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Preface

It is our pleasure to hand over to you this book of abstracts for the Nordic Fire & Safety
Days 2017 organized by RISE, Research Institutes of Sweden in collaboration with the 
Technical University of Denmark, Lund University, Norwegian University of Science and 
Technology, University of Stavanger, Western Norway University of Applied Sciences, 
Luleå University of Technology and Iceland University as well as VTT Technical Research 
Centre of Finland Ltd, the Danish Institute of Fire and Security Technology and Aalborg 
University in Copenhagen.

We are very proud to present the abstracts of 62 Nordic and international contributions 
in the present book of abstracts. The work demonstrates a significant scientific depth 
and societal relevance. The conference is a response to the extensive interest in the 
areas of fire and safety engineering in the Nordic countries in the past decades. As the 
programme and the abstracts show, the NFSD follow up on challenges with respect to 
safety dealing with aspects of fire and actions of the rescue service as well as human 
behavior and risk management. This year there is a special focus on fire safe furniture 
and the intervention of the rescue service.

Anne Dederichs, RISE Research Institutes of Sweden (conference chair)
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Fire Protection of Extensive Green Roofs 

Keywords:  Green roof, combustible roof covering, 
fire spread, roof fire

Green roof coverings have become more and more com-
mon within the construction industry throughout the last 
decade, and the desire to use these types of roof cover-
ings are increasing. One of the main reasons for this is 
the increased demands on sustainability awareness which 
has become a greater trend in almost every sector of the 
society.

A “green roof”, i.e. a roof covered with vegetation, is 
generally constructed by several different layers with their 
own unique function and material properties. The market 
offers a great range of different products but the buildup 
is typically the same, and as follows (from the structural 
support and up): On the structural support a water proof-
ing layer is installed, followed by a root protection board, 
drainage layer, water storage layer, growth medium and 
lastly the plants.

These types of roof coverings have been developed and 
widely applied in a relatively fast pace. However, the fire 
protection community along with the regulation has not 
kept up with this development. Therefore, there is a need 
to investigate and assess the fire properties of these kinds 
of green roofing solutions to make sure that we don’t 
sacrifice safety for the sake of sustainability. Furthermore, 
there is a need to develop Swedish (or Nordic) guidelines 
on how to safely construct different types of green roofs 
in regards to fire safety.

The thesis addresses green roof constructions, more 
specifically a certain type of extensive green roofs covered 
with a vegetation consisting of a mixture of grass, suc-
culents and herbs (Swedish translation - örtsedum). This 
type of roof covering does not comply with the general 
recommendations given in the Swedish regulation, as it 
does not pass a BROOF(T2) test.

The aim of the report is thus to evaluate this type of 
green roofs from a risk perspective. Furthermore, the 
aim of the report is to identify the risk of substantial fire 
spread on roofs in Sweden given an increased usage of 
this type of roof coverings.

Based on the studies of the vegetation’s fuel properties 
along with performed experiments, the properties of 

this type of green roof vegetation were analyzed. The 
experiments consisted of two sets of tests, where the 
first aimed to investigate the temperature profile through 
the growth medium when a section of roof covering is 
affected by heat radiation and the second test aimed to 
investigate the risk of wind-induced fire spread over an 
extensive green roof. The material used in both these 
experiment settings were the same and consisted of 
vegetation (grass, succulents and herbs of approx. 10 cm 
height) pre-grown on a base of coconut fiber together 
with growing medium with low organic content. The test 
specimens were conditioned to three different levels of 
moisture content before used in the experiments.

The first set of experiments were carried out using a 
slightly adjusted version of the ISO 5660-1 cone calorime-
ter test [1]. In this set of tests the irradiance level from the 
cone was set to 25 kW/m2 for 15 minutes. The thickness 
of the growing medium and the vegetation’s moisture 
content was then varied between the different tests to 
determine the time to ignition, heat release rate and the 
temperature profile vertically through the test specimen 
was measured.

The second set of experiments somewhat resembles the 
ENV 1187 test 2 roof-covering test method, with sub-
stantial modifications made to suit the aim of the project 
[2]. Each test was carried out with two test specimens of 
the dimensions 30x50 cm placed in a test-rig and with a 
pre-defined safety distance (“fire break”) between them 
(10, 30, 50 cm). The source of ignition used was the 
same as the standard wood crib used in the ENV 1187 
test 2 method and the wind speeds used were 0, 3 and 6 
m/s. In these experiments, which lasted for a duration of 
15 minutes, the flame spread rate and the production of 
burning brands were observed.

The results from the tests in the cone calorimeter show 
that there is a low risk that layers under the growth medi-
um can reach critical temperatures as a result of external 
heat radiation. This due to the insulating effect of the 
growth medium, which, in itself is practically noncombus-
tible.

Furthermore, the results from the fire spread tests indi-
cate a low risk for substantial fire spread on extensive 
green roofs given adequate fire breaks, depending on the 
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level of moisture. In most cases the fire self-extinguished 
after only a couple of minutes and flame spread across 
the “fire break” occurred only in 2 out of 36 tests. The 
sparks and burning brands generated by the fire did not 
contribute to the fire spread as the energy content in 
these brands were too low to start new fires ahead of the 
“fire break”.

The main conclusions from this study is that a roof cover-
ing, such as the tested, does not contribute to an unac-
ceptable risk of fire spread in urban environments given 
that adequate fire breaks are installed. However, further 
investigations need to be done on roof coverings with 
more developed (e.g. higher and denser) vegetation to-
gether with tests in bigger scale, in order to give a more 
realistic foundation for future guidelines on construction 
of extensive green roofs in regards to fire safety.

REFERENCES

[1] ISO 5660-1:2002. Reaction-to-fire tests - Heat release, smoke 
production and mass loss rate. Part 1: Heat release reate (cone 
calorimeter method). Geneva: the Internationl Organizarion for 
Standardization, Decembre 2002. 1-16 pp. + annex 24-25 pp.

[2] ENV 1187¬¬:2002. Test methods for external fire exposure to roofs. 
Test 2: Method with burning brands and wind. European Committee 
for Standardization, August 2002. 16-20 pp.
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Prediction of the effect of extinguishing using water mist 
can be a useful tool and a complement/alternative to 
full-scale fire test. The present case is simulation of the 
fire test using different water mist nozzle in a mock-up 
engine room. The US Navy carried out these tests [1]. 
Results from simulation of the extinguishment of fire in 
Engine rooms have been presented earlier at Interflam, 
[2]. One of the problems with these simulation was the 
auto ignition temperature could only be set globally, - 
this meant the fire could reignite at various places in the 
engine room, even if the room temperature had come 
down. Since then a new feature has been added to FDS 
6.4.0 (5 Apr 2016) and the possibility of an ignition 
source. 
From the release note to FDS 6.4.0:” Add AUTO_IGNI-
TION_TEMPERATURE to INIT namelist. This addresses the 
problem of spurious re-ignition at OPEN boundaries. You 
can now set a low AIT near the burner surface to act as 
an ignition source and set a high AIT elsewhere in the 
domain to prevent spurious re-ignition. An example may 
be found in the “UMD_Line_Burner validation series.”
One case using a 
spray fire of 1 MW 
and two different 
ventilation condi-
tions were investi-
gated. Firstly, the 
natural ventilation 
with the ignition 
source places close 
to the release 
point of heptane. 
In can be seen in 
figure 1 that the 
fire is extinguished, but it reignites a number of times 
with peak of up to 12 MW (deflagration). In the second 
simulation for the natural ventilation a box was inserted 
on top of the ignition source at, which is 10 seconds 
before the water is turned on. The fire are extinguishes 
after about 15 seconds and did not reignite within the 
300 seconds.

Similar per-
formances are 
observed for the 
forced ventilation 
case, see figure 2. 
With the ignition 
source on all the 
time, - the fire reig-
nites 6 times after 
it have been extinguished. When the ignition source is 
turned off 10 seconds before the water mist is turned on, 
no reigniting happens and the fire extinguish at about 25 
seconds after the application of the water started.
The time to extinguishment is defined, as the time where 
the heat release rate is half of the average heat release 
rate. In table 1 the extinguishment time from the simu-
lation is compared to the experimental results. It can be 
seen that this time is slightly longer for the simulation 
than for the experiments, but still within the same order. 
Further the simulation show the same trend as the ex-
periment, that the forced ventilation case take longer to 
extinguish than the natural ventilation case.

Tabel 1, results of simulation, 1 MW spray fire,
Time to extinguishment.

Ventilation Experiments Simulation

Natural ventilation 15 s 20 s

Forced ventilation 17 s 25 s 

REFERENCES
[1] Back G., Lattimer B., Beyler C., DiNenno P., and Hansen R. Full-scale 

testing of water mist fire suppression system for small machinery 
spaces and spaces with combustible boundaries. Technical Report 
22161, U.S Coast Guard Research and Development Center, Wash-
ington, October 1999.

[2] Kolstad, E.A. and Husted B.P., Effect of water mist and ventilation on 
engine room fire, in Interflam 2013 : proceedings of the thirteenth 
international conference. 2013, Interscience Communications. p. 
467-47 
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Background
Sustainability and reduction of energy consumption have 
become increasingly important in recent years. The built 
environment constitutes a large portion of the total ener-
gy consumed and is thus the focus of substantial efforts 
for improvement. The most common solutions to reduce 
energy consumption are to increase the thickness of in-
sulation, utilise higher performance insulation, or to add 
insulation to the exterior of the building. The lattermost of 
these are known as External Thermal Insulation Composite 
Systems (ETICS). The two main varieties include either ex-
panded polystyrene (EPS) or mineral wool (MW). Phenolic 
foam and polyurethane-polyisocyanurate (PUR/PIR) foams 
are also viable options. A typical section consists of the 
following: exterior wall; render, adhesive or fixing system; 
insulation; first layer of render with reinforcement; final 
render on the external face of façade.

Research significance
There has been an increasing number of fire incidents in-
volving the building façade [1] which has led to the desire 
for a suitable method to assess their flammability. Existing 
façade test methods are expensive and time consuming, 
and deliver little information on how a system performs. 
This acts as a barrier to small and medium-sized enter-
prises (SMEs) entering the market as they cannot afford 
the risk of failing the test. In addition, there is insufficient 
knowledge delivered from the results to then adequately 
improve the performance of the system. Therefore, there 
is clear need for a development tool capable of scoping 
the performance in a full scale test, and delivering infor-
mation on how the system performs. This can be achieved 
through development of a testing methodology built upon 
performance based principles connected to a model capa-
ble of predicting the results.

Flammability
The fire properties of EPS insulation used in ETICS are very 
poor – the onset of thermal decomposition occurs rapidly, 
the material is easily capable of sustaining flaming, and 
experiences melting and dripping, which can further en-
hance flame spread [2]. Hidalgo et al. [3] found the pyrol-
ysis temperature of EPS to be in the range of 306–390°C, 
but suggested a critical temperature of 240°C due to the 
melting behavior. The low thermal inertia of the material 

results in a rapid temperature rise at the surface and thus 
melting and pyrolysis occur quickly [4]. Polystyrene-based 
materials typically achieve E or F in the European classifica-
tion system, EN 13501-1 [5], which in some instances can 
limit their usage. Phenolic foam is a thermoset material 
which chars at higher temperatures (around 425–450°C 
[3]) and thus has limited flame spread. Mineral wool can 
generally be regarded as non-combustible for low bind-
er contents, but requires greater thickness to achieve the 
same thermal performance.

Current work
The existing work involves three projects: the development 
of a reduced-scale experimental methodology; develop-
ment of a model to predict material behaviour in full-scale 
and for real buildings; and two highly instrumented full-
scale tests to validate the results of the other two projects. 
The goal is to provide a development tool to accurately 
predict the behaviour of ETICS on a large-scale or on a 
real building based on inexpensive reduced-scale experi-
ments. Minor product variations can be assessed by the 
model having performed the reduced-scale experiments. 
The existing work is focused initially on ETICS. However, 
the intent is to expand the scope to other more complicat-
ed façade systems – such as ventilated façades – once the 
reduced-scale methodology and associated model have 
been validated and are fully operational.

Acknowledgements
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In a crisis situation, the tight coupling and complexity of 
relations between various sectors, infrastructures and ser-
vices can trigger cascading failures, which could disrupt 
the critical societal functions and lead to multi-sectoral col-
lapse. Therefore, the management of the threat of cascad-
ing effects has been identified as one of the key challenges 
for public-private partnership.

The European PREDICT project [1] aims at delivering a 
comprehensive solution for dealing with cascading effects 
in multi-sectoral crisis situations covering aspects of criti-
cal infrastructures (CIs). The PREDICT solution is composed 
of methodologies, models and software tools, which will 
increase the awareness and understanding of cascading 
effects in crisis situations. It will enhance the preparedness 
for such effects and improve the capability to respond in 
case of a crisis.

The “Incident Evolution Framework” work package aims 
at developing a generic methodology for understanding 
the incident evolution and the response operations that 
are needed to prevent potential cascading failures. As a 
part of this work, a modelling approach for threat quanti-
fication was generated using the PREDICT case studies as 
development environment. The threats to the CIs in the 
case studies, as well as their vulnerabilities and interdepen-
dencies, were identified and characterized in order to de-
fine the modelling requirements for threat quantification.

A general modelling approach was developed using a 
flooding scenario in a densely populated area as an ex-
ample. An accident scenario map, locating the initiating 
events and CIs, was defined and a hexagonal grid was laid 
on the map. The relevant CIs for each hex were identified, 
and their interdependencies and vulnerabilities were de-
fined in the model. A reference point was chosen for each 
hex. The threat function results on the reference point 
were then applied to all CIs in the hex. The threat function 
describing the expected level of water in the different loca-
tions of the polder area at a certain time was provided by 
a separate modelling tool. The initial failure times (i.e. not 
considering the interdependencies) of the CIs were deter-
mined. The final failure times were determined taking into 
account the interdependencies between the CIs, and the 
cascading effects were assessed.

The application of the modelling approach to the flood-
ing scenario produced failure time estimates for CIs taking 
into account their interdependencies. The modelling can 
reveal the cascading failures in which a CI is lost due to a 
failure of another CI. The numerical results of the example 
demonstrated the feasibility of the modelling approach.

The threat quantification modelling approach can be sim-
ilarly applied to other accident scenarios where the threat 
starts to spread to the surroundings and cause damage to 
the CIs. The modelling approach requires that sufficient 
data on relevant CIs and their locations, interdependen-
cies, vulnerabilities and initial failure times due to threat 
functions, for example from simulation tools, is available. 
Depending on the input data available, model parameters 
can be implemented either as single-value point estimates 
or as probabilistic distributions.

Threat quantification modelling can be utilized in crisis 
management in both the preparedness and training phase 
and the response phase. In the preparedness and training 
phase, the modelling illustrates the progress, influencing 
factors and potential cascading effects of accident scenar-
ios. It gives guidance for the planning of emergency re-
sponse by revealing the CIs that are important to protect in 
order to mitigate or prevent the escalation of the accident. 
To support contingency planning, the threat quantification 
modelling can reveal crucial vulnerabilities and interde-
pendencies which should be eliminated or mitigated to 
strengthen the resilience of the CIs. In the response phase, 
scenarios pre-examined in the preparedness phase can 
be used as references to support decision making. New 
simulation results on the threatening phenomena can be 
input to the threat quantification model to correspond the 
real-life accident, and predefined vulnerabilities and inter-
dependencies can be adjusted by expert judgement using 
the information obtained from the evolution of the crisis.
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This paper reports on work carried out within the EU fund-
ed project “Risk Management Capability Based on Gaps 
Identification in the BSR”, where the aim was to build 
knowledge on disaster risk management capability assess-
ments and the development of a more common under-
standing of such assessments at national level in the Baltic 
Sea Region. This was a cooperative project with partners 
from Denmark, Estonia, Finland, Germany, Iceland, Latvia, 
Lithuania, Norway, Poland and Sweden. The project was 
coordinated by the Fire and Rescue Department under the 
Ministry of the Interior of the Republic of Lithuania, start-
ing in January 2015 and ending in December 2016. 

The aim of the project was to contribute to the implemen-
tation of a macro-regional civil protection strategy and joint 
macro-regional prevention and preparedness approach to-
wards major hazards and emergencies as set forth under 
the Policy Area Secure in the 2013 Action Plan. It built on 
the results of the project EUSBSR 14.3 – European Union 
Strategy for the Baltic Sea Region Flagship Project 14.3 on 
Macro regional Risk Scenarios and Gaps Identification – 
implemented during 2012–2013. 

Among other things, the EUSBSR 14.3 project produced 
six scenarios (Extreme weather/storm, Flooding, Forest fire, 
Pandemic flu, an Accident at Sea and a Nuclear accident) 
and corresponding methodology for scenario develop-
ment as well as assessments of impacts/consequences and 
likelihood. At the time several participating countries had 
just initiated or were in the process of finalizing national 
risk assessments in accordance with the EU Risk Assess-
ment and Mapping Guidelines for Disaster Management 
(SEC [2010] 1626 final) which meant that the EUSBSR 
14.3 project increased awareness on cross-border dimen-
sions of risks. One insight from the EUSBSR 14.3 project as 
well as from national risk assessments in the region is the 
need for developing assessments of risk in close connec-
tion to assessments of capability. 

With a view to the guidelines for assessments of risk man-
agement capability in accordance with the EU Decision on 
a Union Civil Protection Mechanism (1313/2013/EU), the 
project attempted to survey and collect data on existing 
ways of assessing capability in the civil protection systems 
of the region.

Along with relevant aspects of the EUSBSR 14.3 project 
as well as national risk assessments, these findings served 

as a basis for developing a methodology for future assess-
ments of capability among the Baltic Sea States with a 
special focus on cross-border dimensions. This can include 
events occurring in one Baltic Sea State of direct impact 
on the territory of another/others, events in border areas, 
events simultaneously affecting several countries in the re-
gion and events in a Baltic Sea State affecting residents of 
another, temporarily abroad, as well as events occurring in 
one country that can be dealt with – only or more effec-
tively – with the assistance of other countries. 

The aims of the project were met in various different ways. 
All project partners took part in developing and answering 
several questionnaires, investigating the status and expec-
tations regarding disaster risk management in the project 
partner countries. 

No single methodology for risk and capability assessments 
had previously been presented or agreed upon within the 
Baltic Sea Region. The project group concluded that it 
would be of great benefit for the Baltic Sea Region coun-
tries if a harmonized methodology for risk and capability 
assessments could be formulated and developed within 
the region. The methodology would have to be practical 
and flexible, should be applicable at all levels of govern-
ment and to all actors in the field and should allow scenar-
io analysis as well as experience from exercises and emer-
gencies to be taken into account. 

Through a series of meetings and workshops, a method-
ology was developed by the project partners and tested 
on a given scenario (Extreme weather/storm). The proj-
ect partners all agreed that the methodology developed 
and tested within the project would serve as a bases for a 
methodology for the BSR, to be improved upon and fur-
ther developed within the region.

A simple description of the methodology is given in this 
paper. 
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Fire Safety Decision Making Under a Systems-Theoretic 
Safety Paradigm

Keywords:  (fire safety level, deterioration, decisions)

On July 23, 2015, a fire broke out and left major parts of 
the 15 000 m2 “BASA-house” in Tønsberg, Norway, in 
ruins. SP Fire Research carried out a post-fire evaluation 
in order to identify national learning points. This abstract 
relates to SP´s evaluation and how their findings may be 
interpreted in a systems-theoretic fire safety paradigm.

The BASA-house was erected in 1963, with several exten-
sions – the latest in 1985. Originally, SABA, a production 
facility for diapers and sanitary pads used the building in 
their operation. SABA closed down their factory in 2002. 
The building was sold in 2003. In 2015, the building was 
used as a rent-a-space storage facility, housing some 70 
different companies at the time of the fire. 

The level of fire safety of the BASA-house should have 
been high, taking the technical safety systems and the 
Norwegian regulation into account. The building was 
fitted with an automatic fire alarm system, an automat-
ic sprinkler system and a set of fire rated walls dividing 
the building into five fire-compartments. SP´s investigation 
(Sesseng et al., 2016), however, points to several facts, in-
dicating that the fire safety level was poor. A major issue 
was the regular shutdowns of the sprinkler system due to 
leakages and maintenance. The sprinkler system was out 
of service during the fire. Several unwanted alarms in the 
past undermined the users´ confidence in the alarm sys-
tem. The passive fire safety measures, i.e. fire walls and fire 
doors, also had major weaknesses.

The story of the BASA-fire is about gradual deterioration 
of the fire safety level. The evaluation points to several in-
stances that potentially could have identified critical safety 
issues. However, no-one noticed that the level of fire safe-
ty had been driven outside the boundaries of good opera-
tional practice. Similar deterioration stories exist. Consider 
the Station Nightclub fire on Rhode Island, U.S., in 2003, 
where 100 people lost their lives. At some point in time it 
was decided to fit the walls and ceiling around the stage 
with plastic foam sound insulation. The plastic foam was 
ignited by pyrotechnics (Grosshandler et al., 2005). Anoth-
er example is the Gothenburg discotheque fire in 1998, 
where 63 people lost their lives. The building´s occupant 
limit was set at 150 people, while ca. 400 people was pres-
ent in the building the night of the fire (Mostue, 1999). 
Poor decisions led to fatal consequences. 

Organizations and individuals make decisions continuous-
ly that affect the level of fire safety. Unfortunately, poor 
fire safety decisions may be appropriate business decisions 
and, most of the time, poor decisions comes without seri-
ous consequences, because the latent weaknesses require 
a critical reflecting safety management system.  Institu-
tionalized poor fire safety decisions as a part of daily oper-
ations, increase the risk of a disaster to be just around the 
corner. Fire safety engineering in Norway focus largely on 
the verification of technical fire safety measures imposed 
by the technical regulations. The Nordic INSTA-collabora-
tion on development of probabilistic fire safety analyses, 
seem to have a similar goal (Baker et al., 2016). This is un-
derstandable from a project execution perspective. From a 
fire safety perspective, however, the efforts are less under-
standable. Current fire safety engineering and its technical 
rationalism, is over-simplifying fire safety, and practically 
excludes the important issues of organizational and indi-
vidual decision making in daily operation. Fire safety is an 
emergent property of a broad socio-technical system that 
need to be managed rather than verified. Such a conclu-
sion should lead to major changes in the way fire safety 
engineers conduct their work and the way Norwegian fire 
safety regulations are organized. Enabling building owners 
and managers to successfully accomplish this task should 
be the major goal of the regulations and fire safety engi-
neering.
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The effect of platform- and tunnel design on the evacuation 
performance of wheelchair users – A qualitative study 
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About 500 000 people in Sweden have a mobility impair-
ment, thereof 80 000 wheelchair users. This part of the 
population has the same rights with respect to safety, as 
the rest population in Sweden. In the past years an in-
creasing amount of elevated platforms, platforms located 
at a level elevated from the rail top surface, have been 
designed, with the purpose in increasing person safety of 
the passenger. Limited information exists on the effect of 
platform design on the evacuation characteristics [1]-[5]. 
The purpose of the current investigation is to study human 
behavior when escaping along elevated platform, with re-
spect to wheelchair users. The work contains a qualitative 
and quantitative analysis of the effect of the width of the 
elevated walkway, people’s ability to pass others who are 
walking slower and the possibility for people using wheel-
chairs to evacuate. Data from one large scale experiment, 
carried out at subway station Skarpnäck, Stockholm in 
2016 is analyzed. The experiments involve 111 participants 
including three wheelchair users aging 64, 48 and 31. The 
experiment was divided into five runs. In the 1st and 3rd 
run all the participants walked from one end of the walk-
way to the other and also in the 5th run, except that wheel 
chair users did not participate here. The width of the walk-
way was varied from 1.2 m to 1.05 m and down to 0,9 m. 
In the 2nd and 4th run the participants were divided into 
two groups. One group walk, like earlier, from one end of 
the walkway to the other, and the other group started in 
the train that was parked next to the walkway and joined 
the flow on the walkway. The width of the walkway was 
varied from 1.2 m to 1.05 m. When the test was complet-
ed the participants was asked to take part in a survey. 

The survey contained questions on the effect of platform 
height and on the pedestrian movement. Several partic-
ipants including one wheelchair user report the feeling 
of discomfort stimulated by the height and width of the 
platform. The width was of great importance with respect 
to feeling safe during evacuation. The participant recom-
mended an even larger width than ones used in the cur-
rent trial. Furthermore, she suggested that a raised strip 
was mounted at walkway edge, to prevent the wheel-
chair’s wheels roll over the edge.

On the collected video footage can be seen that the 
wheelchairs generally chose to move along the walkway 
inside edge (against the wall), regardless of the width of 
the platform and the person density. The videos show a 
gap in the flow before and after the wheelchairs. The door 
large spawning varied depending on how crowded it was 
on the pavement.

Other participants generally showed concern for wheel-
chair users by watching out for them and giving way. One 
of the wheelchair users hesitated as the end of the train 
was reached exposing the gap downwards top the track 
area. It was observed the other participants remained po-
sitioned behind the wheelchair user, confirming, that she 
was feeling good and in the run afterwards accompanying 
her along the sidewalk all the way from the point she hes-
itated to move along the platform. Altruistic behavior of 
evacuees has been seen in other studies [3],[5].

Furthermore, participants showing consideration for 
wheelchair users was in connection with co-flow when 
participants exiting the train merge with the flow on the 
platform. The participants who stepped out of the train 
gave way to the wheelchair user who was on the platform.

One out of three wheelchair users participating in the test 
experienced discomfort caused by the height and width of 
the elevated walkway. This resulted in that she only took 
part in half of the runs. 
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Reaction and decision time of evacuees 
A study regarding the influence of alcohol on the reaction and decision time

Keywords:  (Evacuation, Reaction and decision time, 
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Night club fires worldwide have demanded many lives 
[1,2]. People in night clubs are often affected by alcohol or 
other substances. The knowledge on the effects of alcohol 
on evacuees is relevant for the fire safety design and for 
ensuring an acceptable safety level in nightclubs. Litera-
ture provides limited information on the effect of alcohol 
on evacuation [1-5]. Previous studies have shown that the 
walking speed of alcohol influenced evacuees in groups 
is slightly increased. Furthermore, it was seen, that the 
sound level in alcohol affected groups increased and the 
ability of taking in instructions was negatively affected [2].  

The aim of the current study is to investigate how consum-
mation of alcohol impacts the reaction and decision  phase 
of an evacuation. One focus was the determination of the 
efficiency of the notification methods. The experiment 
consisted of two reference experiments, where the partic-
ipants were sober and two similar experiments conducted 
under the influence of alcohol (0,46  - 1,08 promille). The 
trials involved two notification methods: verbal warning 
and tone alarm. During the tone alarm experiment, mu-
sic was playing in the room. The music was interrupted 
by the tone alarm. The verbal warning experiment was 
conducted in a silent room and the participants were sub-
jected to a spoken message. During the experiments the 
participants were asked to do small assignments and their 
concentration abilities and their evacuation characteristics 
when warned in different scenarios were observed. The 
participants were given partial information prior the ex-
periments. They knew that the effect of alcohol on the 
evacuation behavior was studied and that they had to car-
ry out small exercises. 28 students with an average age of 
22.5 years participated at the experiments conducted at 
the Technical University of Denmark. All participants car-
ried out both the reference and experiment with alcohol. 
The experiments were conducted in two rooms. The intake 
of alcohol was undertaken in the Drinking Rooms. Then 
the participants changed into the Experimental Room to 
carry out the exercises and the warning experiment. Reac-
tion and decision time for these experimental conditions 
was measured, with respect to carrying out the exercises, 
reacting on the instructions in the Experimental Room and 
exiting the room. 

The study has the following surprising findings: no signif-
icant difference was seen in the measured reaction and 
decision time with respect to reaction to the warning and 
exiting the room, when the participants were influenced 
by alcohol. No significant difference was seen in carrying 
out the exercises.  However, a difference was found in the 
behavior and ability to maintain focus on the assignments, 
when under the influence of alcohol. 

There was a significant difference in the sound level be-
tween the experiments done without influence of alcohol 
and when influenced by alcohol. The sound level was in-
creased (not measured) in the Drinking Rooms. After al-
cohol intake, the helpers standing in the hallway had to 
raise their voice significantly to get the attention of the 
participants, when giving information. However, this be-
havior was changed again when the participants entered 
the Exercise Room. The sound level decreased. The partici-
pant’s ability to react on both the spoken message and the 
tone alarm and start the evacuation almost instantly after 
the warning had been initiated. 

The alcohol intake affected the evacuation in a different 
manor, than expected. Apart from a biological effect, a 
cultural cognitive effect needs to be considered [6].
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Students have to be educated on the dangers of fire, pre-
vention of fire, fighting of fire, adaptation to fire disasters 
and being ready for fire disasters. Students in CIU cam-
pus apartments concentrate on studies and at times ne-
glect their safety. These apartments on campus have no 
fire detection systems [1] (Fire extinguishers, Fire alarms, 
sprinklers, etc.) In place in case there is a fire, it will be 
difficult to apply any safety measures. This study asks the 
following questions; are students aware of fire disasters, 
do they have knowledge about fire disasters and readiness 
behavior towards fire disasters?

There have not been any studies conducted on the risk of 
fire disasters on CIU campus. But there have been studies 
conducted in other institution [2] [3] but without real life 
scenarios inclusion, however, this study is to explore the 
awareness of students on the following, Fire disaster and 
its related knowledge, Readiness behavior towards fire di-
sasters, fire outbreak awareness and the use of fire detec-
tion systems. Students with an age range of 15-40 from 
CIU were given questionnaires to know about the extent 
of their knowledge on fire disasters. Questions were asked 
under awareness of fire disasters, student’s readiness be-
haviors towards fire disasters and knowledge of fire disas-
ters [4].  Statistical analysis was conducted using reliability 
test, independent sample t- test to check the relationship 
between student’s opinion and fire disasters. One Way 
Anova to check the impact of age of the fire disaster vari-
ants. Also to check students’ knowledge, awareness and 
readiness, to fire disaster. From the test conducted, the 
distribution was normalized (Kolmogorov- Smirnov test) 
with a value of 0.200, with equality of variance (the Lev-
ene’s test of equality of variance) of 0.969, a reliability test 
(Cronbach’s alpha) of 0.680 which showed the reliability 
of the test conducted. With the independent t- test and 
one way Anova used. The study concluded that students 
have little knowledge relating to fire disasters on CIU cam-
pus. However the results are not encouraging so it is nec-
essary for further education of fire disasters and its related 
knowledge promoted to students, which is very vital to 
the well-being of students. That is, students still seem con-
fused about the related knowledge about fire disasters, 
there was a satisfactory result for readiness behavior and 
fire awareness. A lot of students think that it is import-
ant to have knowledge about fire disasters and not the 
related knowledge. They have no notion as to how to go 

about to act during fire emergencies, or how to prepare 
for fire emergencies and after fire emergencies. It was also 
clear that age of students did not matter when it came to 
the awareness of fire disasters. This is because all the age 
groups are aware of fire disasters.

It is recommended that CIU school authorities take the 
initiative in creating awareness of fire disasters and its re-
lated knowledge to students. To make students interested 
in learning about fire, the staff can have extracurricular 
activities and fire disaster related education campaigns.

It is also recommended that further studies be conducted 
with the addition of two more variable that is, fire disaster 
adaptation and fire disaster risk perception get a broader 
response and view to be able to make a conclusive deci-
sion based on the findings.
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Desensitisation of Optical Flame Detection in Harsh External 
Environments

Keywords: Detection, Fire, Safety, Design, Environment

After the Piper Alpha disaster in 1988, the industry was 
given an abrupt awakening to the potential for disaster 
offshore. A breakthrough from this event was the increase 
in awareness of safety. Subsequently, the industry wit-
nessed a great deal of time, money and effort invested in 
the development of appropriate technologies and safety 
systems to help mitigate the potential hazards naturally 
present on site. One of these technologies included optical 
based flame detection. 

This paper aims to analyse the dangers of using an inap-
propriate technology for the hazards in question, and in 
particular, failing to take account of environmental factors 
to ensure a safe and reliable system.  

As the process industry moves towards the reduction of 
the potential for ‘fail to danger’ in safety related systems 
(with an increase in the prevalence of IEC 61508 and IEC 
61511), it is of great concern that flame detection tech-
nologies (whether one feels this can be classed as a Safety 
Instrumented System [SIS] or not) applied today still pro-
vide this potential, and even worse, may never be account-
ed for in design. In particular, the guidance within ‘ISA 
TR84.00.07 Guidance on the Evaluation of Fire and Gas 
System Effectiveness’ shall be reviewed with respect to 
flame detection design in the hazardous industries.    

The four primary forms of flame detection are analysed. 
These are Ultraviolet, Infrared, Multi Spectrum Infrared 
and Visual based detectors. Each detector has its own 
strengths and limitations and each will be analysed in 
depth. This allows the designer to select the appropriate 
technology to the application. 

Factors affecting the sensitivity will be reviewed including 
dirty optics, weather (including rain, mist, lightning etc.), 
radiation from equipment within the field of view and sun-
light. Each of these factors can have a significant impact 
on all optical based flame detection technologies. Some 
of these are incorporated into independent certification 
of detectors (i.e. the FM 3260 test report), however, the 
impact of many of these factors, and the extent of the 
impact for each individual site is open to interpretation of 
the designer. The assumptions which are often made shall 
be reviewed in the paper.  

Examples of some 3D modelling analysis will also be in-
cluded, reviewing how optical based flame detection is 
typically modelled within the hazardous industries. This 

will reflect the significant impact detector selection and 
desensitisation assumptions can have on the overall cov-
erage within an area, and whether this could be deemed 
adequate or otherwise. 

The main conclusion to be drawn from the paper is that 
the viewing characteristics provided by the manufacturers 
of optical flame detectors, represent the characteristics of 
the flame detector as per ideal test conditions. These con-
ditions are rarely met after application in the field.  

Therefore, during any flame detection system review, de-
sensitisation should always be included and will play an 
important role in minimising the potential for fail to dan-
ger of a safety critical event. It is crucial to remember opti-
cal detectors located on a plant offshore in the UAE will be 
affected in an entirely different way to the same detectors 
installed onshore in Alaska - this must be accounted for in 
design. 

Source material used within this study consists of guidance 
documents relating to optical flame detection design. Prac-
tical, recorded on-site testing of detection technologies 
exposed to varying environmental conditions is a signifi-
cant source in this paper and helps in validation of design 
practices.  Author experience in designing flame detection 
systems for most of the major oil and gas operators, each 
with vastly different requirements, is also a source which is 
drawn on for purpose of this study.   
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Heat Release Characteristics of Ethanol-Water Mixtures 
Intermediate and Full Scale Fire Tests 
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The Finnish Safety and Chemical Agency (Tukes) has pub-
lished a guideline concerning the storage of flammable liq-
uids in retail stores [1]. The interpretation of this guideline 
has raised questions about the fire safety of liquor stores, 
taking into account especially the storage of alcoholic bev-
erages with an alcohol content of 20 vol% or more. Fire 
authorities have considered that further clarifications and 
studies are needed, in order to ensure the fire safety of 
liquor stores.

Motivated by these concerns, and given that very little 
information is available in the literature, an experimental 
study of the fire behaviour of ethanol-water mixtures has 
been performed. The study included pool fire experiments 
in the small, intermediate and full scale, and a series of 
demonstrative fire tests of retail arrays of plastic bottles 
containing strong (ca. 40 vol%) alcoholic beverages.

The intermediate and full scale fire tests performed are 
described in this presentation. The small-scale pool fire ex-
periments using the cone calorimeter apparatus have been 
previously reported [2]. The goal of the small-scale tests 
was to obtain data on the heat release rate and effective 
heat of combustion of ethanol-water mixtures for estimat-
ing the heat release and fire load which can be caused by 
alcoholic beverages in liquor stores. Furthermore, small-
scale tests were needed since in the tests in the interme-
diate and full scale, all relevant quantities could not be 
measured. Thus, the small-scale test results were essential 
for the interpretation of the larger scale tests.

In the intermediate scale, 19 pool fire tests with different 
ethanol percentages (20–96.1 vol%) and layer thicknesses 
(5–25 mm) were performed, using a square pool of 440 × 
440 mm2. The pool with the ethanol-water mixture was 
positioned on a weighing platform under a hood. During 
the tests, the heat release rate and the mass loss were 
measured, as well as gas temperatures at five heights 
above the pool. The purpose of these tests was to study 
the burning of ethanol-water mixtures as pool fires. The 
combination of heat release rate and mass loss measure-
ment provided data for interpreting the results of large 
scale tests where heat release rate could not be measured.

Large scale pool fire tests were performed in open interior 
space in the large fire test hall of VTT. The tests were made 

using three square pools of sizes 440 × 440 mm2, 800 × 
800 mm2 and 2 × 2 m2. 10 tests were performed with 
ethanol percentage of 40 or 50 vol% and layer thickness 
of 10, 50 or 100 mm. During the tests, mass loss and gas 
temperatures at five heights above the pool were mea-
sured. The comparison of the 440 × 440 mm2 pool tests 
in the large and intermediate scale with similar ethanol 
percentages and layer thicknesses provided scaling factors 
between mass loss and heat release rate, making possible 
to estimate the heat release rates of the large scale tests.

Finally, three demonstration tests were performed for 
piles of plastic 0.5-litre liquor bottles (39 vol%) in arrays 
typical for retail stores of liquor. In each test, there were 
four layers of bottles, each layer with 96 bottles arranged 
on cardboard frames. The piles were placed on a weigh-
ing platform, and gas temperatures above the piles were 
measured. The purpose of the demonstration tests was to 
illustrate the ignitability and burning behaviour of liquor 
bottle piles, and to estimate their heat release rate for risk 
assessment.

The results of the tests performed can be used in perfor-
mance-based fire safety design for estimating the burning 
behaviour of alcoholic beverages and the fire load caused 
by alcohol. For instance, the estimated heat release of the 
piles of bottles tested was ca. 1.5 MW at the most, and 
the growth time constant of the fire was larger than 600 
seconds, indicating that the fire grew slowly. On the basis 
of this study, if a liquor store is a part of a shopping cen-
tre or in connection of a large supermarket, no addition-
al performance-based fire safety design is needed for it. 
The design fires used in the fire safety design of shopping 
centres are typically much more severe than the fires of 
alcoholic beverage packages can be according to the tests 
performed.

This study was financed by Alko Inc which is gratefully ac-
knowledged.
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Fire-induced pressures in modern airtight 
apartment buildings

Keywords: pressure, energyefficiency, fire risk  

The potential risks of fire-induced pressures were recently 
observed both in practical fire service operations and ex-
perimentally [1, 3]. The observations in [1] indicated that 
the pressure can prevent building occupants from open-
ing the inwards-opening doors, therefore challenging their 
ability to escape from a burning apartment. The pressure 
was also found to be sufficiently high to break light-weight 
structures, indicating a new mechanism of losing the fire 
compartmentation. Simulation methods for predicting the 
peak overpressure and smoke transport were then validated 
[2,3].

The experimental results indicated that the air-tightness of 
the burning apartment strongly affects the observed peak 
pressures. Air-tightness of the building envelopes is one of 
the primary building properties to focus when improving 
the energy efficiency of new or existing buildings. There-
fore, the tightening new energy efficiency requirements 
may create a new fire safety risk for residential buildings. 
Quantification of the risk and search for potential pressure 
management methods are needed. 

In this work we used the validated simulation tool (FDS) to 
investigate the influence of envelope air-tightness and ven-
tilation arrangements on the level and duration of the over 
pressure in a realistic apartment fire scenario. Additional-
ly, the amount of smoke spreading through the ventilation 
network to the neighboring apartments was studied. The 
results indicate that without a specific plan/action for pres-
sure management, the fires in near-Zero level buildings with 
standard envelope permeability of q50  0.75 m3/m2h, will 
lead to dangerous pressure levels if the fire growth rate is 
fast (or ultra-fast). Requirements for the area of addition-
al leakages serving as pressure relief paths were found 
through iterative simulations. The possibilities for using the 
ventilation network for the pressure management were 
also studied by simulating the smoke spreading through the 
ventilation network. It turned out that the sufficient pres-
sure management could be achieved and smoke spreading 
prevented if the inlet side of the ventilation network was 
closed by smoke damper, and the outlet side kept open and 
exhaust fan operating. The feasibility of such an operation-
al solution naturally requires additional studies in different 
buildings and conditions.
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Ventilation in tunnels: a numerical comparison between 
different modelling approaches
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With the present work the authors aim to compare dif-
ferent modelling approaches for the design and verifica-
tion of tunnels’ longitudinal ventilation. Tunnels are critical 
infrastructures due to their vital role in the transport of 
people and goods, but, a safe design of these structures 
still present critical aspects. High fire loads, huge length 
and strong interaction between fire and structure make 
the design of the ventilation system a challenging task. 
The tunnel’s ventilation should be designed with accurate 
and reliable numerical models, but in a reasonable amount 
of time. 

Computational fluid dynamics (CFD) is capable to simulate 
accurately the flow field induced by a fire and by the ven-
tilation system. However the cost of the simulations is still 
prohibitive for long tunnels since the fire region and the 
ventilation devices require a refined mesh to provide reli-
able results [1]. In the engineering practice CFD is not a de-
sign tool, but more a verification tool, where it is common 
to design the tunnel with a one dimensional approach, 
assuming that the flow field is uniform along the section 
of the tunnel [2]. This approach allows to simulate long 
tunnels with a limited computational cost, but it doesn’t 
allow to simulate explicitly three dimensional flows. Near 
the fire or near the ventilation devices some correlations 
are used to include the three dimensional effects. Both the 
above mentioned methods have strengths and weakness-
es, these can be overcome with a hybrid approach which 
takes the best from the two models. Long portions of the 
tunnel can be simulated with a one dimensional model, 
but jet fans and fire should be simulated with a three di-
mensional approach. A Multiscale model for tunnel’s venti-
lation has been already proposed in the literature showing 
a great potential for engineering problems [3]. 

A short tunnel has been designed in order to compare the 
three approaches. The tunnel is 200 m long, 5 m high and 
5 m wide. The tunnel is longitudinally ventilated by means 
of two jet fans located near the inlet portal. A fire source 
is located in the center of the tunnel, with an increasing 
HRR. 

The one dimensional simulation of the tunnel has been 
carried out with the software IDA tunnel [4], which allows 
to simulate the jet fans by considering the momentum ex-
changed between the high speed jet and the main flow. 

The fire in the tunnel is simulated as source of mass and 
heat and adding a local pressure loss. The present model 
strongly relies on the input parameters which are based 
on empirical correlations, therefore their applicability can 
be limited. The three dimensional simulation have been 
carried out with the CFD code Fire Dynamic Simulator (FDS 
6) [5], this allows to simulate the fire and the ventilation 
devices explicitly, without the need for the designer to set 
further parameters. Jet fans are modelled as source of 
mass and momentum and their efficiency is evaluated in 
the simulation. The fire as well is simulated with better ac-
curacy because the model takes into account the pressure 
losses induced by the mixing of smoke and fresh air, by the 
temperature rise and by the higher longitudinal velocity 
of the smoke. The multiscale model is simulated with the 
code FDS by resorting to the HVAC routine implemented 
inside the program [6]. First, only fire region is simulated 
with the three dimensional model, while the remaining 
part of the tunnel is simulated with a one dimensional ap-
proach. 

With the present comparison the authors want to quantify 
the differences between the models, assuming that FDS is 
capable to provide reliable results. But also to identify the 
sources of differences, fire region and jet fans. The goal of 
the present work is the evaluation of the computational 
time of the three methods, since this remains the main 
drawback of three dimensional CFD simulations. 
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Fire detection in engine compartments 
New test method, certification rules and guidelines for heavy vehicles

Keywords: Vehicle fires, engine compartment fires, fire 
detection, SP Method 5320, UN ECE Regulation 107 

Statistical data indicate that approximately two thirds of ve-
hicle fires start in engine compartments [1-3]. Furthermore, 
the number of fires in engine compartments may increase 
in the future due to higher operational temperatures result-
ing from stricter regulations on noise and emissions. High 
temperatures, high airflows, complicated geometries, large 
amounts of soil, dust, and pollutants, and the wide range 
of surface temperatures typically occurring during normal 
operation conditions, complicate operation for all types of 
fire detectors. A study [4] previously performed by SP shows 
how the complex geometries and airflow in an engine com-
partment may affect fire detector performance. CFD-simu-
lations visualised that heat detectors are highly affected by 
ventilation and location and would be unlikely to detect a 
fire unless its plume directly impinges on the sensor. This has 
been confirmed in full scale testing [5, 6]. 

There are good prospects to extinguish and limit the con-
sequences of vehicle fires if they are detected at an early 
stage. However, even when fire detection systems are in-
stalled, vehicle fires are most often first detected by the driv-
er, by passengers or by people passing by, [7, 8]. Full scale 
experiments have shown that if a large fire breaks out in 
the engine compartment of a bus there might be only three 
minutes available for evacuation [9, 10]. Experiments and 
fire investigations have also shown that the time available, 
after the fire is detected by the driver, can be insufficient for 
evacuation of a complete bus [10, 11].

During the last 10 years SP Fire Research has put significant 
work into improving fire safety of heavy vehicles, primarily 
focusing on buses. SP’s test method for suppression systems 
installed in bus engine compartments, SP Method 4912 
[12], was launched in 2013 and has gained strong interna-
tional sympathy [13]. Parts of the method have been imple-
mented in European legislation for buses, through UNECE 
Regulation 107 [14]. Swedish as well as foreign bus manu-
facturers have expressed a desire to include a test method 
for fire detection systems in the standard, as an elaborate 
standard would create competitive neutrality keeping a high 
safety level. Given the obvious importance of including fire 
detection systems, SP initiated a project for this purpose in 
2013. The main objective was to develop a test method for 
evaluating fire detection systems meant for engine compart-
ments of heavy vehicles, including but not limited to buses. 

This has resulted in SP Method 5320, which will comple-
ment SP Method 4912 to increase fire safety of buses and 
other heavy vehicles.

The requirements should guarantee that detection systems 
have an acceptable performance and durability level. The 
test results should also point out strengths and weaknesses 
of the systems with respect to different fire scenarios, vehi-
cle types and driving conditions. The possibility to compare 
different fire detection systems enables the vehicle operator 
or manufacturer to choose a better system if a higher safe-
ty level is desired. This may motivate fire detection system 
manufacturers to improve both the detectors and their test 
results.

It is important that the tests not wrongly favour or disqualify 
a certain detection technology or system configuration. The 
tests should therefore represent a realistic fire challenge and 
be conducted in a test setup which is similar to what the 
system would experience when installed in a heavy vehicle 
engine compartment. With that in mind, it is also import-
ant that the test setup and test procedure is repeatable and 
reproducible. This will enable a technology-neutral compar-
ison of different fire detection systems to be available for 
vehicle manufacturers and operators.

In early 2017 SP Certification will publish new certification 
rules related to the new test method for fire detection sys-
tems installed in engine compartments of heavy vehicles. 
Certification allows the use of SP’s quality symbol, the 
P-mark. Based on the new test method, in 2017 a proposal 
will be made for implementation of new requirements in 
UNECE Regulation 107. For buses today, Reg. 107 requires 
that the driver is provided with an acoustic and a visual sig-
nal in case of an excess temperature in the rear engine com-
partment. There are no existing performance requirements 
for fire detection systems, but if the suggestion provided by 
Sweden is implemented there will be in the future.

This paper gives an outline of the new certification rules, test 
method and corresponding research.
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Sweden has limited experience in designing and construct-
ing high-rise buildings. The Swedish building code contains 
general recommendations on those fire safety features 
that should be employed when designing building with 
no more than 16 floors. Buildings taller than that are left 
with a requirement that the design of the building should 
be verified against the performance requirements speci-
fied in building code and that the fire protection should be 
evaluated in an overall assessment based on the risk profile 
of the building. A warning is given to use general recom-
mendations (of lower buildings) as a reference and the en-
gineer is obliged to use analytical design methods to show 
code compliance as prescriptive design is not an available 
option. The building code enforces the use of analytical 
design for buildings with a very high need for protection. 
Such buildings belong to a specific building class called 
Br0. The building code gives few details on regarding ana-
lytical design but states that special consideration must be 
given to the following aspects when design fire safety in 
Br0 buildings:

• if external fire-fighting responses are not possible,

• if internal rescue responses can be complicated,

• if the anticipated consequence is great

• if the evacuation process can be associated with signifi-
cant difficulties

The lack of detailed recommendations on analytical design 
of Br0 buildings has motivated the Swedish SFPE chapter 
to publish a design guide to aid the fire safety design pro-
cess. The design guide raises several questions related to 
the aspects needed to be addressed. However, the design 
guide is based on the current high-rise building tradition. 
Thus, it focused on the use of traditional construction ma-
terials such as concrete and steel. 

An ongoing shift towards more sustainable construction 
materials in the Nordic countries challenges traditional 
fire safety concepts as well as our design approaches. As 
engineers, we face to consider new risks and the lack of 
knowledge and experience of these risk could oppose a 
potential threat to the fire safety in a sustainable build-
ing, e.g. a high-rise made of timber. An ongoing research 
project “Tall timber buildings – concept studies” has the 
aim to develop feasible concepts for planning and design-

ing timber buildings higher than 20 floors according to 
present regulations. Fire safety is an essential part of the 
project, but as the regulations do not cover fire safety in 
buildings taller than 16 floors, there is a strong need to de-
velop guidance specific to the use of renewable materials.

SBUF, the construction industry’s organization for research 
and development has financed an initiative to develop the 
Br0 design guide published by the Swedish SFPE chapter 
to cover aspects related to the use of renewable materials, 
e.g. timber. The addition to the design guide will focus 
on the similarities as well as the differences when com-
paring traditional and renewable construction materials. 
Key aspects that need to be address when developing the 
design guide is fuel load, load-bearing structures, escape, 
fire service intervention and fire spread. Fire sprinklers are 
normally a fundamental add on to timber buildings and 
these systems have excellent lifesaving and property pro-
tection records. But, there are fundamental difference in 
risk when replacing passive fire safety with active mea-
sures. Thus, special attention must be given to the differ-
ences between active and passive fire safety features and 
their failure modes. Time to failure is of great interest and 
there are fundamental differences between e.g. sprinkler 
water being shut off and insufficient coating of structural 
members.

The presentation will give an introduction to the design 
approach of Swedish high-rises and focus on the fire risk 
related issues that need to be addressed when verifying 
fire safety in tall buildings made of renewable materials 
(e.g. wood).
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Fire Safety Science Without Borders

Keywords:  (Fire loss, Fire and burn injuries, Garment 
industries, Childhood burn injuries, Globaliztion)

The fact that the Nordic countries have one of the lowest 
fire loss rates on the globe is no accident. A century or more 
of fundamental and applied fire safety science research, its 
application to regulation of facilities and products and their 
enforcement at the local level, and the creation of a culture 
of safety founded on that research has created a fire safety 
system second to none. 

However, on a global scale, the collective burden of fire and 
burn injuries is still a major problem, causing on average 
300 000 yearly fatalities.

This presentation will explore how the fire safety science 
community might contribute to reducing the fire problem in 
emerging nations, where a small percentage loss reduction 
in industrial applications and simple preventive measures in 
residential settings would have a major impact on safety.  It 
will address a recent case study in the Bangladesh garment 
industry and also discuss the major problem of childhood 
burn injuries.  A potential roadmap for the research com-
munity to contribute to reduction in the global fire problem 
will be outlined. 
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For decades, sustainability has been a topic of discussion 
for innovators and designers looking to conserve resources 
in the built environment. As green technologies and mate-
rials are becoming more affordable and available, the mar-
ket demand for sustainable infrastructure and alternative 
energy has increased. 

Decades of building experience with traditional building 
materials have led to well-established building and life 
safety codes and standards. When new materials and sys-
tems are added to the built environment, the solution to 
the fire safety equation changes. Societal expectations for 
how our buildings respond to other hazards, including 
fire, also change with time.  New solutions might protect 
against one risk, but could at the same time be creating 
new risks of their own. One example is the debate regard-
ing flame retardants. This presentation will outline some 
of the potential fire hazards associated with sustainable 
materials and technologies and summarizes some of the 
mitigation strategies which might include operational cri-
teria, code requirements or both. And how should these 
new technologies and perspectives affect the fire research 
agenda?  Our proposition is that the fire safety community 
must broaden its scope and join forces with other disci-
plines/sectors in order to fulfill a role as a key actor in the 
formation of a new sustainable society. 
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New initiatives for fire safety research and innovation

The Norwegian Research Council has received a donation 
from the Gjensidige Foundation that enables a new re-
search initiative on fire safety. The donation is part of a larg-
er gift, 300 MNOK,  to the Norwegian society in occasion 
to the Foundation’s 200 anniversary. The gift  called  “Det 
store brannløftet” is comprised of different measures that, 
on short or long term, will make every day safer for Nor-
wegian citizens.  A part of this is measures for enhancing 
competence and knowledge building the Norwegian Re-
search Council has mapped the research area through pub-
lication databases, interviews with central research actors, 
government officials, fire departments, insurance agencies 
etc. The mapping has made the basis for a new research 
initiative that we are launching this autumn. The research 
initiative shall strengthen research through capacity building 
and international collaboration and build knew knowledge 
in areas with high risk, such as fire management, coordina-
tion and learning, energy-carrier, groups at risk, health risk 
as well as fire extinguish, detection and prevention of fire. 
Funding will be available for Norwegian research institutions 
in collaboration with international research partners, as well 
as private and public actors.  

Berit B. T, Research Council of Norway
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Smouldering fires in wood pellets: the effect of varying 
the airflow
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Introduction: Smouldering is a flameless form of com-
bustion, deriving its heat from heterogeneous reactions 
occurring on the surface of the fuel when heated in an 
oxidizer environment. Smouldering is of interest both as 
a fundamental combustion problem and as a practical fire 
hazard, for instance in industrial storage units [1]. Many 
materials can sustain a smouldering reaction, among them 
wood pellets, which are becoming more widely used as an 
alternative to oil -fired central heating in residential and in-
dustrial buildings. Smouldering fires are difficult to detect, 
becoming a hazard that must not be underestimated [2].

The influence of varying the airflow, using two different 
configurations of smouldering combustion was studied: 
reverse and forward propagation. These are defined ac-
cording to the direction in which the smouldering reaction 
front propagates relative to the oxidizer flow. In reverse 
smouldering, the reaction front propagates in the oppo-
site direction to the oxidizer flow. In forward smouldering 
the front propagates in the same direction as the oxidizer 
flow: convective transport is in the direction of the origi-
nal fuel ahead, preheating it before the smoulder zone is 
reached [2].

Methods: The test setup consisted of an insulated steel 
pipe heated to 360 ºC from below by a hotplate [3] [4], see 
Figure 1. Sample temperatures were measured using ther-
mocouples positioned every 2 cm vertically. In the original 
setup the bottom of the pipe was closed. The air entered 
and exited at the top of the pipe, while the combustion 
propagated from bottom up, giving a semi-reverse airflow 
system. To obtain a forward flow, the pipe was raised 1 
mm allowing air to enter from below. The chimney effect 
arising caused the main airflow direction to coincide with 
the main propagation direction, giving a forward airflow 
configuration. A total of eight tests were made, four in 
each configuration. 

Results and conclusions: By changing the airflow from 
semi-reverse to forward several differences were observed. 
In forward airflow the samples needed a shorter time (4 
hours) of external heating to have an onset of self-sus-
tained smouldering, compared to the 6 hour needed for 
the semi-reverse airflow. Forward smouldering reached 
higher maximum temperatures (610-650 ºC) than the 
semi-reverse cases (545-550 ºC).

The combustion duration also distinguished the two air-
flow systems, with average total combustion duration of 

55 hours for the semi-reverse airflow and 30 hours for for-
ward. The 

total mass consumption was, on the other hand compara-
ble for the two, -92 ± 0.5 %, giving a mass loss rate of 0.3 
g/min for semi-reverse vs 0.6 g/min for forward.

The overall combustion behaviour of the two cases was 
similar, but with a difference in the stagnant tempera-
ture period before the maximum temperature, see Figure 
1. This period was 3.5 h shorter and had a more stable 
temperature development in the forward airflow case. The 
results indicate that forward smoulder propagates faster 
than reverse, with a more stable and intense combustion 
as the oxygen supply is moving in the same direction as 
the smouldering.

Figure 1. Setup used in the study (left) and tempera-
ture development versus time (right), vertical line in-
dicates when the external heating was turned off.

To conclude, the airflow configuration seems to influence 
smouldering both in terms of maximum temperatures, 
heating period and combustion behaviour. More tests will 
be done in the following months, providing data to de-
velop numerical analysis, enabling a better understanding 
of the fundamentals of smouldering combustion which 
will be applicable to understand and avoid fires caused by 
self-heating in large scale storage facilities.
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the external heating was turned off. 
 
To conclude, the airflow configuration seems to influence 
smouldering both in terms of maximum temperatures, heating 
period and combustion behaviour. More tests will be done in 
the following months, providing data to develop numerical 
analysis, enabling a better understanding of the fundamentals 
of smouldering combustion which will be applicable to 
understand and avoid fires caused by self-heating in large 
scale storage facilities. 
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Modelling and Stochastic Analyses of Travelling Fires

Keywords: travelling fire, FDS, wood cribs, fire spread  

The dynamics of compartment fires has evolved over time 
along with the construction trends. The magnitude and se-
verity of fire risk has also increased along with the increase 
in the size of structures [1]. Behavior of fires in large com-
partments is not understood as well as fires in small com-
partments and the assumptions of homogeneous heating 
of structures would fail [2]. The concept of travelling fires 
was introduced by Stern-Gottfried and Rein [3] to explain 
the possible behavior of fire in compartment sizes larger 
than 500 m2 [4]. It was proposed that the fire had a more 
dynamic nature than the one observed in smaller compart-
ments. The fire was assumed to travel across the floor area 
consuming the available fuel along with the oxygen and 
cause a non-linear cyclic thermal loading across the struc-
ture. This uncertain nature of such fires requires detailed 
analysis, and an engineering methodology for addressing 
fire in large compartments, similar to the design fire curves 
of the Eurocodes [3], needs to be developed. 

Applicability in engineering analyses requires that the meth-
od is computationally inexpensive and produces a sufficient 
resolution of temperature fields. The aim of this work was 
to develop a reliable and fast modelling procedure for pro-
ducing a set of stochastic travelling fire temperature curves 
using the Large Eddy Simulation based CFD code, Fire Dy-
namics Simulator. 

The first step of this process was to validate the ability to 
model fire spread in wood crib fire load with a simple pyrol-
ysis model such as the ignition temperature [7] model. The 
model was validated using the SP model scale tunnel fire 
experiments conducted by Hansen and Ingason [5&6].Initial 
tests were conducted to determine the appropriate parame-
ters required for the modelling such as the heat release rate 
per unit area (HRRPUA) and ignition temperature. Next, the 
SP tunnel fire experiments were simulated to obtain the fire 
spreading behavior in wood cribs. The fire spread was ana-
lyzed under different longitudinal ventilation velocities and 
with the wood piles placed at varying distances. 

When modelling the wood crib experiments, an ignitor 
model was developed and validated to reproduce the ig-
nition behavior of the experiments. In engineering analy-
ses, the ignition sources are usually too small to be resolved 
by the computational mesh. . The engineering application 
needs a generic, faster fire spread model that can build up 
the initial fire development phase. For this purpose, the ra-

dially spreading fire [7] model is used. The fire spread rate 
required for producing the same heat release rate and ig-
nition of the adjacent wood piles is found out iteratively. 
The ignition temperature -based pyrolysis model is used to 
model the spread of fire beyond the initial region. For the 
stochastic analyses, a model compartment was developed 
with randomly distributed office fire load. A point of igni-
tion was randomly chosen and curves with different growth 
rates were applied. The temperature and heat flux fields 
within the compartment at various points were recorded. 
These data can then be used to analyze the performance of 
the structure in a travelling fire scenario.     
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An increased focus on renewable energy, a desire to gain 
good publicity and especially the possibility of decreasing 
the energy cost in a world where the demands for ener-
gy increase, are important reasons why photovoltaic (PV) 
panels are becoming more and more popular. For compa-
nies with large flat roof constructions on buildings, such a 
solution can even be cost-beneficial, because it allows for 
utilization of the otherwise unused roof space. However, 
the installation of PV arrays also introduces an electrical 
system powered by an infinite source of energy, the sun - 
which cannot be switched off if needed. The installation of 
large electrical systems increases the possibility of electri-
cal malfunctions and thereby the possibility of ignition and 
propagation of fire underneath the installations [1] [2]. The 
project focused on the fire dynamics underneath the PV in-
stallations, as historical data have shown that fires will occur. 

The influence of PV arrays on flat roof constructions in 
case of fire was studied experimentally with four full scale 
tests and also in a parametric study. The four full scale 
experiments were all based on an existing light roof con-
struction made with a self-supporting metal sheeting, 150 
mm EPS (expanded polystyrene) and a PVC based roofing 
membrane. The use of EPS, a highly flammable insulation 
material, was considered to be a likely worst-case scenario, 
and to prevent ignition of the EPS, three different miti-
gation solutions were tested on top of the existing roof 
constructions. The three mitigation systems consisted of 
either a layer of 40 mm PIR insulation, 30 mm mineral 
wool or 30 mm mineral wool combined with a single layer 
of alufoil, which were all placed on top of the existing roof 
construction together with a second layer of PVC based 
roofing membrane. The mitigation layer of PIR insulation 
was tested twice. An array of PV panels with the dimen-
sion of   were placed on top of all the full scale tests and 
all tests was ignited with a wood crib.

The fire-induced re-radiation underneath a PV panel was 
examined in the parametric study [3]. The set-up was de-
signed with a centred gas burner, two movable Hukseflux 
heat flux gauges with a working range around 5 kW/m2, 
and a PV panel with an adjustable elevation and angle. 
The heat flux received, as a function of different distances 
from the gas burner, were examined for different positions 
of the PV panel and a comparable baseline test without 
the influence of the PV panel. 

The parametric study revealed that the transfer of heat 
reflected from the point source were largest underneath 
the most elevated part of the PV panel. Positioning the PV 

panels in the same height and angle as in the matching 
mounting system used in the full scale tests, it was conclud-
ed that the reflection of heat from the panel increased the 
received heat flux significantly. Depending on the heat re-
lease rate from the point source, the received heat flux un-
derneath the panel increased with 100% − 400% for heat 
release rates from 4 kW − 8 kW, compared to the received 
heat flux measured in the same distances without the re-
flection. The influence of the additional contribution of 
heat provided by the reflection underneath the panel, and 
deflection of the flame, towards to subjacent surface of 
the roof construction was consolidated in the full scale tests. 

In all four full scale tests it was seen that when the roof-
ing membrane was ignited, it contained enough energy 
for the fire to spread outside the domain of the ignition 
source whereupon it propagated underneath the whole 
area of the tested PV arrays. When the fire reached the 
edge of the PV array, and thereby an area without the ad-
ditional heat contribution defined in the parametric stud-
ies, the propagation was sporadic and strongly controlled 
the deflection of the flames from the main fire underneath 
the PV array. For all three mitigations solutions, it was ob-
served that parts of the EPS melted due the heat from the 
fire underneath the PV array. For the two tests with a mit-
igation layer of PIR insulation, the EPS insulation was ig-
nited after approximately one hour. It is assumed that the 
ignition occurred due to a heat related degradation of the 
PIR insulations mechanical stability resulting in a penetration 
and thereby an ignition of the subjacent insulation. The 
EPS insulation was not ignited in the tests with mineral wool.

The findings of the study indicate that the propagation 
of a fire involving PV installations is not only caused by 
an increased fire load – but to a great extend also due to 
the changed fire dynamics underneath the PV installation. 
Based on the thesis it is recommended to evaluate a roof 
constructions fire related properties with respect to the 
changed fire dynamics – before installing large commercial 
PV systems.  
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Performance Based Design and Compliance 
Societal Expectations and Fire Safety Outcomes
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Fire safety has a long history of regulations as a means for 
society to prevent disastrous outcomes in the event of fires. 
Traditionally, fire safety regulations have been the product of 
reactions to occurred events. As regulations have advanced 
and performance-based regulatory systems have become 
more prominent, a shift can be seen from reactionary to 
precautionary principles. This shift has also an effect on the 
drivers to regulatory change, see figure 1.

Figure 1 Shapers of regulatory regimes and related 
outcomes.

This shift will be explored in this presentation with regards 
to shapers of regulatory regimes and its related outcomes. 
The focus is in the current paradigm in fire safety regulations 
in Sweden, i.e. performance-based design, which is also rel-
evant for other countries such as our Nordic neighbors. 

Cornerstones in performance-based regulatory systems will 
be presented based on risk governance research [1] [2]. 
Challenges relevant for the Swedish implementation of per-
formance-based design will be presented.

The challenge and need of following up compliance of 
regulations in a performance-based regulatory system will 
be presented. Methods to follow-up compliance [3] from 
a national perspective will be discussed and related to how 
compliance may be improved. Examples of employment of 
such methods will be presented.

Based on the results implications for performance-based 
design will be discussed and related to possible ways to im-
prove quality in the current regulatory setting.

REFERENCES
[1] May, P. J. (2007). Regulatory regimes and accountability. Regula-

tion & Governance, 1(1), 8–26. https://doi.org/10.1111/j.1748-
5991.2007.00002.x

[2] Hood, C., Rothstein, H., & Baldwin, R. (2001). The Government of Risk. 
Regulation (Vol. 1). https://doi.org/10.1093/0199243638.001.0001

[3] Strömgren, M. (2016). Metoder för att följa upp efterlevnad av 
brandskyddskrav, SP Rapport 2016:92. Borås. Retrieved from http://pub-
likationer.extweb.sp.se/user/default.aspx?RapportId=32454#32454

Michael Strömgren
Fire Research
RISE Safety & Transport
Lund, Sweden
Michael.stromgren@ri.se

Performance Based Design and Compliance 
Societal Expectations and Fire Safety Outcomes 

 

Michael Strömgren 
Fire Research 

RISE Safety & Transport 
Lund, Sweden 

Michael.stromgren@ri.se 

 
 
 
 
 

 
 

Keywords:  (5 key words) 

Fire safety has a long history of regulations as a means for 
society to prevent disastrous outcomes in the event of fires. 
Traditionally, fire safety regulations have been the product of 
reactions to occurred events. As regulations have advanced and 
performance-based regulatory systems have become more 
prominent, a shift can be seen from reactionary to 
precautionary principles. This shift has also an effect on the 
drivers to regulatory change, see figure 1. 

 
Figure 1 Shapers of regulatory regimes and related outcomes. 

This shift will be explored in this presentation with regards to 
shapers of regulatory regimes and its related outcomes. The 
focus is in the current paradigm in fire safety regulations in 

Sweden, i.e. performance-based design, which is also relevant 
for other countries such as our Nordic neighbors.  

 
Cornerstones in performance-based regulatory systems will be 

presented based on risk governance research [1] [2]. 

Challenges relevant for the Swedish implementation of 
performance-based design will be presented. 

 
The challenge and need of following up compliance of 

regulations in a performance-based regulatory system will be 
presented. Methods to follow-up compliance [3] from a 

national perspective will be discussed and related to how 
compliance may be improved. Examples of employment of 

such methods will be presented. 
 

Based on the results implications for performance-based 
design will be discussed and related to possible ways to 

improve quality in the current regulatory setting. 
 

REFERENCES 
 

[1] May, P. J. (2007). Regulatory regimes and accountability. Regulation & 
Governance, 1(1), 8–26. https://doi.org/10.1111/j.1748-
5991.2007.00002.x 

[2] Hood, C., Rothstein, H., & Baldwin, R. (2001). The Government of 
Risk. Regulation (Vol. 1). https://doi.org/10.1093/0199243638.001.0001 

[3] Strömgren, M. (2016). Metoder för att följa upp efterlevnad av 
brandskyddskrav, SP Rapport 2016:92. Borås. Retrieved from 
http://publikationer.extweb.sp.se/user/default.aspx?RapportId=32454#32
454 

 

 



BOOK OF ABSTRACTS Nordic Fire & Safety Days

30

Frida Vermina Lundström
Safety – Fire resistance
RISE
Lund, Sweden
Frida.Vermina.Lundstrom@ri.se

Johan Sjöström 
Safety - Fire Resistance
RISE
Borås, Sweden
Johan.Sjostrom@ri.se

Anders Granström
Dept. of forest ecology and man-
agement- SLU
Umeå, Sweden
Anders.Granstrom@slu.se 

Wildland fires and scarification 
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Wildland fires may cause severe economic losses, and in 
some cases also affect urban areas. Examples of the latter 
are the fires in Laerdal and Flatanger in Norway 2014. The 
Swedish Contingency Agency (MSB), in collaboration with 
Swedish Meteorological and Hydrological Institute (SMHI), 
has since 1996 employed the Canadian Forest Fire Danger 
rating system for risk assessments, issued to the local fire 
rescue services and forestry operators [1]. The general risk 
level is indicated by the FWI index which integrates various 
drivers of fire intensity such as fuel moisture and wind. It 
builds on a set of primary indices, including DMC that re-
lates to the moisture content of the humus layer. [2].

Amongst operators within the forest sector the risk of 
fire ignition from forestry machinery is well known. Fires 
are ignited during both harvesting and forwarding but in 
particular during scarification. Operators frequently need 
to suppress small fires detected in the tracks behind the 
machine. However, the extent of this problem is not well 
known. Since it was established that scarification was the 
source of ignition for the large fire in Västmanland in Swe-
den 2014, the need for better risk assessment has become 
clear [3].

This study summarizes the occurrence of wildland fires 
caused by forestry machinery, which have led to an inci-
dent by the fire rescue service. The data is limited to the 
years 1998-2015. We have coupled all incidents with the 
risk indices for the day of ignition, estimated within the 
nearest 11 x 11 gridpoint.

The data shows that the majority of wildland fires caused 
by scarification occurred during the early summer months 
(May-July) [3]. The time for the fire rescue service to reach 
the fires was on average 34 min. Compared to wildland 
fires in general, a greater proportion of the reported wild-
land fires caused by scarification were larger than 0,5 ha. 
This is likely due to the fact that these fires typically occur 
on clear-felled areas with very suitable fuels, and possibly 
also further away from the bases of the rescue services. 
However, there was no clear correlation between area 
burnt and response time for the rescue service.

A smaller fraction of the known fires ignited by forestry 
machinery occurred during days with a very high FWI com-
pared to large forest fires of any cause of ignition. This is 

likely due to the fact that forest managers avoid operating 
scarifiers when the fire risk is very high. Still, almost 35 % 
of the fires leading to a fire rescue service incident were 
ignited at FWI >21.

There was a distinct correlation between moisture in the 
humus layer and the fires caused by machinery, since 80 % 
of the fires occurred when the Duff Moisture Code (DMC) 
exceeded 30. In fact, the threshold with regard to DMC 
was higher for these fires than for forest fires of all igni-
tion causes combined. Most wildland fires in general occur 
during the summer, since people utilize the nature more 
frequently. But forestry work may occur during the entire 
year if there is no snow or ground frost. These seasonal 
trends were evident in the relatively high Drought Code 
(DC) levels, i.e. the index indicating moisture content in 
deep organic soil layers.

In conclusion, when assessing the risk for wildland fires 
caused by forestry operations, the DMC index can act as 
an important complement to the FWI index. 
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A discussion on learning from fire investigations; concepts and 
methodologies
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Fire investigation is an activity currently related to responsi-
bilities, liability and Police investigation. In this paper, we will 
focus on the potential learning in the emergency response 
organizations as well as the civil engineering industry by fo-
cusing on investigation of fire incidents in a broader con-
text than in the current practice. This includes exploring the 
possibilities for employing new methodologies and models 
for the use in fire investigation. The paper focuses on the 
potential learning in fire investigation by employing new 
methods and methodologies. In this way, the project might 
pave for new insights not only benefitting the public sector, 
but also in the industry in general. 

Fire incidents in Norway over the last years have shown that 
there are more to be analysed after a fire than the causes 
of the fire and associated responsibilities. The last 10 years 
there have been several fires that could provide knowledge 
beyond determining the initiating event, for example:

• Urtegata 31: Fire in a residential building in Oslo 2008, 6 
fatalities. 

• Gullskogen: Fire in a residential building in Drammen 
2008, 7 fatalities.   

• Lærdal, Flatanger og Frøya: 3 large wildland fires early 
2014 due to unusual dry winter. No fatalities, but rap-
id fire spread due to strong wind, which caused severe 
property damage.  

• Oslofjordtunnelen 2011: Fire in a heavy goods vehicle 
in a subsea tunnel that trapped 9 people in the smoke 
which had to be rescued by emergency responder. 

• BASA fire in Tønsberg 2015: Large fire in a storage/indus-
trial building with severe property damage.  

Increased learning from fire incidents have been identified 
by the Norwegian Directorate for Civil Protection (DSB) as 
an important part of managing fire risk in the society. Al-
though the importance of learning from incidents are well 
known, the study of the organisation of the fire brigades in 
Norway identifies that there is a lack of structure, method-
ology and competence to obtain this knowledge from real 
incidents [1]. The above mentioned examples are analysed 
by use of the Sommer, Njå and Braut’s learning model [2].
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Socioeconomic Differences in Residential Fire Mortality in 
Sweden: a case-control study 

Residential fire is by far the largest category of fatal fires 
in Sweden, accounting for about three-quarters of all fa-
talities [1]. This study aimed to investigate socioeconomic 
differences between residential fire fatalities and a control 
group in Sweden using the case-control method. 

Data on the fatalities were obtained from a compiled da-
tabase using linked data from the database on fatal fires, 
the database on forensic examinations, and the Cause 
of Death Register [1]. Four controls per fire victim were 
matched on age at death and sex from the Swedish pop-
ulation register. Data on socioeconomic variables were 
linked to both cases and controls by Statistics Sweden. 

The results show clearly that residential fire fatalities to 
a significantly greater extent were, living alone, having 
low income, living in rented apartments, and were unem-
ployed compared to the control group.

This is consistent with results from previous studies [2]. 
Further, we compared different fire clusters/fire scenarios 
identified in a previous study [3] with regards to socioeco-
nomic characteristics.  

The results from this study can be used in guiding and tar-
geting informed fire mortality prevention strategies.
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Individuals that may be categorized in different ways as vul-
nerable are overrepresented in the fire fatality statistics in 
Norway and internationally. With this in mind the Norwe-
gian Government appointed a special committee to exam-
ine the fire safety of certain risk groups. One of the con-
clusions of their work, which was presented in an Official 
Norwegian Report (NOU 2012:4) [1], was that there was a 
need for improved knowledge about groups at risk. It was 
suggested to perform research to improve the knowledge 
about risk connected to critical factors. Targeted measures 
can then be implemented based on this knowledge. SPFR 
has recently performed a project with this in mind, com-
missioned by the Norwegian Ministry of Justice and Public 
Security and the Directorate for Civil Protection (DSB). 

The aim of the study has been to analyze fire statistics and 
other sources in order to retrieve more details about the vic-
tims of fatal fires and to find explanations as to what led to 
the fatalities. We have attempted to answer the following 
questions in the study:

1. What are the risk factors associated with the Norwegian 
fire fatalities? 

2. What are the causes of Norwegian fire fatalities?

3. How can fatal fire best be prevented?

In our study we have investigated fatal fires which occurred 
between 2005 and 2014. Information from the fire statis-
tics database of DSB, police investigation reports, the vic-
tims’ medical journals and the Norwegian Cause of Death 
Registry has been gathered. In the time span mentioned, 
517 fatal fires occurred, from which we got access to police 
investigation reports from 350 fires where there were 391 
fatalities.

The extent of information from the police investigation re-
ports varies greatly, but they generally include details about 
the building, room of origin of the fire, type of fire and 
other circumstances surrounding the fire. They may also 
contain information about how and by whom the fire was 
detected. The police investigations reports also allow for a 
clearer picture of the individual victims of the fire through 
for example witness interviews and autopsies. By accessing 
the victims’ patient journals we have been able to further 

explore whether there were any health factors that can be 
related to increased fire risk, e.g. reduced mobility, cognitive 
issues, drug or alcohol problems, etc. 

The preliminary results are indicating that there is a clear 
pattern of risk factors associated with fire fatalities. For ex-
ample, the use of alcohol has been identified as a consid-
erable risk factor in previous studies, e.g. reference [2], and 
also our study considers whether the victim was influenced 
by alcohol in connection with the fire. The full results of the 
study will be published towards summer 2017.

In many cases the risk factors have been known by peo-
ple in the victim’s surroundings (relatives, health personnel, 
etc.), obviously without them being able to prevent the fire 
or its consequences. This demonstrates the complexity in 
implementing fire safety measures in that the preventive 
work can be performed by different people with different 
roles with regards to the individual at risk. 

Our results will be viewed in conjunction with our previous 
study on organizational and technical fire prevention [3,4]. 
By more fully understanding the details in the individual 
cases through analyses of the underlying causes of the fire 
fatalities, we hope to be able to recommend ways of suc-
cessfully prevent fire fatalities.
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Has fire-related mortality in Sweden changed over time? 
Adressing the issue of overdispersion in Poisson regression
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We were asked to model the occurrence of fatal fires in 
Sweden, to answer the question whether or not the num-
ber of fatal fires has changed over time. The task was giv-
en by the Swedish Civil Contingency Agency and the Divi-
sion of Fire Safety Engineering at Lund University as part of 
their preventive work against fire related deaths.  

The Poisson distribution has a long history of usage in 
modelling accidents and mortalities. The most famous ex-
ample is given by von Bortkewisch, who used the Pois-
son distribution to model the number of Prussian soldiers 
killed by horse kicks.1 Fatal fires can be expected to follow 
the Poisson distribution for the same reason as fatal horse 
kicks, since they are independent events that happen with 
a relatively low probability. One of the key features of the 
Poisson distribution is that it has one free parameter , 
which happens to be both the mean and variance of the 
distribution. Empirically, however, it is often found that 
count data, which is expected to be Poisson distributed, 
has a variance larger than the mean, so called overdisper-
sion. When present in Poisson regression, overdispersion 
will, if not accounted for in the model, lead to incorrect 
estimations of the coefficient variances. In our study, we 
addressed the issue of overdispersion in the context of 
modelling fatal fires. This was done by applying Poisson 
regression with time covariates on a dataset containing 
the number of fatal fires in Sweden from 1999 to 2015. 

It is generally known that there can be different reasons 
behind the excess variation of a Poisson regression model. 
There may be omitted predictors in the model. Overdis-
persion may also stem from dependence between some 
of the events in the point process, which violates the as-
sumption of independence of the Poisson distribution. 
This applies for example in the modelling of the number 
of fire-related deaths, instead of the number of fatal fires. 
Overdispersion can also arise when the conditional mean 
varies between different parts of the data. One can, in that 
case, interpret the overdispersion as a cause of there being 
several Poisson distributions in the data.2

The data used in our study came from the database IDA,3 
provided by the Swedish Civil Contingency Agency. The 
database contains, for example, monthly data of fatal fires 
from 1999 to 2015. The monthly data varies intensely, 

which makes modelling difficult if the explanatory vari-
ables do not vary to the same extent as the response vari-
able. For this reason, we summed the monthly data into 
quarterly data. The data exhibits overdispersion with mean 
and variance of 27.5 and 92.9 respectively.  Regressing on 
the quarterly data, we fitted a model containing seasonal 
components and a linear trend. A binary variable indicat-
ing a breakpoint in mid-2012 was also added, to model 
a graphically observed drop in the number of fatal fires. 
The regression model we used successfully eliminates the 
overdispersion in the data, which led to the conclusion that 
the excess variation is a result of there being several Pois-
son distributions during the period. The model estimates 
a higher rate of fatal fires during the winter, and a lower 
rate during the summer. The linear trend depicts a steady 
decrease in the amount of fatal fires during the time peri-
od, of approximately 0.4 % per quarter. Lastly, the break-
point in mid-2012 describes an additional decline in the 
rate of fatal fires by approximately 21.3 %. Caution must, 
however, be taken when interpreting the breakpoint, as it 
cannot be seen as proof of a drop in the rate, but only as 
a measurement of an observed change.

In conclusion, our model shows that the issue of overdis-
persion in data of fatal fires is, in this example, caused by 
the presence of several Poisson distributions with different 
conditional means that appear during the time period.
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Abstract
The use of  cellular  plastic  (foam  plastic)  in upholstery  
of furniture  and interior  insulation  in modern  buildings  
has  become  exceedingly  widespread.  Presently  there  is  
little  knowledge available regarding the toxic compounds 
released from these products during a fire. Of this reason it 
is crucial to achieve greater insight into the different types of 
cellular plastics on the market and their potential health ef-
fects on humans. Our purpose is to gather sufficient knowl-
edge of the health effects associated with fires in modern 
buildings so the physiologic effects (symptoms) can be un-
derstand and the correct medical treatment administered.

The project provides the physical principles and the chemis-
try during combustion of different

plastic products. The project will establish a background on 
this field, and propose acceptance criteria for human ex-
posure of certain toxic fire gases. An introduction given to 
respiratory physiology where thermal injuries, carbon mon-
oxide poisoning and chemical injuries after inhalation of 
toxic smoke particles, vapors and gases is discussed. Differ-
ent human absorption pathways are analyzed, for instance 
dermal uptake. The results could give valuable information 
about long-term effects of toxic emissions from fires in plas-
tic-based products.

The method: A survey planned on a cohort, using a group 
of citizen representing an expected non-exposed group. 
This group we compare with a group of firefighters with an 
expected high- exposure frequency of fire emission prod-
ucts. Relevant biomarkers in blood and urine of the two  
cohort-groups  analyzed,  in  order  to reveal  the  presence  
of  toxic  compounds  in  human body, and uniquely  related 
to an exposure of combustion  products of plastic. As part 
of the project,  we  will  investigate  the  major  human  
absorption  pathways,  i.e.  from  air-to-human. Expected 
absorption pathways could be inhalation, dermal uptake 
and intake of soot particles by swallowing of saliva under/
after an emergency.

Finally, the project will conclude on the results and propose 
remedial measures for firefighters,

emergency authorities, consultants and the construction 
industry.

The project planned to run for 3 years and collaboration 
partners will be final appointed, but with  expected  par-
ticipants  from  the  following:  Technical  University  of  
Denmark  (DTU), Aalborg  University  (AAU),  University  of 
Southern  Denmark  (SDU)  and  National  Research Centre 
for the working Environment (NFA).
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Learning points from real incidents – learning from what? 
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The increasing implementation and use of action-cameras 
in real incidents display a willingness amongst the prac-
titioners to examine and explore their practice conduct-
ed during real emergencies. Nevertheless our research 
conducted in Denmark and Norway have shown that the 
practitioners and learning-teams are being challenged by 
processing the data-material in a way, which not only con-
firm what they already know, but provide them with learn-
ing-points related to the tactical, technical and managerial 
aspects of the emer-gency response. Even though research 
have provided models for learning in emergency response 
work [1], the core contents of the learning-point remains 
vague, and the question remains, do we know what we 
should learn from? 

Our research conducted in Denmark and Norway have fo-
cused upon the practice conducted by frontline command-
ers. Frontline command is often presented as a cognitive 
endeavour, where the individual manager by intuition and 
experience is able to recognise a pat-tern, which allows 
the individual to implement a course of action based on 
extracted cues, recognized plausible goals etc. [2]. Such a 
notion of frontline command can furthermore be identified 
in the formal educational programmes regarding incident 
command [2]. The programme expects that the graduated 
commander is able to identify, implement and monitor the 
response activities through ‘anomalizing’ and ‘proactive 
sense-making’ [3]. By conceptualizing the practice of the 
frontline in such a way, the learning-points related to the 
practice of the manager tends to focus solely upon the 
tactical and technical aspects, but learning-points related 
to the managerial aspects is being relegated to the back-
ground.

We acknowledge the individual dimension of frontline 
command, but reframe incident command as relation-al 
management and the frontline manager as a sense-facili-
tator. Such a notion calls for theoretical concepts, which is 
able to grasp the tentative interruptions in the sensemaking 
processes. We propose that the concept of being struck [5] 
allows us to investigate the interwo-ven cognitive, physi-
ology and emotional processes of interruptions during real 
incidents. The interruptions in the sensemaking-processes 

were recorded (N = 25 cas-es) by action-cameras mounted 
to frontline com-manders. The recordings were analysed 
in a dialogue process together with the commanders, and 
the inter-ruptions in the sense-making processes were 
then ana-lysed and mapped into themes. 

The empirical findings show that the interruptions in 
the sensemaking-processes can be condensed to three 
themes, which display common learning points:

1. Interruptions linked to the socio-cultural as-pects of be-
ing an incident commander in the particular context.

2. Interruptions linked to the way language is used to dis-
cursively negotiate power and legit-imacy.

3. Interruptions linked to how emotional and physiological 
aspects affects the sensemaking processes.

The study contribute to our notion of learning-points relat-
ed to learning from emergencies, and challenge thereby a 
solely cognitive endeavour of frontline command.  
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The availability of fire engineering tools is an important 
factor shaping the discipline of fire protection engineering.  
Currently in fire protection engineering a large number of 
calculation tools is available. It does not mean however that 
the process of using them is always smooth and comfort-
able. Some tools are quite old with archaic or impractical 
user interface, which does not mean that their calculation 
algorithms are bad, but it makes it harder to use them and 
they become unpopular while other tools take their place. 
The multitude of available tools is not a good thing for ev-
eryone because it makes the design verification harder for 
AHJs, which are usually less familiar with the tools than 
engineers are. The same problem exists in fire science and 
engineering education. It is not convenient to teach many 
different tools that are disconnected and the level of inte-
gration is very low. The time needed to build a model and 
see the results should be very fast for the student to under-
stand various interrelations. The selection of the right tool 
for a job is a separate problem, but in general the variety 
of ways a problem can be analyzed can be considered as 
a confusing aspect of fire engineering for many outsiders. 
In practice most engineers keep many tools for various oc-
casions including self-made spreadsheets. The aggregation 
of useful tools seems like a reasonable idea and in fact it 
happened in the past that some good packages were devel-
oped. The concept of this paper is to describe the philoso-
phy for a multi-module integrated calculation tool package 
which is proposed in a form of FEP and the vision for it in 
the future. The current capabilities and those available soon 
will be presented. The benefits of the FEP for fire science 
education and the concept of  a smooth fire protection en-
gineer’s workflow will be discussed. 

What are the important factors for fire engineering tools? 
Among others: availability, cost, speed of use, user friendli-
ness, learning curve, time to see results, number of potential 
uses, effectiveness in addressing the main purpose, visual 
appeal and attractiveness of results, interactivity, integration 
with other tools, variety of input and output options, scal-
ability, reporting capabilities, varied use of computational 
resources, multi scenario capabilities, addressing probabi-
listic aspects, validation and credibility of sub-models, on-
going maintenance, support and continued development, 
recognition and acceptability in the field. The problem with 
many existing tools consists in not addressing some of the 

above important factors. The common inconvenience in-
cludes the necessity to use separate tools for calculation and 
presentation of data which requires various data transfers. 
The time aspect is one of most critical because calculation 
tools should support the work of fire protection engineer in 
a smooth way. Ideally a quick initial analysis should be per-
formed within few minutes or even quicker. Short time of 
single calculation setup allows engineer to quickly test vari-
ous design options or scenarios. If a more complex calcula-
tion is needed the time to setup the model is as important 
as the calculation time. Many of the abovementioned needs 
are addressed in a variety of ways in a new software pack-
age – Fire Platform. FirePlatform consists of a number of 
modules addressing various aspects of a fire protection en-
gineer’s workflow.  It is being actively developed to include 
a growing number of features. The current set of modules 
includes the following modules: FireRad, QuickZone, FDS 
Designer, FDS Cloud, QuickStandards. 

The QuickZone model can be used for many initial assess-
ments for compartment fires, while FireRad  is a tool to 
study external fire spread by radiation. FDS Designer is a 
tool for building FDS models and the FDS Cloud is a facility 
to run any number of  FDS simulations directly on the cloud 
resources, making the process very easy to start and moni-
tor. QuickStandards is a tool making calculations based on 
technical standards very fast and easy. Some other modules 
are under development and they involve egress and struc-
tural response analysis. Snapshots below present some of 
the discussed modules of the Fire Platform.
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Learning in emergency response organizations is a widely 
discussed topic in the study of societal safety. The need to 
improve experiential learning was one of the conclusions 
in a report commissioned in 2013 by the Norwegian Direc-
torate for Civil Protection and Emergency Planning (DSB, 
2013). DSB is the supervising and administrative authority 
for the fire and rescue services in Norway.

The master thesis presented in this abstract deals with 
some of the prerequisites for and challenges with fire and 
rescue personnel’s learning through experience-sharing af-
ter emergency responses. Experience-sharing is a compre-
hensive concept not easily defined. Learning in emergency 
response organizations is also challenging with regards to 
how to express and measure learning. Experiences and 
learning after real incidents were at the core in the the-
sis work. The purpose was to study the phenomenon as 
it was considered by fire and rescue workers at different 
levels in the organizations. The major issue was: How can 
fire and rescue personnel learn from each other by sharing 
their experiences?

Through 16 interviews with employees at various levels and 
document studies, including the organization’s intranet 
and systems for reporting and evaluating emergency re-
sponses, the thesis studied transfer of experience in a ma-
jor fire and rescue organization in Norway. Important the-
ories illuminating the major issue used in the thesis were; 
learning in emergency response organizations (Sommer et 
al., 2013), information and experience-sharing (Argote et 
al., 2000), and organizational culture (Schein et al., 1987).

The respondents claimed that a common understanding 
of learning by experience-sharing should be established in 
the organization. They meant that every single person in 
the organization was responsible for contributing to the 
transfer of experiences. However, there was far less agree-
ment on how to do it. To meet, talk and use visual effects 
such as pictures and videos were regarded effective by the 
emergency response personnel. There is a weak reporting 
culture in the organization. Written reports were not re-
garded as suitable for transfer of experiences or lessons 
learned after incidents, but rather as mandatory reporting 
for use in e.g. national statistics.

The management should put learning from experiences 
higher up on the agenda. The management is in gener-
al the most important “culture creators” in organizations. 
The emergency service   organization   had   no   formal   
system   for   sharing

experiences between individuals or groups. Hence, the 
transfer became dependent on the different management 
styles in the organization. Formation of subcultures, part-
ly due to different groups and sections, seemed to pre-
clude learning in general, and especially through experi-
ence-sharing.

There was not drawn a clear line between “experience- 
sharing” and “information flow” in the department. Infor-
mation flow that works well does not guarantee learning, 
but it increases the potential and is recommended to form 
a specific requirement.

A challenge with experience-sharing is often said to be 
the tacit knowledge amongst individuals (Eraut, 2000). 
Very few respondents saw learning by employing experi-
ence-sharing as a problem. The respondents appreciated 
competency based on tacit knowledge. Ways of forward-
ing subjective experiences to other individuals or groups 
were neither not seen difficult. There was much stronger 
focus on the missing system for collecting and distribut-
ing valuable experiences, than on challenges with sharing 
those experiences.

A system that can accommodate experience-sharing in the 
department requires cultural and attitude changes that di-
rectly interfere with working practices. Articulating person-
al mistakes or misjudgments are associated with negative 
outcomes, which contribute to hide important knowledge 
within the department. In practice there are many barri-
ers to overcome to make experience-sharing and learning 
functioning. To prevent tacit knowledge from becoming 
hidden knowledge the understanding of performance 
needs to change. The learning aspect of experience-shar-
ing must be internalized instead of revealing individual’s 
misjudgments and errors.
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Context of PBD for life safety:

When looking at the history of performance based design 
[1], there has been little evolution since the early 2000’s. 
Neither the concept of ASET vs RSET, the type of tools (CFD 
and evacuation model), nor the definition of “reasonable 
worst-case” have changed. The fire engineer should decide 
on a reasonable Safety Factor, dependent on the level of 
conservatism in the assumptions of the input parameters to 
demonstrate the safety level is acceptable. Consequently, 
different results can be expected from different fire engi-
neers and no uniform safety level can be expected in fire de-
signs. Several countries have tackled this issue by changing 
their legislation from a performance based to a prescriptive 
performance based framework [2]. As these apply to a wide 
range of building types, the fixed input parameters might 
be conservative for some and not conservative enough for 
others.

Challenges for objectifying the safety level:

In current state of the art PBD-analyses, following challeng-
es need to be addressed in order to objectify the safety level 
of a design:

[C1] The level of conservatism in the input parameters of 
both the ASET (HRR, soot, growth curve, …) as the RSET 
(pre-movement time, walking speed, impact of smoke, …) 
are left open as a choice to the fire engineer, which is sub-
jective.

[C2] When multiple scenarios are to be investigated in or-
der to determine its impact on the risk, many combinations 
might be necessary. When uncertainties of certain parame-
ters are addressed by sensitivity studies, the number of sce-
narios quickly grows, which might make both the engineer-
ing as the computational resources excessive to the added 
value of the analysis for the client. 

[C3] The main assumption in the current fire safety designs 
is that the safety systems put in place (e.g. smoke control, 
sprinkler, compartmentation, …) will function in all cases. 
This is correct in theory, but in practice there will be a wide 
range of reliabilities. These should be taken into account 
in the process to go from theoretic to practical safety level.

Proposed solutions for objectifying the safety level:

In this research project, a framework is being developed 
for objectifying the safety level in PBD, where the previous 
mentioned challenges are tackled by following solutions:

[S1] A probabilistic distribution is applied to all input param-
eters, representing the level of conservatism of the design 
scenario (methodology is similar to [3], applied to buildings).

[S2] In order to reduce the re-
quired number of simulations  
(CFD or evacuation model), an 
interpolation method was devel-
oped. A multi response surface 
model (RSM) is suggested for the 
probabilistic analysis of the entire 
input domain. Based on a few sup-
ports samples the RSM represents 
the results for the entire spectrum of possibilities. This is de-
scribed in [4].

Figure 1: Response surface model [4].

[S3] By using Fault Tree Analysis, the reliability of each safety 
system is taken into account by accounting for the failure 
probability of each component (e.g. redundant pump, elec-
trical supervision of main valve, …) and of the maintenance.

Ongoing work:

The method is currently examined for several challenging 
case studies. One of the main challenges remains to inte-
grate the important submodels of smoke spread to adjacent 
compartments (e.g. staircases) and fire brigade intervention 
and the verification and validation of the new methodology.

Co-authors. The author would like to acknowledge the 
work of PhD-student Bart Van Weyenberge (FESG-UGent) 
and his supervisors Prof. Robby Caspeele and Prof Bart Mer-
ci from  Ghent University in the realisation of this research.

The author would like to acknowledge the Flemish govern-
ment IWT for the funding of this research through project 
number 130857.

REFERENCES
[1] SFPE Engineering Guide to Performance-Based Fire Protection

[2] P. Beever et al, Evaluation of the Conceptual Framework for Perfor-
mance Based Fire Engineering Design in New Zealand, (2008).

 [3] B. Van Weyenberge, X. Deckers, R. Caspeele, B. Merci, Development of 
a Risk Assessment Method for Life Safety in Case of Fire in Rail Tunnels, 
Fire Technol. (2015). doi:10.1007/s10694-015-0469-y.

[4] B. Van Weyenberge, P. Criel, X. Deckers, R. Caspeele, B. Merci, Re-
sponse surface modelling in quantitative risk analysis for life safety in 
case of fire, Fire Saf. J. 1 (2017). 

Xavier Deckers
Fire Engineered Solutions Ghent, Belgium
xd@fesg.be 

Objectifying performance based design for life safety       
by a probabilistic approach 

Xavier Deckers 
Fire Engineered Solutions Ghent, Belgium 

xd@fesg.be  

 
Keywords:  Performance Based Design, Reliability, Failure 

probability, Life safety 

Context of PBD for life safety: 
When looking at the history of performance based design [1], 
there has been little evolution since the early 2000’s. Neither 
the concept of ASET vs RSET, the type of tools (CFD and 
evacuation model), nor the definition of “reasonable worst-
case” have changed. The fire engineer should decide on a 
reasonable Safety Factor, dependent on the level of 
conservatism in the assumptions of the input parameters to 
demonstrate the safety level is acceptable. Consequently, 
different results can be expected from different fire engineers 
and no uniform safety level can be expected in fire designs. 
Several countries have tackled this issue by changing their 
legislation from a performance based to a prescriptive 
performance based framework [2]. As these apply to a wide 
range of building types, the fixed input parameters might be 
conservative for some and not conservative enough for others. 
 
Challenges for objectifying the safety level: 
In current state of the art PBD-analyses, following challenges 
need to be addressed in order to objectify the safety level of a 
design: 
[C1] The level of conservatism in the input parameters of both 
the ASET (HRR, soot, growth curve, …) as the RSET (pre-
movement time, walking speed, impact of smoke, …) are left 
open as a choice to the fire engineer, which is subjective. 
[C2] When multiple scenarios are to be investigated in order 
to determine its impact on the risk, many combinations might 
be necessary. When uncertainties of certain parameters are 
addressed by sensitivity studies, the number of scenarios 
quickly grows, which might make both the engineering as the 
computational resources excessive to the added value of the 
analysis for the client.  
[C3] The main assumption in the current fire safety designs is 
that the safety systems put in place (e.g. smoke control, 
sprinkler, compartmentation, …) will function in all cases. 
This is correct in theory, but in practice there will be a wide 
range of reliabilities. These should be taken into account in the 
process to go from theoretic to practical safety level. 
 
Proposed solutions for objectifying the safety level: 
In this research project, a framework is being developed for 
objectifying the safety level in PBD, where the previous 
mentioned challenges are tackled by following solutions: 
[S1] A probabilistic distribution is applied to all input 
parameters, representing the level of conservatism of the 

design scenario (methodology is similar to [3], applied to 
buildings). 
[S2] In order to reduce the required number of simulations  
(CFD or evacuation model), an 
interpolation method was developed. 
A multi response surface model 
(RSM) is suggested for the 
probabilistic analysis of the entire 
input domain. Based on a few 
supports samples the RSM 
represents the results for the entire 
spectrum of possibilities. This is described in [4]. 
 

Figure 1: Response surface model [4]. 

[S3] By using Fault Tree Analysis, the reliability of each 
safety system is taken into account by accounting for the 
failure probability of each component (e.g. redundant pump, 
electrical supervision of main valve, …) and of the 
maintenance. 
 
Ongoing work: 
The method is currently examined for several challenging case 
studies. One of the main challenges remains to integrate the 
important submodels of smoke spread to adjacent 
compartments (e.g. staircases) and fire brigade intervention 
and the verification and validation of the new methodology. 
 
Co-authors. The author would like to acknowledge the work 
of PhD-student Bart Van Weyenberge (FESG-UGent) and his 
supervisors Prof. Robby Caspeele and Prof Bart Merci from  
Ghent University in the realisation of this research. 
The author would like to acknowledge the Flemish 
government IWT for the funding of this research through 
project number 130857. 

REFERENCES 
[1] SFPE Engineering Guide to Performance-Based Fire Protection 

[2] P. Beever et al, Evaluation of the Conceptual Framework for 
Performance Based Fire Engineering Design in New Zealand, (2008). 

 [3] B. Van Weyenberge, X. Deckers, R. Caspeele, B. Merci, Development 
of a Risk Assessment Method for Life Safety in Case of Fire in Rail 

Tunnels, Fire Technol. (2015). doi:10.1007/s10694-015-0469-y. 

[4] B. Van Weyenberge, P. Criel, X. Deckers, R. Caspeele, B. Merci, 
Response surface modelling in quantitative risk analysis for life safety in 

case of fire, Fire Saf. J. 1 (2017).  



BOOK OF ABSTRACTS Nordic Fire & Safety Days

40

Ulf Wickström
SBN
Luleå University of Technology
Luleå, Sweden
ulf.wickstrom@ltu.se

Johan Anderson and Johan Sjöström
Safety/Fire research
RISE Research Institute of Sweden 
Borås, Sweden
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temperatures
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The theory and use of plate thermometers measuring inci-
dent radiation heat flux and adiabatic surface temperature 
are presented.  A new more insulated and faster respond-
ing PT is introduced which has been developed for mea-
surements in particular in air at ambient temperature as 
a cheaper and more practical alternative to water-cooled 
heat flux meters.  Comparisons of measurements with 
PTs and HFMs are made.  Finally it is concluded that inci-
dent radiation in ambient air can be done with HFMs as 
well as with the new insulated type of PT.  In hot gases 
and flames, however, only standard type PTs can by rec-
ommended.  Convection makes then measurements with 
HFMs inaccurate as well as difficult to interpret and use 
for calculations.

Figure 1 Two insulated Plate Thermometer Heat Flux 
Meters (PTHFM) mounted in front of a burning item 
measuring incident radiant heat flux and adiabatic 
surface temperature.

Theory of plate thermometers

Plate thermometer temperature measurements yield in 
general the adiabatic surface temperature AST.  This now 
since many years established and recognized parameter 
and is being used by fire engineering scientist worldwide 
[1].  It is for instance an output parameter of the CFD code 
FDS and can be used as a simple boundary condition by 
computer codes for calculating temperature in fire ex-
posed structures.

In addition to the AST, the incident radiation      can be 
derived from plate thermometer measurements as [2-6]

where T_PT and T_g are the measured PT and surrounding 
gas temperatures, respectively, while     and     are the 
emissivity and the convection heat transfer coefficient of 
the PT, respectively.  K and C are parameters characterizing 
the PT in terms of heat losses by convection and inertia.  
The magnitudes of these parameters are generally small 
and can often be neglected depending on the design of 
the PT and the fire scenario studied.

For the special purpose of measuring         in room tem-
perature a well-insulated PT with a thin sensing plate has 
been developed as shown in Figure 1. A prototype has 
earlier been used [7].

In the new textbook from Springers [6] a thorough back-
ground on theory measurements and calculation in fire 
safety engineering is outlined.
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THEORY OF PLATE THERMOMETERS 
Plate thermometer temperature measurements yield in 

general the adiabatic surface temperature AST.  This now 
since many years established and recognized parameter and 
is being used by fire engineering scientist worldwide [1].  It 
is for instance an output parameter of the CFD code FDS and 
can be used as a simple boundary condition by computer 
codes for calculating temperature in fire exposed structures. 

In addition to the AST, the incident radiation  q̇inc”  can be 
derived from plate thermometer measurements as [2-6] 

 

�̇�𝑞𝑖𝑖𝑖𝑖𝑖𝑖” = 𝜎𝜎 ⋅ 𝑇𝑇𝑃𝑃𝑃𝑃4 − 1
𝜀𝜀𝑃𝑃𝑃𝑃

[(ℎ𝑃𝑃𝑃𝑃 + 𝐾𝐾) ⋅ (𝑇𝑇𝑔𝑔 − 𝑇𝑇𝑃𝑃𝑃𝑃) − 𝐶𝐶 ⋅ 𝑑𝑑𝑇𝑇𝑃𝑃𝑃𝑃𝑑𝑑𝑑𝑑 ] 
 

where TPT and Tg are the measured PT and surrounding gas 
temperatures, respectively, while εPT and hPTare the 
emissivity and the convection heat transfer coefficient of the 
PT, respectively.  K and C are parameters characterizing the 
PT in terms of heat losses by convection and inertia.  The 
magnitudes of these parameters are generally small and can 
often be neglected depending on the design of the PT and the 
fire scenario studied. 

For the special purpose of measuring  �̇�𝑞𝑖𝑖𝑖𝑖𝑖𝑖”  in room 
temperature a well-insulated PT with a thin sensing plate has 
been developed as shown in Figure 1. A prototype has earlier 
been used [7]. 

In the new textbook from Springers [6] a thorough background 
on theory measurements and calculation in fire safety engineering is 
outlined. 
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Simulation of smouldering combustion based on multi-layer 
cellular automata
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Smouldering is the slow, low-temperature, flameless form 
of combustion, sustained by the heat evolved when oxygen 
directly attacks the surface of a condensed-phase fuel [1]. 
It is also one of the most common and powerful hazards 
related to any reactive porous media, including different as-
pects as residential fires or megafires in natural deposits of 
peat and coal.

Although current deep understanding of smouldering is still 
limited, it is well-known that it, in its simplest form, can be 
divided in three chemical steps, as a combustion process: 
drying, pyrolysis and oxidation. 

One of the main characteristic of a combustion process is 
its self-sustainability, which means that the heat generated 
during the exothermic oxidation process has to be sufficient 
for the two endothermic processes of drying and pyroly-
sis.  The two mechanisms controlling the propagation of 
the smouldering fire are the oxygen supply and the heat 
transfer, so a complete understanding of these mechanisms 
is essential.

Conditions sufficient to initiate smouldering might not be 
sufficient for self-sustaining the process. Predicting under 
which conditions a smouldering fire is going to be self-sus-
tained, and determining the propagation of these events 
can make a large decrease on the consequences of these 
fires.

In the current research, cellular automata methodology has 
been developed for smouldering. A cellular automaton is 
a discrete model consisting of a regular grid of cells with 
five fundamental characteristics: (1) discrete lattice of cells, 
(2) evolution in discrete time steps, (3) finite set of possible 
values, (4) value evolving according to rules depending only 
on local neighbourhood. Cellular automata have been used 
in several fields due to its capacity of modelling complex 
processes through relatively simple models.

This model consists of a two-dimensional cellular automa-
ton formed by three different layers: fuel layer, heat layer 
and oxygen layer. The fuel layer represents all the changes 
occurring at the solid fuel, and the evolution of the differ-
ent species that can appear: fuel (wet), fuel (dry), char and 
ash. The heat matrix concerns the heat transfer processes 

that take place during any smouldering process: the emis-
sion of heat due to oxidation processes, the consumption of 
heat due to drying and pyrolysis, and the heat diffusion that 
takes place afterwards. Finally, the oxygen layer represents 
the flow of oxidizer needed for oxidation. When oxidation 
takes place, oxygen is consumed modifying the availability 
of oxygen present in the system.

Different parameters are studied in order to define a wide 
range of scenarios. The rate of drying, pyrolysis and oxida-
tion can be modified as percentages of occurrence, varying 
each one of them from 0 to 1. Heat transfer can be con-
trolled by a non-dimensional parameter that can be modi-
fied from 0 to 0.15. The heat needed for undergoing drying 
and pyrolysis can be controlled by the heat threshold (from 
0 to 1), while the oxygen flow is defined by the velocity of 
advance of the oxygen front, calculated as the number of 
cells that it advances per unit time.

The model has been tested with an initial configuration con-
sisting on an ignition in the centre of the biomass sample. 
This ignition causes a radial front, with an almost circular 
shape. The growth rate of this front has been determined 
as the amount of biomass that evolves per time unit, and 
it has been studied according to different probabilities and 
heat threshold values.

To summarize, this model presents two main novelties. 
Firstly, it represents the smouldering process of a generic 
biomass, so all the parameters used are non-dimensional. 
Secondly, the multi-layer approach used for developing is 
very adaptable and hence it can be aligned with the real 
physical processes that take place.
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Direct emission from smoldering fires include large 
amounts of aerosols and trace gasses that influence the 
chemical and radiative properties of the atmosphere and 
thus affect the global climate [Myhre et al., 2013] and 
pose a concern for human health [Naeher et al., 2007]. 
A recent study showed that nanoparticles formed by en-
gine combustion are found in human brain tissue [Ma-
her et al. 2016]. Emitted aerosols include various organic 
compounds, soot particles, trace amounts of non-carbon 
inorganic material and vary in size by three orders of mag-
nitude from the nanometer to the micrometer scale [Ur-
banski, 2014]. The Emerging Risks from Smoldering Fires 
(EMRIS) project studies the physical and chemical proper-
ties of primary and secondary aerosols produced by smol-
dering fires of wood pellets fuel [Madsen et al., 2016]. 
Specifically the size distribution, mass fraction of different 
components, intrinsic optical properties and the potential 
health effects on human lung tissue are investigated. In 
order to produce and evaluate aerosols from smoldering 
fires, a new experimental combustion chamber set-up was 
developed. Results of the preliminary tests of the exper-
imental set up show reproducible levels of aerosols size 
distribution (Figure 1), aerosols concentrations (Figure 2) 
and of the modified combustion efficiency (MCE) param-
eter (Figure 4) determined from measured CO2 and CO 
concentrations (Figure 3). 
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Reaction to fire of glass/ hemp/ furan composites  
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Composites made of glass or hemp fibers and furfuryl-alco-
hol are an alternative for fossil fuel based conventional ma-
terials [1]–[3]. Such composites have excellent strength and 
furfuryl alcohol is manufactured from agricultural residues 
[4]. In general, many different sustainable bio-composites 
are developed in many different areas as they are seen as 
excellent alternatives to conventional materials with regard 
to their weight-strength ratio.

Nevertheless, biomaterials are combustible and therefore 
their application depends on the actual fire performance 
of these compounds. These have to follow the fire safety 
regulations. 

The paper is investigating the reaction to fire for two com-
posites using a resin of furfuryl alcohol and glass fibers as 
well as hemp fibers. The composites are made at DTU wind 
energy using vacuum compression moulding and are tested 
for their mechanical strength. The samples used for the fire 
tests had been stored for some years under ambient con-
ditions inside a laboratory environment. Different methods 
are used to investigate the reaction to fire:

a) Vertical upward flame spread

b) Bomb calorimeter

c) Mass loss cone calorimeter

d) STA tests under inert atmosphere

Both, the glass fiber furan and the hemp fiber furan com-
posites were found to be difficult to ignite, as no ignition 
occurred in the flame spread tests using a normal lighter. 
It needed a gas burner to ignite the samples. The flame 
spread was moderate, but no self-extinction occurred in the 
case of glass fiber furan composite. This is also reflected by 
the preliminary results of the STA analysis showing that the 
degradation under nitrogen atmosphere is giving a residue 
of above 50% of the sample mass both for a literature ex-
ample measured by Rivero et al [5]and by DTU. Changing 
the atmosphere to air the main combustion is taking place 
at about 700 K leading to complete degradation [6].

 

All the findings will be more detailed presented and it will 
be argued about the benefits and constraints using these 
types of composites in applications, as e.g. as materials for 
wind mills or marine applications.
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Composites made of glass or hemp fibers and furfuryl-alcohol 
are an alternative for fossil fuel based conventional materials 
[1]–[3]. Such composites have excellent strength and furfuryl 
alcohol is manufactured from agricultural residues [4]. In 
general, many different sustainable bio-composites are 
developed in many different areas as they are seen as excellent 
alternatives to conventional materials with regard to their 
weight-strength ratio. 

Nevertheless, biomaterials are combustible and therefore their 
application depends on the actual fire performance of these 
compounds. These have to follow the fire safety regulations.  

The paper is investigating the reaction to fire for two composites 
using a resin of furfuryl alcohol and glass fibers as well as hemp 
fibers. The composites are made at DTU wind energy using 
vacuum compression moulding and are tested for their 
mechanical strength. The samples used for the fire tests had been 
stored for some years under ambient conditions inside a 
laboratory environment. Different methods are used to 
investigate the reaction to fire: 

a) Vertical upward flame spread 

b) Bomb calorimeter 

c) Mass loss cone calorimeter 

d) STA tests under inert atmosphere 

Both, the glass fiber furan and the hemp fiber furan composites 
were found to be difficult to ignite, as no ignition occurred in the 
flame spread tests using a normal lighter. It needed a gas burner 
to ignite the samples. The flame spread was moderate, but no 
self-extinction occurred in the case of glass fiber furan 
composite. This is also reflected by the preliminary results of the 
STA analysis showing that the degradation under nitrogen 
atmosphere is giving a residue of above 50% of the sample mass 
both for a literature example measured by Rivero et al [5]and by 
DTU. Changing the atmosphere to air the main combustion is 
taking place at about 700 K leading to complete degradation [6]. 

 
All the findings will be more detailed presented and it will be 
argued about the benefits and constraints using these types of 
composites in applications, as e.g. as materials for wind mills 
or marine applications. 
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In this paper we discuss the role of part time firemen as 
a resource for local emergency management in Norway. 
Informal social relations, the trust between practitioners 
and generally the social capital of the organization, has 
been recognized as a resource for emergency manage-
ment, particularly as it contributes to improvisation and 
coordination between actors belonging to different pro-
fessional groups. Likewise, social capital, the trust among 
citizens, has been identified as a resource for societal resil-
ience in crises. In this paper we discuss a combination of 
these forms, how the social embeddedness of emergen-
cy professionals in rural communities contributes to their 
handling of emergencies. Our primary data is based on 
studies of the fire and rescue services in Norway. In particu-
lar we are concerned with the role of part- time or “volun-
teer” firemen in rural districts. This group, which forms the 
backbone of the fire and rescue services in rural Norway, 
consists of personnel with basic training and certifications. 
They have other main jobs, but are contracted in tiny frac-
tions of a position by the fire department, and they are on 
call in a variety of arrangements. Some carry their radios 
at all time. The paper is also based on recent studies on 
municipal emergency preparedness managers in small mu-
nicipalities. This formal position is normally handled by an 
experienced public official in a fraction of his position in 
the municipality.  In several recent events, fires and other 
emergencies, a striking observation has been that the im-
provisation involving resources from the entire community, 
improvisation in which the multiplexity of roles has been 
pivotal. By multiplexity we refer to the fact that the involved 
practitioners have social networks and several professional 
roles connecting them to resources and information be-
yond what is within the grasp of their normal position. 
They are hunters, carpenters, farmers or machine opera-
tors. They know each other and the community through 
several different social roles, and have resources beyond 
the formal capacities their position should suggest. Based 
on an analysis of reports from recent events supplemented 

with selected interviews, we discuss how role multiplexity 
(that one person has several professional and social roles 
in a community) and social networks may provide a func-
tional redundancy that provides increased resilience in the 
handling of fires and emergencies. We also discuss some 
of the reasons for how these abilities – this social capital 
for emergency management− are hard to make visible in 
planwork, and is hard to include in exercises. In Norway 
there are developments towards professionalization of 
and centralization of the fire and rescue services. There 
are good reasons for that. But still, we believe that under-
standing the role of part-time firemen in emergencies will 
give us a better understanding of how rural communities 
are resilient.
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Concern for the health of the natural environment is grow-
ing as human population grows and as new levels of con-
tamination of scarce resources are revealed. Structure fires 
contribute to contamination of air and possibly also to sur-
face water, groundwater, sediment, and soil [1-3] in the 
natural and built environments.  The impact of firefighting 
operations, including both tactics and use of suppression 
media, can also have a negative effect on the environment 
[4]. Fire debris and ash often contain many harmful constit-
uents, depending on the fuel and burning conditions of the 
fire [5]. 

A prototype tool has been developed that provides informa-
tion about the risks to the environment resulting from struc-
ture fires and firefighting operations. This information could 
be useful to municipalities, community/urban planners and 
other organizations that perform hazard/risk assessments. 
Fire brigades could use it during their pre-planning and 
training activities to learn about the consequences of deci-
sions made on the fire ground. 

The tool in its initial form was developed to be used on 
a case-by-case basis for warehouse fires in which the fire 
vented through the roof and water was the only cooling/
suppression media used during the defensive response, but 
the scope will be expanded to other situations in the future.

There are two scenarios. First, there is a baseline case in 
which the fire service responds to a fire in a warehouse. 
This would ordinarily be an incident for which information 
is available from reports, investigations, and/or interviews 
with involved parties such as first responders, owners or 
managers of the warehouse, and fire investigators. In the 
second (theoretical) scenario a fire starts in the same ware-
house under the same conditions. It is assumed that the fire 
continues to burn without intervention from the fire service 
and may spread to adjacent structures.

Quantitative risk assessment (QRA) is used to predict the fire 
behavior and damage for the theoretical second scenario in 
which the fire service does not respond. The QRA models 
the main mode of fire spread from large warehouse fires, 
i.e. by radiation from flames ejected through a partially col-
lapsed roof. 

The tool estimates the impact of replacing the damaged 
portions of the warehouse structure/contents, including ad-
jacent structures and contents if the fire spreads.  It also 
includes the impact of the fire effluent from the burned 
structures/contents and firefighting operations.  The im-
pact of the fire service response (equipment, personnel and 
sup-pression media) is included in the first scenario, but not 
the second scenario. Results are given in terms of global 
warming, acidification, smog, eutrophication, ozone deple-
tion, ecotoxicity and energy use for both scenarios.

An analysis of feedback from peers and potential users re-
garding the further development of the tool indicates three 
major areas of improvement:

• Automate the user input as much as possible. In most 
cases default values are provided. Online mapping algo-
rithms and municipal databases can be used to populate 
much of the tools input, given the address of the incident. 

• Enable tool to handle incipient fires. A fire growth model 
and estimate of the time between the ignition of the fire 
and the arrival of the fire service will be necessary. 

• Expand the tool to different structure types. Residential 
structures are a particularly important application. 
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CFORT – a new centre of excellence supporting resilient 
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Fortification protection of buildings and constructions has 
during long time been an important function within the 
Swedish Total Defense. The need of protected and pro-
tective structures, above or under ground, to secure per-
sonnel, functions or infrastructure has varied over time. 
Traditionally Sweden has had a high level of fortification 
competence, but the latest decade’s military disarmament 
and the earlier changed focus to international operations, 
has led to a loss of competence within the area.

Changes in the security policy and the new threats on the 
society have again put focus on the protection of func-
tions, buildings and critical infrastructure1.

To restore the national fortification competence with both 
civil and military demands in mind the Swedish Fortifica-
tion Administration (SFA) and Research Institutes of Swe-
den (RISE, former SP Technical Research Institute of Swe-
den) together initiated CFORT – the Swedish Centre of 
Excellence for Fortification. 

The aim of the initiative is to create a profound knowledge 
base within the fields of explosive load and convention-
al weapons effects, electrical environment threats, robust 
energy supply, fire protection, physical perimeter protec-
tion, CBRNE, fortification design and robust urban devel-
opment. Establishing state of the art competence for fur-
ther use in the field of fortification is important to create a 
robust and resilient society and support the national Total 
Defense.

The strategic management of CFORT will be shared be-
tween SFA and RISE, while the operational management is 
located at RISE with support from SFA. The basic activities 
within CFORT are state of the art analyses, expert assis-
tance, applied research and development, collaboration 
and education. Both research and education will be per-
formed in cooperation between CFORT and universities as 
well as other research agencies. The goal is to again make 
Swedish fortification competence internationally recog-
nized and leading in the chosen fields.

The development to make CFORT fully operational in all 
the chosen areas – with established research cooperation, 
education and expert assistance – is planned between 
2017 and 2021. Requirement analyses have been initiat-

ed in each field and important areas identified for further 
studies are for example protection of existing facades in 
official buildings with vital societal functions exposed to 
new threats, protected command and control centers for 
secured long time use and fossil free alternatives for emer-
gency power. Targeted applied research activities have al-
ready started and the first results are expected in the end 
of 2017.

Fire in a building or construction with vulnerable opera-
tions and a reinforced perimeter protection can severely 
affect both personnel safety and endanger the function 
by exposing them to external threats. Fire can also be used 
to cover, or ease, an attempt to force the perimeter of 
the building. Evacuation from facilities with high perime-
ter protection can be obstructed and delayed due to turn-
stiles, locked escape routes or the need of phased evacu-
ation. Fire and rescue operations in high security buildings 
or constructions often present great challenges for the first 
responders, as the response routes can be long, the access 
to the building can be limited and that the radio commu-
nication can be disturbed by the high amount of reinforce-
ment in the concrete walls2.

To meet new threats and support the knowledge devel-
opment of both the working professionals and future en-
gineers it is important that existing knowledge and best 
practice on designing resilient buildings and constructions 
is implemented in higher and further education. 

The knowledge gained within CFORT can also be adapt-
ed for use in critical infrastructure protection or to protect 
other buildings with similar threat scenarios. The broad 
area in which the results can be implemented and the 
cross-use of demands and solutions will lead to synergies 
in the safety and security field as well as an effective use 
of research funding.
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This is a study commissioned by the European Maritime 
Safety Agency, EMSA. It consists of two parts, investigating 
risk control options (RCOs) for mitigating the risk from fires 
on ro-ro decks. The first part considers RCOs in relation to 
Electrical Fire as ignition risk and the second part considers 
RCOs to mitigate the risk of Fire Extinguishing Failure (with 
focus on drencher systems). The study considers both new 
buildings and existing passenger ships.

The ships included in the analysis were selected based on 
criteria as agreed by EMSA and the fleet at risk consisted of 
490 ships. EMSA provided information about which ships 
were engaged in international trade. 

Historical risks and hazards have been found and comple-
mented with two fire hazard identification (HazId) work-
shops. The project developed three risk models to be used 
to investigate the effects of RCOs on the PLL and costs. 

Six RCOs were selected for quantitative analysis in the risk 
models for the risk of electrical fire ignition and six for dren-
cher failure. Many other RCOs are very promising and could 
be further analyzed in the future. The selected RCOs for this 
study were:

Electrical faults:

• Robust connection boxes

• Only ship cables

• IR camera

• Training for awareness

• Only crew connections

• Cable reeling drums

These RCOs were analyzed in a cost benefit analysis which 
calculated the GCAF and NCAF values for the different 
RCOs. After analyzing the outcome of the cost benefit 
assessment, conclusions and recommendations could be 
drawn.

  

 

Drencher failure:

• Remote control

• Rolling shutters

• Efficient activation routines

• Fresh water activation/flushing

• CCTV

• CCTV + Remote control
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Fire and rescue services in Norway dispatch as often to 
different types false alarms than to real fires and accidents. 
During the first six months in 2016, 54% of the emer-
gency dispatches were conducted on the basis of false or 
unnecessary alarms. These are typically automatic systems 
going off due to different perturbations or errors, smoke 
detectors reacting to cooking or dust or people trigger-
ing alarms by error or intentionally. These unnecessary de-
ployments are costly in terms of time and resources spent, 
and can in some cases lead to a weakened preparedness 
towards real incidents. Hence, there are good reasons to 
work to reduce the number of false alarms. On the other 
hand, one may also argue that there can be some posi-
tive effects of a certain number of mobilizations for the 
fire crews. Many of the false alarms are also triggered in 
buildings (such as care centers for elderly) and areas where 
the fire risk is high, or where there are vulnerable groups, 
so the presence there might give them better knowledge 
for future scenarios. As such it might help the fire crews 
prepare for future genuine alarms and can also be a source 
for preventing false alarms in the future.  Based on inter-
views with firemen (and other relevant professionals) as 
well as analyses of existing statistics and reports we will 
discuss the effects of false alarms from an organizational 
perspective. In this discussion we draw some comparison 
with studies of false alarms in other sectors, such as pro-
cess industries and the petroleum sector. An interesting 
point is that the number of emergency deployments con-
ducted on the basis of false alarms varies a lot between 
different municipalities in Norway, some have 40% and 
some as high as 75% (numbers from 2010). There is cur-
rently little knowledge about why this is so, but it can be 
due to variation in number of buildings with direct con-
nection to the alarm center or the emergency controllers 
could have different formal procedures and different as-
sessments of response to incoming alarms. Also the big 
variations in demographics, housing stock and municipal 
organization may count for some of the variation.  

Recognizing the increasing number of false alarms sev-
eral fire departments in Norway are seeking to develop 
measures to reduce these numbers. This includes differ-
ent technical measures and operational measures as well 
as fines for building owners. We will study the effects of 
these measures, both in terms of reducing the number of 
false alarms, but also how they may affect the overall safe-
ty. It is possible that measures used to reduce false alarms 
directly or indirectly harm the emergency preparedness or 
the response time to some types of fires. Fines may, for 
example lower the threshold for disconnecting automatic 
sensors. There are also interesting element in this where 
some fire and rescue services are developing internal buy-
er-supplier-models, internal markets, and where emergen-
cy dispatches are invoiced internally between different de-
partments of the fire and rescue services.

The data will be collected spring 2017 and preliminary re-
sults will be presented at NFSD 2017.
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The tracks and platforms of a semi-buried railway station in 
Switzerland were covered in 1963-1972 by reinforced con-
crete structures (pre-stressed and pre-cast beams and slabs, 
steel columns) to form a watertight roof.

A first study of fire protection determined the resistance of 
the structures with respect to the fire risk using the standard 
calculation methods of EN 1992-1-2. The results obtained 
from calculations failed to achieve the objectives set by the 
fire resistance requirements for all the elements analyzed, 
for 90 or 120 minutes. The results showed that :

- The simplified methods of EN 1992-1-2, mainly tabulat-
ed, are suitable for a first security approach. The heating 
of the sections is considered in a simplified way.

- The warm-up / structural behavior relationships are not 
considered.

- The heating source is the ISO fire curve (per ISO 834), 
which considers a closed compartment continuously sup-
plied with fuel, which is unrealistic and unfavorable in the 
case of a widely open space with relatively little thermal 
load compared to the important surfaces involved.

To avoid full and very expensive passive protection, it is 
then necessary to determine more precisely the fire resis-
tance rating of the supporting structures using performance 
based approach and advanced analysis methods, involving 
calculations on 2D and 3D finite elements (SAFIR) and fire 
simulations by computational fluid dynamics (FDS). The 
steps to achieve are: 

- Consider several fire scenarios (simple or real scenari-
os, based on scientific studies and / or full-scale tests) 
[1,2,3,4,5];

- Determine the resistance time, before the loss of resis-
tance and / or stability, of the structures supporting the 
roof of the semi-buried station,

- Determine the need for possible passive protection of the 
structures which would enable them to meet the resis-
tance requirements (resistance criterion “R” according to 
Swiss standards AEAI 2015). 

- If the resistance of the unprotected structures is not suf-
ficient, optimize the passive protection and define an im-
plementation of possible organizational measures.

Several natural fire scenarios were developed, after discus-
sion with the authorities. This made it possible to prove that 
the structural resistance was higher than expected from pre-
vious calculations.

 

The FDS fire simulations showed reasonable gas tempera-
tures, even on heavy loaded wagons fire up to 120 MW, did 
confirm the sufficient safety margin, verified by FE complex 
analysis with SAFIR® software, of the existing unprotected 
concrete, beams and plates, and steel columns.
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The tracks and platforms of a semi-buried railway station in 
Switzerland were covered in 1963-1972 by reinforced concrete 
structures (pre-stressed and pre-cast beams and slabs, steel 
columns) to form a watertight roof. 

 
A first study of fire protection determined the resistance of 

the structures with respect to the fire risk using the standard 
calculation methods of EN 1992-1-2. The results obtained from 
calculations failed to achieve the objectives set by the fire 
resistance requirements for all the elements analyzed, for 90 or 
120 minutes. The results showed that : 

- The simplified methods of EN 1992-1-2, mainly 
tabulated, are suitable for a first security approach. The 
heating of the sections is considered in a simplified 
way. 

- The warm-up / structural behavior relationships are not 
considered. 

- The heating source is the ISO fire curve (per ISO 834), 
which considers a closed compartment continuously 
supplied with fuel, which is unrealistic and unfavorable 
in the case of a widely open space with relatively little 
thermal load compared to the important surfaces 
involved. 

To avoid full and very expensive passive protection, it is 
then necessary to determine more precisely the fire resistance 
rating of the supporting structures using performance based 
approach and advanced analysis methods, involving 
calculations on 2D and 3D finite elements (SAFIR) and fire 
simulations by computational fluid dynamics (FDS). The steps 
to achieve are:  

- Consider several fire scenarios (simple or real 
scenarios, based on scientific studies and / or full-scale 
tests) [1,2,3,4,5]; 

- Determine the resistance time, before the loss of 
resistance and / or stability, of the structures supporting 
the roof of the semi-buried station, 

- Determine the need for possible passive protection of 
the structures which would enable them to meet the 
resistance requirements (resistance criterion "R" 
according to Swiss standards AEAI 2015).  

- If the resistance of the unprotected structures is not 
sufficient, optimize the passive protection and define 
an implementation of possible organizational 
measures. 

Several natural fire scenarios were developed, after 
discussion with the authorities. This made it possible to prove 
that the structural resistance was higher than expected from 
previous calculations. 

 
The FDS fire simulations showed reasonable gas 

temperatures, even on heavy loaded wagons fire up to 120 
MW, did confirm the sufficient safety margin, verified by FE 
complex analysis with SAFIR® software, of the existing 
unprotected concrete, beams and plates, and steel columns. 
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The tracks and platforms of a semi-buried railway station in 
Switzerland were covered in 1963-1972 by reinforced concrete 
structures (pre-stressed and pre-cast beams and slabs, steel 
columns) to form a watertight roof. 

 
A first study of fire protection determined the resistance of 

the structures with respect to the fire risk using the standard 
calculation methods of EN 1992-1-2. The results obtained from 
calculations failed to achieve the objectives set by the fire 
resistance requirements for all the elements analyzed, for 90 or 
120 minutes. The results showed that : 

- The simplified methods of EN 1992-1-2, mainly 
tabulated, are suitable for a first security approach. The 
heating of the sections is considered in a simplified 
way. 

- The warm-up / structural behavior relationships are not 
considered. 

- The heating source is the ISO fire curve (per ISO 834), 
which considers a closed compartment continuously 
supplied with fuel, which is unrealistic and unfavorable 
in the case of a widely open space with relatively little 
thermal load compared to the important surfaces 
involved. 

To avoid full and very expensive passive protection, it is 
then necessary to determine more precisely the fire resistance 
rating of the supporting structures using performance based 
approach and advanced analysis methods, involving 
calculations on 2D and 3D finite elements (SAFIR) and fire 
simulations by computational fluid dynamics (FDS). The steps 
to achieve are:  

- Consider several fire scenarios (simple or real 
scenarios, based on scientific studies and / or full-scale 
tests) [1,2,3,4,5]; 

- Determine the resistance time, before the loss of 
resistance and / or stability, of the structures supporting 
the roof of the semi-buried station, 

- Determine the need for possible passive protection of 
the structures which would enable them to meet the 
resistance requirements (resistance criterion "R" 
according to Swiss standards AEAI 2015).  

- If the resistance of the unprotected structures is not 
sufficient, optimize the passive protection and define 
an implementation of possible organizational 
measures. 

Several natural fire scenarios were developed, after 
discussion with the authorities. This made it possible to prove 
that the structural resistance was higher than expected from 
previous calculations. 

 
The FDS fire simulations showed reasonable gas 

temperatures, even on heavy loaded wagons fire up to 120 
MW, did confirm the sufficient safety margin, verified by FE 
complex analysis with SAFIR® software, of the existing 
unprotected concrete, beams and plates, and steel columns. 
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Abstract
The recent complete collapse of a 17-storey commercial 
building in Tehran, Iran, due to a fire triggered on 19 Jan-
uary in one of the building premises [1] has renewed the 
concern for the behavior of concrete building exposed to 
fire. However, in the past decades, several has been the ex-
amples of concrete buildings that collapsed either during 
or after a fire, as a consequence of the degradation of 
the mechanical properties of the material. The collapse of 
buildings with a primary concrete structural system such as 
the Windsor Tower (Spain, 2005) [2] or of the Architectural 
faculty building of Delft University (Netherlands, 2009) [3], 
as well as buildings with concrete or composite deck sys-
tem, such as the WC7 of New York (US, 2001) [4] are just 
few renewed but non-exhaustive examples.

The high vulnerability of concrete to fire is due micro-cracks 
that develop around 300 C, as a consequence of material 
dehydration and thermal expansion of the aggregates: at 
this point the strength loss is permanent, leading to high 
costs of repairing even in case the structure survives the 
fire without any collapse [5]. Despite of this, our current 
understanding and modelling of the degradation of the 
mechanical properties (compressive and tensile strength, 
stiffness, and ductility) is quite limited and several discrep-
ancies are found in literature on the material models at 
high temperatures [6][7][8].

This study focused on the experimental investigation of the 
compressive behavior of concrete exposed to compression 
and elevated temperatures. In particular, both non tran-
sient and transient test were carried out on concrete cyl-
inder inserted in a compressive machine and surrounded 
by a special oven capable of heating the specimen up to 
about 700 C. The test set-up is described in details and the 
outcomes are analysed with particular focus on the peak 
strength and deformation. The results are compared with 
literature results and the model presented in EN/1991-1-2 
[9] and an evaluation on the reliability and limits of validity 
of current material model is provided. The project builds 
on the results of a previous experimental study carried out 
at DTU [10], the results of which have also been submitted 
for presentation in the conference.
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Fire protection of wooden houses with several floors 
”Brandsikring af træhuse i flere etager”

Keywords: Solutions for combination between passive 
and active fire protection systems. Guidelines for char-
ring rates. Fire classification of Cross-Laminated-Tim-
ber (CLT)-elements. Climate focus and reduction of 
CO2.  Use of flammable material,  for primary struc-
tures in buildings. 

The climate debate has focus on reducing CO2 and the po-
litical focus is moving towards sustainable and green hous-
ing. This way of thinking reflects on the building industry 
and challenges the traditional way of building houses, and 
not least the traditional use of building materials, such as 
concrete, steel and masonry. 

This project is focused on looking into the possibilities of 
making the transition towards implementing more wood-
based structures, into the Danish building industry. If this 
transition can be made liable there will be a positive effect 
to the environmental and climate conditions. 

Despite the functional requirements for fire safety stated in 
the Danish building code (Bygningsreglement, 2015), the 
tendency to use (or not use) flammable materials is deeply 
rooted in the prescriptive solutions stated in the guidance 
paper “Eksempelsamling om brandsikring af byggeri” (Ek-
sempelsamling, 2016). Unfortunately, the predefined solu-
tions do not allow the use of flammable material, such as 
wood, for primary structures in buildings where the top sto-
ry is more than 9,6m above ground. 

Based on the above knowledge the primary focus of this 
project is centered around an investigation of a relevant 
contemporary phenomenon, and the main goal is to: 

“Asses opportunities to build apartment buildings of 4 
stories or more in Denmark (application category 4) with 
load-bearing CLT-timber structures, without compromising 
the fire safety.”

To be able to assess this,, the emphasis is centered around 
wood structures such as glulam and CLT-elements. Interna-
tional projects and experience have been taken into account, 
and experience and solutions from similar countries are list-
ed. Passive fire protection in the form of plasterboards and 
active fire protection in the form of sprinklers are considered 
in this project. Indications are made that these two solu-
tions, used in combination, are a necessity for maintaining 
an adequate level of safety. The international experiences 
are evaluated in conjunction with calculations and research 
on CLT-elements.

The final recommendations are based on the accumulat-
ed knowledge through the project and it is concluded that 
the opportunities to build apartment buildings of 4 stories 
or more in Denmark (application category 4) with bearing 
CLT-timber structures, without compromising fire safety is 
definite opportunity. Under some given preconditions:

1. The use of CLT-bearing timber structures for over 4 sto-
ries is only recommended as a combination solution be-
tween passive fire protection (plasterboard) and active 
fire protection (sprinkler).

2. Insert the fire class R-90 min for load-bearing elements 
for mid-rise buildings in Denmark.

3. Develop guidelines that differentiate values for charring 
rates based on types of glue, the thickness of each layer 
and element configuration and installation direction, ver-
tically and horizontally.

Future studies:
Fire testing is primarily performed at product level and ac-
cording to Standard fire ISO 834 (ISO 2014), consisting of 
a very rapid fire development and continuous heat gain 
throughout the fire testing, completed at a given time. 
These tests lack knowledge about the “fire decay phase” 
and the last time of the fire where the room temperature 
and fire intensity decreases (Gerard, et al., 2013) and (Bar-
ber, et al., 2015).

Fire testing on full scale CLT-building systems. As few build-
ing systems are tested, this type of test could explain the 
fire characteristics of a CLT-based system, as well as increase 
knowledge of load distribution. It will be beneficial to have 
conducted experiments which partly includes the entire fire 
process, and partly built into a larger system attempts (Ge-
rard, et al., 2013) and (Barber, et al., 2015).

Installation Penetrations are also relevant to examine. The 
challenge is that all the systems on the market which are fire 
tested, are all tested in non-combustible structures. There-
fore, the function of the combustible structures is unknown 
(Gerard, et al., 2013) and (Barber, et al., 2015 ).

REFERENCES
[1] 305/2011/Europaparlamentet Byggevareinfo [Online] // http://eur-lex.

europa.eu/legal-content/EN/TXT/?uri=CELEX:31989L0106. - 05. 02 
2011. - 05. 02 2016. - http://byggevareinfo.dk/file/350739/euforord-
ning.pdf.

[2] Andersen Ib Den Skindbarlige virkelighed [Bog]. - København : Forlag-
et samfundslitteratur, 2008. - Årg. 4. Udgave.

Jacob Nicolai Olsen 
Product Manager – Civil engineer
ETA-Danmark A/S
Copenhagen, Denmark
nio@etadanmark.dk

Helle Skjerning Fishman
Project Manager, Engineer
Rønslev 
Horsens, Denmark 
hsj@ronslev.dk 

Conntinue on the next page...



BOOK OF ABSTRACTS Nordic Fire & Safety Days

52

[3] Barber David og Gerard Robert Summary of the fire protection 
foundation report - fire safty challenges of tall wood buildings // Fire 
Science Reviews. - USA : a Springer open jornal, 2015.

[4] Bengtsson Lasse og Selck Preben Byggeriets materialer [Bog]. - Kbh : 
Nyt Nordisk Forlag, 2011. - Årg. 3. udgave, ISBN-13:9788717041998.

[5] Boligstyrelsen Erhvers og Information om brandteknisk dimensioner-
ing [Bog]. - Kbh : Erhvervsministeriet for Energistyrelsen, 2004.

[6] Brundtland Our common future [Bog]. - [s.l.] : Oxford University Press. 
World Commission on Environment and Development.,, 1987.

[7] BSi Application of fire safety engineering principles to the design of 
buildings - Part 7 (PD 7974-7) [Bog]. - [s.l.] : British Standards, 2003.

[8] Bwalya Alex [et al.] Survey Results of Combustible Contents and Floor 
Areas in Canadian Multi-Family Dwellings [Artikel] // Fire Technology 
. - [s.l.] : Springer, 2011. - 4 : Årg. 47.

[9] Byggeloven LBK nr 1185 af 14/10/2010 // https://www.retsinforma-
tion.dk/forms/R0710.aspx?id=183662. - Kbh : Klima-, Energi- og Byg-
ningsministeriet, 2010.

[10] Bygningsreglement Bygningsreglement, Trafik og byggestyrelsen 
[Bog]. - København : [s.n.], 2015. - 5798000893443.

[11] Bæredygtigt_byggeri bygningsreglement [Online] // www.bygnings-
reglement.dk. - Energistyrelsen, 2015. - April 2015. - mangler.

[12] CTL_info CTL info [Online]. - 2013. - 2016. - http://www.clt.info/en/.
[13] Douglas Erol Karacabeyli and Brad CLT handbook: cross-laminated 

timber [Bog]. - [s.l.] : FPInnovations, 2013.
[14] DS/EN 1995 1-2 Eurocode 5 - Trækonstruktioner, Del 1-2 Generelt - 

Brandteknisk dimensionering [Bog]. - København : Dansk standard, 
2007. - 2 udgave.

[15] DS/EN_1991-1-2 DS/EN 1991-1-2 Brandlast [Bog]. - [s.l.] : Dansk Stan-
dard, 2007.

[16] DS1052.1 Brandteknisk klassifikation Bygningsdele eksklusiv døre. 
Modstandsevne mod brand // Dansk Standard. - KBH : DS, 1985.

[17] DS1052.2 Brandteknisk klassifikation. Døre. Modstandsevne mod 
brand // Dansk Standard. - KBH : DS, 1985.

[18] DS1057-1 Brandteknisk klassifikation. Byggematerialer. Ubrændbar-
hed // Dansk Standard. - KBH : DS, 1993.

[19] DS1065-1 Brandteknisk klassifikation. Byggematerialer. Klasse A og 
klasse B materialer // Dansk Standard. - KBH : Dansk Standard, 1990.

[20] DST Danmarks statestik [Online] // dst.dk. - 2016. - https://www.dst.
dk/da/Statistik/emner/byggeri-og-anlaeg/byggeri.

[21] Eksempelsamling Eksempelsamling om brandsikring af byggeri, Ener-
gistyrelsen [Bog]. - København : Klima, Energi og Bygningsministeriet, 
2016. - 978-87-7844-924-5.

[22] EN13017-2 Massive træplader - Klassifikation - Overfladeudseende - 
Del 2: Løvtræ // Standard European. - KBH : Dansk standard, 2001.

[23] EN13501-1 Fire Classification of construction products and building 
elements- Classification using test data from reaction to fire test // 
Dansk Standard. - KBH : European Standard, 2009. - Årg. Part 1.

[24] EN13501-2 Fire Classification of construction products and building 
elements- Classification using test fesistance to fire test // Dansk stan-
dard. - KBH : Eropean Standard, 2009. - Årg. Part-2.

[25] EN14081-1 Trækonstruktioner - Styrkesorteret konstruktionstræ med 
rektangulært tværsnit - Del 1: Generelle krav // Standard European. - 
KBH : Dansk standard, 2016.

[26] EN338 Konstruktionstræ - Styrkeklasser // Eropean Standard. - KBH : 
Dansk Standrd, 2016.

[27] Fire_Engineering Fire Engineering [Online] // Fire Engineering. - 2006. 
- http://www.fireengineering.com/articles/print/volume-159/issue-6.
html.

[28] Formula_Finder Formula Finder, Fire-Safety Engineering [Bog]. - 
Lyngby : Polyteknisk Forlag, 2014.

[29] Frangi Andrea [et al.] Experimental analysis of cross-laminated timber 
panels in fire [Rapport]. - ELSEVIER  : Fire Safty Journal 44 (1078-
1087), 2009.

[30] Frangi Andrea [et al.] Fire Behaviour of Cross-Laminated Solid Timber 
Panels [Rapport]. - Institute of Structural Engineering, ETH Zurich : 
International association for fire safety science, 2008.

[31] Frangi Andrea, Bochicchio Giovanna og Ceccotti Ario Natural Full-
Scale Fire Test on 3 Storey XLam Timber Building [Rapport]. - Zürich  : 
Institut of Structural Engineering, 2006.

[32] Gerard Robert og Barber David Fire Safty Challenges of Tall Wood 
Building [Rapport]. - Massachusettes, USA : The Fire Protection Re-
search Foundation, 2013.

[33] Gorm Jens Dansk Standard [Online]. - 2016. - 25. 08 2016. - www.ds.dk.
[34] ICC International Code Council [Online] // ICC publicACCESS. - 2015. 

- 25. 08 2016. - www.iccsafe.org.
[35] ISO Fire resistance tests — Elements of building construction // ISO 

834-11:2014(en). - [s.l.] : ISO, 2014.
[36] Klippel Michael [et al.] Fire tests on loaded cross-laminated timber 

wall and floor elements [Rapport]. - Institute of structiral Engineering 
Zürich  : International Association fore fire safty science, 2014.

[37] Knauf knauf.dk [Online] // www.knauf.dk. - 07 2010. - 12 2016. - 
http://test.bygmaonline.dk/images/pdf/vejledninger/knauf_danogips/
knauf_danogips_GDS_gipsplade_5726565.pdf.

[38] Kumar Sunil og Rao C.V.S.Kameswara Fire load in residential buildings 
[Artikel] // Building and Environment. - [s.l.] : Oxford : Elsevier Science, 
1995.

[39] Lilleheden Lilleheden [Online]. - 2016. - sep 2016. - http://www.lille-
heden.dk/.

[40] Morgen J Hurley SFPE Handbook of Fire protection Engineering [Bog]. 
- Massachussets : Society of Fire Protection Engineering, Springer, 
2016. - Årg. 1, 2 og 3.

[41] NFPA Building Construction and Safty Code. - Batterymarch Park : 
NFPA, 2009.

[42] NFPA Fire Protection Handbook [Bog]. - Quincy, Massachusettes, USA 
: National Fire Protection Association, 2008. - 20th .

[43] OIB Österreichisches institut für Bautechnik ETA-06/0138 [Rapport]. - 
Brussels : Euopean Organisation for Tecnical Approvals, 2011.

[44] Oleszkiewicz Igor Fire exposure to exterior walls and Flame spread on 
combustible caldding [Artikel] // Fire Technology. - 11 1990.

[45] Paroc Paroc [Online] // Paroc. - Paroc, stenuldsisolering. - nov 
2016. - http://www.paroc.dk/knowhow/brand/generel-informa-
tion-om-brand.

[46] Redaktionen Den store danske [Online]. - 2010. - september 2016. - 
http://denstoredanske.dk/Danmarks_geografi_og_historie/.

[47] Richard Hough, James Kell, Jim Koopman Nez Zealand Timber Design 
Society [Online] // CLT Apartment blocks for the Sydney affordable 
housing market. - WCorld conference on Timber Engineering, 15-19. 
July 2012. - 20. September 2016. - http://www.timberdesign.org.nz/
WCTE2012.cfm/view/288/parent/39.

[48] Serrano Erik Documentation of the Limnologen Project Overview and 
Summaries of Sub Projects Results [Rapport]. - Växjö : Växjö University 
, 2009.

[49] Serrano Erik Limnologen – Experince from an 8 storey timber building 
[Online] // 15th International wood construction conference. - Växsjö 
University , 2010. - 2016. - www.forum-holzbau.ch/pdf/ihf09_Serra-
no.pdf.

[50] Skovforeningen Dansk Skovforeningen [Online]. - 2016. - http://
www.skovforeningen.dk/site/trae_skov_CO2_neutralt/.

[51] SP Trätek Fire safty in timber buildings, Technical guideline for Europe 
[Rapport]. - Stockholm  : SP Technical Research Institute of Sweden , 
2010.

[52] Stora_Enso Calculatis // The Stora Enso CLT design software. - [s.l.] : 
Stora Enso, 2016.

[53] Ståbi Teknisk Teknisk Ståbi [Bog]. - [s.l.] : Nyt Teknisk forlag, 2015. - 23 
udgave.

[54] Sørensen Lars Schiøtt Brandfysik og brandteknisk design af bygninger 
[Bog]. - Kgs. Lyngby : Polyteknisk Forlag, 2004. - 1. Udgave, 1. oplag .

[55] Teknologisk Institut Innobyg [Online]. - 2010. - september 2016. - 
http://www.innobyg.dk.

[56] TRADA Case Study Stadthaus Murray Grove London [Online] // http://
eoinc.weebly.com/uploads/3/0/5/1/3051016/murray_grove_case_
study.pdf. - TRADA Technology, June 2008. - September 2016.

[57] Treet treetsameie [Online]. - 2015. - okt 2016. - http://treetsameie.no/.
[58] Yates Megan, Linegar Matt og Dujic Bruno 4.2Design of an 8 storey 

Residential Tower from KLH Cross Laminated solid Timber [Artikel] 
// 10th World Conference on Timber Engineering 2008. - Miyazaki 
Japan : TIB Hannover, 2008. - 978-1-61567-088-8 : Årg. Volume 4 of 4.

[59] Östman og all. et Brandsäkra trähus 3 [Bog]. - Stockholm : SP Sverigs 
Tekniska Forskningsinstitut, 2012. - SP Rapport 2012:18 version 3.



BOOK OF ABSTRACTS Nordic Fire & Safety Days

53

Keywords: residential fires; response time; fire services; 
security officers, cost-benefit analysis

Decreasing the response time to residential fires leads to 
more people saved, less injuries, less property damaged 
and environmental impact. The purpose of this study is to 
evaluate how an agreement by the Fire and Rescue Services 
(FRS) of Helsingborg, Sweden and a private security officers’ 
firm could save lives and property for residential fires. To 
estimate the effect on survival rates and property damages, 
we use geographic information systems (GIS) simulation to 
estimate the marginal changes in time to emergency work 
start. We combine these results with data on the relation 
between response time and fatalities as well as the relation 
between response time and property damages. Finally, we 
summarize the effects in an economic evaluation of costs 
and benefits of the intervention.

The results show that the average response time is 45 sec-
onds faster at daytime and 61 seconds faster at nighttime 
using security officers for residential fires, or 52 seconds on 
average. Combining this gain in response time with the re-
lation to fatalities, and adjusting for less efficiency than the 
FRS, implies a decreased death rate by 0.0105 or 1.3 per-
cent per year. In other words one life could be saved about 
every 100th year in Helsingborg.

The economic evaluation shows that adding the property 
value and the monetary value for saved lives together the 
totally saved benefit would be SEK 4,800 per alarm or SEK 
403,000 per year on average. Comparing the benefit to the 
costs, SEK 195,000 (preliminary!) this means that the proj-
ect outcome is deemed to have positive economic effects. 
We would think that the economic effect would be even 
more positive for a municipality with a larger geographic 
area, a more geographically dispersed population and less 
closeness to full-time fire stations.
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At firefighting operations the applied water flow rate, de-
pending on the fire area, has traditionally been regarded 
as a continuous relationship. This study shows that it is 
not. Firefighting operations can rather be distinguished by 
three different approaches: The standard nozzle approach, 
the perimeter approach and the maximum flow approach. 
The transition between the first two can be identified as 
the optimum water flow rate or optimum water density. 
The second transition point can be identified as the critical 
flow rate or the critical water density. 

There are no previous studies showing the extrapolation 
limits of small scale fire suppression tests into a larger con-
text. Therefore, suppression methods and equipment vali-
dated for one scale of fire may fail to perform in a different 
scale.

The aim of this study is to describe the relationship be-
tween the water flow rate applied by the Fire and Rescue 
Service (FRS), and the area of a fire and to explore the 
limitations of the FRS in terms of water flow rate. Four pa-
pers, consisting of five data sets, showing the correlation 
between applied water flow rate and fire area were exam-
ined. The largest, the Grimwood & Sanderson [1] Metro 
data set, consisting of 4173 fires from a metropolitan area 
FRS, was used to identify patterns in the relationship be-
tween applied water flow rate and fire area. The remaining 
four data sets were used for validation and comparison.

This study, described in more detail in a separate paper 
[2], shows a fundamental difference in fighting a small fire 
compared to fighting a large one. The result is that there 
is no continuous correlation over the whole area range to 
describe the relationship between applied water flow rate 
and fire area. It has to be treated differently in different 
area intervals. However, it is possible to determine the cor-
relation factor for each part of the relationship. A high 
correlation factor means an efficient suppression. 

For small area fires, the correlation is weak but increases 
rapidly with the area. Here, a standard nozzle approach 
can be identified. In the Metro case, a single 100 l/min 
high pressure nozzle is applied for small fires and an addi-
tional one for fire areas slightly larger. At the lower end of 
the interval, the tool is over powerful and therefore used 
with a poor efficiency. At the upper end of the interval, the 

efficiency is very high as the tool reaches its upper limit of 
its capacity.

In the next area interval, the correlation factor decreases to 
around 0.5. In this interval, the water flow rate is directly 
proportional to the square root of the area; the same as 
directly proportional to the perimeter of the fire. 

For really large fires, the correlation factor decreases fur-
ther. The correlation becomes weak, close to 0. The FRS 
uses its maximum water flow rate regardless the size of 
the fire. The water density is low in spite of application of 
the highest water flow rates available. Most likely, these 
fires are not extinguished, but rather contained until they 
run out of fuel.

The transition from a standard nozzle approach to a perim-
eter approach can be distinguished by the optimum water 
density, as described by Särdqvist & Holmstedt [3]. Similar-
ly, the transition from a perimeter approach to a maximum 
flow approach can be distinguished by the critical density 
or critical flow rate. 

Since five sets of data were available, the same calcula-
tions were made for the remaining four. They all showed 
the same pattern, with different approaches in firefighting.

The transition points differ between the different data 
sets. This means that the fire area limit for the different 
approaches and corresponding water flow rate and water 
density varies. The critical flow rate is more than a physical 
parameter: it varies with the context. As an example, mod-
ern firefighters apply much lower water flow rates than 
their predecessors at equal size fires.
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Providing fire and rescue services is arguably one of the fun-
damental services of society. It is therefore surprising that 
very little, if any, research has been conducted into which 
capabilities are needed by the fire and rescue services to 
achieve its objectives and goals. 

There are studies on locating fire station (e.g. [1]), but no 
research has been identified that study more in detail what 
these apparatus and the crews are doing on scene and how 
imperative this is to reducing the consequences of events. 
An example of a hypothesis is that in order to save lives in 
residential fires it is more effective having two fire fighters 
responding to the scene in 5 minutes with a mobile ladder 
than a crew of five arriving 5 minutes later with a motorized 
ladder. Such hypothesis has not been systematically investi-
gated and there is a great need for quantifying the efficient 
use of resources during fire and rescue operations [2].

The word “Capability” is defined in Webster’s encyclopedia 
as being capable of something. It can therefore be seen as 
a latent ability to do something. The word is not connected 
to a specific need or event so a capability can be more or 
less useful for a given purpose, but it is still a capability. 
When responding to a fire the ability to play the piano is a 
useless capability for a fire fighter, but it is however still a 
capability of the crew. When it comes to our quest to inves-
tigate important capabilities for fire and rescue operations 
the events, the needs generated by the events to which the 
fire fighters respond serve as a basis for relevant capabilities 
to include in our analysis. It is however important to disen-
tangle capabilities from the specific events. This differs from 
many definitions of capability in the literature [3].

A model of capability is found in the figure below. A specific 
event (e.g. a fire) generates a need (e.g. extinguish a fire 
confined to one object within an apartment). This can be 
achieved by a number of different tasks and therefore the 
need is matched with the tasks that can be performed by 
the available units.

The need will not only dictate the set of relevant tasks (e.g. 
interior attack or external extinguishment) but will also dic-
tate a maximum response time and a minimum persistence 
for the task to be fruitful. The specific task is tied to certain 
resources needed to perform the task and matching these 
to available resources determines both the response time 
and the persistence. 

Formally capability can be defined as the set of tasks that a 
specific unit or organization can perform together with its 
respective response and persistence times.

This definition/operationalization can be used in a number 
of ways;

i. Analyze actual events to identify need for tasks generat-
ed and the limit on response time and persistence

ii. Use a predefined set of tasks (ideally identified trough i 
above) to analyze the capability of a fire and rescue ser-
vice at a specific geographical region

iii. Perform cost-benefit-analysis of specific resources by 
connecting them to events through tasks.

iv. Prioritize training of fire fighters based on importance of 
tasks.
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Providing fire and rescue services is arguably one of the 
fundamental services of society. It is therefore surprising that 
very little, if any, research has been conducted into which 
capabilities are needed by the fire and rescue services to 
achieve its objectives and goals.  

There are studies on locating fire station (e.g. [1]), but no 
research has been identified that study more in detail what 
these apparatus and the crews are doing on scene and how 
imperative this is to reducing the consequences of events. An 
example of a hypothesis is that in order to save lives in 
residential fires it is more effective having two fire fighters 
responding to the scene in 5 minutes with a mobile ladder than 
a crew of five arriving 5 minutes later with a motorized ladder. 
Such hypothesis has not been systematically investigated and 
there is a great need for quantifying the efficient use of 
resources during fire and rescue operations [2]. 

The word “Capability” is defined in Webster’s 
encyclopedia as being capable of something. It can therefore 
be seen as a latent ability to do something. The word is not 
connected to a specific need or event so a capability can be 
more or less useful for a given purpose, but it is still a 
capability. When responding to a fire the ability to play the 
piano is a useless capability for a fire fighter, but it is however 
still a capability of the crew. When it comes to our quest to 
investigate important capabilities for fire and rescue 
operations the events, the needs generated by the events to 
which the fire fighters respond serve as a basis for relevant 
capabilities to include in our analysis. It is however important 
to disentangle capabilities from the specific events. This 
differs from many definitions of capability in the literature [3]. 

A model of capability is found in the figure below. A 
specific event (e.g. a fire) generates a need (e.g. extinguish a 
fire confined to one object within an apartment). This can be 
achieved by a number of different tasks and therefore the need 
is matched with the tasks that can be performed by the 
available units. 

The need will not only dictate the set of relevant tasks (e.g. 
interior attack or external extinguishment) but will also dictate 
a maximum response time and a minimum persistence for the 
task to be fruitful. The specific task is tied to certain resources 
needed to perform the task and matching these to available 

resources determines both the response time and the 
persistence.  

Formally capability can be defined as the set of tasks that a 
specific unit or organization can perform together with its 
respective response and persistence times. 

This definition/operationalization can be used in a number 
of ways; 

i. Analyze actual events to identify need for tasks 
generated and the limit on response time and 
persistence 

ii. Use a predefined set of tasks (ideally identified 
trough i above) to analyze the capability of a fire and 
rescue service at a specific geographical region 

iii. Perform cost-benefit-analysis of specific resources by 
connecting them to events through tasks. 

iv. Prioritize training of fire fighters based on 
importance of tasks. 
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I. INTRODUCTION

The standard fire curve was defined 99 years ago by the 
American Society for Testing and Materials (ASTM). This 
was done without any knowledge of fire dynamics as no 
real fire dynamics experiments had been performed in 
USA at that time. Further, knowledge of experiments per-
formed in Europe was lacking [1]. The coupling between 
the standard fire curve and real fires was later justified by 
the equal area concept developed by Ingberg [2]. With In-
geberg’s approach the severity of two fires is assessed as 
equal if the area under the time temperature curve over a 
certain reference temperature is equal. Using this method, 
every fire could be recalculated to a standard fire exposure 
. Although the standard fire curve was defined in ASTM 
E 119, the standard fire curve in different countries was 
in fact slightly different in each country for a long time, 
especially after long time of exposure [3]. 

II. CRITISISM AGAINST THE STANDARD FIRE CURVE    

During the last half century, more refined alternatives to 
the standard fire have been developed. This short summa-
ry cannot cover all such alternatives, but noteworthy work 
includes the efforts by:

• Kai Ödeen, developing a methodology for calculation of 
fire temperatures based on fire load, opening factor and 
thermal properties of the surrounding walls [4].

• Magnusson and Thelandersson development of the 
set of fire curves later defined as the Swedish curves. 
This set of curves includes the effect of variation of the 
opening factors, fire load and thermal properties of the 
surroundings [5]. 

• Kirby et al. [6] and Sleish et al. [7], who investigated the 
fire development in large rooms.

• Steiner- Gotfried investigating the effect of traveling 
fires in large compartments [8].

In addition, the new development of sophisticated CFD 
tools allows the definition of a variety of realistic fire expo-
sures deviating from the standard fire curve. 

III. DISCUSSION

Although the scientific basis of the choice of a universal 
standard fire curve for fire testing is weak it has one ma-
jor advantage. In a system based on a standard fire ex-
posure, products can be assessed and compared to each 
other without knowing the final use of the product. In 
other words, you can rank the level of compartmentation 
a product in a structure can provide without knowing the 
fire load, geometry of the fuel, opening factor and thermal 
properties of the surroundings. 

Obviously, this is a rough tool which lacks precision, es-
pecially in some applications where products can perform 
differently during alternative exposures; but, the enor-
mous investment required to optimize all products to the 
specific geometry and fire load in the local surroundings 
is not justified. However, this is not to say that more de-
tailed special designs and structural fire safety engineering 
is unnecessary. This is to say that the standard fire curve 
although not scientifically developed is a success as a base-
line for fire resistance ratings but should be supplemented 
by more detailed methods when appropriate.
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Det ställs allt oftare krav från olika kravställare att projekter-
ing ska ske i BIM-baserade miljöer. BIM (Building Informa-
tion Modeling) är av strategisk betydelse för utveckling av 
effektivare metoder att skapa, samordna och dela byggin-
formation över olika faser av ett byggprojekt. Som resultat 
av detta arbetar arkitekter, konstruktörer och installation-
sprojektörer mer och mer i BIM med fokus på processer för 
att åstadkomma god stadsbyggnad, arkitektur och bru-
karnytta. För att byggprocessen ska kunna dra full nytta av 
projektering i BIM bör så många parter som möjligt arbeta 
i eller ha förståelse för denna arbetsprocess och i dagsläget 
är brandskydd som disciplin inte en del av dessa processer.

Idag levererar brandskyddsprojektörer enbart textbaser-
at underlag, eller i bästa fall skissbaserat underlag till 
arkitekter och konstruktörer. Berörda projektörer sedan 
över relevant brandskyddsteknisk information sina olika 
BIM-modeller, vilket kräver kontroll för att säkerställa att 
rätt information beaktats förståtts och inarbetats i mod-
ellerna. Ett dubbelarbete som kan, och bör effektiviseras. 
Detta skapar utrymmen för fel i kommunikationen, efter-
som brandskyddsprojektörerna då inte har kontroll över hur 
olika brandskyddstekniska funktioner redovisas i modellen 
eller i de ritningar som tas från modellen under byggna-
tion. Genom bristerna i kommunikation ökar antal fel och 
genererar stora kostnader som kan reduceras om det finns 
en standardiserad process att integrera brandprojektering i 
övriga discipliners processer och BIM-modeller.

Om brand som disciplin skapar och implementerar en meto-
dik för att själva ha möjligheten att arbeta med en specifik 
BIM-modell med sin information uppnås större kontroll och 
effektivitet. Därmed blir det enklare att säkerställa rätt funk-
tioner och kvalitet inom hela byggprocessen. 

Som ett led i att skapa detta har ett projekt initierats un-
der senhösten 2016 och som leds av Briab Brand & Risk 
ingenjörerna AB. Projektet finansieras av SBUF (construction 
industry’s organisation for research and development).

Syftet med projektet är att utveckla och testa en arbets-
metodik och arbetsprocesser för att implementera brandre-
laterade krav och funktioner i en BIM miljö och standardis-

era arbetsflödet. Syftet med projektet är även att undersöka 
möjligheten att, via utvecklad arbetsmetod, definiera en 
systematiskt och effektiv granskning- och kontrollfunktion 
för att reducera möjliga fel och avvikelser och generera 
högre kvalitet i byggprojekten.

Målet är att öka förståelsen för brandskyddets funktion i 
byggprocessen och minska fel i produktionen och säkra ett 
bättre kommunikationsflöde inom projekteringsgruppen 
och över olika skeden av byggprocessen. 

Inom projektet har inledningsvis en litteratur- och inter-
vjustudie genomförts med användare och kravställare för 
att kartlägga hur man inom Sverige och internationellt ar-
betar med brandskydd i BIM-miljöer i byggprocessens olika 
skeden.  

Resultatet av genomförda studier är att brandskydd och 
brandskyddsprojektering inte har inkluderats på ett sys-
tematisk och strukturerat sätt vid tidigare projekt inom 
Sverige eller internationellt. Men intervjustudien har gett 
en välgrundad bas för vidare metodutveckling och förslag 
på arbetsflöde för att inkludera och kommunicera olika 
brandskyddstekniska krav för olika discipliner. 

Den metod som håller på att utvecklas för att modellera 
olika brandskyddstekniska krav i en BIM-miljö utgår från 
att på rumsnivå tydliggöra och konkretisera olika krav och 
möjliggör för att i nästa steg genomföra olika nivåer av 
samgranskning mellan olika discipliner.  För att utvärdera 
föreslagna processer och funktioner kommer dessa att ut-
värderas i verkliga projekt för att undersöka hur väl föresla-
gna processer fungerar i praktiken.

Under konferensen kommer resultatet av litteratur- och 
intervjustudien och en preliminär metodik och process för 
att inkludera brandskydd i en BIM-miljö att presenteras. 
Presentationen kommer även belysa den praktiska erfaren-
hetsåterföringen projektet fått från pågående projektering-
ar och som kommer beaktas innan föreslagen process kan 
fortsättas utvecklas till en svensk standard för brandskydd i 
en BIM-miljö.

 

Johan Norén
Briab
Malmö, Sweden
Johan.noren@briab.se

Fredrik Nystedt
Briab
Malmö, Sweden
Fredrik.nystedt@briab.se

A Swedish approach to define a standard for fire safety 
design in BIM



BOOK OF ABSTRACTS Nordic Fire & Safety Days

58

Johan Norén
Briab
Malmö, Sweden
Johan.noren@briab.se

Michael Strömgren
Fire Research
RISE Safety & Transport
Lund, Sweden
Michael.stromgren@ri.se

Fredrik Nystedt
Briab
Malmö, Sweden
Fredrik.nystedt@briab.se

Nordic standard for review & control of fire safety 
engineering  

Keywords: fire safety design, stardization, review and 
control, INSTA, performance-based regulations
In 2014 a new three year research project entitled “fire 
safety engineering for innovative and sustainable building 
solutions” commenced under the leadership of SP Techni-
cal Research Institute of Sweden. The project consortium 
has 15 members in total from Denmark, Finland, Iceland, 
Norway and Sweden representing academia, building reg-
ulatory bodies, construction companies, engineering con-
sultants, research institutes and standards bodies. 

The project had been in response to a call from Nordic In-
novation which sought projects where new standards are 
created or implemented as a main driver for innovation 
within a specific sector. The project addresses a number of 
challenges that face the construction sector in relation to 
sustainable and innovative building solutions.

One of the concept of this project is to develop a new 
INSTA standards that could be used throughout the Nordic 
region; a new standard that defines a standard process 
to review and control fire safety engineering in building 
projects, [1]. 

The future standard provides guidance on review and con-
trol in the building process relating to the planning phase 
(conceptual design, the fire safety strategy, detailed de-
sign, and consent), the construction phase (building and 
construction, and approval) and the service life phase of 
the building (inspections, maintenance and service, staff 
education, and drills).

The scope of the standard is to facilitate verification of 
building solutions including innovative and sustainable 
solutions and to harmonize the process for control within 
the field of fire safety engineering within the Nordic coun-
tries.

The goal for the standard is to give guidance on a general 
level for review and control, independent of national le-
gal matters in the Nordic countries, with a primary focus 
on defining procedures within the planning and building 
process. But the process has also, to some extent, given 
guidance on how the fire safety engineering process can 
be a normal part of the overall control and review of the 
building process and define eligibility criteria for those do-
ing the control.

The first part of the future standard describes an overall 
process regarding an ideal planning and building process 
with a corresponding review and control process for fire 
safety aspects within the building process. The different 
steps within the planning and design phase, construction 

phase and operational and maintenance aspects that may 
be important to consider, to ensure the fire safety within 
a building´s lifespan, are described in more detail in sepa-
rate chapters. In each section there is a description define 
when, how and why to perform different reviews and con-
trols. 

There are many different types of guidelines and standards 
used today for fire safety engineering in the Nordic coun-
tries. The future standard regarding control in the build-
ing process, however, mainly focuses on the concept and 
method rather than detailed guidance. The adoption of 
nationally determined parameters is also significant for the 
new standard. Since regulation of fire safety is a national 
matter the specification will give options to have nation-
ally chosen parameters and processes, but the specifica-
tion shows the direction with certain recommendations. 
The chosen approach is similar to the system used earlier 
for INSTA/TS 950 - Fire Safety Engineering – Comparative 
method to verify fire safety design in buildings 

[2, 3]. The Nordic countries may harmonize approaches 
by using the standard, but may also maintain flexibility by 
using national options. This is important in connection to 
the different legal systems within the Nordic countries.

The proposed presentation that is the subject of this ab-
stract will mainly focus on providing details of a range of 
topics associated with development of building processes 
for control and review on a Nordic level including:

• Why the review and control should be done and the 
purpose of it 

• When to perform review and control within the building 
process and within the specific fire safety engineering 
process.

• How to perform the review and control
• Recommend eligibility criteria for the one performing 

the control
The presentation will also provide some hands-on guid-
ance on how to perform a review and control when work-
ing with fire safety engineering.
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In the context of fire safety engineering, a full-scale physi-
cal model deemed to be the most suitable way for under-
standing a real fire behavior of a construction.  Among the 
standard size of a specimen with dimensions of 3.0 m by 
3.0 m, even larger tests are being held to ensure a direct 
application. On the other hand, such testing represents the 
most expensive method, which limits its actual applicability. 
Since a number of products, e.g. timber-based facades en-
able various compositions, it is not always possible or feasi-
ble to declare fire resistance by a direct or extended applica-
tion for each and every different composition. The question 
then arises whether a smaller furnace for preliminary fire 
resistance testing could be set, where such variants could be 
tested and being developed?  

Some methodologies for evaluation of fire behavior using 
smaller testing furnaces are present. For example, Czech 
Timber Research and Development Institute offers a fire 
behavior test for vertical constructions with maximal di-
mensions 500 x 500 mm. Although any thermal stress can 
be simulated, the most frequent option used in this test-
ing method is the ISO curve. This solution for fire testing 
with particular dimensions of a specimen has, nonetheless, 
some drawbacks: Firstly, the dimensions of the specimen do 
not enable to fully investigate an impact of joints and spans 
presented in a sandwich construction. Secondly, due to the 
limited dimensions of the furnace the specimen is more 
loaded by direct flames more than by uniform thermal load 
of convective heat. Those effects might be the reason, why 
the results of the small-scale test show a lower agreement 
with tests executed in full-scale according to Standards EN 
1363-x and EN 1364-x [1]. 

The current study presents a novel fire furnace setup for 
small-scale fire testing. The clear testing dimensions of the 
specimen are 800 x 1000 mm. On the one hand, the area 
is 1/10 of the standard fire resistance specimen – expenses 
should be much smaller then. On the other hand, area spec-
imen of such dimensions is large enough to have joints and 
load-bearing elements in real spans.

Inside, the furnace is 800 mm wide, 1200 mm deep and 
1000 mm high. For the furnace walls, the aerated concrete 
blocks 150 mm thick are used, the ceiling is made from 
aerated concrete lintels 125 mm. One of the front walls is 
kept clear where a specimen is to be placed. The specimen 
should be at least 1000 mm wide and 1150 mm high. The 
furnace is assembled from aerated concrete blocks mount-

ed without mortar, so it can be put together and dismount-
ed very easily and damaged blocks can be replaced without 
any great financial loss. In the longer lateral walls (both in 
the lower part and near the ceiling), ventilation holes are 
designed in order to provide oxygen inlet and smoke out-
let. Inside the furnace, a sand propane burner with variable 
power is placed on the floor in the middle and 4 thermo-
couples are installed in the upper part of the inner space. 
According to preliminary pilot tests based on results given 
by the simultaneously developed virtual furnace model in 
Fire Dynamics Simulator, the maximal power of 150 kW 
is needed for reaching the temperatures given by the ISO 
curve. 

In December 2016, the first pilot testing was conducted in 
order to evaluate and confirm so far computed (virtual) data 
and presumed behavior. The pilot testing consisted of two 
experiments: a reference 15 minutes test with a specimen 
wall made of aerated concrete blocks (same material as 
used for the other walls); in the second test, a timber-based 
external wall, previously tested in a full-scale experiment, 
was used to get results for a comparison of inner tempera-
ture and overall fire behavior in the furnace. The test was 
planned for 60 minutes.

The first test has shown a very good agreement between 
the ISO curve and the obtained data: in the first 15 minutes, 
a deviation between the ISO curve and the temperature 
averaged from 4 inside thermocouples did not exceed 10 
%. During the latter test, some complications were encoun-
tered: Firstly, the power needed to be manually adjusted 
due to a fire growth contribution of a decomposed com-
bustible material; secondly, the testing program was sud-
denly ended after 20 minutes because of a wrong factory 
setup of the control unit and it was not able to proceed. 
Since the tested timber-based construction was protected 
by a gypsum plaster board and a layer of a mineral wool 
insulation, the damages were undetectable. Nevertheless, 
the correlation between the temperatures behind the cover-
ing board in the full-scale and the presented small-scale test 
were quite satisfying.

In summary, the observed results shown that the proposed 
setup offers a good solution for the preliminary and variant 
small-scale testing of fire behavior of constructions that may 
be a useful and relevant step before examination of fire test 
in full scale, such as EN 1363-x and EN 1364-x.    
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The implementation of the Eurocodes in 2007 required 
the introduction of several respective national annexes. 
National annexes are used in part to provide additional 
non-conflicting information for a specific country and in 
part to overrule specific parts of the Eurocodes that, for 
different reasons, have not been accepted at a national 
level. Despite of this, there is a desire of gradually reduc-
ing national deviations from a common European design, 
since the purpose of the Eurocodes is to establish a set of 
harmonized technical rules [1].

The present study serves the purpose of looking into dif-
ferent design methods provided by the Eurocode for fire 
actions. In particular, design methods provided by the fire 
action code EN 1991-1-2 [2] are being rejected and re-
placed by alternatives by several countries, as presented 
by table 1.

In order to comply with the clear purpose of the Euro-
codes, it becomes worth investigating the EN 1991-1-2 
design methods and comparing these primarily with the 
Danish national deviations and other recognized models.

The first part of the study presents theoretical parts of 
the investigated methods, whereas the second part of 
the study applies the methods on a case study, which is a 
hospital building currently being erected in Copenhagen, 
Denmark.

From the investigations, it is concluded that the fire load 
densities seem to be affected by unsubstantiated partial 
coefficients and incorrect net calorific values of different 
fuels. The version of the parametric fire presented by the 
Danish national annex shows a more realistic fire develop-
ment and is slightly more conservative with higher open-
ing factors. The EN 1991-1-2 parametric fire is assessed to 
represent a less realistic fire development, especially with 
regard to the representation of the cooling phase, but is 
concluded to be more conservative for compartments with 
the smallest opening factor.

Furthermore, it is concluded that neither Germany, Great 
Britain, Sweden nor Denmark have accepted the EN 1991-
1-2 design for fire load densities nor the equivalent time of 
fire exposure which seem to lack in the connection to the 
world of physics. Finally it is concluded, that the external 
fire curve and the simplified calculation method for the ex-
ternal flame spread, do not conform in terms of maximum 
temperature and that a mistake might be implemented in 
the expression for the compartment temperature under 
forced draught circumstances. Based on the investigation 
the rejections of the EN 1991-1-2 design procedures can 
be justified.
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The implementation of the Eurocodes in 2007 required the 
introduction of several respective national annexes. National 
annexes are used in part to provide additional non-conflicting 
information for a specific country and in part to overrule 
specific parts of the Eurocodes that, for different reasons, have 
not been accepted at a national level. Despite of this, there is a 
desire of gradually reducing national deviations from a 
common European design, since the purpose of the Eurocodes 
is to establish a set of harmonized technical rules [1]. 
The present study serves the purpose of looking into different 
design methods provided by the Eurocode for fire actions. In 
particular, design methods provided by the fire action code EN 
1991-1-2 [2] are being rejected and replaced by alternatives by 
several countries, as presented by table 1. 
 
Table  1 

Application of the 
EN 1991-1-2 
Design Method of: 

Great 
Britain  
BS [3] 
(2002) 

Germany  
DIN [4] 
(2010) 

Denmark  
DK [5] 
(2014) 

Sweden 
SIS [6] 
(2015) 

Parametric fire Yes No No Partly 
Localised fire No Yes Yes Yes 
Fire load density No No No No 
Equivalent time of 
fire exposure 

No No No No 

External fire curve Yes Yes No Yes 
 
In order to comply with the clear purpose of the Eurocodes, it 
becomes worth investigating the EN 1991-1-2 design methods 
and comparing these primarily with the Danish national 
deviations and other recognized models. 
The first part of the study presents theoretical parts of the 
investigated methods, whereas the second part of the study 
applies the methods on a case study, which is a hospital 
building currently being erected in Copenhagen, Denmark. 

From the investigations, it is concluded that the fire load 
densities seem to be affected by unsubstantiated partial 
coefficients and incorrect net calorific values of different 
fuels. The version of the parametric fire presented by the 
Danish national annex shows a more realistic fire development 
and is slightly more conservative with higher opening factors. 
The EN 1991-1-2 parametric fire is assessed to represent a less 
realistic fire development, especially with regard to the 
representation of the cooling phase, but is concluded to be 
more conservative for compartments with the smallest opening 
factor. 
Furthermore, it is concluded that neither Germany, Great 
Britain, Sweden nor Denmark have accepted the EN 1991-1-2 
design for fire load densities nor the equivalent time of fire 
exposure which seem to lack in the connection to the world of 
physics. Finally it is concluded, that the external fire curve and 
the simplified calculation method for the external flame 
spread, do not conform in terms of maximum temperature and 
that a mistake might be implemented in the expression for the 
compartment temperature under forced draught circumstances. 
Based on the investigation the rejections of the EN 1991-1-2 
design procedures can be justified. 
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Concrete exposed to high temperatures,

Strain behavior of  preloaded concrete exposed to 
high temperatures. 

Strain behavior of preloaded concrete during cooling 
phase.

Stress-strain behavior of concrete exposed to high   
temperatures. Transient and non-transient tests.

During the last decade, a number of fire exposed concrete 
buildings have collapsed. A look at the current codes for 
structural fire safety design concerning concrete could, 
therefore, be interesting to examine. This is a part of a larg-
er experimental study on fire exposed concrete, carried out 
at DTU[1]. 

The scope of this thesis is to investigate the concrete struc-
tures under compression and high temperature. 

The investigation is carried out by conducting a variety of 
experiments. Both transient tests, where the stress applied is 
constant, and the temperature is varying, and non-transient 
tests, where the temperature is stabilized, and the stress is 
applied until failure is occurring are performed. The strain 
behavior from the test results are analyzed and compared to 
a number of theoretical models. This includes models from 
the EN/1992-1-2[2] and various authors such as Anderberg 
and Thelandersson[3], [4], Hertz[5], Lie[6], and Terro[7].

The experiments are performed at the fire lab at DTU with a 
special circular oven, where pressure can be applied simul-
taneously. Both the heating and cooling phase of transient 
tests at several preload levels are examined as well as the 
strain due to chemical changes in a transient test at 300°C 
with a preload level of 60%. Additionally, non-transient 
tests are carried out at a range of temperatures.     

The results of the investigation regarding transient test 
show that the strain behavior is very dependent on the pre-
load level and the failure of concrete occurs sooner than 
what is expected in the current design codes. Furthermore, 
the cooling phase has also revealed that the strain behavior 
during the initial cooling exhibits more or less the same be-
havior, however, as the temperature decreases further, es-
pecially the concrete with high preload level contracts more 
than measured at the highest temperature. The results of 
the transient test at 300°C with a preload level of 60% also 
indicate that the strain development is expanding due to 
the chemical changes in the concrete.

The non-transient tests prove compliance between some of 
the reviewed models regarding the degradation of the ulti-
mate strength and the test results. The strain at peak stress, 
the results indicate that the strain development is more in 
correspondence with the theoretical models suggested by 
Hertz and Terro. Furthermore, an over-estimation of the 
strain in the EN, which also leads to a higher prediction of 
the ductility.
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During 1998 and 2015 about 69-85 people have year-
ly died in residential fires in Denmark. The trend has not 
changed during the years. To be able to improve fire safety 
for people in residential homes, it is important to identify 
the risk factors of residential fires and hence, to determine, 
which groups are more likely to be killed in fires. Danish 
Emergency Management Agency has previously published 
two reports on fatal fires in Denmark considering the pe-
riod from 2000 – 2005[1] and one study from 2007[2]. 
The current work focuses on the characteristics of fatal 
residential fires in Denmark and on identifying some of 
the characteristics of these fires, in the period from 2007 – 
2015. The results for Denmark are then compared to data 
on fatal residential fires from Norway and Sweden. 

For the study data from databases from fires in Denmark, 
Norway and Sweden were considered. The Danish data-
base applied in this work,  “Redningsberedskabets statis-
tikbank”[1] is maintained by Danish Emergency Manage-
ment Agency. It contains data originating from reports by 
the fire brigade, the police, and data from Rigshospitalets 
department of plastic surgery and burns treatment. The re-
sults were compared to data from the Norwegian database 
from Direktoratet for samfunnssikkerhet og beredskap [2] 
and data from the Swedish Myndigheten för samhällss-
kydd och beredskap [3]. 

The study has the following findings: In the selected years, 
most fatalities occur in the age-group 50-66 years. In 
general men are more likely to die in fires than women. 
However, the number female fatalities increases from age 
30 and exceeds the number of male fatalities at the age 
group above 79. Both men and women have most fatali-
ties in the age group 50 – 66 years. 

Residential fires are more likely to occur during winter 
than during summer. Previous studies from Sweden and 
Norway have shown that a high number of the fatal res-
idential fires happen at late evening and night time. It is 
assumed, that long detection time, due to the situation 
that people are asleep lead to further progression of the 
fires compared to day times. Furthermore, it was found 
that most residential fires occur in the kitchen, while about 
50% of fatal fires break out in bed- or living room. 21% of 

the fires start in the bed and 34,3% in an unknown object. 
50% of the fires in the years 2007-2015 were related to 
smoking. In the years 2007-2015 124 fatalities occurred in 
apartment fires, 88 in single houses and 76 people were 
killed in care homes, housing 1,49% of the Danish popu-
lation. Hence, people living in care homes and protected 
residents in Denmark are more likely to die in fires than 
people living in other dwelling types. Similar studies have 
been carried out in Sweden and Norway. Figure 1 shows 
the number of fatalities in care homes in the years 2007-
2015 for the three countries. The results for Denmark are 
overrepresented, especially considering the size of the 
population.  One explanation can be the number of places 
offered in care homes in the different countries. In 2015 
0,82% of the population in Norway and 0,89% of the 
Swedish population lived in care homes. 

Figure 1: Fatalities in care homes. % of total number 
fatalities
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During 1998 and 2015 about 69-85 people have yearly died in 
residential fires in Denmark. The trend has not changed during 
the years. To be able to improve fire safety for people in 
residential homes, it is important to identify the risk factors of 
residential fires and hence, to determine, which groups are 
more likely to be killed in fires. Danish Emergency 
Management Agency has previously published two reports on 
fatal fires in Denmark considering the period from 2000 – 
2005[1] and one study from 2007[2]. The current work focuses 
on the characteristics of fatal residential fires in Denmark and 
on identifying some of the characteristics of these fires, in the 
period from 2007 – 2015. The results for Denmark are then 
compared to data on fatal residential fires from Norway and 
Sweden.  
 
For the study data from databases from fires in Denmark, 
Norway and Sweden were considered. The Danish database 
applied in this work,  “Redningsberedskabets statistikbank”[1] 
is maintained by Danish Emergency Management Agency. It 
contains data originating from reports by the fire brigade, the 
police, and data from Rigshospitalets department of plastic 
surgery and burns treatment. The results were compared to 
data from the Norwegian database from Direktoratet for 
samfunnssikkerhet og beredskap [2] and data from the Swedish 
Myndigheten för samhällsskydd och beredskap [3].  
 
The study has the following findings: In the selected years, 
most fatalities occur in the age-group 50-66 years. In general 
men are more likely to die in fires than women. However, the 
number female fatalities increases from age 30 and exceeds 
the number of male fatalities at the age group above 79. Both 
men and women have most fatalities in the age group 50 – 66 
years.  
 
Residential fires are more likely to occur during winter than 
during summer. Previous studies from Sweden and Norway 
have shown that a high number of the fatal residential fires 
happen at late evening and night time. It is assumed, that long 
detection time, due to the situation that people are asleep lead 
to further progression of the fires compared to day times. 
Furthermore, it was found that most residential fires occur in 

the kitchen, while about 50% of fatal fires break out in bed- or 
living room. 21% of the fires start in the bed and 34,3% in an 
unknown object. 50% of the fires in the years 2007-2015 were 
related to smoking. In the years 2007-2015 124 fatalities 
occurred in apartment fires, 88 in single houses and 76 people 
were killed in care homes, housing 1,49% of the Danish 
population. Hence, people living in care homes and protected 
residents in Denmark are more likely to die in fires than 
people living in other dwelling types. Similar studies have 
been carried out in Sweden and Norway. Figure 1 shows the 
number of fatalities in care homes in the years 2007-2015 for 
the three countries. The results for Denmark are 
overrepresented, especially considering the size of the 
population.  One explanation can be the number of places 
offered in care homes in the different countries. In 2015 
0,82% of the population in Norway and 0,89% of the Swedish 
population lived in care homes.  
 

 
Figure 1: Fatalities in care homes. % of total number fatalities 
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Residential fires are still frequently occurring in the world, 
which have the potential growing into disaster that can 
cause many casualties. As stated in literature and policy pa-
pers, biomaterials are needed to obtain more sustainable 
solutions in the building sector. All building materials need 
to sustain a series of fire testing, and the application of coat-
ings might be needed before the materials are acceptable 
to use. This is in order to establish a high safety level with 
concern to fire, especially in the case of biomaterials, as they 
have to be considered combustible.  

Hence, the application of flame-retardants is a common 
solution, but many flame-retardants have adverse effects 
to human health and the environment. Therefore, the fire 
behaviour of the materials in combination with flame-re-
tardants need to be studied. An example are boron com-
pounds, which are widely used as flame-retardants to re-
duce the ignitibility of biomaterials, despite the fact that a 
number of these compounds are on the ECHA list of candi-
dates of very high concern for authorization. 

It is a well-established fact that borates tend to wash out, 
and may impact the surrounding environment. Therefore, 
its application may become questioned in the future. 

Hence, in the current work, sustainable solutions using bio-
materials in construction with a focus on fire safety are ex-
amined. 

As part of a starting PhD project, different methods for pro-
duction and fire testing of bio-based materials and compos-
ites are reviewed including wooden products (e.g. board, 
fibre, LVL (Laminated Veneer Lumber)). Hereunder, the fire 
properties of bio-based resins as lignin and furfuryl-alcohol 
are investigated. The study provides basic information on 
the material’s potential to give better products, i.a. to use 
less flame-retardants giving less adverse environmental ef-
fects. 
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Background: Sweden has adopted a national “vision zero” 
policy on fire, stating that nobody should be killed or se-
riously injured in fires. Despite this, some 100 people are 
killed annually with most victims being of poor health, 
elderly or disabled. A multi-center research project from 
2014 to 2017 involving more than ten researchers, aims to 
investigate why these groups are at excessive risk of dying 
or getting seriously injured in residential fires, and to ex-
plore further preventative possibilities with special regard 
to these vulnerable groups. The aim of this presentation is 
to give an overview of findings from the project.

Methods: The project consists of seven work packages, 
derived from a tentative generic model of the residential 
fire process. Quantitative and qualitative approaches are 
applied.

Results By 1st of April 2017 the project has yielded seven 
peer-reviewed international publications (1-7), plus four 
submitted for publication (8-11). Additional publications 
are in progress. While fire onset is most common among 
younger and well-educated households, serious injury and 
death from fire almost entirely strike the elderly and so-
cially or medically disadvantaged groups. The opportunity 
for rescuing declines very rapidly with time and distance. 
National statistics on fire fatalities systematically underesti-
mate the true situation by 20 %. Over time, significant re-
ductions in unintentional fire-related death rates are seen 
in all age/sex groups, most strongly in children. A compre-
hensive framework, summarizing all findings, is underway.

Conclusions In line with vision zero philosophies in parallel 
policy fields, such as traffic safety, merely preventing acci-
dents (crashes or fires) and rescuing victims appear insuffi-
cient strategies for protecting human life and health from 
residential fires. Individual capacities are crucial for surviv-
al, and fire safety programs should take these insights into 
better account by compensating for deficiencies in human 
performance.

REFERENCES
[1] Jonsson, Anders; Bergqvist, Anders; Andersson, Ragnar. Assessing 

the number of fire fatalities in a defined population (Journal of safe-
ty research, 2015)

[2] Jonsson, Anders; Runefors, Marcus; Särdqvist, Stefan; Nilson, Finn. 
Fire-related mortality in Sweden – temporal trends 1952 – 2013 (Fire 
Technology, 2015)

[3] Bonander, Carl; Jonsson, Anders; Nilsson, Finn. Investigating the ef-
fect of banning non-reduced ignition propensity cigarettes on fatal 
residential fires in Sweden (European Journal of Public Health, 2015)

[4] Nilson, Finn; Bonander, Carl; Jonsson, Anders. Differences in deter-
minants amongst individuals reporting residential fires in Sweden 
– results from a cross-sectional study (Fire Technology, 2015)

[5] Jonsson, Anders; Svee, Andreas; Sjöberg, Folke; Huss, Fredrik. Burns 
in Sweden: Temporal trends 1987 – 2010. (Annals of Burns and Fire 
Disasters 2016)

[6] Eggert E & Huss F. Why are elderly more likely to die in residential 
fires? A literature review of possible medical and biological factors 
affecting the outcome after inhalation and/or burn injuries (Accept-
ed, Scars, Burns & Healing 2017)

[7] Jaldell H. How important is the time factor? Saving lives using the 
fire and rescue services (Fire Technology 2016)

[8] Jonsson, Anders; Bonander, Carl; Nilson, Finn; Huss, Fredrik. The 
state of the residential fire fatality problem in Sweden: epidemiolo-
gy, risk factors and event typologies (Submitted to Journal of Safety 
Resarch)

[9] Bonander, C. Jakobsson, N., & Nilson, F. Are fire safe cigarettes ac-
tually fire safe? Evidence from changes in US state laws. (Submitted 
to Injury Prevention)

[10] Jaldell, H. (2017) Measuring efficiency for the Swedish fire and res-
cue services using a binary output (Submitted to Journal of Produc-
tivity Analysis)

[11] Sund B, Jaldell H. (2017) Security officers responding to residential 
fire alarms: Modelling the effect on survival and property damages 
(Submitted to European Journal of Operational Research)



BOOK OF ABSTRACTS Nordic Fire & Safety Days

65

Keywords:  Structural fire safety design; Load-bearing 
structures; design fire

INTRODUCTION

A new approach for the analysis of load-bearing structures 
subjected to fire is launched. 

The general goal of structural fire safety design is to protect 
humans and to some extent the building itself. This new 
approach tries to describe this goal as functional objectives 
from a human safety perspective and how to apply these 
objectives in practical design. 

By following the approach, two distinct levels of safety are 
identified, collapse is or is not tolerable. This distinction can 
be observed already as some buildings have very high struc-
tural fire resistance requirements while some buildings have 
no require¬ments for structural stability in case of fire. To 
find out how to classify structural elements, see the flow 
chart of Figure 1 with accompanying calculation methods 
for relevant key decisions.

 

Figure 1 Flow chart for finding the functional objec-
tive for the structural fire safety design.

TOLERABLE COLLAPSE

The concept of tolerable collapse in structural fire safety de-
sign codes are supported by the international comparison 
performed in 2014 [1]. In this study, however, buildings with 
tolerable collapse but with requirements for structural fire 
safety protection were identified, a category of buildings in 
bet¬ween the two previous distinct levels where collapse 
was or was not accepted.

Figure 2 Image of building in Sweden with tolerable 
collapse but with some fire protection requirements.

This category of buildings is understood by comparing the 
fire design time to the survival time. By altering the failure 
criterion from solely focusing on time to structural failure, to 
focus on time to structural failure when human safety is no 
longer an issue, i.e. when survival is impossible.

A fire large enough to inflict harm on structural elements is  
devastating to humans. Thus a compartment filled with hot 
gases constitutes lethal con¬ditions, meaning no humans 
can survive. Then a structural collapse does not present any 
additional risk of harm to humans.

If a structural collapse inflicts danger to humans outside of 
the distance of direct harmful condition, such a collapse 
must be delayed, prevented or limited. Smart structural fire 
safety design can often achieve this delay without the need 
to apply unnecessary and costly fire protection as is often 
needed today due to ineffective regulations.

The work on this design approach is a part of the PhD stud-
ies of Joakim Sandström, funded by SBUF, Sveriges Byggin-
dustriers Utveck¬lings¬¬fond. 
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INTRODUCTION 
A new approach for the analysis of load- bearing 

structures subjected to fire is launched.  

The general purpose goal of structural fire safety design 
is to protect humans and to some extent the building itself. 
This new approach tries to describe thise goal as 
performance requirementsfunctional objectives from a 
human safety perspective and the way ofhow to applying 
these requirements objectives in practical design.  

By following the approach, two two distinct levels of 
safety are identified, collapse is or is not tolerable. This 
distinction can be observed already as some buildings have 
very high structural fire resistance requirements and while 
some buildings have no requirements for structural stability 
in case of fire. To find out how to classify structural 
elements, see the flow chart of Figure 1 with accompanying 
calculation methods for relevant key decisions. 

 

 

 

Figure 1 Flow chart for finding if structural element has tolerable 
or non-tolerable collapsethe functional objective for the structural 

fire safety design. 

TOLERABLE COLLAPSE 
The concept of tolerable collapse in structural fire safety 

design codes are supported by the international comparison 
performed in 2014 [1]. In this study, however, buildings with 
tolerable collapse but with requirements for structural fire 
safety protection were identified, a category of buildings in 
between the two previous distinct levels where collapse was 
or was not accepted. 

 
Figure 2 Image of building in Sweden with tolerable collapse but 

with some fire protection requirements. 

This category of buildings is understood by comparing 
the fire design time to the survival time. By altering the 
failure criterion from solely focusing on time to structural 
failure, to focus on time to structural failure when human 
safety is no longer an issue, i.e. when survival is impossible, 
this category of building can be understood. 

A fire large enough to inflict harm on structural elements 
is also large enough to inflict harm on devastating to 
humans. For a small fire, the harmful distance is smaller than 
for a large fire, and for aThus a compartment filled with hot 

3. R oom size?
Small room is a room where 
critical conditions, without 

exception, occur in the entire 
room at the same time before 

a possible collapse.

No further 
protection

Large room

Small room

4. Primary damage area?
Large primary damage area 
meaning that the damaged 
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5. Is there a risk of 
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fire induced failure?
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natural fire safety concept.
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consequences?

(With no regards to active fire 
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NO
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INTRODUCTION 
A new approach for the analysis of load- bearing 

structures subjected to fire is launched.  

The general purpose goal of structural fire safety design 
is to protect humans and to some extent the building itself. 
This new approach tries to describe thise goal as 
performance requirementsfunctional objectives from a 
human safety perspective and the way ofhow to applying 
these requirements objectives in practical design.  

By following the approach, two two distinct levels of 
safety are identified, collapse is or is not tolerable. This 
distinction can be observed already as some buildings have 
very high structural fire resistance requirements and while 
some buildings have no requirements for structural stability 
in case of fire. To find out how to classify structural 
elements, see the flow chart of Figure 1 with accompanying 
calculation methods for relevant key decisions. 

 

 

 

Figure 1 Flow chart for finding if structural element has tolerable 
or non-tolerable collapsethe functional objective for the structural 

fire safety design. 

TOLERABLE COLLAPSE 
The concept of tolerable collapse in structural fire safety 

design codes are supported by the international comparison 
performed in 2014 [1]. In this study, however, buildings with 
tolerable collapse but with requirements for structural fire 
safety protection were identified, a category of buildings in 
between the two previous distinct levels where collapse was 
or was not accepted. 

 
Figure 2 Image of building in Sweden with tolerable collapse but 

with some fire protection requirements. 

This category of buildings is understood by comparing 
the fire design time to the survival time. By altering the 
failure criterion from solely focusing on time to structural 
failure, to focus on time to structural failure when human 
safety is no longer an issue, i.e. when survival is impossible, 
this category of building can be understood. 

A fire large enough to inflict harm on structural elements 
is also large enough to inflict harm on devastating to 
humans. For a small fire, the harmful distance is smaller than 
for a large fire, and for aThus a compartment filled with hot 

3. R oom size?
Small room is a room where 
critical conditions, without 

exception, occur in the entire 
room at the same time before 

a possible collapse.

No further 
protection

Large room

Small room

4. Primary damage area?
Large primary damage area 
meaning that the damaged 
area is larger than the area 
with fire induced critical 

conditions.

Alter design to 
transform the large 

primary damage area 
to a small primary 

damage area

5. Is there a risk of 
progressive collapse due to 

fire induced failure?

Large primary 
damage area

Alter design to 
prevent fire induced 
progressive collapse

YES

NO

1. Does a collapse effect another 
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the structure present unacceptable 

economic, social or 
environmental consequences?
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fire curve or according to the 
natural fire safety concept.

2. Can people in adjacent fire 
cell be assumed to be unaware 

of, or prevented to evacuate due 
to the fire at the time of collapse 

or does a loss of the structure 
present unacceptable economic, 

social or environmental 
consequences?

(With no regards to active fire 
protection systems)

NO

YES

7. Load bearing structures need to 
support fire separating structures 

and structures needed for 
evacuation of the building.

Design according to the standard 
fire curve or according to the 
natural fire safety concept.
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Post-earthquake fire behavior of steel frames 
Part I: Collapse Mechanism
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This project is part of a cluster thesis aimed to investigate 
the effects of fire consequent to earthquake. This part cov-
ers the collapse mechanism while the second focuses on 
the influence of damaged fire insulation.

Post-earthquake fires represent a serious threat as they 
are known to cause significant losses, adding up to the 
damage provoked by the seismic motion [1][2]. In current 
design codes, the super-imposed effects of fire and earth-
quake are not considered, which is a matter of interest in 
seismic active regions. The fire resistance of the building 
may be reduced by damage to the fire insulation protect-
ing the structural members [3] or permanent deformations 
and residual stresses [4]. Modern seismic design codes pro-
vide structures with a minimum ductility requirement to be 
able to sustain a certain amount of damage, resulting in 
an additional decrease of the resistance due to the ductile 
behavior [2]. 

Steel structures in particular should be given special at-
tention as they are provided with insulating materials in 
most cases, as steel suffers a great reduction of resistance 
at high temperatures. The mechanical properties suffer a 
gradual decay as the temperature rises [5]. Assuring that 
the building does not collapse when exposed to fire is crit-
ical to provide a safe evacuation of the occupants and ac-
cess for the emergency response crew [6].

The main topic of interest in this thesis is investigating the 
collapse mode of steel frames subjected to fire following 
earthquakes. A moment resisting steel frame is designed 
to earthquake according to the Eurocode. Several aspects 
are investigated such as the variation of the building height 
related to the collapse mechanism and the times to failure. 
The interpretation of the collapse mode is one of the main 
challenges in this subject. 

The model validation is done with a case study building 
taken from another research done on this matter by Za-
haria and Pintea [1] which investigated the behavior of 
moment resisting steel frames. They concluded that dam-
aged structures have a reduction in fire resistance which is 
proportional to the damage sustained. Della Corte et al. 

[2] also came to a similar conclusion that the resistance of 
the frames is reduced, but it is rather significant for very 
rare earthquakes.

The structure is modelled in a finite element software as 
a 3-dimensional frame and a FEM analysis is performed 
in three steps. After assessing the gravitational loads, 
the next step is subjecting the loaded structure to seis-
mic action in the form of time history acceleration and a 
non-linear time-history analysis is performed to evaluate 
the damage sustained. The final step consists of evaluating 
the structural response to fire action, using a non-linear 
time history analysis after applying a standard fire curve to 
the structure affected by the horizontal motion.

A better understanding of the phenomenon can be at-
tained by studying the different failure mechanisms which 
may be local or global failure. The final scope is to deter-
mine if a special performance-based design for fire after 
earthquake is deemed necessary for buildings located in 
seismic active areas.
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This project is part of a cluster thesis aimed to investigate

the effects of the fire following the earthquake. This part fo-
cuses on the influence of the damage of the fire insulation 
caused by the earthquake while the other part investigates 
the collapse mechanism.

Earthquakes are the common reason for the damages to the 
buildings in the seismic regions.  However, the records show 
[1][2] that in some cases it is not the earthquake that causes 
the biggest losses (both in terms of human lives and prop-
erties) but the fire that occurs afterward. The post-earth-
quake fire (PEF) is not an unprecedented action. It usually 
starts as a result of the ground vibrations (e.g. the fallen 
heat source or damaged electrical wires) and due to the 
confusion after the earthquake is usually harder to discover.  
However, in current design codes for the structural design 
the post-earthquake fire is not considered. The fire design 
and seismic design are treated as separate design situations 
and in that case the effect of the PEF is not investigated [3]. 

The event of the fire following the earthquake is an event of 
low probability but high consequences. Buildings in seismic 
regions are designed separately to withstand the ground 
motions and to keep the structural integrity during the fire. 
However, the fire that occurs after the earthquake finds the 
building that has different properties than the structure be-
fore the earthquake (e.g. formation of the plastic hinges, 
damage of the active and passive fire protection systems). 
That means the time available for the occupants to evacuate 
from the building may shorten significantly. The uncertain-
ties caused by insufficient consideration of the PEF event 
are also dangerous for the rescue services that enter the 
building which structural behavior is unknown. 

The purpose of the thesis project is to investigate the in-
sulated steel frame subjected to the earthquake followed 
by the fire. The outcome of the project should indicate if it 
is necessary to take into account the post-earthquake fires 
in the codes used for the steel frame design. The project is 
based on the previous thesis results for the unprotected steel 
frame [4]. Steel structures behave in a particular way when 
subjected to high temperature. The mechanical strength of 
the steel decrease rapidly during the fire, because of that 
steel structures are usually protected with fire-proof insu-

lations [5]. However, during the earthquake this protection 
may be damaged which leads to significant decrease of the 
fire resistance. 

The influence of the damaged insulation was not studied 
at the literature, often the structure is assumed to have no 
fire protection from the beginning [1]. However, as men-
tioned before steel structures are usually insulated thus to 
achieve more practical results the model [4] is modified and 
designed to be fire resistant. The model was validated with 
the thermal model performed in FEM software and few sim-
plification were assumed. The temperature in the element 
is assumed to be evenly distributed and the damage of the 
insulation occur in the plastic hinges. Different percentages 
of the insulation loss and its impact on the structure is inves-
tigated as a parametric study. 
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The project Quality scenarios for validation of the four CFD-
codes CFX, FDS, SMAFS and SOFIE was started in 2005 as 
a collaboration between Lund University, Brandskyddslag-
et and SP, Technical Research Institute of Sweden. In 2008 
a report was produced with the same name as the project 
that included eight different experimental scenarios. These 
scenarios were used to evaluate the possibility for using 
the four above-mentioned CFD programs to model the 
spread of combustion gases [1]. 

The present work is based on one of the experimental sce-
narios and the analysis of one of the used programs in an 
up-to-date version [2]. The experimental scenario chosen 
was a retail store in the model size 1:2 with limited ven-
tilation with the aim of creating an under ventilated envi-
ronment. The program used was Fire Dynamics Simulator 
(FDS), version 6.1.2.

The following three sensitivity validations studies were 
conducted to verifying that the simulations were valid:

• Effects of the geometrical simplifications connected to 
the coarsest used grid size

• How the outer boundaries effects flows and tempera-
tures in the vents

• Grid independency

The first sensitivity validation concluded that there was no 
negative outcome, because of the geometrical simplifica-
tions. 

Regarding the analysis of the effects of the outer boundar-
ies, two different sizes of boxes on the opening were used. 
Only minor differences were identified and the larger out-
er boundary, which was 10 times the hydraulic diameter of 
the opening, was determined to be used further on. 

The final sensitivity analysis showed that grid independen-
cy could be achieved for D*/dx between 8 and 16 for the 
parameters of interest in this study. Some differences were 
still found concerning other parameters.

The finer grid D*/dx = 32 could not be evaluated because 
of a too large computational cost. With a conservative ob-
jective, D*/dx = 16 was chosen for further simulations.

Simulations were conducted for two different combustion 
efficiencies due to uncertainty connected to the available 
experimental data. The results were compared to exper-
imental data and the results from simulations previously 
done with FDS version 4.0.7 that were presented in the 
report from Holmstedt et al. [1].

The results showed that lower levels of oxygen connected 
to characteristic under ventilated environments could not 
be found in the simulation. The new simulations showed 
better agreement for temperatures, especially for the up-
per gas layer temperatures over the whole area of the 
room, compared to previous results that overestimated the 
temperatures with up to 25%. 

An overestimation of temperatures for the lower gas lay-
er were found for the new FDS 6 simulations in a similar 
manner as for the previous simulations in FDS 4. This could 
be the result of a too large turbulence mixing in the lower 
area.

Further simulations were carried out using all the differ-
ent sub-grid turbulence models in FDS in order to inves-
tigate the increased mixing in the lower part of the retail 
store. These simulations did not give a clear indication why 
there is an increased mixing in the lower part of the room. 
Therefore, choice of sub-grid model seems to have limited 
effect on the mixing in the lower zone.
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Predicting fire spread and heat release rates is an active re-
search topic in fire model development.  Predictive simu-
lations allow more accurate simulation results in different 
environments, reduce conservatism and help to identify the 
critical elements of the scenario.  Fire spread is a challeng-
ing phenomenon to model as it requires computation both 
in solid and in gas phase, involves chemical reactions, and 
length scales from mm (ignition) up to tens of meters (room 
scale). Fire spread in cables is even more challenging due 
to the complex structure and non-rectangular shape of the 
cables.   Modern cable types also typically include flame-re-
tardants. The composition of these flame-retardants is often 
not known.  
Fire spread in cables is a subject of interest for nuclear in-
dustry. Cables form a significant portion of the fire load in 
the nuclear power plants. In addition, cables are not only 
fire load, but also active part of the critical safety systems 
controlling the safe shutdown of the plant. Therefore, the 
capability of accurately predicting fire spread in the cable 
rooms is be very important. 

In this paper, we describe the state-of-the-art of the cable 
simulations, and identify the challenges. Our approach is 
to use sub-grid-scale particles for modelling the cables for 
more accurate geometry. Improvements to the modelling 
capability of the Fire Dynamics Simulator (FDS) by modifying 
the calculation of the drag coefficient and the heat transfer 
between particles is considered. We present the simulation 
results covering the whole modelling chain; from the small-
scale pyrolysis model up to the large-scale validation simu-
lations.
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Predicting fire spread and heat release rates is an active 
research topic in fire model development.  Predictive 
simulations allow more accurate simulation results in 
different environments, reduce conservatism and help to 
identify the critical elements of the scenario.  Fire spread 
is a challenging phenomenon to model as it requires 
computation both in solid and in gas phase, involves 
chemical reactions, and length scales from mm (ignition) 
up to tens of meters (room scale). Fire spread in cables is 
even more challenging due to the complex structure and 

non-rectangular shape of the cables.   Modern cable 
types also typically include flame-retardants. The 
composition of these flame-retardants is often not 
known.   
 
 Fire spread in cables is a subject of interest for nuclear 
industry. Cables form a significant portion of the fire 
load in the nuclear power plants. In addition, cables are 
not only fire load, but also active part of the critical 
safety systems controlling the safe shutdown of the 
plant. Therefore, the capability of accurately predicting 
fire spread in the cable rooms is be very important.  
 
In this paper, we describe the state-of-the-art of the cable 
simulations, and identify the challenges. Our approach is 
to use sub-grid-scale particles for modelling the cables 
for more accurate geometry. Improvements to the 
modelling capability of the Fire Dynamics Simulator 
(FDS) by modifying the calculation of the drag 
coefficient and the heat transfer between particles is 
considered. We present the simulation results covering 
the whole modelling chain; from the small-scale 
pyrolysis model up to the large-scale validation 
simulations. 
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Modern building fires 

Modern buildings contain more combustible materials than before. Nowadays furniture has foam-filling, 
whereas previously flax fillings or the like were used. Also the many plastic-based products in the form of 
plastic bowls, folders, blinds, cushions, etc. contributes to a more intense fire development today than 50 
years ago. There are other synthetic materials in homes today, for example carpets, laminate sheets and 
these contribute to a larger fire intensity and spread of fire. Last but not least; modern buildings contain 
many more plastic-based building materials. Among other EPS, XPS, PUR, PIR and PF which are used in 
different parts of the building, especially as insulation. Today, it is allowed to use foam insulation as 
exterior façade insulation in several countries, and as inside mounted, up to two floors (in Denmark), when 
the insulation is covered by applicable coverings. The plastic-based materials result in faster and more 
intense fire developments and furthermore, many of the plastic-based materials emit toxic compounds. 
 
In recent years, a number of energy renovation projects of blocks of flats, detached houses and 
townhouses have been taking place.  

This energy renovation can contribute to an increased temperature during a fire, due to their good 
insulating effect. In addition, certain energy-saving windows have more difficulty to rupture during a fire, in 
particular 3-layer panes. This reduces the natural smoke ventilation during a fire that otherwise could 
remove smoke to the benefit of residents as well as firefighters.  

The combination of new plastic-based materials like furniture with foam-fillings, foam insulation etc. and 
the present requirement to high insulated buildings, gives reason to fires developing faster, to higher peak 
values and emit more toxic compounds.  

All of the above results in a need for modern buildings to be studied analytically, in order to achieve as 
good a basis as possible, to design appropriate fire safety. With good knowledge of the facts, we can set up 
more realistic design fires. In addition, an updated knowledge of realistic fire development and intense, can 
be attractive for emergency, preparedness and sizing of firefighting equipment.  

The focus will be on residential fires in the project. The project should elaborate and consider challenges 
with focus on modern building fires development, intensity and toxicity and how this can compromise the 
evacuation conditions. The project will also include mitigation and prevention possibilities. 
 

LSS/ January 2017 
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Steel and concrete car parks may exhibit a high vulnerability to fire, as a consequence of the well-known degradation of the 
mechanical properties at high temperature and the type and amount of combustible materials in the vehicles. The latter aspect in 
particular has been enhanced by a drastic increase of combustible products in new car models.  

On the other hand, according to some guidelines and research studies [1, 2], fire protection of steel elements should not be necessary 
in open car parks, as the fire severity caused by the high combustible content may be mitigated by a short duration and a supposedly 
limited spread of the fire, induced by the high ventilation of the premises. 

The assumption behind this conclusion is that at most 3-4 vehicles would be on fire at the same time. This number comes from the 
result of an old statistical study [3] and, more recently, from a real scale open steel car park carried out in the framework of a 
European research project [4]. However, the outcomes of these tests were later put into question [5] by the occurrence of some real 
fire accidents in open steel car parks, which showed a much faster fire spread and a larger number of vehicles involved than indicated 
in these studies. An example of a major fire spread in an open car park is shown by the fire occurred in October 2002 in an open 
car park near the Schiphol airport, were around 30 cars have been seen on fire at the same time [6]. Another example is the fire in 
the open car park adjacent to the Aquatic Centre of the Sydney Olympic Park, in October 2013, where up to 100 cars were damaged 
by fire and 47 were completely burnt [7]. More recently, in March 2016, some cars were set on fire under an open shelter in Brøndby 
Øster, Denmark [8]: although it is not clear how many cars were initially ignited, a clear fire spread was observed to all the cars 
under the shelter, showing again the potential danger of fire spread in well-ventilated car parks. 

These examples clearly indicate that the assumed fire spread provided by the above-mentioned guidelines and research projects is 
not entirely reliable, as their predictions do match neither with the real-life fires nor with recent theoretical studies. A recent 
numerical study carried out at DTU has shown a strong dependence of the fire spread on the parking distance between cars [9], 
while ongoing studies are considering the effect of hydrogen-fueled vehicles. However, further and more comprehensive research 
is needed, in order to establish a complete and more reliable guideline on fire safety of car parks, which can provide the necessary 
safety level against fire. 

The challenge of such research consists in the strong interaction between different areas of fire safety, which require broad 
competences in various fire-related disciplines: 1. the study of fire ignition and flame propagation along different car materials 
require competences on fire chemistry; 2. the study of the fire propagation requires competences in fire dynamics; 3. the 
investigation of the structural response requires competences in structural design. The last aspect involves competences on different 
material behaviors at high temperatures and, in particular, steel and concrete structures will be considered in this project. In addition 
to theoretical knowledge, experience in carrying on experimental work is needed for extensive testing on single vehicles (different 
types of new cars as well as hydrogen-fueled and electric cars) and for large-scale test of fire spread in the open. Further experience 
is also needed in implementing reliable computational fluid dynamics (CFD) models and Finite Element Models (FEM) for the 
investigation of the fire development and the structural response, respectively. 

Figure 1 shows the organization of the main scientific Work Packages (WPs), which follows the distinction of the different research 
areas above mentioned. In addition to the four scientific WPs in the picture, WP0 will be devoted to the project coordination and 
management, while WP5 will focus on the dissemination of the results. In particular, a report summarizing the results of each WP 
work will be produced by WP1-4. 

The reports will be used in WP5 to develop two design guidelines, one focused on design fires and one focused on structural design. 
The guidelines are expected to provide a simple but reliable methodology for design car parks against fire as well as assessing the 
safety level of existing and new car parks. As such, the guidelines will serve as essential tools for industry and administrations. 

 



 
Figure 1: Organization of the main scientific work packages 

 

REFERENCES 

[1]  ISO/TC92/SC4, "Fire safety engineering - Performance of structures in fire - Part 3: Example of an open car park," International Standard, 2005. 

[2]  B. Zhao and J. Kruppa, "Structural behaviour of an open car park under real fire scenarios," in 2nd international workshop on Structures in Fire (SiF2002), 
2002.  

[3]  D. Joyeux, "Statistiques sur les feux de parking en France (in French)," INC-99/1-DJ/NB , 1999. 

[4]  D. Joyeux, J. Kruppa, L. Cajot, J. Schleich, P. van de Leur and L. Twilt, "Demonstration of real fire tests in car parks and high buildings," European 
Commission, 2002. 

[5]  N. E., C. G., F. A., M. G. and C. E., "Closed car parks and residential buildings - Application of structural fire engineering to open and closed car parks of 
C.A.S.E. project for L’Aquila," COST Action TU0904, 2010. 

[6]  Brandweer Haarlemmermeer, "Onderzoeksrapportage parkeergarage (in Dutch)," 003-CVB-M015/FRJ, 
www.brandweerkennisnet.nl/cms/show/id=536221/contentid=40842 , 2004. 

[7]  TheGuardian.com, "Sydney Olympic Park fire destroys 47 cars, damages 33," Australian Associated Press, October 2013. [Online].  

[8]  M. Due, "19 biler ødelagt efter brand (in Danish)," 27 March 2016. [Online]. Available: http://sn.dk/Vestegnen/19-biler-oedelagt-efter-brand/artikel/562481. 

[9]  T. Marton, A. Dederichs and L. Giuliani, "MODELLING OF FIRE IN AN OPEN CAR PARK," Dubrovnik, Croatia, 2015.  

[10] Newsbreak.dk, "19 biler skadet efter brand i carport," 24 March 2016. [Online]. Available: http://newsbreak.dk/19-biler-skadet-brand-carport/. [Accessed 
November 2016]. 

[11] Y. Tamura, M. Takabayashi and M. Takeuchi, "The spread of fire from adjoining vehicles to a hydrogen fuel cell vehicle," International Journal of Hydrogen 
Energy, vol. 39, no. 11, pp. 6169-6175, 2014.  

 

 





Partners

Organised by 
RISE Research Institutes of Sweden 
2017 | P O Box 857 | SE-501 15 Borås | SWEDEN
E-mail: NFSD@ri.se
http://www.conferencemanager.dk/NFSD2017

w
w

w
.r

es
p

on
st

ry
ck

.s
e

SP Report 2017:39




