding clearings’, ‘other tree-covered land’, and ‘other non-tree cov-
ered land’. For the years between and including 1996 and 2014, an 
annual average of 4,807 incidents was reported, corresponding to a 
burned area of 2,919 hectares (ha). These fires were categorised as 
follows: grass fires (fires in which >50% of the area was ‘non-tree 
covered’), small forest fires (a maximum burned area of 0.5 ha), and 
large forest fires (a burned area of >0.5 ha). The division by size was 
made so as to distinguish between those that were potentially danger-
ous and those that were extinguished relatively simply, during the ini-
tial attempt. It should be noted that these statistics only relate to fires 
that resulted in a fire brigade dispatch. Thus, they do not cover those 
that extinguish by themselves before an alarm is raised, or that are 
extinguished by a rapid civilian response. In addition, it is estimated

mailto:johan.sjostrom@sp.se
mailto:anders.granstrom@slu.se
mailto:francine.amon@sp.se
mailto:lotta.vylund@sp.se
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Table 2  The five largest fires in Sweden during the period 1996-2014.

Municipality – county Year Area 
(ha)

Part of 
total 
burned 
area (%)

Statistical return 
period (years)

Sala – Västmanland 2014 12 807 23,6 80

Bodträskfors – Norrbotten 2006 1 900 3,5 10

Hassela – Gävleborg 2008 1 170 2,2 6

Vännebo – Dalarna 2008 1 000 1,8 5

Norderåsen – Jämtland 1997 1 000 1,8 5

Figure 2 Seasonal distribution of small and large forest fires and 
grass fires. Three regions were selected: The South-west 
(Västra Götaland County and Halland County), South-east 
(Kalmar County, Östergötland County, Södermanland County, 
and Stockholm County), and North (Västernorrland County, 
Norrbotten County, Västerbotten County, and Jämtland 
County).

that roughly 2000 ha of land is burned in a controlled manner as 
part of prescribed burning – a substantial percentage of the total area 
burned annually.

Roughly half of all wildfires are grass fires according to the ta-
ble above, and only 5-6% are large fires, although these contribute a 
majority (80%) of the burned area. The very largest fires dominate 
the area burned, with the forest fire in Västmanland County in 2014 
causing burned area for 2014 to be five times that of an average year.

The number of fires and area burned vary greatly between years. 
Warm, dry summers contribute heavily to the total number of fires 
and burned area; in 1997, for example, nine times more large forest 
fires were reported than in 1998 (Figure 1).

Distribution over the course of a season depends on both geo-
graphical location and the kind of fire that is being studied. In gen-
eral, the season for forest fires in southern Sweden begins in March/
April and ends at the beginning of September; in northern Sweden, 
the season begins much later due to the lingering snow cover (Figure 
2). Throughout the country, large forest fires are unusual before May. 
The grass fire season begins early in the spring, when the sun climbs 
higher and the temperature rises. Just a few hours of low atmospheric 
humidity can cause the remnants of last year’s dead grass to become 
combustible. When fresh grass grows over the course of the spring, 
the fire spread is heavily reduced even during dry weather, and the oc-
currence of grass fires decreases drastically.

A majority of the fires are caused by human activity. Lightning 
strikes are only the seventh most common cause of ignition; howev-
er, lightning strikes may be the cause of several fires reported as ‘un-
known’. For small fires, the misuse of open fires, including the burn-
ing of grass on private land, children playing with fire, arson, and 
poorly extinguished camp fires, is dominant. The number of fires in-
creases by 20% at weekends, when more people spend time outdoors 
in forests, fields, and so on. It should be noted that, although chil-
dren playing with fire and arson result in many fires, the total area 
burned by these fires is relatively small. Lightning strikes are, howev-
er, a very common cause of ignition of large fires, as they can occur 
in very sparsely populated areas and thereby may take a long time to 
both discover and reach in order to extinguish. Another cause, which 
is more common for large fires than small ones, is ignition caused by 
sparks. This often occurs in connection with forestry machinery, in 
particular land scarification.

The statistical distribution of fires that affect an area of over one 
hectare very clearly follows a power law, such that the probability of 
a fire growing to a certain size, x, is described by 
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Figure 4 The statistical return period in years, categorised by size, for 
fires of over one hectare.

Figure 3  (Top) The most common causes of fire, based on the number 
of recorded incidents. (Bottom) Corresponding statistics for 
large (>0.5 ha) forest fires.

For Swedish conditions,  = 2.0, which means that large fires con-
tribute less to the total burned area than in North America, for ex-
ample. Using this distribution, it is possible to calculate the statistical 
recurrence interval for fires of a certain size (Figure 4). For example, 

urn period between fires of a size corresponding to 
that which occurred in Västmanland County in 2014 is 80 years; for 
the Boden fire in 2006, 10 years. It should be noted that this is a sta-
tistical calculation, and that it should not be expected that such a fire 
will occur again in exactly 80 years. In addition, the landscape under-
goes change continuously, as does the way in which the land is culti-
vated, both of which affect causes of ignition and burned area.

The project, which is supported by and run in collaboration with 
the MSB, also studies risk calculation models and how these corre-
spond with reality. Moreover, it studies the preparedness and resource 
usage of municipal rescue services in relation to the fighting of grass 
and forest fires.
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Robert Jansson McNamee measures spalling depth for a concrete structure.
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Fireslide EI30 is an electrically operated sliding 
window in aluminium, certified for fire resistance 
class EI 30. It is available in both horizontal and 
vertical performance.

Fireslide EI30 is tested according to EN 1634-1:2014 
and ready for CE marking according to the European 
standard EN 16034.
Visit www.svalson.com for more information.  

Tested &
Certified by

SP

FIRE-RESISTANT SLIDING WINDOW

Call for Abstracts – international 
workshop on fire spalling in Borås

The fifth international workshop on ‘Concrete Spalling due to Fire Exposure’ will be held in Borås on October 12-13, 2017, 
and we are still accepting contributions to the workshop.

This year’s workshop, which will be held 
in Borås on October 12-13, 2017, is the 
fifth international workshop arranged 
under the umbrella of Réunion Interna-
tionale des Laboratoires et Experts des 
Matériaux (RILEM), an international or-
ganisation that aims to promote and dis-
seminate knowledge regarding construc-
tion materials, systems, and structures 
world-wide. RILEM’s work is primar-
ily carried out by international techni-
cal committees; one of these, ‘Spalling of 
concrete due to fire: testing and model-
ling’ (TC 256 SPF), works to further de-
velopment in relation to the fire spalling 
of concrete. Robert Jansson McNamee of 
Brandskyddslaget (formerly of SP) is the 
committee’s secretary, and Lars Boström 
of RISE is a member.

The workshop covers various aspects 
of the fire spalling of concrete, such as 
practical experience, experiments, mod-
elling, and standardisation. This year, 
RISE will act as the local organiser, with 
Lars Boström as chairman of the organ-
isational committee and Robert Jansson 
McNamee heading the scientific review 
group, which will involve participants 

from RILEM TC 256 SPF. During the previous workshop in Leipzig in 2015, almost 100 partici-
pants from 22 countries evidenced the great international interest in these issues.

We hope that the next workshop will be even more well-attended!
More information about the workshop and a detailed ‘Call for Abstracts’ flyer is available at 

the workshop’s homepage: http://conferencemanager.events/firespallingworkshop.

mailto:robert.mcnamee@brandskyddslaget.se
mailto:lars.bostrom@sp.se
http://conferencemanager.events/firespallingworkshop
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Presenters at the fire seminar arranged by the Norwegian Building 
Authority DiBK.  From the left: John Utstrand (COWI), Trond Andersen 
(DiBK), Andreas Sæter Bøe, Espen Daaland Wormdahl, Vidar Stenstad 
(DiBK), Anne Steen-Hansen. Photo: Synnøve Haram, Norwegian Fire 
Protection Association.

The seminar gathered about 60 interested attendants from different 
types of companies and organisations. 
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Fire seminar arranged by the 
Norwegian Building Authority

It has become a tradition that the Norwegian Building Authority (DiBK) arranges a fire seminar, and in 2016 this seminar 
was held October 21st. As in the earlier fire seminars, the main topic is projects performed by SP Fire Research AS where 
DiBK is a co-funder together with the Norwegian Directorate for Civil Protection and Emergency Planning (DSB). DiBK also 
presented the latest news about the new building regulations that will come into force in 2017. 

As an introduction, senior engineer Vidar Stenstad at DiBK presented 
the work to improve and renew the building regulations (TEK). The 
new regulations will be called TEK17 and will come into force in July 
2017. Research manager Anne Steen-Hansen then gave some brief 
general information about SP Fire Research AS.

Vehicles fueled by electricity and gas in underground park-
ing spaces
The topic for the presentation of Andreas Sæter Bøe was fire safety 
connected to vehicles fueled by electricity or gas in enclosed spaces. 
The presentation was based on a report published in February 2016, 
together with the results from further recent work on this topic. One 
of the activities in this work has been to assist during fire tests of elec-
trical vehicles that the fire service in Skien, Norway performed during 
the autumn of 2016 together with several other parties. These tests 
are presented in a separate article in this issue of Brandposten.

Cross laminated timber (CLT) and fire safety
Espen Daaland Wormdahl presented results from a literature sur-
vey where fire safety connected to the use of CLT in buildings was 
studied. CLT has become a very popular building material both na-
tionally and internationally in recent years. Research on fire proper-
ties of CLT has been performed in a number of countries; there is a 
large variation in scope, goal and performance of these projects. The 
goal of our literature review was to get an overview of projects with-
in a range of different topics and to reveal lack of knowledge and the 
need for experimental studies that can supplement the state of the art. 
The report will be finished in the beginning of 2017.

Fire extinguishment using small amounts of water
Andreas Sæter Bøe also presented new results from a project on ex-
tinguishment using small amounts of water. This project has been 
ongoing for nearly two years and is funded by DSB, DiBK and a re-
gional Research Foundation. One of the goals is to study how fires 
can be extinguished from the outside of a building using as little wa-
ter as possible, both to restrict the fire brigade’s exposure to smoke 
and to restrict water damage and pollution caused by fire extin-
guishing water. In 2016 a number of tests using different types of 
extinguishing equipment and techniques were conducted. The test 
scenario was fire in voids in a timber building mock-up. A cutting 
extinguisher, CAFS and traditional extinguishment using a chain saw 
were used in the experiments. The local fire service participated in 
the experiments and performed most of the extinguishing activities. 
The results so far show that different types of equipment have dif-
ferent strengths and weaknesses, and that the necessary amount of 
water for extinguishment varies. This project will be finalized during 
spring 2017.

Fire safe furniture without the use of adverse flame retard-
ant chemicals
Anne Steen-Hansen presented a project where the possibility of de-
veloping fire safe upholstered furniture without use of harmful chem-
ical fire retardants was studied. The project was performed by SP 
Fire Research in Norway and Sweden and was commissioned by the 
Swedish contingency agency (MSB) in 2015. The project was pre-
sented in Brandposten issue no. 54, 2016. 

mailto:anne.steen.hansen@spfr.no
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Fire safety on camping grounds
The fire safe distance between units in a camping area was the topic 
of the next presentation by Anne Steen-Hansen. The background for 
this project was a recommendation that the minimum distance be-
tween camping units should be changed from three to four meters.  
The Norwegian Ministry of Local Government and Modernisation 
wanted a fire engineering assessment of this change. SP Fire Research 
AS did an assessment of the necessary distance based on a literature 
review and calculations. The report is finalized and the results are 
now being assessed by the Ministry.

Nordic project on Fire Safety Engineering
John Utstrand, discipline manager for fire safety at the consultan-
cy company COWI, presented the project Fire Safety Engineering 
for Innovative and Sustainable Building Solutions. This project is 
performed in cooperation between representatives from all the five 
Nordic countries and is funded by Nordic Innovation. DiBK is also 
contributing to the project, both financially and with expertise. The 

project started in 2014 and will be finalized before summer 2017. 
The goal of the project is to develop standardized verification meth-
ods that will support the implementation of performance based 
building regulations from a practical point of view. This will lead to 
an increased use of innovative design and technology, facilitate in-
creased Nordic harmonization, decrease trade barriers between the 
Nordic countries and reduce building costs. A Nordic standard is de-
veloped within the project (a so-called INSTA), and is expected to be 
ready for publishing during 2017/2018.

CAROLINA ROSENDAHL

carolina.rosendahl@sp.se

+46 10 516 52 56

A cultural walking tour of Borås with the course participants.

RISE Safety holds international 
course on fire testing

Between September 5 and 9, 2016, RISE Safety in Borås, Sweden, held a course in fire testing according to the European 
system for members of EGOLF.

EGOLF - ”European Group of Organisations for Fire Tessting, In-
spection and Certification (EGOLF) is a body that represents third 
parties and independent and nationally acknowledged organisations 
that participate at the European level in fire safety testing, inspection, 
and certification. EGOLF has some 60 members, and its President is 
Anne Steen-Hansen of SP Fire Research AS, Norway.

The course was well attended, with 16 participants from 10 differ-
ent countries. Theory was mixed with practice in the laboratory, and 
the course, which was held by Marina C Andersson, Richard Johans-
son, and Susanne Andersson was strongly appreciated.

The course included the testing methods
• EN ISO 9239-1 (RPT)
• EN ISO 11925-2 (small flame)
• EN13823 (SBI), EN 1716 (calorific value)
• EN ISO 1182 (non-combustibility)
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Unsafe evacuation during an 
interior fire

This article has been published in Bygg & teknik, 6/16.

The purpose of this article is to present free basic research about the fact that an evacuation from an interior fire is risky. 
Both outwards and inwards opened side-hung doors will be discussed. A fire causes a fire flow equal to the thermal ex-
pansion and hence a fire pressure, a pressure difference to the surrounding environment, which can aggravate or even 
prevent a door opening and consequently evacuation. 

Preface picture
It’s been known since the mid 90’s that an initial fire can cause pos-
itive pressure. This knowledge has primarily been used to study the 
spreading of fire gas in the ventilation system. In spite of this know-
ledge, few thoughts have been directed to the fire pressure’s impact 
on evacuation safety. In BBRAD 3 (BFS 2013:12) (Swedish building 
code), it is noted that ”Leakage via constructions, installations within 
building and climatic barrier should be taken into consideration. One 
should pay attention to pressure differences created by the ventilation 
system and which can affect the ability to open doors during evacua-
tion. This also pertains to individual rooms within a fire cell”.

This code text is intended for analytical design of ventilation sys-
tems with operative fans, yet paradoxically this analysis can be omit-
ted if a fire damper is in use in spite of the fact that the fire pressure 
usually increases when a fire damper is used.

Background and problem
Evacuation through an inward-opening door at a fire exposed prem-
ise can require a very large opening force compared to an out-
ward-opening door. Normally, doors in an escape route should be 
outward-opening in the evacuation direction, but inward-open-
ing doors can be allowed where there is no expectation of queuing. 
Queuing is not expected for living quarters, residential and hotel 
rooms, as well as premises for less than thirty people, such as offices, 
class rooms, workshops and smaller stores. Evacuation might also in-
clude breaking and entering by fire-fighters in order to implement an 
evacuation. Some questions are:

• Which are the BBR-requirements (Swedish building code) for 
the highest opening force for a door?

• Which pressure difference can be allowed to open a door?
• Which fire pressures can occur?
• Can a counter pressurized inward opening door be pulled or 

tugged open?
• Can a counter pressurized outward opening door be pushed or 

thrusted open?

Finnish fire trials with evacuation difficulties
A series of fire trials was carried out during 2015 in Kurikka, Fin-
land. The testing of apartments made of concrete with light curtain 
walls, in an apartment housing from the 70’s, set out to determine 
the fire gas spread as well as the fire pressure amount and effect. The 
building was in good shape with the exception of the foundation, 
which had caused the building to dip down slightly and was hence 
to be demolished. The trials were part of a research project by Aal-
to University in cooperation with VTI. Tomas Fagergren, Brandsky-
ddslaget, were involved as a member of a reference group.

Image 1  Experimental apartment.

Experimental apartment
Area 58,5 m2, height 2,57 m. All internal apartment doors were 
open. See image 1 above. Note that the entry door was a double door 
with opposing opening direction for the door leafs.

Before the trials, a leakage measurement was made to determine 
the apartment’s leakage at various under and over pressures, as well 
as during open and closed ventilation. For example one can mention 
that at an over pressure of 50 Pa, during closed ventilation, the apart-
ment leakage amounted to 130 l/s. This leakage can be equated to the 
approximate leakage in an apartment housing from the 1980’s.

Fire trials and results
All in all 13 trials were made. In trials 1-10 heptane was used as fuel 
with a fire effect of 1 MW as shown in Image 2. In trials 11-13 PUR 
mattresses were used. The ventilation was also varied in the trials i.e. 
opened or closed. Temperature, gas concentration, O2, CO2 and CO 
and pressure difference relative to ambient air was measured continu-
ally in the room on fire. The sewage units were blocked at all trials.

Image 3, on the next page, shows the results of the pressure in tri-
als 2-10. The ventilation devices were removed in trials 2-4 (open 
duct ends), normal in trials 5-7 and blocked in trials 8-10 equal to 
closed fire dampers. The three groups gives in order low, medium 
and high fire room pressure. Under pressure occurs in the room when 
the fire is extinct in the latter part of a fire trial. This under pressure 
can obstruct the evacuation even though the opening direction of the 
door is outward. 

Image 4, on the next page, shows trials 11-13 with PUR mattress. 
Maximum overpressure is about 1500 Pa. The fire effect was not 
measured at these trials.

TOMAS FAGERGREN

Brandskyddlaget

tomas.fagergren@brandskyddslaget.se

LARS JENSEN

Installationsteknik, LTH

lars.jensen@hvac.lth.se

mailto:tomas.fagergren@brandskyddslaget.se
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Image 2 Showing the living room with its’ large windows, and the 
placement of the fire.

Image 4  Fire trials 11-13.

Image 3  Fire trials 2-10.

Observations
The fire department tried to open the inward opening inner door of 
the apartment from the outside, and it took two people to succeed. 
The difficulty of evacuation explains why many fatalities are found at 
the exit door, in addition to the ones in the actual burning room. The 
victims in the hallway were not able to open the door. A note in the 
context is that Swedish fire services do not saw a door open to enter a 
burning space because a person on the inside might be injured. 

Heat release rate, smoke production and fire induced 
pressure
Examples of heat release rate are: waste basket 0.1 MW, armchair 
0.5-1 MW, couch 1-2 MW and bed 0.5-1.5 MW. A rule of thumb is 
that 1 MW heat release rate gives 1 m3/s in smoke production.

The smoke induced positive pressure for the rate of heat released  
P MW with the smoke production P m3/s is according to rule of 
thumb and the leakage area A m2 can be estimated as the pressure 
loss over the leakage area (P/A)2/2 Pa. The ratio P/A can be inter-
preted as the air flow velocity through the leakage area A and /2 is 
half the air density equal to 0.6. 

The fire induced pressure increases with increased heat release rate 
and a reduced leakage area. The fire induced pressure equals to 0.6, 
60 and 6000 Pa for the heat release rate of 1 MW and the leakage 
area of 1, 0.1 and 0.01 m2. The leakage area for apartments and pri-
vate houses is typically between 0.01 m2 and 0.04 m2, which equals 
to the fire induced pressures of 6000 and 375 Pa respectively for the 
smoke production of 1 m3/s aside from the impact of any ventilation 
system. There are no standards set for fire induced pressure, apart 
from that checking of the spreading of fire gas between fire cells via 
the ventilation system is done with 1500 Pa pressure according to 
BBRAD 3.

Which fire pressure can occur
Pressure tests results from ten apartments (case 1-10) and four pri-
vate houses (case 11-14) are presented in Table 1 has been used to 
calculate the positive pressure in conjunction with the properties of 
the ventilation. Pressure tests only determine the air tightness of the 
building since all ventilation devices have been taped. The nominal 
ventilation flow 0.35 l/sm2 floor space for housing is converted to 
leakage flow l/sm2 surrounding area at a pressure difference of 50 Pa 
for an air vent pressure drop of 50, 50 and 12.5 Pa for supply, ex-
haust and outdoor air vents. Ventilation flows are divided by 3 for 
the transition from the floor area to a 3 times larger surrounding 
area. This gives the addition for outdoor air ventilation of 0.23 l/sm2, 
for exhaust ventilation 0.12 l/sm2 and for supply ventilation 0.12 l/
sm2 surrounding area.

The three components for outdoor, exhaust, and supply ventilation 
are combined with the building to three cases no ventilation, supply 
and exhaust ventilation, and exhaust ventilation. The case no ventila-
tion also corresponds to a supply and exhaust ventilation with closed 
fire dampers. The fire pressure has been calculated according to the 
smoke production of 1 m3/s according to the rule of thumb 1 MW = 
1 m3/s and is presented in Table 1. The numbers in 1 show that the 
fire pressure is above 500 Pa for the case no ventilation in all 14 cas-
es, for supply and exhaust ventilation in 12 cases and for exhaust 
ventilation in 11 cases. Fire pressure over 4000 Pa causes damage to 
windows.
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Case Aoms 

m2

q50 l/

sm2

A50 

m2

pbB Pa pbFT 

Pa

pbF Pa

1 405 0.64 0.028 744 400 311

2 405 0.52 0.023 1127 537 403

3 415 0.28 0.013 3703 1102 731

4 331 0.34 0.012 3948 1388 959

5 331 0.40 0.015 2852 1138 811

6 331 0.13 0.005 27004 3457 1981

7 446 0.13 0.006 14874 1904 1091

8 404 0.23 0.010 5791 1426 911

9 356 0.25 0.010 6312 1689 1096

10 243 0.20 0.015 21169 4509 2799

11 375 0.49 0.020 1481 680 504

12 365 0.67 0.027 836 460 361

13 365 0.40 0.016 2346 936 667

14 365 0.33 0.013 3446 1183 812

Table  1  Surface Aoms m
2, Airtightness q50 l/sm2, Leakage area A50 m2   

and fire induced pressures pbB, pbFT  and pbF Pa

Data from TVIT—06/3003 or TVIT—16/7103 available from  
www.hvac.lth.se.

Conclusion
The conclusion is that the fire pressure calculated with pressure test 
data from ten apartments and four private houses and various ven-
tilation systems often exceeds 500 Pa for a smoke production of 
1 m3/s. 

Air tightness is basic, while various ventilation systems reduce the 
fire pressure. The exhaust ventilation system gives the lowest fire 
pressure, since outdoor air vents act as pressure relieves.

The same heat release rate/smoke production can give a higher fire 
pressure the smaller the apartment is since the air leakage and ventila-
tion follows the size of the living quarters.

Force and fire pressure according to standardised door 
opening
Opening forces are limited BBR so that even children and elderly per-
sons should be able to evacuate without any assistance. The open-
ing force is limited to a maximum 70 N to press down a door handle 
and to a maximum of 150 N to push normal doors open, and to a 
maximum of 220 N for special evacuation doors. The availability re-
quirements for persons with disabilities is at a maximum of 25 N for 
pressing down the door handle and 25 N to push the door open.  
The highest counter pressure across a door with the surface of 2 
m2 that will be opened with the force of 150 N can be denoted to 
150 Pa. The pressure force of 300 N act in the middle of the door 
with the opening force of 150 N acting in the edge of a door leaf with 
a leverage factor of 2. Door surfaces are usually smaller than 2 m2, 
but a simple the rule of thumb is that the opening force of N equals 
the pressure difference in Pa and gives a minor overestimation.

Opening a door with co pressure means that only various friction-
al forces shall be overcome and among them to move the door bolt 
during lateral load caused by the pressure on the door leaf. The lever-
age factor of the door handle to the door bolt can be estimated using 
radiuses from the door handle axis, to the door bolt and handle bar 

outer edge or with stroke length for door bolt and door handle outer. 
Leverage factor for a lockable office door amounted to 3.2 with the 
use of radiuses and 2.8 with the use of stroke lengths.

An example with numbers is with an opening force of 70 N, door 
surface 2 m2, leverage factor of 3, a high frictional factor of 1, which 
amounts to a highest allowed pressure difference of 210 Pa. Friction 
factors of 0.5, 0.2 and 0.1 respectively equals a pressure differenc-
es of 420, 1050 and 2100 Pa. The conclusion is that a door with co 
pressure can be opened at large pressure differences. However, the 
friction factor is difficult to assess.

Acrobatics for a static door opening 
One or several people can bring about the opening force equal to 
the gravity force of their weight with the help of an appropriate ap-
proach. Body geometry inside of an inwards opening door is stand-
ing up with straight legs close to the threshold and leaning away from 
the door holding/hanging in the depressed door handle with straight 
arms. Body geometry outside of an inwards opening door is standing 
up and leaning almost horizontal against the door keeping the door 
handle depressed. The opening force equals the gravity force for the 
body weight in both cases provided that the arms are horizontal and 
the legs is at a 45° angle against the floor. A lesser tilt angle against 
the floor gives a higher opening force. A person weighting 60 kg can 
thus achieve an opening force of approximately 600 N, which is 
enough for the fire pressure of 600 Pa and a door with the surface of 
2 m2.

Using brute force for a dynamic door opening
One way of opening a door can be to give it a push or pull in the de-
sired direction. The required work before pressure relief occurs, is for 
a door with the pressure difference of p Pa equal to the fire induced 
pressure and the volume change V m3 and the work of p V Nm.

The volume change can be calculated with the area of the door leaf 
area and the average movement of the door. If one edge of the door 
is opened 0.1 m the volume change is equal to 0.1 m3 for a door leaf 
area of 2 m2. The work for opening equals to 50 Nm for a pressure 
difference of 500 Pa equal to the fire induced pressure difference.

The required impact energy to open an outward opening door with 
counter pressure can be calculated using a mass m kg with the veloci-
ty v m/s as the expression mv2/2 Nm. The mass m kg is not the entire 
mass of the person. A certain discount is allowed for arms and legs. 
Some estimations for the mass 40 kg and the speeds 1 and 2 m/s is 20 
respectively 80 Nm. The numbers show that brute force is required in 
order to push open an outward door with counter pressure.

It is also possible to pull an inward door with a counter pressure 
which resembles a push from outside. The body approaches the door 
during the pull, which gives it the necessary work equalling the pre-
vious push energy. The tug shall result in the door opening before 
the body reaches the door. The pulling energy is limited by the arm 
length, while the push energy is achieved with a longer take off al-
though with the difficulty of timing the depression of the door han-
dle. 

Thermodynamics for instantaneous door opening
An instantaneous door opening between two rooms increases the 
pressure in one room, and decreases the pressure in the other room, 
before there is a pressure equalization between the two rooms. This 
gives for an immediate pressure difference between the rooms which 
adds to the one before the door is opened.

An instantaneous adiabatic pressure volume change for a given gas 

http://www.hvac.lth.se
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Image 5 Participants at the fire trials at Kurikka: Pasi Paloluoma, Peter 
Biström, Jere Heikkinen, Simo Hostikka, Ville Heikura, Rahul 
Kallada Janardhan, Tomas Fagergren and Knut Lehtinen.

 Note especially the window in the background which was 
pushed out along with the window frame in trial 13.

mass fulfils pVk where p, V and k is pressure, volume and gas con-
stant of 1.4 for diatomic gases as air. The instantaneous change of 
pressure for the volume change V and room volumes V1 and V2 can 
be simplified and calculated as kp( V/V1 + V/V2) and for a round-
ed off normal pressure equals to 140000( V/V1 + V/V2). The ex-
pression shows that the pressure change and pressure difference can 
be substantial for small rooms and modest for large rooms. Numbers 
for V = 0.1 m3 and different room volumes of 10, 100 and 1000 m3 
respectively equals to pressure differences of 2800, 280 and 28 Pa.

The knowledge of this instantaneous adiabatic change of pressure 
will not open any doors, but it sheds light on the difficulty with open-
ing doors to double doors, door locks and toilets. The pressure in a 
small toilet is affected by a door opening or a door closing, which is 
seen in the levels of the water seal.

Answers to questions 
The five initial questions are answered here. The door surface is sup-
posed to be 2 m2.

• Which BBR-requirements applies for the highest opening force for 
a door?
° Opening force 150 N for normal doors and 220 N for special 

evacuation doors. Door handle force 70 N. Opening force and 
door handle force is only 25 N for persons with disabilities.

• Which pressure difference can maximally by allowed to open a 
door?
° 150 Pa for counter pressure with the door opening force of 

150 N.
° 210 and 420 Pa for co pressure with a frictional factor of 1.0 

respectively 0.5, leverage factor of 3 and a door handle force 
of 70 N.

• Which fire pressures might occur?
Good airtightness and ventilation standards can result in  
fire pressures excessing 1000 Pa for a fire effect of 1 MW.

• Can a counter pressurized inward opening door be pulled or 
snatched open?
° A person with the weight m kg can with appropriate acrobat-

ics pull mg N as well as occasionally tug a door open
• Can a counter pressurized outward door be pushed or jabbed 

open?
° A person with the weight m kg can with appropriate acrobat-

ics push mg N as well as occasionally jab a door open

Some remarks and conclusions 
Several persons can cooperate on both sides of a door to open it. 
High fire pressure in a residential room can be lowered by open inner 
doors, minor window airing and temporary dampening of the fire ef-
fect. Inward doors should be avoided. Outward doors with low fric-
tion between door bolt and strike plate is to be preferred. The differ-
ence in opening force between inward and outward door is moderate 
if the friction between door bolt and strike plate is high for an out-
ward door.

Pressure relief through thermic window collapse takes time and 
requires a high temperature. A window glass pane cracks when the 
temperature difference between the centre and outer edges is over  

30-200 °C, depending on glass pane material. Mechanical window 
collapse occurs during fire pressure well over 1000 Pa. A square win-
dow glass pane with the side 1 m and the thickness of 3, 4 and 5 mm 
break on average for pressure differences over 4000, 6000 respective-
ly 9000 Pa. No window glass pane collapsed during the trials except 
that a complete window with frames was push outwards in the last 
trial 13 as shown in Image 5.

This article is based solely on experiences from some Finnish fire 
tests and own calculations of pressure test data. What is missing is a 
detailed investigation of Swedish housing fires with or without casu-
alties. Details of interest are whether the residence door was opened 
or closed, other escape route used, inward or outward apartment 
door, amount of casualties in a room with an initial fire, amount of 
casualties near an escape door, amount of casualties on another plac-
es, as well as successful evacuations.

The main conclusion is that the evacuation from an internal fire 
cannot be done safely through an inward door where the fire pressure 
is higher than 150 Pa and through an outward door with a fire pres-
sure of 210 or 420 Pa if the friction factor is supposed to 1.0 respec-
tively 0.5. For a person with disability, the fire pressure figures are 25, 
75 respectively 150 Pa. 

Good airtightness and ventilation fire protection can result in high-
er fire pressure, shown by pressure test data in Table 1. Small resi-
dences are more dangerous than large ones for the same fire. A fire 
exposed room with a closed inner door in a residence can be even 
more dangerous. 

A final conclusion can be stated as: Unsafe evacuation at any inte-
rior fire.
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Lightweight in Finspång, Sweden

The RISE-coordinated European network for lightweight applications at sea (E-LASS) met in Finspång, Sweden between 
November 8 and 9, 2016 for tours of industrial facilities and a seminar. The just-over 50 participants came from all over 
Europe, as well as the USA and Japan. 

RISE Safety initiated the E-LASS network in 2013, and it currently has 
240 members hailing from 178 organisations and 25 countries. The 
European Commission participates with the status of ‘observer’. The 
members of the network meet once or twice per year for a two-day 
conference, consisting of a seminar and tours of industrial facilities. 
Last year’s event was held in collaboration with SAPA, a world-leading 
supplier of aluminium-based solutions, which has a production facility 
in Finspång, Sweden.

Tours of industrial facilities
A much-appreciated part of the E-LASS meetings are the tours 
of industrial facilities. This year, visits to Siemens and SAPA, two 
world-leading export industries that are situated only a few hundred 
metres apart in Finspång, were on the agenda. Siemens presented their 
‘3D printing’, or ‘additive production’ when used as a production 
method, technology, which enables extremely rapid and cost-effective 
replacing of worn parts, for example. At SAPA, the production of ex-
truded aluminium profiles, which the company is one of the leading 
manufacturers of, was shown. SAPA specialise in the production of 
large, lightweight, friction-welded panels using an aluminium alloy that 
has been especially developed for marine applications, such as strong 
and light hulls for ships.

The seminar
At the seminar, suggestions for new applications in which the proper-
ties and lightweight nature of the plastic material could be used, were 
presented. Fibre-reinforced plastic (FRP) composites are used by, 
among others, Kockums AB to build Visby-class corvettes, or in their 
lightweight superstructures for military vessels that are sold to India 
and Singapore. One often finds FRP composites in naval vessels but it 
has taken longer for the material to reach the civilian market. There 
are, however, several projects and it is clear that the industry is in the 
process of changing. Stricter environmental requirements, as well as 
new (e.g. electric) propulsion systems, lead to increased demand, at 
the same time as the knowledge level of the industry increases. In re-
cent years, several shipyards have also become more engaged in the 
development, which is highly important since the yards in the end 
must provide ship owners and operators the guarantee they require 
for a technical reliability. 

The next E-LASS meeting will be held in Pula, Croatia, in Septem-
ber 2017, in collaboration with the Uljanik shipyard, which is one of 
Europe’s largest and at the forefront of the field of composites.

The presentations given in Finspång are available at the network’s 
website: www.e-lass.eu. For more information and inquiries, please 
contact tommy.hertzberg@sp.se.

The Marine Equipment Directive 
2014/90/EU
The Marine Equipment Directive 2014/90/EU, es-
tablished by the European Commission, came into 
force on September 18, 2016.

RISE has applied to become a NB for the new 
directive, which means that we will soon be au-
thorised to issue the MED certification. We are al-
ready accredited to perform testing for many of 

the products that are mentioned in the directive, and 
which is required in order for a certificate to be issued.

All are welcome to contact us for testing and certifica-
tion of products according to the Marine Equipment Di-
rective 2014/90/EU.

mailto:tommy.hertzberg@sp.se
mailto:carolina.rosendahl@sp.se
mailto:tommy.hertzberg@sp.se
http://www.e-lass.eu
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New employees at RISE Safety

Jonatan Backlund
Jonatan began his employment as a technician at 
the Fire Dynamics section in February 2016. Pri-
or to this, he spent five years working as a service 
technician at the combined heat and power plant 
in Borås, where he managed the operation and 
monitoring of furnaces, turbines, extinguishing 
systems, and fire alarms. This provided him with 
a great deal of experience of risks and working under pressure. He 
spends his spare time on enduro, fishing and travelling.

Mourhaf Jandali
Mourhaf is as a project manager at the Fire Dy-
namics section since August 2016. He is a profes-
sionally, qualified Mechanical Engineer and PMP 
certified (Project Management professional) from 
PMI, USA and holds a Certificate in Installation 
of Sprinkler System from NFPA. He has practi-
cal experience for more than 15 years in the con-
struction field (project management, installation, testing and commis-
sioning of HVAC, plumping and firefighting systems) in Saudi Arabia 
and has worked with several globally recognized companies like 
Mitsubishi Heavy Industries, Aramco and Saipem. His spare time 
is spent with his family watching movies, exercising, reading books, 
newspapers and listening to music, and his dream is that peace pre-
vails around the world.

Fredrik Trella
Fredrik is a project manager at the Fire Dynamics 
section and has just received his Master’s degree 
in Engineering Physics from Uppsala University. 
He is originally from Västerås, Sweden. Fredrik 
has previously undertaken project work as a de-
velopment engineer, working with high-power 
testing equipment at the solar cell research com-
pany Solibro Research AB in Uppsala, Sweden, and before that as 
a hardware engineer at Bombardier Transportation in Västerås. In 
addition to testing and validation, the role at Bombardier involved 
travelling abroad, for example to Paris for field work and to Lon-
don, where he was responsible for Bombardier’s system for line-cir-
cuit protection and interference monitoring during the 2012 Summer 
Olympics in London. In his spare time he is a tentative photographer, 
aspiring film-maker, and passionate big mountain skier with a lot of 
experience as a ski bum. Ski-bumming is preferably done in his 1981 
caravan, towed behind his completely refurbished Volvo 240 Turbo.

Max Rosengren
Max Rosengren began working as a project man-
ager at the Fire Dynamics section in September 
2016. Max comes to us from Volvo Buses, where 
he worked with electromobility and was respon-
sible for electric safety. His duties there included 
writing specifications of requirements for projects, 
educational programmes, and standards, as well as the revision of 
products and operations. At SP, his focus is on vehicles in relation to 
the areas of electricity and gas, as well as P-marking. He also works 
with education in related areas. His spare time is preferably spent at 
home with his family, if he is not going for a spin on his motorcycle.

Per-Anders Johansson 
Per-Anders is a senior technician at the Fire 
Resistance section. He has been working as a 
trained carpenter for 20 years. Before that, he 
spent 10 years working at RISE as a technician. 
He has coached junior’s and women’s football 
in Sandared, Sweden, and spends most of his 
spare time fishing and watching football.

Therese Friggerdal
Therese took up her post as a project manag-
er at the Fire Dynamics section in November 
2016. She comes to us from Viab Ulricehamn 
AB – which injection-moulds plastic details for, 
among others, the vehicle industry – where she 
worked as a production manager for close to 
seven years. Before that, she worked as a design 
engineer and developed outdoor lighting  and 
accessories for gas turbines and oil rigs. In her spare time she enjoys 
travelling with her family; her favourite destination is Las Vegas, as 
poker is one of her greatest interests. She also longs to have enough 
time to take up golfing again.
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New SP-reports from RISE Safety 

Förlåtande system och produk-
ter: Kartläggning av funktion 
och effektivitet vid bostads-
bränder (Active fire protection 
systems and products: A review 
of the performance in residen-
tial fires)
SP Report 2015:48
Magnus Arvidson, Ida Larsson, Anna 
Bergstrand och Joakim Franzon
There are a number of systems and 
products on the Swedish market that 
are potentially able to prevent a do-
mestic fire, warn and alert those in 
danger, or reduce the consequences of 
a fire. The report describes the ‘active systems and products’ that are 
available on the market and how effective they are. See the article on 
page 12. Only in Swedish.

Extended field of application 
(EXAP) for reaction-to-fire Eu-
ro-classification of copper com-
munication cables (CCC) 
SP Report 2016:53 
Richard Johansson, Johan Post and 
Michael Försth
The number of cables to be tested de-
scribed by the product standard for 
cables is very large and testing of each 
cable would be excessively costly. 
Therefore, so called extended applica-
tion of test results, EXAP, should be 
made available. An EXAP allows a family of products to be classified 
to a certain reaction to fire class without testing all of the individual 
members of the family.

An EXAP procedure was developed for power cables in 2014 and 
for optical fibre cables in 2016. The rules for power cables were pub-
lished in September 2014 as a formal document termed CLC/TS 
50576 while the rules for optical fibre cables were published in Feb-
ruary 2016 as an approved guidance from fire sector group of the 
group of notified bodies for CPR document termed NB-CPR/SH02-
15/628r2. However, no EXAP procedures for copper communication 
cables were developed as a result of the two previous projects. 

This report aims to analyse new test data for copper communica-
tion cables and to propose EXAP procedures for such cables. The 
approach taken is to follow the procedures for power cables to the 
largest extent possible in order to achieve consistency within the reg-
ulatory framework. The most important requirement is however to 

deliver a technically sound proposal.
ETANKFIRE – Fire extinguishing 
tests of ethanol tank fires in re-
duced scale 
SP Report 2016:56 
Henry Persson, Magnus Bobert and 
Francine Amon
The ETANKFIRE (Ethanol Tank Fire 
Fighting) project was started in 2012, 
when two large-scale, free-burning 
tests were performed using ethanol 
(E97 and E85); these were presented 
in SP Report 2015:12.

The next stage of the ETANKFIRE 
project was to perform fire extinguishing tests on a simulated tank 
fire, and this was carried out in late 2015 and published in SP Report 
2016:56. In total, 43 extinguishing tests were performed for two dif-
ferent fire trays (one of 0.41 m2 and one of 3.14 m2 ). To better sim-
ulate a real tank fire, a substantial quantity of fuel (450 mm depth of 
fuel) and long burn time (15 min) were used. The results showed the 
importance of improved foam characteristics (higher foam expansion 
ratios and longer drainage times) for extinguishing. During the tests 
using the nominal foam concentration (3%), it was not possible to 
achieve control of the fire over the course of the 15-minute duration. 
When the foam concentration was doubled (i.e. to 6%), the foam 
characteristics were improved significantly and the fires could be ex-
tinguished in 2-5 minutes. It was also seen that the improved foam 
characteristics allowed the foam application rate to be reduced by 
50% without compromising extinguishing performance.

The overall conclusion is that an attempt to fight an ethanol tank 
fire using standard firefighting techniques and equipment would be 
very likely to fail, as the foam characteristics required to extinguish 
such a fire would almost certainly not be obtained. On the other 
hand, the test results indicate that there is potential for improvement, 
and it is hoped that funding can be found to verify these results on a 
larger scale.

More information on the project can be found at http://www.sp.se/
en/index/research/etankfire/Sidor/default.aspx.

Reports from 
RISE Safety
Reports from RISE can we downloaded from the database 
ri.diva-portal.org.

Choose English and use ”Year:No” to search for a specific report.

http://www.sp.se/en/index/research/etankfire/Sidor/default.aspx
http://www.sp.se/en/index/research/etankfire/Sidor/default.aspx
http://ri.diva-portal.org
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The proceedings of conferences held
by Fire Research

SP Report 2016:01
Proceedings from the 7th ”International 
Symposium on Tunnel Safety and Securi-
ty”, Montréal, Kanada, 16-18 mars 2016
editerad by Anders Lönnermark and  
Haukur Ingason
Price of ISTSS 2016 Proceedings as a pdf
(for download): SEK 450.

Price of ISTSS 2016 Proceedings (hard 
copy): SEK 880 (including shipping costs 
within Europe). E-mail istss@ri.se for more 
information.

NFSD Nordic Fire & Safety Days 
SP Report 2016:73 
Anne Dederichs
More information on NSFD Nordic Fire & 
Safety Days can be found on page 16.

SP report 2016:75
Proceedings från den 4:e ”International 
Conference FIVE – Fires in Vehicles”, Balti-
more, USA, October 5-6, 2016 
Editerad av Petra Andersson and  
Björn Sundström 
Price of FIVE 2016 Proceedings as a pdf
(for download): SEK 400.

Price for FIVE 2016 Proceedings (hard 
copy): SEK 650 (plus a shipping cost of 
SEK 100 within Europe; other continents, 
SEK 500). E-mail five@sp.se for more in-
formation. See page 19 for an article about FIVE.

Large scale fire tests wih differ-
ent types of fixed fire fighting 
systems in Runehamar tunnel
SP Rapport 2016:76
Haukur Ingason, Ying Zhen Li and 
Magnus Bobert
The report presents the primary re-
sults of the six large-scale tests using 
different types of fixed firefighting sys-
tem (FFFS) that were carried out in 
the Runehamar tunnel in June 2016 
on a commission from the Swedish 
Transport Administration. It describes 
the carrying out of the tests, along 
with the results. Both manual deluge and bulb-activated firefighting 
systems were tested. The results will be used by the Swedish Trans-
port Administration to assess various technical solutions for firefight-
ing in future road tunnel projects.

Risker med nya energibärare i 
vägtunnlar och underjordiska 
garage (= Risks with alternative 
fuels in road tunnels and under-
ground garages)
SP Rapport 2016:84
Jonatan Gehandler, Peter Karlsson, 
Lotta Vylund 
The Nordic Road Association (NVF) 
funded this literature review and final 
report through the ‘New energy carri-
ers in road tunnels and underground 
facilities’ project. The project ran dur-
ing 2016 and involved two work-
shops; one focusing on garages, and one on road tunnels, to which 
interested parties were invited. It is expected that in the future, an 
increasing percentage of road vehicles will not be powered by fossil 
fuels. In order to avoid unnecessary surprises and incidents in con-
nection with such a change in the transportation sector, regulations 
and practices should stay one step ahead, so that they can be pre-
vented entirely. The report aims to review and update current knowl-
edge regarding new energy carriers, to analyse their risks in road tun-
nels and underground garages and the operations of rescue services, 
and provide recommendations for the design of regulations. Only in 
Swedish.

mailto:istss@ri.se
mailto:five@sp.se
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