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Façades again
Façades which are built using combustible materials are 
becoming increasingly common thanks to new, innova-
tive construction methods. The surfaces of these may 
themselves be combustible, but façades are often also 
insulated so as to save energy. This is related to both re-
taining heat within the building and reflecting away that 
which is external, and so insulated façades are found in 
both cold and warm climatey. Where combustible mate-
rials are used, fire safety issues arise. A number of note-
worthy fires in, for example, European high-rise build-
ings and skyscrapers in Dubai has placed focus on the 
issue of fire. The EU has, following many years of de-
liberation, begun the process of creating a harmonised 
standard for the full-scale testing of façades. We at SP 
Fire Research welcome this, and are ourselves actively 
involved in the work of developing a solution. The tech-
nology required for this exists, and there is a huge lev-
el of interest – page 23 has more information regarding 
the latest conference.

Fires in buses and heavy-duty vehicles continue to be a major issue. For their latest procurement 
of fire suppression systems for 2,500 buses, the Australian organisation ‘Transport for New South 
Wales’ requires that systems be P-marked according to the certification standard (SPCR 183) we 
have developed together with the industry. Several other operators work on similar specifications 
of requirements. We are currently moving towards a comprehensive perspective on risk manage-
ment for vehicles. In order to support vehicle manufacturers and operators, we have developed a 
new area of P-marking (SPCR 190), which includes an extensive training programme, a risk anal-
ysis methodology, and system support for quality control. Read more on pages 24 and 32-34.

Intumescent paint for protection of steel constructions: Does it always work? Read more on 
page 35.

The production of SP reports is rapid. No less than 22 publications are presented in brief in this 
issue. For more information, please visit www.sp.se/sv/publications/Sidor/Publikationer.aspx to 
read reports from SP Fire Research, and www.spfr.no for reports from SP Fire Research AS Nor-
way, where you can search for and download reports.

SP Fire Research’s journey continues. We have merged with another department of SP, the spe-
cialists in mechanics of the SP Structural and Solid Mechanics department, and so now have 
two areas of competence – fire research and mechanics research – which work cooperatively on, 
among other things, SP’s calculation competence centre. The umbrella name for this newly-merged 
group is ‘SP Safety’. Together with our Norwegian colleagues at SP Fire Research AS, we possess a 
huge resource of well-qualified co-workers.

Since our last issue, we have added several staff, and so obtained new competences. A warm 
welcome to our new colleagues: Stefan Ivarsson, Artur Zakirov, Staffan Bram, Pierrick Min-
dykowski, Matilda Persson, Martina Harvey, Johan Wikman and Eva-Sara Carlson.

http://www.sp.se/sv/publications/Sidor/Publikationer.aspx
http://www.spfr.no
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A new Marine 
Equipment Directive!

As of September 18, 2016, an updated version of the EU’s Ma-
rine Equipment Directive comes into force. SP is a Notified Body 
and accredited for a number of the standards that the directive 
refers to, and has a long history of performing the tests on which 
the ‘Wheelmark’ certification is based.

The goal of the new directive is to improve maritime safety and 
prevent pollution at sea through requirements on how marine 
equipment is manufactured and tested. The directive also aims to 
ensure free movement for marine equipment throughout Europe.

For more information regarding the new directive or how we 
can help, please contact Carolina Rosendahl 
(carolina.rosendahl@sp.se, +46 (0)10 516 52 56).

SP Safety has been founded

By combining SP Fire Research and parts of the SP Structural and Solid Mechanics department, SP has created a new de-
partment, which goes by the name of ‘SP Safety’.

SP Fire Research has grown rapidly over 
the last 5-6 years, at a rate of roughly 
10% per year, thanks to the development 
of both new and existing areas.

 We now have roughly 100 employees, 
and a big step forward was made when 
we merged with parts of the SP Structur-
al and Solid Mechanics department. We 
recently set up a separate section called 
‘Mechanics Research’, and the new de-
partment that was created by combining 
‘Mechanics Research’ and ‘Fire Research’ 
is called ‘Safety’, has 150 employees, and 
is overseen by Björn Sundström.  SP Fire 
Research AS in Trondheim is not affected 
by this reorganisation. SP Safety includes, 
among others, SP’s Centre for materials 
and construction techniques, which tar-
gets companies in several manufacturing industries.

 The centre’s facilities enable companies to evaluate the mechani-
cal properties of materials, components, and systems. Furthermore, 
testing is done for home security products as well as for the reliability, 
lifespan, and other such parameters of products.

Competence in mechanics and fire safety requires the ability to per-
form mathematical modelling. Thus, it was especially gratifying to 
learn that SP’s knowledge centre for calculations has been placed un-
der the ‘Safety’ umbrella, and that a number of specialists have been 
connected to it.

Together, we have extensively analysed the potential of ‘Safety’, and 
concluded that we have at our disposal a host of co-workers of unpar-
alleled competence and huge experimental capacity, complemented by 
first-rate expertise, great market potential in many areas, and near-un-
limited opportunities to develop our operations through collaboration 
within SP and RISE!

mailto:bjorn.sundstrom@sp.se
mailto:(carolina.rosendahl@sp.se
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The Le Caf ‘Conc’ theatre at the Marriott Chateau Champlain, Montreal.
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The ISTSS ‘tunnel fire safety band’. n

SP organized ISTSS tunnel conference 
in Montreal

The seventh iteration of SP’s International Symposium on Tunnel Safety and Security (ISTSS) was held in Montreal, 
Canada, on March 16-18, 2016.

The ISTSS conference began life as a seminar on tunnel fires in 
Borås, Sweden, in 2003. The seminar was well-received, which led 
to the first ISTSS conference being held in Greenbelt, USA, in 2004. 
Since then, ISTSS conferences have been held biannually in either 
Europe or North America.

Science in focus
The ISTSS is a scientific conference, for which a committee reviews 
submitted abstracts. Of the near-100 abstracts submitted, just under 
60 were approved for presentation at the conference following their 
writing as papers, and 10 as poster abstracts. The reviewed articles 
were published in the 700-page conference proceedings, which is now 
available to purchase.

This year’s conference: a great success
This year’s conference was held at the Marriot Chateau Champlain 
Hotel in Montreal, Canada. The hotel offered excellent facilities, 
with plenty of room and even a theatre where parallel sessions were 
held and dinner was served (topmost picture). 217 delegates from 25 
countries participated in the conference.

The programme featured six keynote speakers, almost 60 presenta-
tions, around 20 exhibitors, and 10 poster displays. The conference 
began on Wednesday morning and concluded at lunchtime on Friday.

Among the items on the programme were: the cocktail reception 
that concluded Wednesday’s activities, which included a poster exhi-
bition where the exhibitors were available to answer questions; a din-
ner on Thursday with an awards ceremony and the long-anticipated 
appearance of SP’s ‘tunnel fire safety band’; and the announcement 
that the next conference, ISTSS 2018, will return home to Borås!

MARINA C ANDERSSON
marinac.andersson@sp.se

+46 10  516 52 92

New definition of Euroclass F 
From April 3, 2016 there is a new definition of Euroclass F. Until now the definition of Euroclass F has been
”no performance determined”. 

The Commission delegated regulation (EU) 2016/364, concerning 
the classification of the reaction to fire performance of construction 
products, affects Euroclass F, Ffl, FL and Fca and shall enter into force 
on April 3, 2016. Previously, products that were not tested received 
an Euroclass F, Ffl, FL och Fca. Instead, now the NPD (No Perfor-
mance Determined) will be used to declare the performance for not 
tested products. Therefore in order to classify the product as Euro-
class F, Ffl, FL or Fca a fire test must be performed. The product will 
be tested in the same way as for Euroclass E, Efl, EL or Eca. Products 
that do not meet the requirements for Euroclass E, Efl, EL or Eca will 

be classified as Euroklass F, Ffl, FL or Fca. 
If the customer test for Euroclass F, Ffl or FL, SP can issue a clas-

sification report according to EN 13501-1 and if the customer test 
for Euroclass Fca SP can issue a classification report according to 
EN 13501-6.

mailto:haukur.ingason@sp.se
mailto:jonatan.gehandler@sp.se
mailto:marinac.andersson@sp.se
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Figure 1 The test compartment was either enclosed (left hand side photo) or had two walls removed to provide a fully ventilated fire scenario 
(right side photo). 
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The response time of different 
sprinkler glass bulbs in a residential 
room fire scenario
The response time of fire sprinklers is essential for their performance, especially in applications where life safety protec-
tion is desired. The earlier the sprinkler activates, the smaller the size of the fire. The aim of this study was to determine 
the response time - and the corresponding heat release rate - of different sprinkler glass bulbs in a residential room fire 
scenario.

Traditionally, most commercial residential sprinklers are fitted with 
3 mm glass bulbs having a nominal operating temperature of 68°C. 
However, significantly thinner sprinkler glass bulbs with lower oper-
ating temperatures are readily available. The benefit of an earlier acti-
vation may provide improved sprinkler effectiveness or allow the use 
of lower sprinkler discharge densities for residential sprinkler appli-
cations.

The test compartment
A series of fire tests were conducted inside a square compartment 
measuring 3.66 m by 3.66 m (12 ft by 12 ft) having a ceiling height 
of 2.5 m. The compartment was either enclosed or had two walls re-
moved to provide a fully ventilated scenario and to mimic a larger 
sized room. A propane gas burner was positioned at one of the cor-
ners of the compartment. The mass flow rate of the gas was con-
trolled such that either ‘slow’, ‘medium’ or ‘fast’ fire growth rate sce-
narios were simulated. The compartment is shown in Figure 1.

In each test, nine Response Time Index (RTI) and operating tem-
perature glass bulb combinations were tested. Each test was rep-
licated three times and the response times of the glass bulbs were 
measured by the use of electrical micro switches. In addition to the 
sprinkler glass bulbs, two commercial multicriteria detectors were in-
stalled at the same radius from the compartment corner with the pro-
pane gas sand bed burner. If considerably faster than sprinkler glass 
bulbs, combined heat and smoke detectors may be a viable option 

for the detection of fire allowing the activation of deluge sprinklers or 
water mist nozzles within a room.

Test results for the sprinkler glass bulbs
As expected, the sprinkler glass bulb having the lowest RTI and the 
lowest nominal operating temperature activated the earliest (smallest 
fire size) and the sprinkler bulb with the highest RTI and the highest 
nominal operating temperature last (largest fire size).

Whether the compartment was fully enclosed or open had a signif-
icant influence on the time to activation and the corresponding heat 
release rate, especially for the sprinkler glass bulbs having the high-
er RTI’s. For the sprinkler glass bulbs with the lowest RTI, this effect 
is not as pronounced. With few exceptions, the sprinkler glass bulbs 
having the same temperature rating and RTI activated earlier (small-
er fire size) inside the closed compartment as compared to the open 
compartment. Intuitively, this seems valid as the combustion gases 
built a layer of hot gases inside the closed compartment. This is veri-
fied by the fact that the measured temperatures at the sprinkler glass 
bulbs rise faster inside the closed compartment. The measurement 
data also indicate larger temperature fluctuations for the open sce-
nario, as compared to the closed compartment. It was observed that 
the activation times of the individual glass bulbs varied more in the 
open scenario, especially for the ‘medium’ and ‘fast’ fire growth rate 
scenarios. This was probably a consequence of a more turbulent gas 
flow at the ceiling.

mailto:magnus.arvidson@sp.se


brandposten #54 2016                7

Figure 2 The mean heat release rates at the activation of the sprinkler 
glass bulbs for the ‘slow’ fire growth rate scenario.

Figure 3 The mean heat release rates for fire detection at all the fire 
scenarios in both test compartments. 

Another observation is that the nominal operating temperatures of 
the glass bulbs have a stronger effect on the results than does the RTI. 
This is true for all three fire growth rate scenarios. In other words, a 
reduction of the nominal operating temperature of a sprinkler glass 
bulb has a larger effect on the speed of response than a reduction of 
its thermal sensitivity. The result for the slow fire growth rate scenar-
io is shown in Figure 2.

Test results for the fire detector
The fire detection threshold of the fire detectors was set at a 
fixed-temperature limit of 40°C. For the activation of a separate 
sprinkler system using heat detectors, a temperature limit this low 
need to be combined with additional fire detection criteria, such as 
the detection of smoke. However, this feature of the fire detectors was 
not tested as the propane gas burner generated little smoke. The heat 
sensors of the detectors typically detected the fire prior to the activa-
tion of the first sprinkler glass bulb for the slow fire growth rate sce-
nario. However, for the medium and fast fire growth rate scenarios, 
some of the sprinkler glass bulbs activated prior to fire detection. This 
is specifically noticeable for the fast fire growth rate scenario. The ex-
planation may be a change of the gas flow profile and velocity of the 
ceiling jet (at the centerpoint of the compartment) with an increase 
in the fire growth rate. This may make the position of the glass bulbs 
relative to the ceiling more exposed to the hot flowing gas as com-
pared to the thermal sensors of the heat detectors. The fire detection 
times of the heat detectors were barely influenced whether the com-
partment was closed or open, see Figure 3. This is in line with the ob-
servation that the sprinkler glass bulbs having a lower RTI was less 
influenced by the compartment conditions than the glass bulbs with 
a higher RTI.

Acknowledgement
Jürgen Teschner from Job GmbH provided the sprinkler glass bulbs, 
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brandsäkerhetens fysiska bestämningsfaktorer och tekniska åtgärder 
som stöd till nollvisionen”.

n

Tunnel Safety & Security
7th International Symposium

16-18 March 2016 - Montréal, Canada

Register at www.istss.se 

http://www.istss.se
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The correct way to apply Article 
46 of the CPR!

Article 46 of the CPR
1.  On request of the manufacturer and where justified by techni-

cal, economic or logistic reasons, notified bodies may decide 
to carry out the tests referred to in Annex V, for the systems of 
assessment and verification of constancy of performance 1+, 
1 and 3 or have such tests carried out under their supervision, 
either in the manufacturing plants using the test equipments of 
the internal laboratory of the manufacturer or, with the prior 
consent of the manufacturer, in an external laboratory, using 
the test equipments of that laboratory. 

 Notified bodies carrying out such tests shall be specifically 
designated as competent to work away from their own ac-
credited test facilities. 

2.  Before carrying out those tests, the notified body shall verify 
whether the requirements of the test method are satisfied and 
shall evaluate whether: 
(a)  test equipment has an appropriate calibration system and 

the traceability of the measurements is guaranteed; 
(b)  the quality of the test results is ensured.

The Construction Product Regulation (CPR) lays down the conditions for marketing the construction products. Under 
chapter VII : Notifying authorities and notified bodies, article 46 set up conditions on the use of facilities outside the testing 
laboratory of the notified bodies. This article is subject to a lot of discussion and interpretation. Discrepancy in its applica-
tion may results in unfair competition between manufacturers and also Notified Bodies. 

Therefore it is important to state that the objective of Article 46 is not to propose a “daily” alternative to testing in a lab-
oratory of a notified body which is the primary way for performing Type Testing (under AVCP2 1+, 1 and 3), but this is a sec-
ondary way that will only apply in specific cases. The aim of the present article is to present the Notified Bodies (NB) un-
derstanding of the application of article 46.

Article 46 step by step
The text of article 46 prescribes the conditions under which article 
46 of the CPR shall be applied. 

The first condition for a notified body to apply article 46 is to be 
specifically notified for it and as such considered competent to work 
away from its own testing facilities. One condition for the notifica-
tion for Article 46 is that the laboratory shall be accredited on its 
own test facilities, the accreditation standard to be considered being 
EN ISO 17025. Therefore, without the specific notification applica-
tion of article 46 by a NB is not possible.

The second condition for application of article 46 is “on request of 
the manufacturer and where justified by technical, economic or logis-
tic reasons”. 

It is clear that the application of article 46 can in no case be an op-
tion proposed by the Notified Bodies: The only considered possibility 
is “on request of the manufacturer”. When receiving such a request 
and in order to fulfill its tasks3 the NB shall keep records of the rea-
sons justifying the use of facilities outside the laboratory. These rea-
sons shall be clearly stated in the test and classification reports.

The French notifying authorities have recently proposed to the 
SCC4 a note on the understanding of article 46 (the document will be 
further discussed at AG-CPR meeting or at a Notifying Authorities 
meeting – under the European Commission services chairmanship). 
The document details the way NB should keep record of their appli-
cation of Article 46:

• The NB’s laboratory shall maintain a list of test methods for 
which it is accredited, and identify those it expects to use on out-
side facilities. Tests using facilities outside the NB’ laboratory are 
allowed only for the methods identified.

• The NB’s laboratory shall maintain a list of manufacturers con-
cerned by the use of the outside facilities (Laboratory of the 
manufacturer or external laboratory.) It keeps this list at the dis-
posal of their national accreditation body and their notifying au-
thority.

The second condition also states “where justified by technical, eco-
nomic and logistic reasons”. However, the CPR does not provide 
detail on what can be considered as technical, economic or logistic 
reasons. It must be emphasized that in regard of the tests con-
sidered the reasons can be significantly different. The Horizontal 
Group of Notified Bodies on Fire (SH02) has prepared a draft po-
sition paper proposing reasons that NBs can consider:

YANNICK LE TALLEC
Efectis France

Certification Director and 
President of the GNB -CPR1

Technical reasons
• When extreme behavior of the product is expected (eg: there is a 

likelihood of damage or destruction of the testing equipment). 
• When exceptional mounting conditions are expected: long time 

required and/or large number of people needed for the mount-
ing: 20 man-days mounting condition is considered as exception-
al conditions. (For fire resistance tests only.)

Economic reasons
• When the time frame for testing in the accredited and notified 

fire laboratories is not in accordance with the CE marking time 
frame (e.g. if testing in an accredited laboratory is available with-
in a 3 month period, testing “outside” would not normally be 
considered justified on economic reasons).

• When exceptional mounting and fixing conditions are expect-
ed: long time required and/or large number of people needed for 
the mounting: mounting condition of 20 man-days per test spec-
imen at the laboratory premises is considered as exceptional con-
ditions. 

Guest contributor
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Logistic reasons
• When exceptional transportation conditions are required due to 

dimension and/or weight conditions: products/specimens that can 
be transported in normal size lorries are not considered as excep-
tional conditions.  

In addition, the second part of article 46 specifies rules for Notified 
Bodies when performing test under article 46.

The first rule is “Before carrying out those tests”: The requirement 
states clearly that the NB shall perform the test itself and take the full 
responsibility of the test. 

In addition and prior to perform the tests, the NBs are responsible to 
“verify whether the requirements of the test method are satisfied and 
shall evaluate whether: 

• test equipment has an appropriate calibration system and the 
traceability of the measurements is guaranteed; 

• the quality of the test results is ensured”

The requirement on NBs is therefore to perform or control the calibra-
tion of the equipment, the measuring devices and when applicable soft-
ware prior to realise the test. It shall be done in a similar way as it will 
be done on the own equipment of the NBs. 

Additional considerations
Two important points shall be considered in order to avoid misinter-
pretation of article 46 of the CPR. 

The first one is the requirement of the CPR regarding independen-
cy (art. 43(3)) and impartiality (art. 43(5)) that apply to NB also when 
operating away from their own test facilities. Therefore, when operat-
ing away from its premises the NB shall apply its own procedures and 
practices to ensure the independency and impartiality are not compro-
mised. When assistance from personnel not belonging to its own or-
ganization is necessary, the NB shall ensure that, it will not compro-
mise its impartiality. 

The second point is the necessity to make an unambiguous distinc-
tion between subcontracting (art 45) and use of facilities outside the 
testing laboratory of the NB (art 46). The CPR under art 45(1) requires 
the NB to “ensure that the subcontractor or the subsidiary meets the 
requirements set out in Article 43, and shall inform the notifying au-
thority accordingly”. Art 43(4) of the CPR requires special attention of 
the NB regarding independency which goes beyond the requirements 
of EN ISO 17025.

The correct way to apply article 46
The following points summarize the correct application of article 
46:

• NB shall be notified specifically for article 46 for the test consid-
ered;

• NB laboratory shall be accredited on its own testing facilities;
• NB takes the full responsibility of the test from calibration to 

performing the test itself, meaning that the technical team from 
the Notified laboratory will perform the test themselves using 
the manufacturer test equipment;

• NB shall record the request of the manufacture and the reasons 
for its acceptance of application of article 46;

• Application of article 46 is the secondary way and shall be con-
sidered as exceptional

What article 46 is not
• NB witnessing of the test performed by the manufacturer;
• NB subcontracting the test to the manufacturer even if the man-

ufacturer’s laboratory is accredited for the test;
• NB offering the application of article 46 as an alternative for the 

test on their own facilities.

Note: The group of Notified bodies (GNB-CPR) has issued an ap-
proved guidance (NB-CPR/14/594r2) in order to give guidance to 
Notified Bodies when they apply article 46 for type testing and/or au-
dit testing.

References
1 European Group of Notified Bodies under the Construction Prod-

uct Directive
2 AVCP : Assessment and Verification of Constancy of  

Performance
3 Delegated regulation n°568/2014 of 18 February 2014 amending 

Annex V to Regulation (EU) No 305/2011 of the European Parlia-
ment and of the Council as regards the assessment and verification 
of constancy of performance of construction products

4 SCC : Standing Committee on Construction

n

New Springer Briefs in Fire 
e-book is now available 
“Development of an Environmental and Economic Assessment Tool (Enveco Tool) for 
Fire Events” by Francine Amon, Jonatan Gehandler, Selim Stahl, Mai Tomida, and Brian 
Meacham.

This work was a feasibility study for the development of a relatively easy-to-use methodology for 
estimating the environmental and economic impact of fires that will help communities understand 
the degree to which fire department activities influence a community’s environmental and economic 
well-being. 
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Sprinkler systems connected directly 
to water supply networks and reliable 
drinking water quality – not an 
impossible combination
The Water sprinkler systems – capacity tests and public water supply networks project was concluded in April 2016. The 
project investigated why some local authorities have prohibited connecting sprinkler systems directly to water supply 
networks, what risks such connections may pose to drinking water quality, and how trade association recommendations, 
guidelines, and standards can be improved to minimise these risks.

Since 2013, hospitals have been required to have automatic water 
sprinkler systems, and various forms of means-tested housing to have 
domestic sprinkler systems. In addition, sprinkler systems are often 
incorporated as part of technical overhauls or analytical design so as 
to facilitate a more flexible design of the fire protection system. The 
water for sprinkler systems can be supplied directly by the munici-
pal water supply network and with or without a pump, depending 
on the available levels of pressure and flow. The alternative to a direct 
connection is to have a pump and separate water tank of the capacity 
necessary to supply all of the water needed, and a ban on direct con-
nections in some municipalities has meant that this is the only viable 
option in some areas. This solution, however, comes with increased 
costs for installation and, more particularly, maintenance, as pumps 
require testing on a weekly basis. The extra costs incurred by the use 
of a domestic sprinkler system in means-tested housing are estimated 
to be a 1 million SEK one-time fee for installation, and 25-100,000 
SEK per year for maintenance. As the thousands of means-tested 
housing possibilities in Sweden are often run by local authorities, a 
total ban on the direct connection of sprinkler systems would consti-
tute a sub-optimal use of our tax revenue.

Problems and misunderstandings
The bans that have been put in place are partially based on real prob-
lems that require solutions, and partially on misunderstandings that 
need to be straightened out. The most common of these are:

• Sprinkler pumps draw so much water from the network that a 
negative pressure is created, meaning that contaminated water 
can be sucked back into the water supply network.

• Sprinkler water contains poisonous foam droplets.
• As all of the connected sprinklers are activated at the same time 

during a fire, the water flow rate is just as high as during capac-
ity testing.

It is possible for a negative pressure to be created in the water sup-
ply network, but only by a very powerful pumping system that has 
not been designed, installed, or undergone final testing according 
to the current standard, which states that the supplying line should 
have a pressure of least 0.5 bar at a flow rate of 120% of the dimen-
sioned flow. Many sprinkler systems, particularly domestic sprinklers 
as these require relatively low flow rates, can be installed without a 
pump. These systems are unable to create a negative pressure, regard-
less of flow rate.

Foam is used in very few sprinkler systems, primarily in industrial 
operations. All other systems are conventional ones that use only wa-

ter. Prohibiting the direct connection of sprinkler systems which use 
foam may be a reasonable course of action, but to prohibit conven-
tional systems based on the mere possibility of systems using foam is 
not.

Water flow rates rarely reach the levels that occur during capacity 
testing when actually extinguishing fires. During most fires, between 
one and four sprinklers are activated, and these either extinguish the 
fire altogether or limit its spread so that no more sprinklers are acti-
vated. In some high-risk environments there exist ‘deluge systems’, 
which are designed with open sprinkler nozzles so that entire sections 
can be activated simultaneously. Just as with foam sprinkler systems, 
however, these only comprise a tiny portion of all sprinkler systems.

The most frequently occurring, real problems that need to be 
solved are:

• Pipes being of large dimensions and having low flows and poor 
circulation can lead to microbial growth and thus problems with 
drinking water quality. Local authorities are thus unwilling to 
limit their options for the future by allowing the connection of 
sprinkler systems, as this may mean later difficulties in terms of 
reducing pipe dimensions so as to solve such problems.

• When annual capacity testing is performed so as to verify the 
supply volume of the water source, it is sometimes undertaken 
with such high flow rates that dirt particles in the pipes are dis-
lodged. Although testing continues until clean water reaches the 
sprinkler facility, there is a risk that discoloured water has al-
ready reached users, causing complaints and extra work for wa-
ter supply and sewerage companies.

• Planning for capacity tests and attending testing requires sub-
stantial personnel resources on the part of larger local author-
ities, which means that daily operations and planned mainte-
nance work can suffer as a result.

Aside from these problems, it can also be the case that the existing 
water supply network does not have sufficient capacity to supply the 
needs of a sprinkler system. Even though some administrative sec-
tions of a city may have plenty of water, the supply capacity may be 
far lower in other places, and in these cases a separate water tank is 
necessary.

Responsibilities and obligations
The Public Water Services Act is clear as regards the obligation of 
water supply and sewerage companies to provide a water supply to 

mailto:david.winberg@sweco.se
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sprinkler systems – there is no such obligation. If it is technically 
possible to facilitate this without causing inconvenience, it is some-
thing that should be done; at the same time, however, water supply 
and sewerage companies can claim that the need has been provided 
for if the installation of a separate water tank with a sprinkler pump 
has been permitted. As a result, even though it is less than ideal 
from the perspective of government spending to prohibit the direct 
connection of sprinkler systems, water supply and sewerage compa-
nies have the legal right to do so. Thus, the sprinkler industry must 
find solutions that minimise the risk of inconvenience, ensure that 
imposed limitations are adhered to, and be prepared to waive some 
of its demands. The alternative is that more local authorities will 
impose a ban, and that more systems with their own water cisterns 
and pumps will have to be installed in the future.

Limited capacity tests
Several years ago, the Göteborg Recycling and Water and Sewage 
administrations found a pragmatic middle way that allows the di-
rect connection of sprinkler systems while simultaneously minimis-
ing inconvenience. This involves limiting capacity tests, so that the 
maximum flow rate in pipes is set to 1.3 m/s. The implementation 
of this system has shown that this flow rate limitation is able to pre-
vent the occurrence of polluted water in pipes during capacity test-
ing, while still allowing direct connection to take place. The full 
flow rate is permitted during delivery inspection,  but is again lim-
ited immediately afterwards. Where water pipe dimensions are suf-
ficiently large the full flow rate is allowed; otherwise, it is limited. 
This policy is commonly employed by many Norwegian local au-
thorities, and Norwegian studies show that limited capacity tests in 
combination with hydraulic calculations provide results that corre-
spond well to full-scale capacity tests.

Suggestions for a solution
Among other things, the Water sprinkler systems project suggests 
that the following technical and organisational measures be imple-

mented so as to minimise the risk of inconvenience during the direct 
connection of sprinkler systems:

• Limited capacity tests are to be allowed following an assessment 
undertaken by the authority having jurisdiction in consultation 
with the water supply and sewerage company.

• The interval for capacity testing may be extended to up to five 
years if it is deemed that safety is good, for example for a con-
nection to a pipe to which several sprinkler systems are connect-
ed and where at least one test is performed each year.

• For connection to pipes that are fed from a ring main, capacity 
tests are allowed for both directions.

• A smaller test tank for the circulation of water is allowed as an 
alternative for the testing of sprinkler pumps for those parts of 
systems in which testing at the full flow rate is not allowed.

• A water gauge with a pre-set maximum flow rate should be in-
stalled parallel to the regular water meter to ensure that the 
maximum flows that the water supply and sewerage companies 
have decided are not exceeded.

Some may argue that these suggestions are a step in the wrong direc-
tion, that they will negatively affect the reliability of the water source 
due to the fact that full-scale capacity tests are not performed. The al-
ternative, however, is for the trend of prohibitions and limitations to 
spread to more local authorities, with the end result that the only re-
maining possibility is water supply from separate water tanks. To re-
lax the standards to which capacity tests are held, however, will mean 
that the possibilities for direct connection will increase, with the alter-
native possibility of using separate water tanks remaining where nec-
essary.

Read more in SP Report 2016:37, available at www.sp.se.

SP Fire Research is now listed in the 
Achilles database
SP Fire Research AS (SPFR), previously known 
as SINTEF NBL, has over it’s history per-
formed a lot of fire tests and research for the 
offshore industry.

As of 2016-06-15 SPFR has become certified 
and listed in the Achilles Joint Qualification 
System (JQS) for suppliers to the Oil Industry 
in Norway and Denmark. Oil Companies and 
Main Contractors may use Achilles JQS as the 
basis for preparation of bidder lists directly. 

Achilles was started in 1990 by six purchas-
ing organizations from the oil and gas sector, 

driven by a need to save time and cost in the pre-qual-
ification and risk management of suppliers.

Twenty five years later, and 300 Oil and Gas pur-
chasing organizations – including Shell and Cono-
coPhillips use Achilles to manage risks associated with 
25,000+ suppliers throughout the entire procurement 
life cycle.

For more information see www.spfr.no/about-sp-
fire-research/news and www.achilles.com

http://www.sp.se
http://www.spfr.no/about-spfire
http://www.spfr.no/about-spfire
http://www.achilles.com
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Post-collision fires in road 
vehicles, a pre-study
The loss of human lives and body injuries as a consequence of post-crash fires either by smoke inhalation or due to burn 
injuries are not uncommon.  Statistics from Viklund et al show that 5 % of all fatalities in Swedish roads due to collisions in 
passenger cars, sport utility vehicles, vans and minibuses which took place between 1998 and 2008 occurred in burning 
vehicles. It is relevant to notice that the aforementioned statistics have the same proportions than other countries, such 
as in the U.S.A. where, on average, 31 vehicle fires are reported per hour, and these are responsible for around 300 deaths 
and 800 injured persons per year. Furthermore, these vehicular fires are responsible for 12 % of deaths, 8 % of civilian in-
juries and 9 % of the direct property damage attributable to all the reported fires. In Sweden, the cause of death in one 
third of the reported incidents was attributable to fire only with no or limited trauma injuries. This means that in these cas-
es the occupants did not die due to the combined effect of trauma and fire injuries, but for the effect of fire only.

The vast majority of fire deaths are caused by smoke inhalation and 
not by burns. Smoke incapacitates the occupants of a vehicle fast 
enough to impede their evacuation from the burning object before 
the fire spreads and totally engulfs it. Fire can incapacitate or kill by 
reducing oxygen levels, either by consuming the oxygen, or by dis-
placing it with other gaseous effluents. Even non-poisonous gases 
can be deadly when hot since these can cause burns in the respirato-
ry tract.

In fires materials normally burn in under-ventilated conditions 
where combustion is incomplete and large amounts of toxic particles 
and gaseous substances are released to the environment. The fire con-
sumes the available oxygen and the fire effluents are mixed with the 
remaining oxygen, making these toxic compounds readily available 
to the respiratory system of living beings.  

The low fire performance of the materials used for vehicle man-
ufacturing translates in the large amount of fatalities following ve-
hicle fires. Although there is a legislation specifying some minimum 
requirements with regard to fire performance of materials fitted in 
vehicles, the existing legislation is flaccid when compared to the fire 
safety regulations for the aeronautic, marine and rolling-stock sec-
tors. For example, fire prevention requirements in buses, do not cov-
er aspects such as the limitation of peak heat release rate, smoke yield 
and toxicity as done in regulations for trains, planes and ships.

The fire situation of a road vehicle is complex, involving many 
combustible materials, and which proceeds rapidly with smoke gen-
eration. The role of individual polymers can have some impact on the 
first phases in a fire situation, and therefore the use of flame retard-
ants in these polymers is important to give extra time for evacuation 
of passengers. During later phases it is likely that the fire will proceed 
very rapidly, and polymer selection will not have a greater role in the 
fire behaviour. Polymers will become more and more important in 
car components due to their low weight, easy processability and good 
properties. In a fire situation in a car, all polymers will pose a poten-
tial health risk. 

Reducing fires in vehicles is strongly related to the survivability of 
the occupants against a collision event. Statistics show that occupants 
travelling on modern vehicles have higher probabilities of surviving 
to a severe impact than of those travelling on vehicles with older tech-
nologies. This is however expected, the active and passive safety sys-
tems increase the survivability rate but these do not reduce the risks 
of a fire as a post-collision event.  

Trends indicate that the survivable collision energy will continue to 
increase and, at the same time, the probability of post-crash fires rises 
with the collision energy.  This means that the occupants of a vehicle 
will probably survive a high energy collision but may sustain severe 
injuries or death in the case of a post collision fire. Indeed, as crash-
es are expected to become more survivable with advanced technolo-
gy, fire events might become even more relevant. Database analysis 
gives an interesting general picture of the situation, but unfortunately 
the difficulty of analysing these fire events more precisely, the lack of 
reporting and thus high proportion of unknowns are obstacles to an 
in-depth analysis. Different reporting methods between the databas-
es and between countries make it difficult to compare the data on an 
equal basis. The determination of causal factors is also a challenge as 
so many variables need to be taken into account.

Post-crash fires must continue to be investigated in order to in-
crease the survivability of the occupants against a collision and in-
creasing the overall fire safety in road vehicles is needed. 

More information on this subject can be found in the SP Report 
2015:55. 
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New regulation for fire suppression 
systems in engine compartments of 
buses and coaches 

On July 11, 2016 the document Addendum 
106 – Regulation No. 107 - Revision 6 - 
Amendment 3 (supplement 4 to the 06 Series 
of Amendments) was published. This docu-
ment includes a fire testing procedure for fire 
suppression systems for engine compartments 
of buses and coaches and includes 4 tests ex-
tracted from SP Method 4912. The require-
ments of fire suppression systems apply to 
single-deck, double-deck, rigid or articulated 
vehicles of category M2 or M3 and specifi-
cally vehicles having a capacity exceeding 22 
passengers in addition to the driver - “Class 
III”. Class III vehicles are constructed exclu-
sively for the carriage of seated passengers, 
more commonly referred to as “coaches”. 
The document can be downloaded here: http://www.unece.org/filead-
min/DAM/trans/main/wp29/wp29regs/updates/R107r6am3e.pdf.

It is now possible to start issuing vehicle and component type approv-
al certificates, i.e. UNECE type- approval, with regard to fire suppression 
systems. SP is a Technical Service for UNECE Regulation No. 107. 

Through the UNECE 1958 agreement there is a mutual recognition of 
vehicle type approvals of the Contracting Parties. Contracting Parties are 
able to choose which regulations to adopt. In Europe the new updated 
UNECE Regulation No. 107 will be legislated. 

The fire suppression system manufacturer’s UNECE approval will be 
used as a part of the bus manufacturer’s vehicle approval for UNECE 
Regulation No. 107 concerning fire suppression systems. 

Within the European Union (EU), bus manufacturers normally have 
a European Community Whole Vehicle Type Approval (ECWVTA) in 
order to sell their bus/coach. The ECWVTA is a voluntary system and 
a way for ensuring that vehicles meet relevant environmental, safety 
and security standards. Once all of the system and component approv-
als are in place, the vehicle will be considered as a whole by a designat-
ed type approval body. This certification will be accepted throughout the 
EU. Once a vehicle is approved, the manufacturer should have process-
es in place to produce a Certificate of Conformity (CoC) for each vehicle 
manufactured.

It is not yet defined how the fire suppression system manufactur-

er’s UNECE approval will fit in to this pro-
cess. This will be regulated through Regula-
tion (EC) No 661/2009/EU.

The proposed date of entry is October 8, 
2016 for the document covering  the fol-
lowing vehicles: single-deck, double-deck, 
rigid or articulated vehicles of category M2 
or M3 and specifically vehicles having a 
capacity exceeding 22 passengers in addi-
tion to the driver - “Class I and Class II”.  
Class I vehicles are constructed with areas 
for standing passengers, to allow frequent 
passenger movement and Class II vehicles 
are constructed principally for the carriage 
of seated passengers, and designed to allow 
the carriage of standing passengers in the 

gangway and/or in an area which does not exceed the space provid-
ed for two double seats, more commonly referred as “city buses”.

The tentative transitional provisions for UNECE Regulation No. 107 
concerning fire suppression systems are specified below.  Please observe 
that these dates only apply to UNECE type- approvals in accordance 
with UNECE Regulation No. 107.  UNECE does not have a system for 
Whole Vehicle Type Approval. In Europe this is regulated through the 
EU.

The requirement of installation of fire suppression systems applies to 
the vehicle. In order to approve a system this can be done in two ways in 
accordance with UNECE Regulation No. 107: 
• Annex 13 – Part 1 “Fire suppression system approved as a compo-

nent”. The system is tested in a well-defined test rig.
• Annex 13 – Part 2 “Fire suppression system installed in a specific en-

gine compartment”. The system is tested in a specific engine compart-
ment.

There will not be a requirement of a European vehicle component type 
approval certificate - E-mark approval - for the actual fire suppression 
system as the bus/coach manufacturer can choose to make a vehicle ap-
proval based on testing in accordance with Annex 13 – Part 2.

For more information please contact: Fredrik Rosén. 

Vehicle 
class 
concerned

Date when  
UNECE type- approval, 
with regard to fire 
suppression systems 
becomes possible

Date when  
UNECE type- approval, with 
regard to fire suppression 
systems  becomes mandatory

Vehicle 
types 
concerned

Final date of 
transitional period

Vehicle types 
concerned after final 
date of transitional 
period

Class III June 18, 2016 July 11, 2018 New vehicle 
types

July 11, 2019 New vehicles

Class I 
and II

October 8, 2016 
(tentative)

September 1, 2020 (tentative) New vehicle 
types

September 1, 2021 
(tentative)

New vehicles

Tentative transitional provisions for UNECE Regulation No. 107 concerning fire suppression systems .

Figure 1 It is now possible to start issuing vehicle 
and component type approval certifi-
cates, i.e. UNECE type- approval, with 
regard to fire suppression systems.
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On the way to a firm grasp on safety 
issues of additive manufacturing

There is no doubt that additive manufacturing (AM) technologies bring new and valuable assets to innovation: it makes 
possible to forge objects that were impossible to forge before, objects can be customized at will, etc. Jeremy Rifkin, an 
American economic and social theorist, even foresees in additive manufacturing technologies a looming third industrial 
revolution. 

Beyond its early achievements in rapid prototyping processes, this re-
cently born technology is still in the need of various developments to 
reach full maturity, among which industrial safety management on 
the full value chain from innovating feed materials synthesis to post 
processing. Indeed, at this stage, the risk management of additive 
manufacturing has been overlooked, probably because its great po-
tential caught first all the attention of concerned stakeholders. How-
ever, the risk management is not to be ignored, not only in accord-
ance to the hazardous substances involved, but also to the processes.

A wide range of substances is used for printing: metallic powders, 
inks, additives, polymers, etc. They can be organic or inorganic, liq-
uid or solid down to nanometric scale. Whatever the technique, all 
have to be heated -sometimes strongly- during the AM process. The 
associated risks are well-known:

• Combustible dust is apt to cause fire and explosions. The finer the 
dust, the less energy is required to trigger a fire or an explosion, 
and the more violent the effects may be…or not depending on 
the particle size distribution, surface area, agglomeration level, re-
activity…. Metallic dust is usually highly reactive, and can easily 
reach a temperature far above 1500°C once it burns, according to 
its adiabatic combustion temperatures (often >> 3000°C, see table 
1), much higher than for hydrocarbon fires (1900°C to 2100°C 
in air). Some are even pyrophoric: when finely divided they can 
spontaneously combust (e.g. < 10µm for zirconium). However, 
specific explosion behaviors have been recently highlighted for 
metallic powders down to nanoscale and are still being investigat-
ed (cf Figure 1).

• Some of these substances are toxic. In particular, by warming up 
organic substances, there is a risk to release volatile organic com-
pounds, which have respiratory, allergic or immune adverse ef-
fects. Some organics can cause cancers or are suspected to hold 
this hazard.

Metal
Adiabatic flame temperature  
(in O2) (°C)

Ignition temperature range (*) of metal in 
microscale powder, layer/dust) (°C)

Heats of combustion (MJ/kg)

aluminium 3790 320/610 (in flakes) 31.0

titanium 3720 290/375 19.7

Iron/steel 2220 240-430/450 7.4

Zirconium 4005 220-20 12.1

Table 1 Thermal hazard data of some common metals (various sources). 

Figure 1  Evolution of the explosion severity as a function of specific 
surface area – Specific trends observed for several metallic 
materials – Results issued from the EU project MARINA – 

 www.marina.eu.
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• Various additives, changing safety profile of bulk feedstock may 
also be used, either to achieve compatibility with AM technology, 
or to meet final product quality requirements

• There are actually several technologies of additive manufacturing 
(powder bed fusion, material extrusion, binder jetting, directed en-
ergy deposition… [1-2]) and therefore several families of process-
es. The point is not to discuss them here individually, but to illus-
trate the main risks that can be encountered:

(*) relating pyrophoricity hazard may be influenced by air moisture.

http://www.marina.eu
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Figure 2 Hartmann test as configured and operated at INERIS ‘nanosafe’ laboratory for the study of  ex-
plosibility of dusts entailing  nano size distributions. 
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IS- Risks related to hot temper-
atures – required to melt the 
matter. 

- Risks of projections of hot 
matter. 

- Risks related to the use of 
UV lamps, lasers, or elec-
tron beams. 

- Risks related to the use of 
so called “machineries” 
as defined in the Directive 
2006/42/CE: “an assembly, 
fitted with or intended to 
be fitted with a drive system 
other than directly applied 
human or animal effort, 
consisting of linked parts or 
components, at least one of 
which moves, and which are 
joined together for a specific 
application”. 

- Risks related to the handling 
of hazardous substances; in 
particular, an accident dur-
ing transport or storage can 
involve a significant quantity of material. The processes may 
also generate side-streams of materials which have to be recy-
cled in the machinery and which may present hazardous profile 
departing from the original material feed. 

- Risks to emit noxious ultrafine particle emissions (Molten Pol-
ymer Deposition technology) [4].

The health and safety issues of additive manufacturing are not just 
theoretical questions. Many accidents/incidents have already been 
registered among stakeholders. Most of them are mere start of a fire, 
but more important accidents have been reported, like the one that 
happened in Powerpart Inc. in November 2013 (http://www.3ders.
org/articles/20140522-3d-printing-company-cited-by-osha-af-
ter-explosion-facing-in-penalties.html, accessed April 2016, 17th). 
The fire and explosion caused a third degree burn to a company em-
ployee.

INERIS, the French institute for Industrial Safety and Environ-
mental Protection, started early to tackle the health and safety issues 
of additive manufacturing, building on its long experience in dealing 
with the risks of substances and processes, and its facilities to char-
acterize haz-mat substances. If the topic is new, the risks and the way 
to mitigate them are classical and well mastered by the Institute. The 
challenge is mostly to convince the industry that safety also requires 
their attention and to dedicate some efforts to improve it and there-
fore eliminate one potential restraint to sustainable development of 
AM. And it seems to be on the way: recently, INERIS answered two 
research calls dealing with additive manufacturing together with ma-

jor European industrial stakeholders. Although the challenges caused 
by the emerging use of nanomaterials in the domain of additive man-
ufacturing is not yet quite clear [4-6], recent research tends to prove 
that nanoparticles might be used in advanced techniques belonging 
to additive manufacturing [4] and INERIS is already ready to antici-
pate them through the recent commissioning of its nanosafe laborato-
ry (see Figure 2).
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Total number In the 
starting 
unknown 
object

In the 
starting
space/room

In the starting
fire cell

In the starting 
building

Spread 
to other 
buildings

Unknown

Fire incidents 48 949 32 386 11 160 3 865 1 347 84 107

Expected number in 
wooden buildings

73 48 17 6 2 0,1 0,2

Incidents in wooden 
buildings

22 12 7 1 2 0 0

Table 1 Fire incidents resulting in rescue service callouts for apartment buildings between 1998 and 2014 according to MSB’s statistics (4), 
and the expected number of fire incidents in apartment buildings with a wooden frame as compared to the actual number of identified 
incidents.

Fire incidents in modern wooden 
buildings mapped
The construction of multi-storey housing with wooden frames has been permitted in Sweden since 1994, when the build-
ing regulations became performance-based. The construction technique has gradually been increasingly adopted, and is 
now well-established and frequently utilised. Regulations concerning life safety are clearly defined in the current building 
regulations, and questions regarding property protection have now been raised from new perspectives. As a first step to-
wards improved understanding, fire incidents involving multi-storey buildings with wooden frames have been studied. The 
results show that modern apartment buildings with wooden frames have a lower rate of fire incidents that have resulted in 
rescue service callouts than the entire apartment building stock.

Over the last three decades, new knowledge regarding the perfor-
mance of wooden constructions and materials from a fire safe-
ty engineering perspective has been developed in international col-
laboration, in which Sweden has played a leading part. This new 
knowledge has been used to ensure adherence to European and na-
tional requirements on fire safety over the last 20 years (1). It is thus 
natural to evaluate how fire safety has functioned in practise, and a 
study has recently been performed (2).

A ‘modern wooden building’ was defined in this project as an 
apartment building higher than two storeys, in which the load-bear-
ing structural material is wood, and which has been built according 
to the revised Swedish building regulations 1994 and later updates. 
The term also includes student housing and assisted living (3).

Inventory of apartment buildings with a wooden frame 
A complete inventory and analysis of all apartment buildings in Swe-
den that have a wooden frame was performed. Data were collected 
directly from component manufacturing companies, developers, and 
contractors who have manufactured components for and/or erected 
apartment buildings with more than two storeys since 1994. In to-
tal, 30 companies were contacted, resulting in a database of 10,264 
apartments from 188 building projects for the period 1994-2015, 
which is estimated to represent more than 95 % of completed pro-
jects.

The Swedish Civil Contingencies Agency (MSB) supplied extracts 
from its database of fire incidents that resulted in rescue service call-
outs for all of these buildings (4). Modern wooden buildings have 

then been compared to the total apartment building stock, regard-
less of type of frame, year built, number of floors, etc. as this was the 
only material for comparison that was available.

Fire incidents 1998–2014
A total of 22 fire incidents were identified for the period 1998-2014 
and no incidents before 1998. For this period, the MSB has statistical 
data for all fire incidents which resulted in rescue service callouts.

The fire incidents were divided into six levels of fire spread, follow-
ing MSB and the Swedish Rescue Services Agency’s definitions (see 
Table 1).

Only one of the reported fire incidents had any connection to the 
structural material as regards the progress of the fire. This incident 
was in a student housing building in Luleå, which had to be demol-
ished after the fire. The fire was well-documented (5), and flaws in 
the building details and safety inspections have been identified.

None of the fire incidents in wooden buildings for the period 
1998-2014 resulted in deaths, but injuries caused by exposure to 
smoke were reported for two of the incidents.

Comparison with the entire apartment building stock
The total number of apartments in apartment buildings has, accord-
ing to Statistics Sweden (6), increased from 2.33 million in 1998 to 
2.58 million in 2014, with the average for this period at 2.44 million 
apartments  per year. The average number of apartments in apart-
ment buildings with a wooden frame is 3560, comprising 0.15 % of 
the total stock of apartments in apartment buildings for this period.

mailto:birgit.ostman@sp.se
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Figure 1 Accumulated number of apartments in buildings with wooden 
frame with more than two floors 1994–2015.

Figure 2 The Skagerska building in Årsta, Stockholm, uses wood both 
as load-bearing frame and façade.
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Based on the total number of incidents, there should have been 73 
incidents in the stock of wooden buildings if the two stocks had been 
equal. This is a higher number than was found in this study (a total 
of 22 incidents; see Table 1).

Thus, existing statistics show that, for wooden buildings, the fire 
incident rate that has led to rescue service callouts is lower than the 
national average for apartment buildings. This is not surprising, 
however, as the studied buildings are relatively new, but there are no 
statistics for fire incidents that allow for comparison with regard to 
the age of buildings. Fire incidents that resulted in rescue service call-
outs occurred per 1000 apartments in modern wooden buildings 
were 0,4 per year. The corresponding proportion for the entire stock 
of apartments in apartment buildings is 1.2 incidents per 1000 apart-
ments per year for the same period.

However, the data collected were so small that further analysis 
should be qualitative rather than quantitative.

Conclusions and continued work
Data on reported fire incidents for the period 1994-2015 shows that 
modern apartment buildings with a wooden frame have a lower rate 
of fire incidents that lead to rescue service callouts  than the entire 
apartment building stock. This can be explained by the fact that the 
buildings are relatively new. Only one of the incidents occurring in 
the more than 10,000 apartments had any connection to the struc-
tural material. The most frequently occurring incident was fire in the 
igniting object without further spread, which corresponds to inci-
dents in the total stock of apartments.

Further activities to be undertaken include analysis of statistics 
from other countries and the development of recommendations for 
improved protection of property within the framework of a newly 
initiated Swedish Fire Research Board project.
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Research Scientist Christian Sesseng investigating a fire. 
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Investigations and analyses of 
fires 
Much knowledge can be obtained through analyses of fires. Fire investigations give increased knowledge about how and 
why fires start, why fires developed as they did and how to prevent it happening again. SP Fire Research assists with inde-
pendent investigations and analyses of fires on request from the police, insurance companies, the justice administration, 
other authorities, lawyers and private companies. 

By law, the Norwegian police must investigate all fire incidents to 
determine if the fire was an act of arson. It is, however, a fact that 
the police do not investigate all fires. Due to scarce resources and 
busy schedules, some fires are unfortunately not investigated as thor-
oughly as they ought to be. This may especially be the case for inci-
dents where the fire cause appears to be obvious.

From the police’s point of view this may be a reasonable use of 
resources, but it reduces the amount of valuable knowledge availa-
ble to the field of fire safety – and society. In our opinion there has 
been too little focus on fire investigation and analysis to reveal why 
fires started, how and why they spread, and which safety barriers 
worked and which did not. We see a need for a systematic approach 
to fire investigation to be able to answer these questions.

New Norwegian regulations require analysis of fires
The Norwegian Fire Prevention Act requires that municipalities as-
sess incidents to achieve continuous learning and improvement re-
lated to accident prevention and preparedness. In the new regula-
tions that came into force 1st of January 2016 this is explicitly stated 
as follows (our translation): “After fires that had or could have had 
serious consequences for lives, health, the environment or property, 
the municipality shall assess if preventive work has had the desired 
effect.” 

An unexploited potential for learning
The new regulations may increase the available knowledge through 
fire investigations and analyses. It will, however, require that all in-
formation from the investigations is collected in a systematic fashion 

to be able to extract the knowledge of common interest to increase 
fire safety in society. Increased fire safety can be obtained through e.g. 
changes in regulations, development of guidelines or withdrawal of 
unsafe products from the market. If weaknesses connected to prod-
ucts represent a fire hazard, for example by contributing to faster fire 
spread or impairment of fire barriers, cooperation with the industry 
to improve the product may be a solution. To be able to learn from 
fires the quality of the investigation work is of crucial importance. 

SP Fire Research’s contribution in fire investigations and 
analyses of fires
SP Fire Research in Trondheim has extensive experience with fire in-
vestigations and analyses of fires. We have completed projects that in-
volved assessments of police investigation reports and other types of 
documentation, and also tasks where observations of the fire scene 
have been an important part of the analysis. We are regularly ap-
pointed as a fire expert witness in criminal court cases, and in addi-
tion we have performed projects for insurance companies, industry 
and lawyers related to fire incidents. We have also performed anal-
yses of fires for authorities and for the Accident Investigation Board 
Norway. 

The methodology applied for all these types of fire investigation 
cases is the same. Fire investigations require a systematic and tracea-
ble approach, and in 2015 we developed a report for the Norwegian 
Directorate for Civil Protection (DSB) describing a generic procedure 
for analysis of fire incidents (“Metode for evaluering av branner”, 
in Norwegian). The procedure can be used as a tool for fire brigades 
and other parties that are involved in this kind of work to ensure the 
quality of the analysis.

The tasks may involve different activities, depending on the purpose 
of the analysis: 
• Mapping and analysis of the incident and the cause of fire
• Fire testing and documentation of materials and objects involved 

in the fire
• Ad-hoc fire tests at small- or large-scale to elucidate problems 

and theories
• Assessment of fire preparedness and technical and organization-

al fire preventive measures

We believe that analyses of fire incidents represent an unexploited po-
tential for learning. With a relatively modest effort information and 
knowledge can be collected for the benefit of the society. It requires, 
however, both initiative and funding from the authorities.
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Figure 1   Elements that should be considered during mapping of fire 
safety for vulnerably groups in society

n

Fire safety for vulnerable people

SP Fire Research has cooperated with NTNU Social Research in a project about how to avoid fatal fires among vulnerable 
groups. The project was commissioned by the Norwegian Directorate for Civil Protection and was presented in an open re-
port in November 2015.

Background
Individuals that may be categorized in different ways as vulnerable 
are over-represented in fire fatality statistics. It is therefore important 
to find efficient and targeted measures that can prevent future fire fa-
talities involving people that can be categorised as belonging to vul-
nerable groups.

Who is vulnerable to fatal fires?
There are groups of people that, according to statistics, are more 
prone to experience fatal fires. For example, elderly people are 
over-represented in these statistics. However, it is not age alone that 
places a person at risk, and this type of grouping is not efficient for 
succeeding in targeted fire safety work.

We have defined vulnerable groups as groups of people that, for 
various reasons, are more likely to start a fire or have limited ability 
to:

1. prevent fire
2. detect fire
3. warn about and extinguish fire 
4. evacuate unassisted

Vulnerability will be influenced by the individual’s physical and cog-
nitive abilities, but the risk of fires is also strongly influenced by the 
circumstances surrounding the individual such as the physical sur-
roundings, housing and access to technical fire protection measures 
such as extinguishing, detection, and alarm systems and also passive 
measures such as use of flame retarded materials, as well as the social 
and organisational environment.

The factors of individual, building, social and organisational envi-
ronment thus interact and influence each other.

Risk factors and technical measures
The selection of technical fire protection measures is closely linked 
with the individual’s abilities and we use three main categories of risk 
factors:
• Physical impairment (visual impairment, hearing impairment, re-

duced mobility)
• Cognitive challenges (challenges with for example sense percep-

tion, attentiveness, memory, logical skills, and problem solving)
• Language, culture and attitudes (affecting how people detect, as-

sess and react to fire risk)

These factors can cause different challenges with regard to fire risk 
and specially adapted equipment may be necessary. Some challenges 
can for example be difficulties in perceiving alarms, localising the fire, 
communicating with the fire service during the fire and moving dur-
ing evacuation.

Organisational environment
The organisational environment connected to the individual is im-
portant for how fire protection work should be performed. These en-
vironments vary because they are not only formed by formal struc-
tures and technical conditions that can be controlled, and they are 
also informal, cultural, relational, and competence structures. A risk 
assessment that considers all aspects of fire risk for vulnerable groups 
should be performed when prioritising fire protection measures in in-
dividual municipalities, as described in Figure 1 below. 

The report (in Norwegian) Rett tiltak på rett sted. Forebyggende 
og målrettede tekniske og organisatoriske tiltak mot dødsbranner i 
risikogrupper can be downloaded from www.spfr.no.
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Figure 1 CFD model of the train carriage. 

CFD modelling of fire development 
in metro carriages under different 
ventilation conditions
Design fires have great influences on the fire safety concepts and safety measures, and are the basis for any assessment 
and calculation in tunnel fire safety design. The best way to obtain a design fire for a specific carriage is to carry out full 
scale carriage fire tests. However, the costs of such tests are large and the number of the tests is typically limited. CFD 
(computational fluid dynamics) modelling could be a good alternative to reduce the cost and make parametric studies pos-
sible after the model has been adequately validated. 

Fire development in a train carriage is investigated by CFD simula-
tions. Two methods, i.e. the simple ignition model and the kinetic py-
rolysis model, are applied. In the simple ignition model, an ignition 
temperature is assigned to a combustible material which burns fol-
lowing a prescribed curve only after the surface temperature reach-
es the ignition temperature. In the kinetic pyrolysis model, the ki-
netic parameters of the reactions specified for each material are used 
to describe the reactions that occur within the solid materials while 
they are burning. The model parameters are estimated and calibrated 
based on data obtained from Thermo-Gravimetric Analysis (TGA) 
tests and cone calorimeter tests. 

Comparison with full scale test data
One full scale carriage test carried out in the METRO project was 
simulated. The train model is shown in Figure 1. 

Comparison of the simulated heat release rate curves with full 
scale test data is shown in Figure 2. Both the simple ignition model 
and the kinetic pyrolysis model succeed in predicting the fire devel-
opment in the carriage to a large extent. The simple ignition model 
predicts the heat release rate relatively well during the whole period 
with the only exception that the predicted fire growth rate is slightly 
lower than the test data. One possible reason is that the fire growth 
periods for different fuels were estimated from laboratory tests that 
could be longer than those in the full scale test where the radiation 
level is much higher. The maximum heat release rate is predicted well 
by the simple ignition model. In comparison, the kinetic pyrolysis 
model predicts the growth period well while the maximum heat re-
lease rate is much lower and the fire decays earlier. The energy con-
tent consumed in the simulation is also much lower than that in the 
test. These could be due to that some uncertainties were introduced 
for the parameters obtained from small scale tests and there could 
also be some fuels that were not accounted for. It is also found that 
the kinetic pyrolysis model is very sensitive to the thermal and kinet-
ic parameters.

Overall, the simple ignition model performed better than the kinet-
ic pyrolysis model in predicting the fire development in the carriage. 
However, for any simulation using these models, validation is always 
required, due to the sensitivity of these pyrolysis models to the input 
parameters, especially for the kinetic pyrolysis model.

Effects of tunnel structure
Carriage fires in the tunnel under different ventilation conditions are 
compared with that in the open. Results show that the tunnel walls 

nearly have no effect on fire development in the carriage. Therefore 
the effect of heat feedback from tunnel structure is negligible for car-
riage fires. This is mainly due to the fact that the fuels in a carriage 
are not directly exposed to the tunnel structure. 

Effects of ventilation
Carriage fires in the tunnel under different ventilation conditions are 
compared in Figure 3. The case with u=0 m/s corresponds to two 
open tunnel portals. For well ventilated carriage fires, e.g. when the 
longitudinal ventilation velocity is greater than around 1.5 m/s, the 
fire growth rate increases with ventilation while the maximum heat 
release rate is closely independent of the ventilation. For carriage fires 
under such conditions, the maximum heat release rate is approxi-
mately the same as that in a free-burn fire in the open or a fire in a 
short tunnel with no ventilation (u=0 m/s). 

When the longitudinal ventilation velocity is not greater than a 
certain value (e.g. 1 m/s) and the reverse flow is arrested by the in-
coming flow (e.g. in a long tunnel), the fire could be highly vitiated. 
The fire develops more slowly and the maximum heat release rate 
becomes lower, see Figure 3. We may call these fires as highly viti-
ated fires. For carriage fires under such conditions, the ratio of the 
maximum heat release rate to that in a well ventilated fire (or a free 
burn open fire) is around 0.6. The main reason should be that under 
such conditions, there exists a significant backlayering with a large 
amount of smoke, which is prevented by the incoming air flow and 
then blown back to the fire site, causing immediate smoke descent 
and vitiation of the fresh air at the fire site. 

However, in some cases under low ventilation, the reverse flow 
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Figure 2 Comparison of full scale test data and simulation results of 
heat release rate. 

Figure 3 Effect of ventilation on heat release rate for well ventilated 
fires (Simple ignition model).

Figure 4 Effect of ventilation on heat release rate for vitiated fires 
(Simple ignition model).

n

could not be arrested by the incoming flow, e.g. in a short tunnel or 
in a tunnel with no dominating ventilation (closely 0 m/s). In such 
cases, the smoke could flow out of the tunnel through both portals 
and there could be only a small portion of smoke entrained into the 
incoming flow and blown back to the fire site. We may call these fires 
as lightly vitiated fires. The vitiation effect, therefore, depends on the 
tunnel length and the fire location relative to the portals. For a car-
riage fire in the middle of an approximately 100 m long tunnel, the 
ratio of the maximum heat release rate to that in a well ventilated 
fire (or a free burn open fire) is around 0.9. This ratio is expected to 
be slightly lower for a longer tunnel, but may not be lower than 0.6 
which corresponds to highly vitiated fires. 

From the point of view of ventilation effect on the fire develop-
ment in such a metro carriage, the distinction between the well venti-
lated fires and highly vitiated fires lies between 1 m/s and 1.5 m/s. 

Note that if the fire size is smaller, both the amount of oxygen con-
sumed and the mass flow rate of the reverse flow are reduced, which 
indicates less significant effect of vitiation on the fire development. 
Under such conditions, the transition point between well ventilat-
ed and vitiated fires could be lower. It should also be kept in mind 
that all the carriage fires discussed in this work are fuel controlled, 
despite the fact that inside the carriage the fire could be ventilation 
controlled to some extent, i.e. local flashover. In contrast, some large 
tunnel fires, e.g. tanker fires, could be closely ventilation controlled 
(fuel rich), that is, the heat release rate is directly related to the fresh 
air flows that are entrained into the fire site.  

More information can be found in SP Report 2015:86. 
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Figure 1  Test of material combinations in the cone calorimeter expo-
sed to heat flux of 35 kW/m2.

Figure 2   Test of material combinations in a corner mock-up assembly. Exposure to a small gas flame to the left, and crib 5 to the right. 
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Fire safe upholstered furniture – 
alternatives to the use of chemical 
flame retardants

In a project commissioned by the Swedish Contingencies Agency (MSB,) SP Fire Research has investigated if sufficient fire 
safety can be achieved in upholstered furniture without the use of flame retardant chemicals.

Upholstered furniture can be a fire risk
It has been known for decades that upholstered furniture represents a 
fire risk. Such furniture can contain relatively large amounts of easily 
ignitable and very combustible materials. The foam used for the pad-
ding is usually the primary challenge with regard to fire. When the 
foam burns it releases large amounts of heat and produces dense, tox-
ic smoke. Less flammable furniture would therefore contribute to in-
creasing fire safety significantly. This may be relevant for example in 
homes, institutions, hotels and in other applications.

Some flame retardants represent a risk for health and envi-
ronment
In order to meet relatively stringent fire safety requirements, flame 
retardant chemicals are often added to the materials. Some flame re-
tardants may be harmful to health and environment, which is why 
there is a concern that the use of these chemicals will increase if strict-
er requirements on furniture are implemented. SP Fire Research has, 
on behalf of the Swedish Contingencies Agency (MSB), investigated if 
sufficiently fire safe upholstered furniture can be achieved without the 
use of flame retardant chemicals. Fire properties can be improved by, 
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for example, a conscious choice of materials in coverings and fire bar-
riers (a textile placed between the cover material and the padding). 
The project was carried out in 2015 by SP Fire Research in Trond-
heim and Borås in cooperation.

Test methods
Various combinations of cover materials, fire barriers and foams were 
tested on a small scale in the cone calorimeter (ISO 5660) in order to 
examine which combinations of materials could potentially produce 
good fire behaviour in upholstered furniture, see Figure 1. In this 
context, good fire behaviour means that the furniture releases small 
amounts of heat and produces little smoke after being ignited. It is 
also an advantage if the material combination is difficult to ignite. 
Based on this screening, material combinations were chosen for me-
dium scale testing in a corner mock-up assembly. The material com-
binations in the mock-up were exposed to a small gas flame and to a 
wooden crib corresponding to crib 5 of BS 5852, see Figure 2. Uphol-
stered furniture in the UK market must comply with certain criteria 
when tested using crib 5, which is much stricter than in Norway and 
Sweden.

Tested materials  
We wanted to investigate products that are common in the Scandina-
vian market and cooperated with Swedish suppliers to select materi-
als for the tests. We tested a total of seven cover materials, two types 

of polyester wadding and three materials used as fire barriers between 
cover and foam. The same type of foam was used in all material com-
binations.

Results and conclusions
The tests showed that the heat release can be reduced by using a fire 
barrier between the cover and the foam. The barrier with the greatest 
density supplied the most significant impact while the effects of the 
lightest barrier were more dependent upon the cover material with 
which it was combined.  Based on the results of the experiments, we 
believe that it is clearly possible to improve the fire safety of uphol-
stered furniture without the addition of chemical flame retardants to 
the materials. This requires however, a conscious choice when com-
bining materials. We have noted that there are several interesting 
products on the market, of which many have very different applica-
tion areas than for use in upholstered furniture and could be further 
investigated in possible future studies.  

We also recommend that a voluntary system for fire classification 
of upholstered furniture should be considered. This would be use-
ful for both private households and for purchasers of furniture for 
commercial and government applications (hotels, hospitals, prisons, 
ships, offshore, etc.). 

The report Fire safe upholstered furniture. Alternative strategies to 
the use of chemical flame retardants can be downloaded from www.
spfr.no.
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An international conference on the 
fire safety of façades
On May 11-13, the second international conference on the Fire Safety of Façades (FSF) was held in Lund, Sweden. Here, 125 
people discussed, among other things, testing methods, standardisation, and rules and regulations for three days.

The first conference on façade fires was held in Paris in Autumn 
2013, and this, the second, in Lund, Sweden in late Spring 2016. 
During the conference, two workshops were held, in which approxi-
mately 40 people participated; one on fires in high-rise buildings, and 
the other on testing methods and their reliability. 

Internationally, a number of façade fires have attracted much atten-
tion due to the fire spreading quickly from floor to floor on the out-
side of the building, causing substantial damage. This type of fire is, 
however, very rare in countries that use large-scale testing methods 
to classify the reaction to fire properties of façades. One problem to-
day is that no standardised method for assessing the reaction to fire  
properties of façades exists; rather, each country uses its own meth-
od, and these often vary widely. As a result, finding ways to arrive at 

a harmonised European methodology for the testing and classification 
of façade systems is a pressing issue.

The conference covered several areas related to the fire safety of 
façades, such as standardisation, testing methods, rules and regula-
tions, façade systems, possibilities for performing analytical dimen-
sioning, and case studies. Among the contributions that were submit-
ted to the conference, 24 were selected for oral presentations and 20 
were presented during a poster session that was preceded by brief oral 
introductions. The conference was arranged by CSTB, and Lars  
Boström of SP Safety chaired the scientific committee. The next con-
ference will be held in 2019.
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New test method for fire detection in 
heavy-duty vehicles

SP is coordinating a project on fire detection in heavy-duty vehicles, one of the goals of which is a new test method for fire 
detection in the engine compartments of buses, trucks, and other heavy machinery. The project is to be concluded this 
year, and a suggestion for a test method is now being reviewed by interested parties. The project has been funded primari-
ly by the Vinnova programme FFI – Strategic Vehicle Research and Innovation.

The new test method, SP Method 5320, complements SP Meth-
od 4912 (‘Method for testing the suppression performance of fire 
suppression systems installed in engine compartments of buses and 
coaches’), which was introduced in 2013 and has since attracted 
widespread international attention. Parts of the method have also 
been implemented in the European legislation relating to buses. The 
engine compartment test apparatus used in SP Method 4912 will 
also be used for detection testing within SP Method 5320 and there 
are plans to expand also the scope of SP Method 4912 to include all 
types of heavy-duty vehicles.

There has long been a need for a testing method adapted to detec-
tion systems in the engine compartments of heavy-duty vehicles, and 
its development will facilitate an improved safety level with regard to 
fires in engine compartments. The test method ensures that the detec-
tion systems that are installed in engine compartments are effective, 
and that they can handle the tough environment of the engine com-
partment. It also means that vehicle manufacturers and operators are 
able to compare different types of detection system, irrespective of the 
technology used.

Despite the fact that fire detection systems are used in the engine 
compartments of many vehicles today, it is still most common for en-
gine compartment fires to be detected by the vehicle’s driver or pas-
senger(s), or persons who are in the vicinity of the vehicle, when they 
smell smoke or see flames/smoke emanating from the engine com-
partment. In cases in which a detection system has been installed, it 
is not unusual that the detectors are out of order or have been placed 
too far from the source of the fire. Thus, a test method is required to 
improve the level of safety. Early detection is often of decisive impor-
tance for evacuation, especially with regard to buses, but also makes 
it possible for the fire to be extinguished at an early stage.

Several different detection systems have been tested and evaluated 
during the project. Typical fire scenarios and fire sources have been 

studied, as well as the engine compartment environment in terms of 
vibration, corrosion, temperature variations, dirt, water, electromag-
netic compatibility (EMC), and air flow. Based on this, the test meth-
od has been developed to ensure that detection systems cover the en-
tire engine compartment, are capable of detecting fires at an early 
stage, and are suitable for the harsh environment of the engine com-
partment.
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Development of an Environmental 
and Economic Assessment Tool 
(Enveco Tool) for Fire Events
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On a local level, the impact 
of fire on a community is 
usually measured in terms 
of the number of fires, hu-
man casualties, and property 
damage. There are, howev-
er, subtle impacts of fire that 
are not as easily estimated 
but contribute to the meas-
ure of overall performance 
of the fire service in protect-
ing a community. A tool has 
been developed that provides 
a consistent methodology for 
assessing the performance of 
fire departments with respect 
to two of these impacts: envi-
ronmental and economic.

This work is the first step 
toward the development of 
the Enveco tool; it is a feasi-
bility study. If the results of 
this work appear promising, 
further work will be conduct-
ed in the future to expand 
and improve the capabilities of the tool.  The Enveco tool analyzes 
fire service response to previously occurring warehouse fires in which 
a defensive strategy was used and makes a comparison with the pre-
dicted consequences of the same fire without fire service response. 
Two relatively simple case studies were chosen to demonstrate the 
feasibility of the tool. In both case studies water was used as the fire 
suppressant in response to a warehouse fire in which hazardous ma-
terials were not stored (although there were oxidizers in one of the 
warehouses).

A baseline is used to compare the environmental and econom-
ic consequences of fire service activities against a fictitious world in 
which the fire service exists but does not respond.  This baseline is 
created for comparison purposes only. Quantitative risk assessment 
(QRA) is used to predict the fire behavior and damage for the theo-
retical baseline case in which the fire service does not respond.  Re-
sults from the QRA are used in both the environmental and eco-
nomic impact calculations. Life cycle assessment (LCA) thinking was 
applied to the environmental calculations, along with Fire-LCA tech-
niques previously developed at SP., 1, 2, 3, 4. Cost benefit analysis 
methods were used for the economic calculations. 

Even though there are many uncertainties associated with the com-
ponents of the Enveco tool due to non-specific input data, many of 
them become less severe when used in the comparison between the 
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theoretical baseline case of 
no fire service intervention 
and the real case where the 
fire service intervenes. This 
is because some portion of 
these uncertain parameters 
used in the models are ap-
plied to both scenarios in the 
comparison and are there-
fore partially cancelled out 
of the results.

The most important fac-
tor is X, the ratio between 
radiated and total HRR, 
which determines a large 
portion of the difference be-
tween the two scenarios in 
terms of fire spread to ad-
jacent structures. Other im-
portant factors are those 
that are related to the differ-
ences between the two sce-
narios, such as the area used 
to calculate property dam-
age. There are three factors 

that are only present in one of the scenarios: firefighter fatalities, fire-
fighter injuries, and the cost of the fire service intervention.  Of these, 
firefighter fatalities have a high impact on the results, but have little 
uncertainty.

The Enveco tool can be updated with more accurate information 
as it becomes available.  Likewise, as more information becomes 
available to the users through public or private databases, the tool 
will become easier to use and the quality of the input data can im-
prove. The functionality of the tool can also be extended more easily 
as new information becomes available.

Finally, it is possible to generate useful environmental and econom-
ic impact information through a relatively simple tool such as the En-
veco tool. This tool was originally intended for use by the fire service 
but it may have value for other interested parties as well, especially as 
it is developed further. It is hoped that users will share their thoughts 
and expertise regarding future improvements.

1 Andersson, P., et al., Fire-LCA Model: Furniture Study. 2003, SP Swedish 

National Testing and Research Institute: Borås.

2 Andersson, P., et al., Fire-LCA Guidelines - NICe project 04053. 2004.

3 Simonson, M., et al., Fire-LCA Model: Cables Case Study. 2001, SP Sverig-

es Tekniska Forskningsinstitut: Borås, Sweden. 

4  Simonson, M., et al., Fire-LCA Model: TV Case Study. 2000, SP: Borås. 
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A need for more research on fire risks 
related to vehicles with new energy carriers 
in underground car parks

The number of electrical vehicles (EVs) in Norway has doubled each year since 2010 and the first mass-produced hydro-
gen cars are now available on the market. The increasing use of new energy carriers in the transport sector is an impor-
tant means to fulfill the government’s effort to reduce CO2 emissions. On the other hand, new energy carriers have dif-
ferent technical fire properties than conventional fuels, which may introduce unforeseen fire scenarios. The very fast 
introduction of EVs has led to skepticism among firefighters and inconsistencies related to whether or not car park own-
ers allow parking of EVs together and new gas-energy vehicles in the garages. SP Fire Research has recently published a 
report regarding fire risks related to vehicles with new energy carriers in enclosed compartments. The report concludes 
on a need to increase the knowledge related to several issues regarding new energy carriers in car parks. 

Fire in car parks
There have been a number of severe car park fires in Europe during 
the last 15 years. An enclosed fire in a car park may behave quite dif-
ferently from an outdoor car fire. In an enclosed fire, the compart-
ment may rapidly be filled with black, hot smoke, which restricts the 
view and worsens the working conditions for fire personnel. 

Compared to older cars, the increasing amount of plastics used in 
modern cars produces hotter fires that are more likely to spread. This 
is independent of fuel type, since there is no difference between a fire 
in a conventional car or in a vehicle with new energy carriers if the 
fuel or battery pack is not on fire. Still the discussion about car park 
fires has risen to a new level due to the fast introduction of new ener-
gy carriers. 

The car park buildings in Norway, not unlike in other countries, 
have a variety of sizes and geometries and are built over a period of 
several decades. The entrance of a typical car park is normally too 
low for fire trucks to enter, which makes the working distance for fire 
fighters significantly longer than for an outdoor car fire. In general, a 
car park fire is a challenging fire scenario. 

Need for more research
There are several unanswered questions regarding fire risks related to 
new energy carriers in car parks. For a safe and effective introduction 
of new energy carriers on the market, there is a need for filling these 
knowledge gaps. More research will ensure that important decisions 
regarding safety rely on knowledge and not on assumptions. The ma-
jor knowledge gaps requiring further research include:

Battery fires in EVs
• There is not sufficient statistical data to conclude whether an EV 

has a different probability to catch fire than an internal combus-
tion engine vehicle (ICE). Based on statistics, a car fire is in gen-
eral prone to occur in older cars. It remains to be seen if this ten-
dency is valid for vehicles with new energy carriers, considering 
their low age. The lack of information and experience on how a 
car park fire involving an EV battery pack will behave with re-
gard to heat release rate and extinguishing time causes skepti-
cism and uncertainty among users as well as firefighters. 

• The battery sizes (16 – 23 kWh) that have been used in most of 
the published full scale fire tests are not representative for the 
largest batteries on the market today. Tesla Model X, for in-
stance, is delivered with batteries up to 90 kWh. The question 
is therefore whether or not these tests are relevant for the larger 
battery sizes and different battery chemistries on the market.

• There is a lack of data on how fast an EV fire may evolve, how 
well the safety mechanisms of the battery work and how much 
heat a modern EV releases.  

• Compared to an ICE, tests indicate that extinguishing an EV fire 
may require more water and longer time. However, the required 
amount of water, sufficient extinguishing techniques and how 
long time it will take to extinguish fires in different EV car mod-
els are not completely known. Additionally, there is little pub-
lished information on how an EV fire will behave when impact-
ed by a sprinkler, sufficient water flow, and the type of sprinkler 
that is best suited to handle such a fire. 

• Thermal runaway (TR) is an uncontrolled chemical reaction 
which produces a large amount of heat. The process starts when 
the temperature of a battery cell reaches 130 – 200 °C. The 
heat from TR may be sufficient to ignite the flammable electro-
lyte inside the battery. If a battery is exposed to heat above the 
TR-temperature limit, e.g. in an enclosed fire in a car park, TR 
will eventually be initiated, but there are no published full scale 
tests that reveal how fast TR will occur in a typical car park fire.

mailto:andreas.boe@spfr.no
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It was a successful meeting between students and staff from HSH and 
the hosts from SP Fire Research. Here is a photo from the guided tour of 
the laboratories.
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Norwegian fire safety masters 
students visit SP Fire Research
A group of the very first masters students in fire safety at the University College of Stord/Haugesund visited SP Fire Re-
search in Trondheim at the end of April 2016. It was a very beneficial day both for the students and their teachers – and 
also for the hosts at SP Fire Research. 

The first Norwegian masters programme in fire safety started in au-
tumn 2015 at the Stord/Haugesund University College (HSH) situat-
ed on the south-west coast of Norway. HSH has educated fire engi-
neers at bachelor level since the early 1990’s, who are now working 
in different business sectors: the building sector, fire brigades, oil- and 
gas industry – and some of them also at SP Fire Research. In recent 
years there has also been an effort to develop education at HSH at 
the masters degree level within the fire safety field. 

A group of students together with academic personnel visited SP 
Fire Research in Trondheim on the 29th of April 2016 to learn more 
about our activities and to see our laboratories. During the day they 
received information about different test activities, such as reaction to 
fire, fire resistance, jet fires, extinguishing, fire appliances and chim-
neys. They were also given some insight into our research projects. 
Some of the topics presented were fire safety related to vehicles driven 
by electricity and gas, how well smoke detectors can detect fire, and 
fire investigation. Both students and teachers had many questions re-
lated to our activities and there were several fruitful discussions dur-
ing the day. 

We wish HSH and the masters students all the best, and we also 
look forward to welcoming future masters students.

Read more about the masters programme in fire safety at HSH: 
http://www.hsh.no/english/studies/studies_taught_in_english/master_
fire_safety.htm.

Fires in gas vehicles
• Gas driven vehicles have safety systems to prevent the gas from 

exploding in case of a fire. There have been several incidents 
where the safety systems have not worked as intended. 

• The gas tanks have a temperature based pressure relief device 
(PRD) that will release the gas when the surrounding tempera-
ture reaches a certain level. In a car park fire, the surrounding 
temperature may reach 1000 °C, which is enough heat to acti-
vate the PRD. However, it is not known how long this may take, 
and whether the gas may be released without catching fire. If so, 
gas may accumulate and be ignited at a later time, resulting in 
an explosion. 

• To our knowledge, Norwegian car parks do not have detection 
systems for hydrogen gas or sufficient ventilation systems to ef-
fectively ventilate a gas leakage. 

Further work
Car parks should be sufficiently constructed to reduce the conse-
quences of car fires, regardless of fuel types. This requires that new 
car trends and technologies are continuously followed by research 
and full scale tests to reveal knowledge of related fire risks and how 
they should be dealt with. 

SP Fire Research will continue to look into challenges related to ve-
hicles with new energy carriers, like fuel cell vehicles and EVs with Li-
ion batteries. 

mailto:anne.steen.hansen@spfr.no
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CE marking of fire doors, 
imminent – or not?
The EN 16034:2014 product standard, which covers, for exam-
ple, fire doors, fire shutters, fire curtains, fire gates, and openable fire 
windows (not fixed fire windows), was made both a European and 
Swedish standard in 2014. However, CE marking is permitted only 
when the European Commission has cited the standard in the Offi-
cial Journal of the European Union (OJEU). The European Commis-
sion cited the EN 16034:2014 with some conditions in 2015, and the 
starting date was set to December 1, 2015, and involved a three-year 
co-existence period. These conditions were not met by December 1, 
2015, so the starting date was first moved to September 1, 2016 and 
then to November 1, 2016. The conditions are now met so probably 
there will be no more delay. 

However, it is most likely that CE-marking cannot be done to the 
EN 16034 alone. It must be combined with other standards: win-
dows and external doors must be CE-marked according to EN 
14351-1, internal doors to EN 14351-2, industrial/garage/commer-
cial doors and gates to EN 13241-1 and power operated pedestrian 
doors to EN 16361. However EN 14351-2 is not approved by CEN 
and EN 16361 is approved but not cited in the OJEU. This means 
that internal doors and power operated pedestrian doors cannot be 
CE-marked from the starting date of the EN 16034. The time sched-
ule for EN 14351-2 and EN 16361 is unclear and hopefully we will 
have more information soon.

During the co-existence period, CE marking and national certifica-
tion systems can be used in parallel, but a product cannot be simul-
taneously CE marked and marked according to a national approval 
system. In Sweden, this will mean that type approvals that include re-
sistance to fire (for example EI 30) and/or smoke control (S

a/Sm) will 
be discontinued at the end of the co-existing period, which is Novem-
ber 1, 2019. The standard prescribes the use of the AVCP (‘Assess-
ment and Verification of Constancy of Performance’) 1 system, which 
means that the manufacturer must, among others, have a certificate 
issued by a notified product certification body (hereafter a ‘Notified 
Body’) as part of the documentation that is required to CE mark a 
product. SP has applied to become a Notified Body, although we are 
already able to perform the tests, assessments, classifications, and fac-
tory production inspections that are prescribed by the standard.

The road to CE marking
According to EN 16034, Appendix ZA, which relates to CE mark-
ing, a manufacturer can choose to declare the following essential 
characteristics:

• Resistance to fire
• Smoke control
• Ability to release
• Self-closing
• Durability of ability to release
• Durability of self-closing against degradation (cycle testing)
• Durability of self-closing against ageing (corrosion) 

All essential characteristics are subject to the AVCP 1 system, 
which, among other things, states that the Notified Body is respon-
sible for sampling in connection with testing. We recommend that 

SP is contacted prior to sampling being performed in order to ensure 
that it is undertaken in a manner that conforms to the requirements 
of the Construction Products Regulation (CPR). Prior to sampling, 
the Notified Body shall assess the need for testing, which is based on 
categorisation into product families and performed according to any 
relevant assessment (EXAP – ‘EXtended APplication of test results’) 
standards. Categorisation into product families is normally done for 
each essential characteristic, which means that all similar doors in a 
range of doors are considered to be one product family. Thus, one 
door in the product family is tested, and the results are considered to 
be applicable for all other doors in the family. The categorisation into 
product families and use of assessment standards are important tools 
for minimising the amount of testing to be performed.

The EN 14600 standard, which relates to all essential character-
istics and which is referred to in, for example, EN 13501-2 and EN 
1634-1, has recently been abolished, and parts of it have been added 
to EN 16034. 

Resistance to fire
Resistance to fire is declared in classes (e.g. EI

2 30), which are defined 
in classification standard EN 13501-2. A Notified Body issues a clas-
sification report based on fire tests performed according to EN 1634-
1 and, if applicable, an EXAP report according to relevant stand-
ards in the EN 15269-x series. EXAP signifies an extension of the 
test result (assessment) according to regulations which are common 
throughout the entire EU.

According to Swedish building regulations, it is possible to replace 
a door belonging to the EI XX class with two classes in accordance to 
the European system, EI2 15/EW XX, where XX represents the time in 
minutes of resistance to fire. If, for example, the requirement on the 
door is EI 60, this is considered to be the equivalent of EI2 15 and EW 
60. 

It is the responsibility of manufacturers to ensure that doors func-
tion in conjunction with all possible hardware. This can be verified 
through manufacturers’ own test reports, or those of the manufactur-
ers of the hardware that can be used as a basis for the EXAP report. 
That a hardware is itself CE marked for use with fire-resistant and/or 
smoke control doors is normally not sufficient, as it is not guaranteed 
that the CE marking of the hardware is valid together with any given 
door type.

Performance tests should be carried out for doors that are to be 
fire tested by opening and closing them 25 times. For doors that 
have been equipped with a self-closing function, the door should be 
opened manually and allowed to close normally. A special shake-
down test (5000 cycles) should be performed for doors which contain 
material that can be compressed, for example loose-fill insulation, or 
that is in any other way sensitive to shaking and vibration.

Doors equipped with a self-closing function are normally fire tested 
with the closing function disconnected, in order to facilitate classifica-
tion of the door both with and without the self-closing function.

Smoke control
There are two classes for smoke control – Sa and S200 – which are de-
fined in the classification standard EN 13501-2. Sa applies to smoke 
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control at room temperature and S200 to smoke control at a tempera-
ture of 200°C. A Notified Body issues a classification report based on 
testing performed according to EN 1634-3 and, where applicable, the 
EXAP report.

Performance testing should be performed for the door that is to 
be fire tested. The door is opened and closed 25 times. If the door 
has been equipped with a self-closing function, the door should be 
opened manually and allowed to close normally.

Ability to release
This performance characteristic is to be tested if the door is delivered 
with electrically controlled door holders, for example electromagnet-
ic door holders. 

This testing is best performed in connection with fire-resistance 
or smoke control testing. As a rule, the testing is simple to perform, 
and involves holding the door open using the powered door holder 
and simulating a fire alarm by, for example, cutting the power, after 
which the door is to close. This is repeated three times, and the door 
should close during all three tests. Passing the test is expressed as ‘re-
leased’.

Self-closing
This performance characteristic is tested only for self-closing doors. 
Testing is performed prior to fire-resistance and/or smoke control 
testing, and involves opening the door 10 or 30 degrees, after which 
it is released and the door is then to close. The opening angle is 10 
degrees for doors with a closing function that features a controlled 
closing speed (normal door closers) and 30 degrees for doors with an 
uncontrolled closing speed (such as those fitted with spring hinges). 
For double doors with a door coordinator, testing is performed for 
both leaves together and also each door leaf separately. Passing the 
test is expressed by ‘C’.

Durability of the ability to release
This performance characteristic is satisfied if the electrically con-
trolled door holder meets the requirements of the EN 1155 or EN 
14637 standards. Compliance with the standards is expressed as ‘re-
lease maintained’.

Durability of self-closing against degradation (cycling test-
ing) 
Testing of resistance to repeated opening and closing is performed ac-
cording to the EN 1191 standard for pedestrian doors and the EN 
12605 standard for industrial doors, garage doors, etc., and involves 
opening and closing the door for a number of cycles, dependent on 
the desired use category. There are six categories – 0 to 5 – which are 
defined in EN 16034. Category 0 means 1-499 cycles; 1, at least 500 
cycles; 2, at least 10,000 cycles; 3, at least 50,000 cycles; 4, at least 
100,000 cycles; 5, at least 200,000 cycles.
Swedish building regulations recommend category 1 as a minimum. 
However, a ‘better category’ can be necessary, depending on the in-
tended use of the door.

The test result is expressed with a digit of 0 to 5 according to the 
use categories.

Durability of self-closing against ageing (corrosion)
Hardware should meet the ageing (corrosion) requirements of the 
hardware standards, which are listed in EN 16034, and, if possible, 
be CE marked. If there is no relevant standard, the hardware should 
be tested and assessed according to EN 1670. Door manufacturers 

that have hardware that they have developed themselves (hinges, for 
example) and that are only used in their own doors are exempt from 
the requirement relating to CE marking, but the products should still 
meet the requirements of the relevant standard.

Compliance with the standards is expressed as ‘achieved’.

Factory Production Control (FPC)
The manufacturer should have systems in place for production con-
trol in the factory (FPC systems) so as to ensure that products that 
are CE marked continually fulfil the characteristics of the Declara-
tion of Performance (DoP). FPC-systems must include, among oth-
er things, a test plan and routines for the handling of non-complying 
products, control and testing, and modifications to products. A man-
ufacturer who has a quality management system that is certified by 
an accredited certification body according to EN ISO 9001:2015 can 
be considered to fulfil some of the basic requirements of the FPC sys-
tem. This includes, for example, control of document, responsibilities 
and authorities, the management of measuring equipment, and so on.

An initial inspection of the FPC system and the factory should be 
made by the Notified Body, and all nonconformities must be resolved 
by the manufacturer prior to the issuing of the certificate. Subse-
quently, inspections are normally performed at yearly intervals. Ad-
ditional inspections may have to be performed if modifications are 
made to the production process, FPC system or product.

The manufacturer is obligated to consult the Notified Body prior 
to making modifications to any of these if these modifications would 
in any way affect the performance of the product as stated in the 
Declaration of Performance.

CE marking certificate
When all aspects are satisfactory and in accordance with the above, 
the Notified Body issues a certificate of constancy of performance of 
the construction product. The certificate is not a public document, 
and should be used by the manufacturer as a basis for the Declara-
tion of Performance. There are, however, no restrictions on the man-
ufacturer distributing copies of the certificate to, for example, its 
clients on a voluntary basis. During market surveillance, the man-
ufacturer must submit certificates and other documentation, which 
form the basis for the Declaration of Performance, to the responsible 
government authority. The certificate is valid until further notice un-
der the condition that the FPC system is maintained and the product 
remains unchanged. If changes are made to the product or the EN 
16034 standard is updated, a new or revised certificate is normally 
required.

System houses
System houses such as Forster, Sapa, Schüco and Stålprofil do not, 
unlike in the type approval system currently in place in Sweden, re-
ceive their own certificates within the CE marking system. They may, 
however, submit documentation (classification reports, test reports, 
and so on) for one or more essential characteristics to systems manu-
facturers (also called assemblers), who in turn can use these as a basis 
for certificates. These assemblers should have a FPC system which in-
cludes the manufacturing instructions of the system house, their own 
Declaration of Performance, CE mark under their own name, and so 
on – that is, everything that is required of a ‘regular’ manufacturer.

Agreements that regulate responsibilities, obligations and other 
terms should be drawn up between the system house and the assem-
bler.
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Remark: The Swedish National Board of Housing, Building and 
Planning will provide Swedish translations of essential performance 
characteristics, which are currently only available in English, in the 
future. 

n

Examples of CE marking for which SP is a Notified Body

c

0402
(SPs identification number as Notified Body)

Manufacturer Ltd, P.O. Box 11, SE-103 50, Lund, Sweden
(The manufacturer’s name and address)

16 (The last two digits of the yar when the CE marking was 
affixed the first time)

Q54-2016-05-17 (Reference number of the DoP)

EN 16034:2014 (No. of CE marking standard)

Q54-2016-05-17 (Unique identification code of the product-
type)

Fire and/or smoke compartmentation and/or escape routes 
(Intended use of the product according to EN 16034:2014)

(Level or class of the performance declared)  
Resistance to fire (for fire compartmentation uses):
E: 90
EI1: 60
EI2: 90
EW: 60

Smoke control (only for applications where limitation of smoke 
spread is required): S200 

Ability to release: released

Self-closing function (only for self-closing fire resistant and/or 
smoke control doorsets and/or openable windows): C

Durability of ability to release: release maintained

Durability of self-closing (only for self-closing fire resistant 
and/or smoke control doorsets and/or openable windows):

- against degradation (cyclic testing): 2
- against ageing (corrosion): achieved

Doors that are partially manufactured on the construction 
site
CE marking is valid for complete doors that are manufactured in a 
factory. If a door is sold without essential components, such as hard-
ware or a glass, a Declaration of Performance cannot be made and 
CE marking cannot take place. If the manufacturer sells a complete 
door but the hardware and/or glass are installed at the construction 
site, the door can be CE marked if the door manufacturer assumes re-
sponsibility for the completion of the door within their own FPC sys-
tem. It is as yet unclear how other variants will be handled within CE 
marking, for example if the door manufacturer prepares the door for 
hardware which are subsequently installed by the contractor on the 
construction site. Installation of the completed door in the connecting 
wall is not part of CE marking, but the door manufacturer must pro-
vide installation instructions (see below).

Declaration of Performance
The manufacturer should draw up a Declaration of Performance of 
their own accord, the contents of which should adhere to the CPR 
and Appendix ZA of EN 16034. The manufacturer can choose to de-
clare ‘NPD’ – that no performance has been determined – for one or 
more essential performance characteristics. The Declaration of Per-
formance is a public document and must accompany the product, ei-
ther on paper or electronically. Alternatively, the Declaration of Per-
formance can be published on a website if certain conditions are met. 
However, a paper copy should always be available on request.

Product marking
It is the responsibility of manufacturers to affix a CE marking such 
that it meets the requirements of the CPR and Appendix ZA of EN 
16034.

The marking should be placed on the door and present informa-
tion in a manner similar to the example opposite. If this is not possi-
ble, it should be given on the packaging or in the accompanying doc-
umentation.

Dangerous substances
Manufacturers are in some instances required to provide informa-
tion regarding dangerous substances, in accordance with the REACH 
chemicals regulation, together with the Declaration of Performance. 
This information is not checked by the Notified Body.

Manual and safety regulations
According to the CPR, the manufacturer must include instructions 
for users and safety information with the door. These documents are 
not inspected by the Notified Body.

Language requirements
For construction products that are sold in Sweden, the marking label 
with the CE marking should be in Swedish, but this is not a require-
ment. The Declaration of Performance, instructions for users and 
safety information must be in Swedish, however. Language require-
ments in other member states can be obtained at ‘contact points’, 
which are listed at www.boverket.se.

The CPR applies
The configuration of the Declaration of Performance and CE mark-
ing, retention period for the technical documentation, and other such 
matters should conform to the requirements of the CPR. The CPR 
may contain information that contradicts that which is given in CE 
marking standards. This is especially true for older standards, which 
were drawn up in relation to the Construction Product Directive 
(CPD), but it is the CPR that takes precedence, as it is an EU regula-
tion and has the power of national laws.

More information on CE marking can be found in the EU Com-
mission’s folder ‘CE Marking of Construction Products Step by Step’, 
which is available in English and other EU languages and can be 
downloaded from the EU Commission’s website. A link to the EU 
Commission’s website can be found at www.boverket.se.

http://www.boverket.se
http://www.boverket.se
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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 is approved in Sweden (Swedish Technical 
Approval SC0833-14) and ready for CE marking 
according to the forthcoming European 
standard EN 16034.  Svalson have several types of certified fire rated sliding windows. We can also provide 

alternative solutions to meet specific requirements. We have engineers with extensive 
experience in developing and testing new products and we also have strong cooperation 
partners in our development.

Visit www.svalson.com for more information.

Tested &
Certified by

SP

FIRE-RESISTANT SLIDING WINDOW

MICHAEL FÖRSTH
michael.forsth@sp.se

+46 10 516 52 33

BJÖRN SUNDSTRÖM
bjorn.sundstrom@sp.se

+46 10 516 50 86

Ulf Wickström was between 1986 and 2010 the director 
of SP Fire Research which is one of the major fire research 
laboratories in the world. In 2009, he became professor 
at Luleå University of Technology where this book is used 
primarily in the courses Analysis and design of fire loading 
in buildings, given in the bachelor program in fire protection 
engineering, and in the course Temperature analysis of 
structures, given in the master program in fire engineering. 

n

New book: Temperature Calculations 
in Fire Safety Engineering

Ulf Wickström is the author of the new book “Temperature Calculation in Fire Safety Engineering” which was recently 
published by Springer (ISBN 978-3-319-30170-9 for printed book and ISBN 978-3-319-30172-3 for eBook). 

As the name indicates this book has its focus on 
temperature calculations and heat transfer mech-
anisms of relevance for fire science. Many disci-
plines are of importance for fire science but tem-
perature and heat transfer is in many ways the 
core discipline, especially when it comes to fire 
resistance and load-bearing capacity of fire ex-
posed structures. One of many virtues of this 
particular book is that it condenses the huge field 
of heat transfer to a suitable number of pages 
with a sufficient overview of the field but where 
the particular fire relevant aspects are covered 
in depth. As such it is an excellent contribution 
since it gives the reader a very good knowledge about temperatures 
and heat transfer in fire conditions, without having to take several 
courses in many different areas in heat transfer. The book also con-
tains numerous exercises for the benefit of students and instructors.

The book starts with an introduction where basic concepts in heat 
transfer are introduced, including material properties and notes on 
experimental measurements of thermal properties. Already in the in-
troduction the importance of boundary conditions and a well-defined 
nomenclature is emphasized. This is characterizing for the rest of the 
book and for Ulf’s work in general; the rigor in experiments and rig-
or in the theoretical framework, and the necessity for a close connec-
tion between these. The introduction is followed up with different 
chapters dedicated to the heat transfer modes; conduction, radiation, 
and convection. The theory is pedagogically developed and catego-
rized according to steady state vs. transient conditions and according 
to boundary conditions and modes of heat transfer. The concept of 
adiabatic surface temperature, introduced to the fire science commu-
nity by Ulf, is introduced in connection with an in depth discussion of 
boundary conditions in fire protection engineering in Chapter 4. Af-
ter having laid out the foundations for temperature and heat transfer 

theory during some 100 pages the books goes on 
with numerical receipts for treating engineering 
problems in Chapter 7. This chapter ends with 
a short but important discussion about availa-
ble finite element computer codes and their lim-
itations.

The book continues with a short introduc-
tion to thermal ignition theory in Chapter 8 and 
subsequently a relative in depth description of 
measurements of temperature and heat flux in 
Chapter 9. This is one of several areas where 
Ulf has made great contributions to the fire sci-
entific community, e.g. the introduction of the 

plate thermometer which today is used for measuring temperature in 
fire furnaces, and which also has many other applications for meas-
uring thermal exposure from fires in a valuable way, such as deter-
mination of the adiabatic surface temperature. Chapters 10 and 11 
presents theory and problem solving for one- and two-zone models. 
Finally Chapter 12 discusses thermal response of structures exposed 
to standardized fires in general, i.e. furnace testing, whereas the last 
Chapters 13-14 deals with the thermal response of steel, concrete, 
and timber, respectively.
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Bus Fire Safety Research for Reducing 
the Risk of Fires

Bus transportation is regarded as one of the safest modes of public transportation and millions of passengers ride safe-
ly every day to and from work, school and for pleasure. However, a fire resulting from a collision or failure of a component 
puts lives at risk and will impact on operational costs as well as on customer confidence.

Aircraft, trains and passenger ships all have well established stand-
ards, regulations and certification processes to ensure the mainte-
nance of high levels of safety as new materials and constructions are 
introduced. Buses on the other hand, mostly rely on the efforts of the 
OEMs, operators and suppliers of fire systems to ensure safety in an 
environment of few strict regulations.

Bus fire safety encompasses many aspects of design, operation, 
maintenance, evacuation and even first responders.  All have a critical 
role in establishing effective standards and best practices. Buses pose 
many unique challenges in regards to fire risks.  The varying modes 
of operation (city, highway, long distance), unique vehicle types 
(School, Transit and Coach) and design changes to meet new emis-
sions standards, provide the context for fire safety. Every area of fire 
hazard, whether it is an engine compartment, a battery compartment, 
a wheel well or even a luggage compartment, poses unique challenges 
of geometry, airflow, clutter, flame spread. 

The engine compartment includes challenges for detection and sup-
pression of fires. Ventilation, through fans and openings is necessary 
for cooling but will also increase fire intensity and fire spread. The 
particularity of a windy and often dusty environment in the engine 
compartment influences the possibility for fire detection and fire sup-
pression.  

SP Fire Research at the forefront of bus fire safety
SP Fire Research is one of the largest fire research facilities in the 
world and has been active in promoting bus fire safety for more than 
a decade. As part of this work, SP has supported the development of 
standards and test methods specific to vehicle hazards. The aim of 
such test methods is to establish performance based standards for the 
objective evaluation of safety performance of products and solutions. 
Products are tested for performance against realistic fire scenarios and 
environmental aspects specific to the hazard. 
 
New international standard/certification for bus engine fire 
suppression
SP Fire Research has established a certification process (SPCR183) 
and a test method (SP Method 4912) for testing fire suppression sys-
tems against known fire threats and environmental conditions specific 
to bus engine environments. A major part of the test method is since 
November 2015 adopted in UN ECE Regulation 107. The regulation 
states that installation and testing of fire suppression systems will be 
mandatory in engine compartments of all single-deck, double-deck, 
rigid or articulated vehicle of category M2 or M3  and specifically ve-
hicles having a capacity exceeding 22 passengers, ”Class III”  vehi-
cles. This will be following the transitional provisions meaning June 
2018 for new types of vehicles and June 2019 for all existing types. 
This is indeed a major step towards increased fire safety in buses.

The SP P-mark system includes testing of the suppression systems 
but the incorporated components are also tested for mechanical and 
thermal stress resistance, corrosion resistance and ingress protection 
rating of electrical equipment. In addition, a risk assessment has to be 
made prior to installation of the system by an experienced profession-
al. Further on, an annual follow-up inspection of the manufacturers’ 
production facility and quality control plan ensures compliance to the 
requirements of the certification rules. 

Successful systems are then given a certificate including the right to 
“P” mark components, see Figure 2. More information can be ob-
tained from www.sp.se/safebus/certified.

Adoption of the standard is becoming more common around the 
globe, e.g. US Transit operators are among the first to actively include 
the “P” mark in their procurement specifications.

Figure 1 Bus fires are a common issue worldwide. 
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Preventive fire safety
Bus fires often relates to component failures. Due to this, SP is de-
veloping a new certification system: SPCR 190 - Certification rules 
for vehicle manufacturers, operators and authorized service centers 
(workshops) with regard to fire safety. The P-certification will ena-
ble the manufacturer/body builder/operator/authorized service center 
(workshop) to certify their fire risk mitigation process.

The P-certification aims at ensuring that personnel, strategies and 
techniques involved in fire safety mitigation of new and existing vehi-
cles are kept at the highest performance level. It also implies that new 
information is incorporated and updated into best practice working 
procedures helping the customer to operate at the front line of fire 
safety.. 
 
There are three different labelling systems: P vehicle manufacturer, P operator,  

P workshop

The certification is composed of the following elements:  

1. Risk assessment
2. Quality procedures and configuration management (document 

control)
3. Safety certification training program
4. Reporting of thermal events (fire events) – database
5. Initial assessment of the manufacturers FPC, Factory Production 

Control.
6. Annual audits of the FPC. 
 
Three of these elements are explained in more detail below.  

Risk assessment 
The manufacturers, operators and authorized service centers (work-
shops) must do regular fire risk assessments which is a systematic 
study to identify hazards and make recommendations for their elim-
ination or control during all phases of the life cycle of the product. 
The risk assessment includes predictive failure modes for high risk 
components which can facilitate the rapid identification of pending 
failures to hoses and lines carrying flammable fluids or components 

Figure 2 The P-mark is a voluntary certification/quality mark for veri-
fying and securing a high level of quality for fire suppression 
systems in engine compartments of buses and coaches.

Figure 3 Work on fire risk assessment. 

that have greatly exceeded their operational parameters.
Consequently the input from the fire risk assessment can be used 

for future design improvements, enhancements to maintenance docu-
ments, operation manuals and practices, replacement cycles of critical 
components etc. 

Safety certification training program in vehicle fire risk assessment 
Mandatory education and training of design engineers, production 
quality control inspectors, and maintenance personnel is the basis of 
the certification. This includes training in vehicle fire risk assessment 
as well as study of hazards specific to different types of vehicles and 
fuels. 
 
Reporting of thermal events (fire events) – database 
The manufacturers, operators and authorized service centers (work-
shops) must have procedures for linking information, data and ex-
perience from actual thermal incidents in the field to the design engi-
neers, production quality control inspectors and SP. The data will be 
confidentially stored in SP’s database and available for the P-certifi-
cate holder.

Future goals
Fire safety in buses has been the focus of significant research in re-
cent years but much improvement still remains to be addressed, in 
particular related to fire prevention and safe egress.  SP has identified 
particular areas for necessary fire safety research, listed below. Some 
research has already been funded and is in progress; for others we are 
actively searching for funding opportunities. 
 
Wheel well fires (containment, preventing fire through window) 
The exposed environment and the risk of deep seated fires makes 
wheel well fires particularly difficult to detect and suppress. Tests 
have shown that it can take less than 5 minutes before toxic fumes 
and smoke enter the passenger compartment. Tire pressure/temper-
ature monitoring systems represent one method for early detection; 
other methods need to be explored. Previous testing of some coat-
ings in the wheel well area has been shown to provide a significant in-
crease in the evacuation time before toxic fumes enter the passenger 
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Figure 4 Alternative fuel fires like ethanol can be challenging to 
extinguish. 

compartment. Continuous work in this area could provide a low cost 
solution.  
 
Bulkheads/fire partitions (smoke tightness) 
The bulkheads between high risk areas such as the engine com-
partment and the passenger compartment can allow spread of tox-
ic fumes and flames into the passenger compartment. New materials 
and increased complexity of systems connecting the engine compart-
ment to the driver area might increase fire hazards. This area should 
be investigated further.
 
Detection systems 
SP is currently working on a project funded by the Strategic Vehi-
cle Research and Innovation Foundation in Sweden, an independent 
funding agency. The project has several co-financing partners, includ-
ing vehicle manufacturers, insurance companies, end users, a trans-
port agency and several suppliers of fire detection systems for vehi-
cles. An important part of the project is to develop a new test method 
and propose a standard for fire detection and fire alarm systems in 
heavy vehicles. 
 
Use of flammable material in high risk areas 
Lighter, less costly materials might be flammable and produce tox-
ic gases. There are very few standards and regulations regarding the 
flammability and toxic fume production of such materials. Since 
these materials are needed further research is necessary to establish 
adequate performance requirements for the use of them in high risk 
areas in buses and coaches.   
 
Fires induced by electrical faults  
Electrical fires is not something new but with increasing use of hy-
brids and electrical vehicles, the number of electrically induced fires 
will increase. Electrical arcing and short circuits do not always trip 
protective devices such as fuses and some cables carry very high cur-
rents capable of producing enough heat not only to ignite nearby 
combustible materials, but also to cause breaches in hydraulic lines 
and metal covers.

The adoption of best practices for routing, securing and protection 
can greatly reduce the risks.  Early detection methods such as current 
monitoring or better circuit protection should be explored.

Alternative Fuels
All over the world, new alternative fuels are emerging to replace fossil 
fuels. Hybrids, natural gas, all electric and even hydrogen buses, are 
currently being used. The overall benefit is great but with new fuels 
and new technical solutions, the fire hazards also change. In addition, 
first responders face new risks. New fuels e.g. ethanol, requires new 
extinguishment strategies. Figure 4 shows the scenario after an etha-
nol fire has been extinguished using an alcohol resistant foam. 

Some countries have been using alternative fuels for more than 20 
years, others are just beginning. A major challenge to the introduc-
tion of alternative fuels is the perception of an increased fire risk. Dis-
semination of present knowledge and development of new data is key 
to the wide-scale introduction of alternative fuels.

Post-crash initiated fires 
Two high-profile cases of fatal post-crash initiated fires have oc-
curred recently. The first one occurred in May 2014 in California, 

USA where a FedEx truck collided with a bus that was trans-
porting high school students causing the death of 10 people. The 
second occurred in October 2015 in Puisseguin, France where 
a bus crashed into a truck, causing the burning of two vehicles 
and the death of 43 people. The sudden impact of the fuel tanks 
might create an increased pressure risking mist of diesel oil spray-
ing from the tank. When coming into contact with hot surfaces 
like an exhaust A fire may start. Little is known about post crash 
fires and more research is needed.

Interior materials  
SP is doing work on interior materials. As part of the research full-
scale fire tests of coaches have been conducted. The full-scale tests 
clearly demonstrate that once flames reach the passenger space, flash-
over will occur quickly. This is clearly insufficient and stricter perfor-
mance requirements are needed.  
 
Durability of components due to long term heat exposure 
The subcontractors of engine compartment components specify the 
ambient operational and maximum temperatures for the environ-
ment in which the component is going to be placed. The maximum 
temperature is the peak temperature under short periods of time but 
a frequent misconception is that the component can be placed in a 
maximum temperature environment for a constant period of time. A 
lot of the hosing material is petroleum based and longtime use in a 
warm environment will make the petroleum to evaporate. The conse-
quence of this might be that these hoses become stiff and brittle. This 
in turn might create rupture and leakage potentially spraying flam-
mable fluids on hot surfaces. 
 
Future developments
Establishing standards and best practices will ultimately lead to 
legislation that is based on sound scientific knowledge and best 
practices.  It is believed that this development will continue
If you have any questions or would like to share some of your 
experience or best practices you are welcome to contact SP Fire 
Research. 
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Figure 1  Testing of intumescent paints in a fire plume scenario. Parts of the protection on the 
specimen on the right fell off during the test.
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The function of intumescent paint 
during different fire scenarios 

In a recently concluded Swedish Fire Research Board project, the behaviour of four intumescent systems for steel con-
structions that are available on the Nordic market was experimentally investigated. The primary purpose of the study was 
to explore the behaviour and performance of the protective paint during different, frequently occurring fire scenarios, in-
cluding standardised tests. The results of the test series show that two of the tested systems do not provide the fire pro-
tection they were designed for.

The standard test 
used for this type of 
protection system is 
EN 13381-8, from 
which all of the de-
sign tables for select-
ing a proper system 
thickness are devel-
oped. In this method-
ology, the test speci-
mens are exposed to 
the standard time/
temperature fire 
curve in a furnace. 
Due to previous ex-
perience of fire test-
ing intumescent sys-
tems, it was known 
that both heat expo-
sure and the flows 
around the expand-
ed product can influ-
ence the performance 
of this type of product. As intumescent paints are often used on 
cross-sections in open-plan houses, both ceiling jets and fire plumes 
were considered to be realistic scenarios, and so were included in the 
experimental study, which also included cone calorimeter tests and 
standardised furnace tests. One of the fire plume tests can be seen in 
Figure 1.

The four different intumescent paint systems used in the experi-
mental study, A-D, were applied to hollow, square cross-sections of 
steel beams according to the instructions given by the respective sup-
pliers. The thickness of the active component (the intumescent paint) 
was chosen from the suppliers’ respective design tables so as to main-
tain fire resistance for 60 minutes at a design temperature of 550°C. 
According to the suppliers, all systems were tested accordance with 
the current European standard for intumescent paint. Despite this, it 
was discovered during the study that System A included a non-cer-
tified primer at delivery, as the primer provided by the supplier was 
clearly not the one that had been used during the standardised testing 
that the certification was based on. But according to the supplier this 
primer was equivalent.

The results of the testing in the fire resistance furnace showed that 
Systems A and B did not function as designed, as they failed to lim-

it the rise in temper-
ature for 60 min-
utes, despite the fact 
that these two sys-
tems were the ones 
that expanded to the 
greatest extent dur-
ing the 50 kW/m2 
exposure in the cone 
calorimeter. During 
the ceiling jet and 
fire plume scenari-
os, System A lost its 
adhesion to the steel 
surface, leading to a 
rapid rise in the tem-
perature of the steel. 
Whether this was a 
result of the use of a 
non-certified prim-
er or the very high 
expansion that was 
measured for System 

A during the cone calorimeter tests (or a combination of the two) 
is not possible to determine. In summary, two out of the four tested 
systems performed very poorly. As the performed test series covered 
only one cross section with protection designed for one hour of fire 
resistance, the study does not claim to provide a full picture of the 
behaviour of intumescent paints. However, as the thicknesses of all 
four systems were selected on the basis of being far from the most 
ideal ones allowed by the design tables, which theoretically are the 
most likely to result in adhesion problems, this study shows that the 
question of the adhesion of intumescent paint systems deserves fur-
ther attention.

The study, which is presented in SP Report 2016:43, did not 
clearly demonstrate that the chosen ad hoc scenarios, which used 
ceiling jets or fire plumes, were more decisive than the standard fur-
nace exposure test. In these tests, however, it is possible to char-
acterise and regulate the flow around the test specimens, which 
is near-impossible for standardised furnace tests. This potentially 
makes these types of test a better tool for evaluating the adhesive ca-
pacity of intumescent paints at elevated temperatures, as this is of-
ten what governs how efficient systems are.
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Similar tests under the same conditions in WP1 (left) and WP2 (right), which showed a good correlation between the two scales.
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ETANKFIRE update

The reduced scale fire tests simulating the conditions of a tank firefighting situation involving ethanol were completed 
during the autumn 2015 and a draft report is now for consideration by the ETANKFIRE consortium members. Below is a 
summary of the test program and some general results. 

The goal of this part of the ETANKFIRE project (WP1 and WP2) has 
been to evaluate the potential of various traditional and unconven-
tional extinguishing media and application techniques to provide im-
portant input to firefighting tactics of ethanol tank fires. 

Two series of fire extinguishing tests in reduced scale have been 
conducted. Both test series simulated tank fire conditions by using a 
large amount of fuel and long preburn times. The influence of foam 
application techniques, foam properties and application rates has 
been investigated. The bulk of the tests used an AFFF-AR 3x3 foam 
but some test were also performed with a 3F-AR 3x3 (fluorine free 
foam). Some tests also included alternative extinguishing media such 
as cellular glass, liquid nitrogen and AVD (Aqueous Vermiculite Dis-
persion). 

In total 29 extinguishing tests were conducted in the first test series 
(WP1) using a 0,41 m2 fire tray and 14 tests in the second test series 
(WP2) using a 3,14 m2 fire tray (see photos below). Prior to the ex-
perimental work, a literature review was conducted to gain experi-
ence, both from real tank fire incidents and from various test and sys-
tem design standards for the use of foam on water-miscible fuels. 

Using a small scale test setup to allow a larger number of tests, the 
intention of the WP1 tests was to provide a better understanding of 
the various parameters that might influence the extinguishing process. 
The WP2 tests were then focused on verifying the extinguishing per-
formance of the most promising tests in WP1 in a larger scale. 

Improved foam quality is a key factor
The results from both test series showed that a tank fire situation 
with an increased depth of fuel, a prolonged preburn time and a 

slightly higher impact position of the foam on the tank wall might 
have a severe influence on the foam extinguishing performance. In 
several tests, the fire could not be controlled at all or it could not be 
controlled until the fuel was significantly diluted by the foam solu-
tion. This was also the case when using a fixed foam pourer on top 
of the tank; the hot tank wall prevented the foam from sliding gently 
down to the fuel, resulting in forceful application. The results  indi-
cate that the conditions used in the most common test standards for 
foam (e.g. EN1568, UL 162) do not really reflect tank fire situations. 

However, the results also show that the fire performance can be 
improved significantly by adjusting the finished foam properties (e.g. 
higher expansion, longer drainage). In these tests, improvement was 
obtained by increasing the foam concentration compared to the nom-
inal concentration value, which provides more stability and better 
survival of the foam when landing on the fuel. Another method to 
improve the finished foam quality was to use CAF instead of aspirat-
ed low expansion foam. A combination of higher foam concentra-
tion and CAF provided the best results. These changes even made it 
possible to significantly reduce the application rate and still achieve 
improved performance. The importance of gentle application is well 
known when extinguishing water-miscible fuels but these tests also 
show that an improved quality of the finished foam can compensate 
for a more forceful application and is far more important than the 
application rate.  

Also, the tests that combined cellular glass with foam resulted in 
very good extinguishing performance because the cellular glass lay-
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Free burning fire in WP2 (left) compared to fire reduction obtained about 4 minutes after a layer of cellular glass was applied (right). The fire was 
then successfully extinguished by using forceful (Type III) foam application. 
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er reduced foam breakdown in the severe direct application (Type III) 
conditions. Even a moderate layer of cellular glass was found to re-
duce the burning rate and thereby the heat radiation significantly be-
fore the foam application starts (see photos below).

A public report is expected to be available during the autumn and 

a seminar presenting the full results is planned to be held in Stock-
holm on April 26, 2017. Further information about that will be an-
nounced on the ETANKFIRE website, http://www.sp.se/en/index/re-
search/etankfire/Sidor/default.aspx .

n

CE-marking now possible for power, 
control and communication cables
The standard EN 50575: 2014 + A1: 2016 which covers power, control and communication cables for general applications 
in construction works are now fully harmonized and published in the EU Official Journal OJ (Official Journal) and listed on 
the EU site Nando (New Approach Notified and Designated Organisations) 

SP has been assessed by the Swedish national accreditation agencies 
to meet the requirements of the notified product certification body 
and notified test laboratory for EN 50575: 2014 + A1: in 2016. 

Thus, the CE-marking of power, control and communication ca-
bles is now entirely possible. 

SP can fully perform all services as a notified product certification 
and testing laboratory for EN 50575: 2014 + A1: in 2016.

For further information, please contact: 
 
Benjamin Krause, (Project Leader – SP Fire Research - Fire Dynamics, 
cables), Ph. + 46 (0)10-516 50 67, benjamin.krause@sp.se  
    
Fredrik Rosen, (SP Fire Research – Marketing and Sales Manager),  
Ph. +46 70 334 56 86, fredrik.rosen@sp.se

Magnus Sturesson, (Project Leader – SP Certification),  
Ph. +46 70 334 65 84, magnus.sturesson@sp.se
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Seeking input to field testing 
phase in research project

A fire research project is currently underway which aims to reduce the barriers to the introduction and use of innovative 
and sustainable fire safety solutions. 

The project will help achieve this objective by developing two new documents; the first provides guidance on probabilis-
tic methods to verify fire safety engineering designs, and the second provides guidance on how to apply quality control to 
fire safety engineering in the building process.

The project is funded by Nordic Innovation, and is performed by a 
project consortium consisting of members from all the Nordic coun-
tries: Denmark, Iceland, Finland, Norway and Sweden. 

The two documents are now at draft stage and the next step in the 
process is field testing, where the documents are used for actual build-
ing projects as a comparison to current verification or quality control 
procedures. 

Any scale of field testing is helpful, whether it is using the entire 
process described in the documents, or extracting individual aspects. 
Examples of such aspects could be the acceptance criteria from the 

probabilistic verification document, or the peer review process from 
the quality control document.

The project consortium is seeking input from anyone who would 
be interesting in contributing to the field testing phase of the project. 
Any design or quality control staff from consultancies, construction 
companies, and approving authorities, or university students studying 
towards fire safety engineering qualifications, would be suitable.

If you are interested please contact the project leader: Greg Baker.

GREG BAKER
greg.baker@spfr.no

+47 93 00 12 27

n

ANNE STEEN-HANSEN
anne.steen.hansen@spfr.no

+47 481 10 107

Norwegian insurance company funds 
fire research
The Norwegian insurance company Gjensidige celebrates its 200 year anniversary in 2016. The Gjensidigestiftelsen 
Foundation is the largest shareholder of Gjensidige, and has marked this occasion by donating approximately 35 mil-
lion Euros to strengthen the Norwegian fire brigades. The funding will be used to purchase new equipment, to fund fire 
preventive activities and the development of fire brigades’ competence. Three million Euros will be used to fund fire re-
search. SP Fire Research is one of the organisations that have given advice on the prioritization of fire research topics. 

Gjensidigestiftelsen has directed the Norwegian Research Council 
to review the state-of-the-art of fire research: What has been done, 
what is lacking and who are the major national and international 
participants within the fire research field. SP Fire Research is one of 
the organisations that has advised the Norwegian Research Coun-
cil and is participating in a reference group for this project. In April 
2016 we participated in a workshop together with 20-30 other 
participants, where the research needs within the four topics “fire 
prevention”,” extinguishment and detection” ,”fire fighters and 
health” and “fire investigation”  were discussed.

 The Norwegian Research Council delivered their report to Gjen-

sidigestiftelsen in June 2016 and an assessment is now being made 
as to how the research funding should be used in the best way. 

SP Fire Research welcomes the initiative from Gjensidigestiftels-
en, and we are convinced that this funding will be very useful for in-
creasing fire safety in Norwegian society.

The initiative has been named Det store brannløftet, which means 
“The great fire effort”. More information (in Norwegian) can be 
found here: www.brannloftet.no. 
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New SP reports from SP Fire Research 

Fire detection and fire alarm sys-
tems in heavy duty vehicles: WP1 
– Survey of fire detection in vehi-
cles
SP Report 2015:68 
Ola Willstrand, Peter Karlsson and Jo-
nas Brandt 
This report summarises the results of 
the first work package (WP1) of the 
Fire detection & fire alarm systems in 
heavy duty vehicles project, which con-
sists of a literature study on fire detec-
tion. Different methods for fire detec-
tion are presented, including various approaches to detecting heat, 
flames, smoke, and gas. An extensive summary and overview of all 
relevant standards in the field is presented. The basic product stand-
ards for fire detection are provided, including those specific to the 
rail, aviation, marine, and road vehicle transport system industries. 
The project is partly funded by Vinnova’s FFI programme – Strategic 
Vehicle Research and Innovation.

Fire detection and fire alarm sys-
tems in heavy duty vehicles: WP2 
– Factors influencing detector per-
formance in vehicles
SP Report 2015:77 
Ola Willstrand, Jonas Brandt, Peter 
Karlsson, Raúl Ochoterena, and Vedran 
Kovacevic
This report summarises the results of 
the second work package (WP2) of the 
Fire detection & fire alarm systems in 
heavy duty vehicles project, which con-
sists of an overview and discussion of 
the factors that influence the operational life of a fire detector placed 
in the engine compartment of a heavy-duty vehicle. These factors in-
clude corrosion, elevated temperatures and changes in temperature, 
vibration, mechanical shock, electromagnetic interference, and the in-
trusion of water and particles. The report also presents measurement 
data relating to temperature, vibration, and particle concentrations 
for several different vehicles. The project is partly funded by Vinno-
va’s FFI programme – Strategic Vehicle Research and Innovation.

CFD modelling of fire development 
in metro carriages under different 
ventilation conditions 
SP Report 2015:86 
Ying Zhen Li 
Effect of ventilation and tunnel structure 
on fire development in a train carriage 
was investigated by CFD, after model-
ling of a series of model scale tests and 
one full scale carriage fire test. Financer: 
Brandforsk. Read more on page 20. 

Water spray interaction with liquid 
spill in a road tunnel 
SP Report 2015:91 
Haukur Ingason, Glenn Appel och Ulf 
Lundström
The report describes the interaction of 
water spray with liquid spillage fires on 
a sloped road surface was tested in a lab-
oratory environment. The spillage area, 
fuel flow rates and fuel types were varied 
as well as water density and water nozzle 
types.  Total heat release rates of E85 and 
gasoline were measured in the range of 3 
to 6 MWs, respectively, at a burning spillage area of approximately 
6 m2. The liquid spillage was created by a continuous outflow of fuel 
onto a sloped smooth concrete surface. Water spray of 10 mm/min or 
5 mm/min was used. The purpose was to investigate the interaction 
of the water spray on the liquid spillage area and the heat release rate. 
There has been some concern that a water spray inside a road tunnel, 
and where an initial spillage due to tank leakage incident, may wors-
en the situation as the fuel may float on the top of the water and cre-
ating a larger burning areas. These effects were not observed in the 
test setup presented here. Financer: Swedish transport administration

Safety positioning for first respond-
ers at fires in underground con-
structions 
SP Report 2016:14 
Mia Kumm,  Niklas Wirström, Martin 
Nilsson, Mikael Nyström, Haukur Ingas-
on and Lotta Vylund 
At the beginning of the year the  
Vinnova-funded pilot study SafePos, 
which investigated safety positioning in 
mines, was concluded. Various anten-
na systems for the positioning of rescue 
service personnel were tested during a 
BA operation in an underground mine. In parallel, the need for op-
eration-supportive technology was evaluated, along with how com-
munication and information transfer – connectivity – between BA 
firefighters and the command post can and should function. UWB – 
Ultra Wide Band – was identified as one possible technology to han-
dle these tasks. Improved methods of positioning BA firefighters in 
mines or other underground constructions in combination with en-
hanced connectivity will improve the safety and efficiency of rescue 
operations. It will also form a strong foundation for the further de-
velopment of technologies, strategies, and methodologies for rescue 
work in underground structures, in the form of both traditional BA 
firefighting operations and extinguishing using remote-controlled ve-
hicles.

Reports from SP Fire Research can be downloaded from www.sp.se (under the 
‘Publications’ tab)

Use the lower search box as is showed in the picture to the right and click the arrow in the search box (do not 
press Enter).

http://www.sp.se
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Electrosprays for fire 
suppression
SP Report 2016:15
Michael Försth, Ola Willstrand and Raúl 
Ocheterena
Water mist for fire protection is traditionally 
created by injecting water under high pres-
sure. This creates smaller droplets  than us-
ing conventional sprinkler systems. In this 
project an alternative, or complement, to 
high injection pressure is investigated. By 
applying a continuous current with a poten-
tial ranging between 10 and 30 kV to a sin-
gle-hole nozzle the cone angle increased, that spray distribution became 
more homogeneous, and the droplet size was reduced. From a safety 
point of view, the current transferred from the spray to an impinged plate 
was well below the sensation limit.

Fire test of ventilated and unventilat-
ed wooden facades
SP Report 2016:16
Lars Boström, Charlotta Skarin,  
Mathieu Duny and Robert McNamee
The report presents the results of three large 
façade fire tests, conducted in accordance 
with the SP Fire 105 method, that demon-
strate the differences between an inert 
façade, a façade with a plywood cladding, 
and a façade with a plywood cladding and 
a fully ventilated cavity between the clad-
ding and the underlying lightweight con-
crete. The purpose of the tests was to form a basis for simulations, hence 
a large number of measurements were performed during the experiments. 
Financers: CSTB and SP.

International Fire Death Rate Trends 
SP Report 2016:32 
David Winberg 
This report is part of an ongoing, 
MSB-funded project on domestic fires and 
deaths/injuries related to these. The report 
presents international statistics for deaths 
as a result of fire. The number of deaths per 
capita varies depending on country. The lev-
el of reporting varies, however, and a direct 
comparison between countries is difficult 
to perform. Despite this, it is interesting to 
study the countries that display an improve-
ment over time, i.e. those where the number of deaths due to fire decreas-
es. These countries were chosen for further study, and the USA and Great 
Britain, countries whose statistics are of good quality and which have liv-
ing conditions similar to those of Sweden, were particularly focused on. 
Possible contributing factors to the improvements in these countries in-
clude an increased use of smoke alarms and residential sprinkler systems, 
and the introduction of fire regulations for furniture and children’s sleep-
wear, with the latter in particular having been shown by studies to be ef-
fective. Both the USA and Great Britain currently have a lower death rate 
per capita than Sweden. Several former Eastern bloc countries have dis-
played a decrease in recent years, having started from a very high level, 
but it is difficult to assess whether this improvement is due to changes in 
data-gathering techniques or similar.

Fire Tests of FRP Composite Ship 
Structures 
SP Report 2016:35 
Franz Evegren, Tommy Hertzberg and 
Michael Rahm
Using combustible FRP composite struc-
tures instead of steel in the construction of 
ships could significantly reduce their weight, 
but could also increase fire risks unless ap-
propriate measures are taken. This report 
documents a number of fire tests performed 
with the objective of quantifying and ensur-
ing safety when lightweight FRP composite 
structures are used in the construction of ships. The tests were performed 
at SP as part of the EU project BESST (Breakthrough in European Ship 
and Shipbuilding Technologies). Two test series evaluated fire protection 
of external combustible FRP surfaces, and five test series evaluated fire re-
sistance of different FRP composite structures.

Influence of ventilation on tun-
nel fires with and without wa-
ter-based suppression systems 
SP Report 2016:36 
Ying Zhen Li and Haukur Ingason
Analyses of previous test data and theo-
retical analyses are carried out to inves-
tigate the influence of ventilation on fire 
development, toxic gas concentration, 
visibility and risk for fire spread to near-
by vehicles, in a road tunnel without and 
with a water-based fire suppression sys-
tem. In a tunnel without a fire suppres-
sion system, a slightly lower ventilation velocity is preferred to slow down 
the fire growth at the initial stage of evacuation, while at the fire fight-
ing stage the ventilation velocity can be adjusted up to critical velocity. In 
a road tunnel with a fire suppression system, a slightly higher velocity is 
recommended to reduce the toxic gas concentration and increase the visi-
bility downstream.

Vattensprinkleranläggningar - 
Kapacitetsprov och kommunala 
vattenledningsnät (= Water sprin-
kler systems – capacity tests and 
public water supply networks 
SP Report 2016:37 
David Winberg, Karin Sjöstrand, 
Magnus Arnell and Tomas Farestveit
In recent years, several local authorities 
have imposed limitations or prohibitions 
on the direct connection of sprinkler sys-
tems to public water supply networks. The 
purpose of this project is to provide sup-
port to local authorities and other stakeholders with regard to how sprin-
kler installations connected to public water networks should be installed 
and maintained so that a high level of fire safety can be maintained with-
out any inconvenience or disturbance to municipal water supplies. The 
report includes suggestions for amendments to The Swedish Fire Protec-
tion Association’s recommendations (SBF 120 and SBF 142) that would 
minimise the risk of drinking water quality problems and improve policy 
relating to how sprinkler systems are handled by water supply and sewer-
age companies.
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Kommunala risk- och sårbarhet-
sanalyser - användande och utny-
ttjande (= Risk and vulnerability 
analyses for municipalities – uses 
and utilisations)
SP Report 2016:40 
Kerstin Eriksson
At present, risk and vulnerability analy-
ses are tools that are used to prevent and 
prepare our society for crises. Although 
these analyses are considered to be impor-
tant, focus is seldom placed on whether 
and how they are actually used in reali-
ty. The purpose of this report is to describe how local authorities work 
with risk and vulnerability analyses, and whether and how the results 
of such efforts are utilised. The results show that the focus at present is 
on the performance of risk and vulnerability analysis and development 
of methods for risk and vulnerability analyses (blir dubbelt här ska väl 
stå these eller nåt likande) , whereas the question of how they are im-
plemented in society is often unaddressed. As part of the effort of fur-
ther developing risk and vulnerability analyses (and crisis management 
work), there is a need to call present methods into question and discuss 
alternative ways of working that are perhaps better suited to analysing 
our complex society.

The function of intumescent paint 
for steel during different fire expo-
sures 
SP Report 2016:43 
Robert Jansson McNamee, Karolina 
Storesund and Reidar Stølen
In this study, the behaviour of four intu-
mescent paint systems for use with steel 
constructions that are available on the 
Nordic market was experimentally inves-
tigated. The primary purpose of the study 
was to investigate the behaviour and per-
formance of the protection during differ-
ent, frequently occurring, fire scenarios, including standardised tests. 
The results of the test series showed that two of the systems did not 
provide the fire protection they were designed for. The project was 
funded by the Swedish Fire Research Board. Read more on page 35.

Spray diagnostics using holography 
and wavelet analysis
SP Report 2016:49
Ola Willstrand, Robert Svensson,  Raúl 
Ocheterena and Michael Försth
In this report, an experimental study that 
used holographic imaging as a method to 
estimate droplet size and positioning is pre-
sented. The advantage of using holography 
is that it is possible to depict a three-dimen-
sional space and obtain information about 
both size and position in a single measure-
ment. Conventional methods are general-
ly limited to measuring a single point – or, alternatively, a whole plane 
– but the information obtained is then limited to either droplet size or 
position, but not both. The method presented involves placing a spray 
between a laser and a camera which is equipped with no optical im-
aging equipment. Laser light diffracted by the droplets interferes with 

non-diffracted light from the laser, creating an interference pattern on 
the camera’s imaging sensor. This is analysed using wavelet analysis in 
order to recreate the droplets and determine their size and position. The 
project is partly funded by ÅF.

Modelling of hollow core concrete 
construction exposed to fire
SP Report 2016:52
David Lange and Robert Jansson Mc-
Namee
This report summarises the results of a 
project to study the response of hollow 
core and prestressed concrete construc-
tion exposed to fire. The report discuss-
es the application of different concrete 
models to prestressed concrete construc-
tion and describes an analytical model of 
the response of prestressed concrete con-
struction to fire. Financer: Brandforsk.

Validation data for room fire models: 
Experimental background
SP Report 2016:54
Johan Sjöström (SP), Ulf Wickström and 
Alexandra Byström (LTU)
This report describes a series of room fire 
tests that were performed for different 
types of wall materials with well-defined 
thermal properties. The four different 
walls were of thick lightweight concrete, 
thick insulation, and insulated and unin-
sulated steel. Data from the experiments 
comprises temperatures from within the 
walls, plate thermometers and thermocouples in the gaseous phase as 
well as heat release rate, gas concentrations etc., and is intended to be 
used to validate room fire models, both analytical (one-zone models, 
for example) and numerical calculations (such as FDS). All data will 
be made available to the public to download and use. The project was 
funded by the Swedish Fire Research Board.

Post-collision fires in road 
vehicles, a pre-study
SP Report 2016:55
Raúl Ochoterena, Fabienne Roux, 
Anna Sandinge (SP), Christoffer 
Nylander  (Consilium), Mats Lindkvist, 
Ulf Björnstig (Umeå Universitet) 
David Sturk (Autoliv) and Mikael 
Skrifvars (Borås Högskola)
This report presents the results of a pre-
study that has been conducted in the 
form of a literature survey into post-
crash fires in road vehicles. It includes 
statistics on the causes and dynamics of post-crash fires. Further-
more, the report includes a study of current fire legislation and envi-
ronmental aspects relating to post-crash fires. Financer: SAFER.
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Energibesparende bygg og brannsik-
kerhet  (= Energy efficient buildings 
and fire safety)
SPFR-rapport A15 20129:1
Per Gunnar Nordløkken, Christian Ses-
seng, Espen D. Wormdahl
This report summarizes a research project 
where the aim was to identify different top-
ics within the area of energy efficient build-
ings and fire safety as a basis for assessment 
of future research projects. This project in-
cluded a workshop and a literature study. 
The topics that are put forward in the report are cross laminated timber 
(CLT), photovoltaic panels (PV-panels), double-skin façades, vacuum in-
sulated panels (VIP-panels) and energy storage. The report recommends 
that fire safety connected to the use of CLT and PV-panels should be pri-
oritised for research projects. The project was funded by the Norwegian 
Directorate for Civil Protection and the Norwegian Building Authority. 
The report is written in Norwegian and includes an English summary.

Fire safe upholstered furniture. Alter-
native strategies to the use of chem-
ical flame retardants (= Alternative 
strategies to the use of chemical 
flame retardants)
SPFR-rapport A15 20124:2
Karolina Storesund, Anne Steen-Hansen, 
Anna Bergstrand
SP Fire Research has investigated the pos-
sibility of developing fire safe upholstered 
furniture without the use of flame retardant 
chemicals. The project was funded by the 
Swedish Civil Contingencies Agency (MSB), 
and is described on page 22.

Kartlegging av forskningsstatus in-
nen brannetterforskning  (= State-of-
the-art regarding research on fire in-
vestigation)
SPFR-rapport A15 20116:1
Jan P. Stensaas, Anne Steen-Hansen og 
Christian Sesseng
This is a pilot project where we have per-
formed a literature survey to identify the 
state-of-the-art of research related to select-
ed topics within fire investigation. This is a 
first step towards increased knowledge and 
increased research activity within the field. 
Information has been found through searching in relevant scientific data 
bases and in other literature sources such as text books and reports. Se-
lected research institutions and organisations have also been contact-
ed to get information. The following topics have been prioritized in this 
project:  Combustible liquids, Ignition by glowing sources, sparks and 
hot particles and self-ignition.This project was funded by The Norwe-
gian Fire Protection Association, the Norwegian Directorate for Civil 
Protection, the National Police Directorate, the UNI foundation, Spare-
bank1 and the insurance company Tryg Forsikring. 

The report is written in Norwegian and includes an English sum-
mary.

New SP-reports from  SP Fire Research AS, Norge

Brannsikkerhet og alternative energ-
ibærere: El- og gasskjøretøy i inne-
lukkede rom  (= Fire safety and alter-
native energy carriers: Electrical- and 
gas-powered vehicles in enclosed 
spaces)
SPFR-rapport A16 20096-1:1
Nina K. Reitan, Andreas G. Bøe, Jan P. 
Stensaas
There is an increasing focus on the use of 
alternative fuels in the transport sector. In 
Norway, there are more than 74,000 elec-
tric vehicles and rechargeable hybrids, the number of gas buses is in-
creasing, and a national goal has been set to increase the number of 
hydrogen-powered vehicles. These alternative fuels have different fire 
and explosion characteristics compared to conventional hydrocarbon 
fuels, and possible problems with regard to fire safety are not well 
understood, especially in confined areas. This report details potential 
fire-related problems for electric and gas vehicles in enclosed spaces, 
such as parking structures above and below ground, parking decks 
on ferries, and tunnels. An assessment is made of whether current 
practices and regulations are sufficient for the prevention of fire-relat-
ed accidents, and whether fire and rescue personnel have knowledge 
and procedures that enable them to handle incidents safely. The re-
port cites specific actions that could be considered. The project was 
funded by the Norwegian Directorate for Civil Protection and the 
Norwegian Building Authority, and is described on page 26. The re-
port is written in Norwegian and includes an English summary.

Rett tiltak på rett sted. Forebyggende 
og målrettede tekniske og organisa-
toriske tiltak mot dødsbranner i risiko-
grupper  (= Targeted technical and or-
ganisational measures for preventing 
fatal fires involving vulnerable per-
sons)
SPFR-rapport A15 20075:1
SP Fire Research: Karolina Storesund, 
Christian Sesseng, Anne Steen-Hansen, An-
dreas G. Bøe, Reidar Stølen, NTNU Sam-
funnsforskning Studio Apertura: Gudveig 
Gjøsund, Kristin Halvorsen, Petter G. Almklov

Individuals that may be categorized in different ways as vulnera-
ble are overrepresented in the fire fatality statistics. It is therefore im-
portant to find efficient and targeted measures that can prevent future 
fire fatalities.

In this report, a systematic and holistic analytical approach is tak-
en, with the aim of covering the range of aspects that may influence 
the prevention of fire fatalities among vulnerable groups, and also in-
vestigate how these aspects interact. The understanding of groups at 
risk includes both the physical environment and the social and organ-
izational environment, in addition to the needs of the individual.

The project was performed in cooperation with NTNU Samfunns-
forskning, Studio Apertura, and funded by the Norwegian Directo-
rate for Civil Protection, and is described in a on page 19. The report 
is written in Norwegian and includes an English summary.

The reports from SP Fire Research AS can be downloaded from www.spfr.no.

http://www.spfr.no


brandposten #54 2016                43

New employees at SP Fire Research

Stefan Ivarsson 
Stefan is employed as project manager, and comes 
to us from the consulting company Scandinavi-
an Wind, where he was a consultant and manag-
ing director. He has a background as a product 
and development manager in the wind power in-
dustry, and experience of consultant and manage-
ment roles in both the electricity and telecom in-
dustries. Stefan is stationed at the Karlstad office 
and works with projects that support the development of both technol-
ogy and business in the area of renewable energy, on land and at sea. 
Within the OffshoreVäst consortium, he has recently contributed to de-
veloping a Strategic Innovation Agenda for offshore wind energy and 
electric grids at sea. He spends his spare time with his family, or chop-
ping wood and clearing in the forest.

Staffan Bram 
Staffan is a project manager and comes from the 
Safety Oversight Department at Ringhals nucle-
ar power plant. He has a Master’s degree in cog-
nitive science, with a specialisation in safety in 
sociotechnological systems. In his work he uti-
lises knowledge from areas such as psychology, 
sociology, and design to improve usability and 
safety in challenging working environments. He enjoys spending time 
with his family, exercising, reading books, listening to music, and in his 
garden. Dreams about: a small sailing boat, and reading the newspaper 
on Saturday mornings without being disturbed.

Matilda Persson
Matilda is one of the administrators at the Fire 
Resistance section, and began working at Safe-
ty in January 2016. She studied at the School of 
Business, Economics and Law at the University 
of Gothenburg and holds a Bachelor’s degree in 
Business and Economics with a specialisation in 
Organisation and Management. At Safety, Mat-
ilda works with, among other things, adminis-
tration regarding Factory Production Control. Her spare time is spent 
travelling, preferably somewhere where she can scuba dive.

Eva-Sara Carlson 
Eva-Sara has been a project manager at the 
Fire Dynamics section since April 2016. She 
comes from a consultancy position at Byggkon-
sult KNSS AB, where she worked as a structur-
al engineer and fire consultant. Eva-Sara holds 
an MSc in Civil Engineering and Urban Devel-
opment from Mälardalen University, Västerås, 
Sweden. She is stationed at the Västerås office. 
When she is not working, she spends her time dancing at a competition 
level and looking after her little log cabin, located in the countryside 
near Västerås.

Artur Zakirov
Artur joined the Fire Dynamics section as a pro-
ject manager in April 2016. He holds an MSc in 
Civil Engineering and Urban Development, and 
has worked in structural and fire safety design at 
a consultancy company in Västerås, Sweden, and 
held courses in fire dynamics and the fire safety of 
buildings at Mälardalen University. Artur is sta-
tioned at the Västerås office, and splits his time between his employment 
at SP and a continued lectureship at the university.

Pierrick Mindykowski
Pierrick Mindykowski works as a researcher in 
SP Safety - Fire Research and his recent post was 
as a postdoctoral researcher in the fire engineer-
ing group, department of mechanical engineering 
in the Technical University of Denmark. He has 
worked as a researcher in Fire Engineering since 
December 2010. He has been teaching MSc stu-
dents in Marseille and DTU University. Pierrick holds a PHD in Mechan-
ics-Physics from Marseille University.  He has a background in heat and 
mass transfer and has experience in consulting in the field of nuclear safe-
ty.  In his spare time, he enjoys playing golf and spending time with his 
wife (travelling to find the best ever beach).

Martina Harvey
Martina Harvey is a new group manager of the 
Fire Dynamics section. Prior to her employment 
at SP Fire Research she worked with regional de-
velopment at the County Administrative Board 
of Västmanland and before that she was an area 
sales manager for service and maintenance of 
generators in Asia and Europe at Alstom Power. 
Martina also worked as a country sales manager 
for a Swedish subsidiary in Germany and as a project manager at Busi-
ness Sweden in South Africa. She received her MSc in Engineering in Ger-
many, which she then complemented with a MSc in Business Administra-
tion. She has spent ten years living abroad. She enjoys renovating houses 
in her spare time, and goes on frequent trips with her family.

Johan Wikman
Johan has been employed as a project manag-
er at the Fire Dynamics section since June 2016. 
He holds an MSc in Naval Architecture and a Li-
centiate of Science in Fire Protection Engineering. 
He has worked with safety of ships for the Swed-
ish Maritime Administration, both with devel-
opment of regulations at the head office and as a 
Senior Ship Surveyor with inspections of ships, ship operations and ship-
ping companies. In this line of work he has touched upon most areas in-
volving safety and security of ships and shipping: fire safety, stability is-
sues, strength issues, inspections of new built ships, flag state inspections 
and foreign ships (port state control), organisational issues, audits of ship-
ping companies, safety, security, and emergency preparedness, to men-
tion a few. He has also worked as Deputy Head of Section at the Gothen-
burg Maritime Safety Inspectorate Office, where he was responsible for all 
technical and organisational issues relating to safety and security inspec-
tions and surveys of ships, shipping companies and shipping.
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