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Preface
It is our pleasure to hand over to you this book of abstracts for the Nordic Fire & Safe-
ty Days 2016 organized by SP Technical Research Institute of Sweden in collaboration 
with Aalborg University in Copenhagen and the Technical University of Denmark, Lund 
University, Norwegian University of Science and Technology, University of Stavanger, 
University College Haugesund and Iceland University as well as VTT Technical Research 
Centre of Finland  Ltd and the Danish Institute of Fire and Security Technology. 
 
We are very proud to present the abstracts of 61 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 human behaviour as well as rescue service and 
risk management. This year there is a special focus on tunnel safety and insulations as 
well as dwelling fires.

Anne Dederichs, SP (conference chair)
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UK Requirements for Insulated Facades on 
High Rise Buildings

Keywords:  Insulation, Facades, High Rise Buildings, 
Desk Top Study, BS 8414

Globally there have been a number of fires in multi-storey 
buildings the most recent and spectacular being the fire 
at the 63-storey The Address Downtown Dubai, one of 
the glistening city’s most prominent luxury hotels. Many 
countries have begun to implement controls on this type 
of building where the building system is addressed as a 
whole and not just the individual materials. In general, the 
spectacular fires where flames race up the external sur-
faces of the buildings have been controlled by imposing 
fire requirements on the individual materials themselves 
when tested on the ‘small’ to ‘ intermediate’ scale and 
where material interaction, mounting and fixing issues and 
special arrangements, all of which affect the fire develop-
ment, have not been evaluated.  This situation is changing 
with more and more countries requiring system assess-
ments using test methods such as the LEPIR2 (France), SP 
NT105 (Nordic countries) and NFPA 285 (USA).  

In the United Kingdom, the fire performance of all build-
ings are controlled by our Building Regulations which are 
very simplistic functional requirements but are interpreted 
ie are provided with examples of how to meet those re-
quirements in terms of the contents of our Approved Doc-
uments  - AD B [1] giving prescriptive methods by which 
fire performance can be evaluated.  The National House 
Building Council (NHBC) in the UK sign off on buildings 
prior to habitation and have their own requirements to en-
able them to be satisfied as to the fire safety of the build-
ing they are signing off. 

Multistorey buildings in the UK are being built from the 
ground up (usually based on portal frame constructions) 
but existing buildings are also being renovated to provide 
aesthetically pleasing contractions which are well insulated 
and within which damp and other habitation problems are 
removed.   The requirement in the UK is that in buildings 
taller than 18m, insulation materials in ventilated external 
wall contemporary design guidance of the Building Regu-
lations. The general intent is that as buildings with a storey 
at a height of more than 18m above the external access 
level cannot be easily reached by fire and rescue service 
equipment and personnel, the materials in the build-up 
of external walls in buildings over 18m should be provid-
ed with means of reducing fire spread risk. If the external 
building system is not composed wholly of materials of 

limited combustibility then the materials need to be Class 
0 when tested to BS476 [2] or Class B-s3,d2 to EN 13501-
1 [3] or better and be tested as a whole system to BS 8414 
[4], a 4 storey fire test, where the lower storey consists 
of a combustion chamber generating a fire which may be 
expected to result from flashover in a room venting to the 
outside. 

The NHBC allow two other approaches [5]. These are:
1) Conduct a desk top study or assessment where the  
 results of similar systems which have been tested to  
 BS 8414, are compared to the façade system in  
 question and conclusions drawn as to the likelihood  
 of it passing the BS8414 test
2) Conduct a fire safety engineering assessment where  
 the performance is modeled and the overall fire  
 behavior predicted. This includes allowing trade off  
 for sprinklers in the room reducing fire intensity to the  
 outside and other mitigating factors. 

This paper discusses and provides examples of the ap-
proaches taken in the UK to control the façade systems 
used on high rise building and ensure fire safety and com-
pares this to the approaches of other countries.

REFERENCES
1. The Building Regulations 2010 Approved Document   

B. Fire Safety, HMSO.

2. BS 8414 Fire Performance of External Cladding 
 Systems 2015, BSI, London

3. BS 476 Fire Tests, BSI London

4. EN 13501-1 2007 +A1:2009 Fire Classifciation of   
Construction Products and Building Elements- 
 Classificaiton using test data from Reactio to fire   
tests, CEN

5. BCA Guidance Note 18 Use of Combustible Cladding   

Materials on Residential Building 201 
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Development of Smouldering Combustion in Loose-Fill 
Wood Fibre Building Insulation

Keywords:  smouldering fire, loose-fill wood fibre in-
sulation 

Introduction: Combustible building insulation can con-
tribute to a fire, and may undergo either flaming or smoul-
dering combustion - or both - depending on the material 
itself and the exposure conditions. Smouldering combus-
tion may be initiated at lower temperatures than need-
ed to ignite a flaming fire. Incidents have been reported 
where combustible insulation in combination with inade-
quate separation from electrical appliances and heat-pro-
ducing equipment has led to smouldering combustion 
that in turn has developed into flaming building fires [ , 
, ]. Already in 1956, Palmer showed through experiments 
that the rate of smouldering in cellulosic dusts and fibrous 
materials was dependent upon particle size [ ]. 

Purpose of the study: The purpose of this study was to 
investigate the conditions for initiating a self-sustained 
smouldering combustion in loose-fill wood fibre thermal 
insulation, with emphasis of determining the needed tem-
perature exposure. The work was performed in 2015 as a 
master’s degree project in connection with the ongoing 
research project EMRIS -  Emerging Risks from Smoldering 
Fires, and was carried out in cooperation between SP Fire 
Research, the Norwegian University of Science and Tech-
nology (NTNU) and the Stord/Haugesund University Col-
lege. 

Tested material: Loose-fill insulation is blown through 
hoses into the building structure. The amount of insulation 
used depends on the type of building structure and the 
properties of the insulation product. Four different types of 
loose-fill wood fibre insulation products were tested, and 
the applied density was approximately 34 kg/m3 accord-
ing to the recommendations given by the manufacturer. 
The fibre structure of the tested products varied, as did the 
amounts of fire retardant additives.

Method: A test apparatus developed within the EMRIS 
project was used, and consisted of an insulated steel chim-
ney mounted above a hotplate. 100 grams of the loose-fill 
wood fibre material were filled into the pipe. The sample 
was heated from underneath until a given temperature 
was obtained 2 cm above the heater, after which the ex-
ternal heating was turned off. Temperature development 
and mass loss was registered by thermocouples during the 
test, and were used as indicators of an onset of smoul-

dering, combined with visual observations of the residue 
after test. An iterative process was used to deter-mine the 
temperatures for onset of smouldering, involving 5 to 8 
tests of each product.

Results: The temperatures for onset of a self-sustained 
smouldering combustion in the four test materials were 
deter-mined to be 225 °C, 275 °C, 280 °C and 290 °C.

Discussion and conclusions: The results indicate that the 
onset of a self-sustained smouldering combustion occurs 
at lower temperatures in insulation material with a smaller 
fibre size than in a material with a larger fibre size, when 
the materials have the same level of added fire retardant. 
A higher level of added fire retardant gave surprisingly an 
onset of a smouldering combustion at lower temperatures, 
when the fibre size of the material was the same. Two 
different types of smouldering behaviour were observed. 
The distinction was made based on the registered mass 
losses and maximum temperatures. The highest maximum 
temperatures and mass losses were found to be typical for 
materials undergoing a secondary oxidation of the char. 
The results from this project must be regarded as indic-
ative and future work should include more tests of each 
material, and also testing of other types of combustible 
insulation materials.

REFERENCES
1. Belles DW. Loose-fill cellulose insulation - an aging problem. J Appl 

Fire Sci. 1993 Jan;3(3):295–303.

2. McLees M. ‘Going Green’ May Make You ‘See Red’. Firehouse. 2008 
Jun;46–9.

3. Morelock JC. Overhauling when cellulose insulation is present. Fire 
Eng. 2006 Mar;159(3):175. 

4. Palmer KN. Smouldering combustion in dusts and fibrous materials. 

Combust Flame. 1957 Jun 1;1(2):129–54.

Ulla Eidissen Jensen 
Department of Civil and Transport Engineering 
Norwegian University of Science and Technology
Trondheim, Norway
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Reaction-to-fire performance of porous foam formed 
natural fibre structures 

Keywords:  fire performance, reaction to fire, fire re-
tardant, cellulose, foam forming

Methods to improve the fire performance of non-paper-
like, porous natural fibre structures made by foam forming 
have been studied. Such structures could be used e.g. in 
building products (thermal insulation, acoustics control) as 
well as in fibre reinforcements, prepregs and packaging 
materials.

In foam forming, an aqueous foam with air content of 
5070% is used as fibre transport medium. The fibres are 
kept apart by the air bubbles thus creating a possibility 
to produce porous, insulation type of structures. The fire 
retardant (FR) chemical in comparatively dilute form was 
foamed together with surfactants and fibres, or it was 
added in powder form among the fibre foam.

The work started with foamability pre-studies of fire re-
tardants, followed by efficiency pre-studies to determine 
adequate addition levels of fire retardants. Six commer-
cial water-soluble fire retardants were used in the foaming 
and efficiency pre-tests. The efficiency pre-tests were per-
formed using the single-flame source test EN ISO 11925-
2 [1]. Reference samples of three densities (38, 125 and 
289 kg/m3) without FR were tested. All reference samples 
failed the test, leading to class F. Samples with different 
FR concentrations and treatment details were tested us-
ing flame exposure time of 15 sec and/or 30 sec. The sin-
gle-flame source test was used to check if the addition 
levels were enough to reach class E. The best samples were 
further tested in harsher conditions with the cone calorim-
eter test ISO 5660-1 [2]. 

The main part of the study included the addition of fire re-
tardants during foam forming process, and reaction-to-fire 
testing using the cone calorimeter test at irradiance level 
of 50 kW/m2 to determine the time to ignition (tig) and 
heat release rate per unit area (HRR) of the materials pro-
duced. The specimens tested (thickness (10 ± 1) mm) were 
the following:

Code Description
Ref SW Untreated reference: softwood kraft (SW), 
 40 kg/m3
SW 2% FF Softwood kraft, 46 kg/m3, foam forming  
 done in 2% FireFain XMP solution, 1% 
 cationic starch addition from fibre amount

CTMP 2% FF Chemi-thermomechanical wood pulp  
 (CTMP), 42 kg/m3, foam forming done  
 in 2% FireFain XMP solution, 1% 
 cationic starch addition from fibre   
 amount
SW 5% FF Softwood kraft, 55 kg/m3, foam forming  
 done in 5% FireFain XMP solution
SW Mar Softwood kraft, 44 kg/m3, with 35%  
 filler-like fire retardant Martifin OL-107  
 (Al(OH)3)

The untreated reference exhibited tig of 4 sec and HRRmax 
of 150 kW/m2. Notable increase of tig was observed with 
specimens SW 2% FF and CTMP 2% FF, to 27 and 13 sec 
in average, respectively. However, the results of two repli-
cate tests for CTMP 2% FF showed poor repeatability. The 
average HRRmax values for SW 2% FF, CTMP 2% FF and 
SW Mar were 54, 63 and 82 kW/m2, respectively. SW 5% 
FF exhibited only a minor improvement of HRRmax, 137 
kW/m2 in average.

In general, a non-uniform fire retardant distribution over 
the thickness of the specimens was observed: the top side 
was FR rich, reaching better test results than the FR poor 
wire side.

The main conclusion of the study is that the reaction-to-fire 
performance of porous foam formed natural fibre struc-
tures can be improved during foam forming process by 
addition of water-soluble or filler-like fire retardants. The 
fire retardant additives can increase tig and reduce HRR-
max of the foam formed structures. The results indicate 
some potential for reaching a reaction-to-fire classification 
of class E, or even class D. However, further development 
is needed to produce a practical product which can be in-
troduced into the market.

REFERENCES
[1] EN ISO 11925-2:2010. Reaction to fire tests. Ignitability of products 

subjected to direct impingement of flame. Part 2: Single-flame source 
test (ISO 11925-2:2010). Brussels: European Committee for Standard-
ization, November 2010. 22 p + app. 4 p. 

[2] ISO 5660-2:2002. Reaction to fire tests  Heat release, smoke produc-
tion and mass loss rate  Part 1: Heat release rate (cone calorimeter 
method). Geneva: the International Organization for Standardization, 

2002. 23 p. + app. 16 p.
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Improved fire safety of buses in Europe 

Keywords: Bus Fires, Fire suppression systems, UNECE 
regulation 107

Fires in buses and coaches are very common and buses 
are daily involved in fire incidents. For instance, in the US 
approximately six school bus fires are reported every day 
[1]. In Australia there are about 70 bus fires per year re-
sulting in insurance claims [2] and in Sweden almost 0.76 
percent of all buses in service will suffer from a fire incident 
annually [3]. From time to time bus fires result in numerous 
fatalities. An example is a fire in October 2015 in Puisse-
guin, France, where a bus crashed into a truck, causing 
the burning of two vehicles and the death of 43 people.
[4] However, not all fire incidents lead to fatalities, but the 
property loss and the cost due to rescue operation, traffic 
jam, and clean up can be extensive.

As much as 2/3 of all bus fires start in the engine compart-
ments of the buses [3]. This has naturally made authorities 
to highlight fire risks of the bus engine compartments.  For 
instance, a document addressed to the Working Party on 
General Safety Provisions (GRSG) of the United Nations 
Economic Commission for Europe (UNECE), jointly submit-
ted by France, Germany, Norway and Sweden [5], empha-
sizes that installation of automatic fire suppression systems 
in bus engine compartments should be prioritized. In No-
vember 2015 GRSG decided that automatic fire suppres-
sion systems will be mandatory on all long distance buses 
of class III (buses without space for standing passengers) 
as a part of UNECE Regulation 107 which is compulsory 
within most European countries [6]. As a next step GRSG 
has decided to also include other city- and intercity buses 
with more than 22 passengers in the regulation [7].

As a basis for the approval of fire suppression systems 
in UNECE Regulation 107, GRSG decided to require test 
procedures presented by the Swedish Transport Authority, 
which are based on a test method developed by SP Fire 
Research, also known as SP Method 4912 [8]. The meth-
od assesses the performance of automatic fire suppression 
systems when extinguishing fires in an enclosure that re-
alistically simulates the interior of an engine compartment 
under a wide variety of loads, running conditions and fire 
sources. The performance of a fire suppression system is 
assessed based on its capacity to extinguish a series of pre-
determined fires in full scale testing. 

Various types of suppression agents are used in automat-
ic fire suppression systems for buses and coaches. Those 
includes different sorts of dry chemical, water mist, foam, 
aerosol, gaseous agents or sometimes combinations of 
those. In SP Method 4912 all systems are tested against 
the same well-defined and repeatable fire scenarios which 
facilitate comparison of the performance of different 
agents and suppression system configurations [9].

Besides mandating the installation and testing of automat-
ic fire suppression systems, the UNECE regulation also re-
quires a fire hazard analysis to be conducted on every new 
bus type. The aim of the analysis is to identify potential fire 
risks within the engine compartment where the suppres-
sion system are to be installed in order to ensure that the 
suppression agent will be distributed to fully cover the fire 
hazards. [10]

REFERENCES
[1] Ahrens, M. “Vehicle Fires Involving Buses and School Buses” 

National Fire Protection Association (NFPA), 2006

[2] The Office of Transport Safety Investigations (OTSI), “Bus Safety In-
vestigation Report - An Investigation into Bus Fires in NSW 2005-
2012,” 2013.

[3] Rakovic, .A, Försth, M., Brandt, J., “Bus Fires in Sweden,” SP Technical 
Research Institute of Sweden, SP Report 2015:43, 2015.

[4] [Online]. Available: http://www.bbc.com/news/world-eu-
rope-34613637. [Accessed 19 February 2016].

[5] Informal document No. GRSG-98-08: “Fire Safety: Priorities of the 
joint action of France, Germany, Norway and Sweden, to amend 
Regulation No. 107 and Regulation No. 118 to enhance fire safety 
in vehicles of categories M2 and M3”, Working Party on General 
Safety Provisions (GRSG), UNECE, 2010.

[6] “1958 AGREEMENT – ADOPTED PROPOSALS & SITUATION OF THEIR 
ENTRY INTO FORCE, 167th SESSION – November 2015”, UNECE, 
2016.

[7] “ECE/TRANS/WP.29/GRSG/88 - Report of the Working Party on Gen-
eral Safety Provisions on its 109th session (29 September–2 October 
2015)”, UNECE, 2015.

[8] “Method for testing the suppression performance of fire 
suppression systems installed in engine compartments of 
buses and coaches SP Method 4912”, SP Technical Research 
Institute of Sweden, 2012.

[9] Brandt, J., et al, “Test Method for Fire Suppression Systems in Bus 
and Coach Engine Compartments”, SAE-paper 2013-01-0208, SAE 
International, 2013.

[10] “ECE/TRANS/WP.29/2015/88 - (GRSG) Proposal for Supplement 4 to 
the 06 series of amendments to Regulation No. 107 (M2 and M3 
vehicles)”, WP.29 Working Documents – 2015, UNECE, 2015.

J. Brandt, M. Försth, O. Willstrand, A. Rakovic Fire Research
SP Technical Research Institute of Sweden
Borås, Sweden
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Fire safety in wind turbines

Keywords:  wind turbine, risk, offshore, active fire 
protection, passive fire protection
Wind power is an important and growing source of re-
newable energy in Europe. Due to the wind conditions, 
offshore wind power is a promising option. Hence, optimi-
zation and reducing disruption to production of any kind 
is of interest. This study addresses one cause of genera-
tion interruption for wind power stations: the occurrence 
of fire within the wind turbine. The present investigation 
deals with fire safety aspects of the general design of wind 
turbines. Furthermore, fire causes based on available data, 
as well as information about the presence of combustible 
material in wind turbines are evaluated. The primary objec-
tive of such fire protection measures is life safety but also 
asset protection and business continuity. Hence, fire can 
be a serious threat to the operation of an offshore power 
station. Available data show that fires do occur in offshore 
wind power stations but the frequency of such events is 
uncertain. For offshore turbines the situation is further 
complicated by the limited number of turbine years. The 
statistics that were identified during this research indicate 
a range of between 0.05 and 0.5 fires per 1000 turbines 
per year.

In spite of the restrictions caused by limited data, the cur-
rent study has the following findings: Combustible mate-
rials as well as ignition mechanisms have been identified 
through statistical and material analysis. Although the 
blades are constructed from combustible materials, poten-
tial ignition sources are mainly inside the nacelle, where 
there are hot surfaces are in the gearbox, generator, brake 
system, pumps and transformer [1]. In combination with 
the possible presence of combustible hydraulic and lubri-
cant oil and solid combustible material in the nacelle, a fire 
can ignite and develop, leading to the possible complete 
destruction of the power station. 

Appropriate fire safety engineering is important. The im-
pact of fires in offshore wind turbines can be mitigated 
by using active and passive fire protection measures. The 
active fire protection measures can consist of multi detec-
tion systems that react to smoke, heat and flames, togeth-
er with sprinkler and water mist systems [2]. The passive 
fire protection measures can consist of the utilization of 
low flammability and non-absorbent materials, as well as 
cabling that meets certain reaction-to-fire requirements 
[3]. Potential ignition sources should be avoided by appro-

priate design, compliance with earthing rules and regu-
lations, and the use of brake disc covers to prevent any 
sparks igniting combustible materials. Fire compartmen-
tation could also mitigate some possible problems, espe-
cially since modern, large-scale wind power stations have 
multi-storey nacelles. The application of active fire protec-
tion systems, such as multi detectors and extinguishing 
measures, are effective but possibly expensive options.

National regulations specifically for offshore wind power 
stations do not exist in the Nordic region. However, a set 
of other regulations such as H&S requirements apply [4]. 
There are also a series of international guidelines and stan-
dards providing guidance on the construction of the sta-
tion. There are specific requirements for the existence and 
the content of a Fire Safety Plan, Emergency Response Plan 
and Emergency Evacuation Plan [5]. Different means of 
egress in the event of fire are to be considered in emergen-
cy plans relating to technical installations used for access 
and fast egress in order to avoid exposure to the effects 
of fire. Technical standards for a number of features of 
offshore wind turbines, such as escape routes and safety 
systems could be useful. In order to conduct a credible risk 
assessment exercise, comprehensive data on the number 
of fires in the nacelle/turbine, tower, transformer units and 
control rooms, as well as the material used in the partic-
ular designs, would be essential. However, decisions on 
investment in such measures would require a cost-benefit 
analysis so as to compare any financial impact with the 
cost of implementation.

 REFERENCES
[1] Räddningsinsatser m.m. vid vindkraftverk på land och till havs, MSB, 

Stockholm, 2010. 

[2] International Association of Engineering Insurers, New Challenges for 
Wind Energy, Working Group Paper WGP 62 (09), IMIA Conference 
2009, Istanbul, Turkey, 2009.

[3] CFPA-E. (2010) Wind Turbines Fire Protection Guideline, CFPA-E No 
22:2010 F, Confederation of Fire Protection Associations in Europe, 
2010.

[4] Lag (2003:778) om skydd mot , Severiges Riksdag, 2003

[5] Project Procedure, Emergency Evacuation Plan V90, VESTAS, 2015.
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Properties of deluge spray  

Keywords:  Deluge, Suppresion, Image Processing, 
High-speed, Laser.

The Norwegian petroleum industry has developed a stan-
dard for the technical safety of offshore installations (NOR-
SOK S-001) [1]. When dimensioning accidental load with 
this standard, the deluge or fire water spray may be con-
sidered, if effect and regularity is documented, for equip-
ment and pipes, but not for the structural elements or fire 
partition. The properties of the flow from deluge nozzles, 
like droplet size and velocity distribution within the spray, 
are known to influence the fire suppression and the explo-
sion mitigation efficiency of the deluge nozzle. The stan-
dard states that the deluge system shall be automatically 
activated upon confirmed gas detection in areas where 
effective for explosion mitigation. In explosion mitigation, 
the sizes of the droplets are important where small drop-
lets can contribute to extinction and the large droplets 
have a high inertia and can reduce the local gas velocities. 

To describe the behavior of the deluge it is important to 
know the properties of the spray. In a risk assessment, of-
ten performed for offshore installations, the input data is 
crucial to the output. One of the inputs are the behavior of 
the deluge spray. This work present an image-based meth-
od for characterizing the flow properties of the spray from 
a medium velocity nozzle. 

 

Figure 1: The experimental deluge spray rig:  1) traverse 
with nozzle mounting, 2) deluge nozzle, 3) high-speed 
camera with a high magnification lens, 4) deluge spray, 5) 
laser transmitting optics.

The experimental setup (Figure 1) is located inside a con-
tainer and consists of the following equipment: a laser 
with transmitting optics, a deluge nozzle, a high-speed 
camera, a long-distance microscope lens, a traverse with 
nozzle mounting and auxiliary equipment. According to 
the producer, the nozzle produces a cone-shaped spray 
that is uniformly filled with medium velocity droplets. The 
sub image in Figure 1 shows a picture of the nozzle.

The images from the high-speed camera is image pro-
cessed to get the properties of the spray. Figure 2 is an 
image from a deluge spray where the red contours indi-
cate the droplets used to find the properties of the spray. 
The red vectors indicate the movement of the droplets. By 
analyzing movies from several locations in the spray, the 
properties of the deluge spray like droplet size- and veloc-
ity distribution and mass flux of droplets is found. This can 
be used for inputs to describe the deluge spray properties 
in computational fluid dynamics (CFD) codes.

A high-speed camera is used to capture images of the 
spray back illuminated with a copper vapor laser. The cam-
era and laser are synchronized to capture images at 12,500 
frames per second. A high magnification microscope lens-
es were used with a narrow focus depth to produce sharp 
images of droplets in the focus plane, and limited visibility 
of the droplets in front of or behind the plane.

 

Figure 2: Example of image processing of a high-speed 
droplet movie.
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Incident evolution framework for crisis situations 
Methodologies for the operation time model

Keywords:  operation time model, response, crisis sit-
uation, domino effect, cascading effect
In the PREDICT project [1], financed by the European 
Union, we are developing methodologies, models and 
software tools to forecast and mitigate cascading effects 
in multi-sectorial crisis situations. The “Incident Evolution 
Framework” work package aims at developing a gener-
ic methodology for understanding the incident evolution 
and the response operations that are needed to prevent 
potential cascading failures. The incident, in this context, 
covers temporal, spatial and organizational aspects of the 
crisis. 

The optimal use of available resources for the prevention 
and mitigation actions requires that the decision makers 
can estimate the probability of successful outcome from 
the proposed responses. A successful outcome depends 
on the performance of the organization consisting of hu-
mans, who in crisis situations often work in an uncertain 
and unfamiliar environment. There are other risks to be 
considered as well like hardware accessibility, usability and 
functionality, as well as other potential obstacles to suc-
cessful operation. Using the methodology called “Stochas-
tic Operation Time Modelling” [2, 3] the construction of 
the human organization and the communication network 
in a crisis situation can be identified and the variability re-
lated to human and environmental factors can be recog-
nized and quantified. 

Stochastic Operation Time Modelling (SOTM) was recently 
developed in the Finnish national research program for nu-
clear power plant safety to estimate human factors in fire 
situations. By now the method has been applied to 1) a 
cable room fire in a nuclear power plant, 2) a tank wagon 
fire at a railway station in a city center and 3) for the eval-
uation of the effectiveness of the preparedness of regional 
rescue services in Finland [3]. Although the method has 
earlier been used only in the context of fire situations it is 
applicable in any other crisis situation as well. 

The method is used in the PREDICT project to take into 
account the time delays of the response operations, which 
are typically running against the clock; time is a critical fac-
tor when trying to catch the advance of the cascading ef-
fects. The method includes tools for identifying the critical 
steps and the resources needed to complete the mission 
as well as the variability and uncertainties due to human 
factors and complicated interdependencies between vari-
ous actors. 

The novelty of the method is related to the combination 
of temporal and reliability aspects: Failures in human op-
erations or other deviations from the optimal procedure 
are not considered as final stages but rather as additional 
time delays. For the mitigation of the cascading effects in 
a multi-agency situation, the method has several benefits:

• It provides a quantitative method to take into account 
the human factors and their influence on the ability of 
rescue operations to get the situation under control

• It is applicable to different crisis situations
• It can provide a comprehensive model for interdepen-

dencies of various phenomena and activities of different 
actors in crisis situations

• It can reveal bottlenecks and contradictions in process-
es and organizations, thus eliminating confusion that is 
often related to complex situations

• It enables time-dependent simulation of complex pro-
cesses including deviant behaviors

Technically, the model is a flow chart-based Monte Carlo 
model describing human actions. Different implementa-
tion options are being investigated for fast model layout 
during the incident response. A set of methodologies for 
the specification of model parameters will be developed 
and the approach will be tested in three case studies at the 
end of the project.
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The principle of cooperation in emergency management – 
concrete activities to achieve common goals

Keywords:  Coordination, cooperation, exercises, 
learning, emergency response systems

A strategy for cooperation in emergency management has 
been developed and politically agreed upon in Rogaland 
County Council.  This region consists of many different 
actors within societal safety and emergency management. 
The strategy aims at strengthening the existing coopera-
tion, establishing professional centres and further devel-
opment of competencies in their emergency response ef-
forts within the region. The goal is to become a national 
centre of expertise. In addition, the emergency services 
have established a new organisation of their cooperation 
to ensure coordination, learning and supervision in exer-
cises and from real event operations. An important tool 

in this respect is a recently developed handbook for coop-
erative exercises. This book is used in planning, execution 
and follow-up of all cooperation exercises. In this paper 
we explore the achievements in this cooperation strategy 
work and present our evaluation model for following up 
the exercise handbook. We employ a learning model that 
extends the notion of learning from observed changes to 
also include confirmation and comprehension of coopera-
tion activities. We challenge and activate the cooperation 
principle as a concept for designing emergency response 
systems.
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Calculation round robin on the response of an unprotected 
steel beam when exposed to fire

Keywords:  round robin, calculation, steel beam, fire
Evaluation of the fire resistance of many different types 
of building elements can be done either experimentally or 
theoretically. These evaluations can then be used for cer-
tification, i.e. CE-marking. Experimental evaluation is gen-
erally based on different test standards, and a theoretical 
evaluation is mainly based on calculations in accordance 
with Eurocodes. In a perfect world both methods would 
lead to the same result, but this is of course not the case. 
One fundamental difference when comparing testing and 
calculations to be used for certification is that tests must 
be done by accredited laboratories under a strict control, 
while there are no requirements at all when it comes to 
calculations. Therefore the present study was launched, in 
order to see how well our community performs fire resis-
tance calculations.

An experimental round robin was performed [1], under 
supervision and control by EGOLF, European Group of Or-
ganizations for Fire Testing, Inspection and Certification, 
on a standardized fire resistance test of a loaded uninsu-
lated steel beam in accordance with EN 1365-3 [2]. Exactly 
the same set-up was used for the theoretical round robin, 
where the participants should calculate the fire resistance 
for the same beam. The calculations were made in two 
steps. In the first step the participants only had information 
on the geometry, steel quality and it should be exposed to 
the standard time-temperature curve in accordance with 
EN 1363-1 [3]. In the second step the participants also got 
information on the actual yield strength of the steel, and 
the measured temperatures in the steel beam during the 
experiment.

The participants used different numerical codes, and some 
participants provided more than one submission. A total of 
16 submissions were made from different organizations in 
Europe.  The methods used varied from simple hand calcu-
lations to advanced finite element models. In figure 1 are 
the results from the first step in the round robin presented, 
i.e. with the normally available information on materials 
and fire temperatures when performing calculations.

The main findings from the study were related to the 
spread in the calculated deflection histories and times to 
failure, and the failure criteria used by the participants 
[4]. Regarding the spread in the calculations, it was great-
er than the spreads obtained in the experimental round 
robin. Although, the calculated times to failure were in 

most cases conservative. Some of the conservativeness can 
be explained by the safety factor in the material properties, 
but not all. The source of the remaining conservativeness 
inherent in the calculation methods is unclear. It may be 
due to the user, the method used or a combination of 
both.
 

Figure 1. Calculated midspan deflection histories.

The second finding is related to the failure criteria used by 
the participants. They lacked consistency which highlights 
a potential issue when calculations are used for certifica-
tion or design purpose. In testing all laboratories use the 
same failure criteria, but this is not the case when it comes 
to calculations. There is today no common consensus or 
approach to determine the point of or time to failure in 
equivalent calculations.
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Scalability in fire resistance testing 
Consequence of down sizing test specimen and furnace

Keywords: Resistance to fire, Temperature, Furnace 
exposure, ISO 834, Size of test specimen, Material be-
haviour, Scaling, Exposure conditions)

Full scale fire resistance tests are time consuming and ex-
pensive. Therefore the number of economical feasible full 
scale tests is limited, especially for small and medium sized 
enterprises. Small scale tests are much less resource-de-
manding, but fire resistance results are generally size-de-
pendent and the correlation between different furnace 
sizes and materials are not well understood. Test results 
in small scale are therefore often considered of less value.

Finding a reliable connection between results obtained by 
fire resistance testing in different scales has great poten-
tial. Small scale testing could be used by manufacturers 
as an important tool in product development and optimi-
zation. The field of application of obtained full scale test 
results could be extended by support of small scale tests, 
and small scale tests can provide valuable data for research 
projects. Small scale testing can support the development 
of computer modelling, e.g. by providing in-data and 
model validation.

But fire resistance tests are influenced by many different 
phenomena, many of which are very size-dependent. Fire 
resistance tests are generally not easy to scale. In 2015, DBI 
initiated a project on this subject; with the purpose of ob-
taining both qualitative and quantitative experience about 
the correlation between results in different scales; and the 
work is still on-going. The study at DBI has revealed many 
challenges: temperature distribution and measurements, 
how parameters like fixation and support influence both 
the mechanical degradation of materials and the deflec-
tion caused by shrinking/expansion of materials etc. 

Nevertheless the work performed has given insight into 
the phenomena involved. An insight that could be of in-
terest to people that does not perform fire resistance tests 
as part of their daily work. In this presentation DBI will 
exemplify the issues and the phenomena related to the 
problem at hand; and explain their significance for perfor-
mance in full scale fire resistance tests. Challenges related 
to furnace conditions, surface temperature measurements 
on various materials, time to collapse of specimens etc. 
will be presented. 
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Stress Fields in a Compartment Wall in Free Bowing Mode 
under Standard Fire Exposure 
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The function of a compartment wall is defined by its per-
formance when subjected to fire exposure from one side 
only. This paper addresses thermo-structural deforma-
tion but also highlights fracture that could define integ-
rity failure of the panel and consequent thermo-structur-
al deformation. The effect of both transient heating and 
temperature dependent properties are discussed in their 
contribution to formation of a curvilinear temperature pro-
file (sag catenary) across the thickness of the wall subject 
to a heating curve exposure from one side. This is further 
developed by examining how end conditions affect the 
deformed profile taken by the panel. Related work is re-
viewed to examine which criteria are considered in testing/
certification standards. Other source articles are examined 
to compare experimental evidence of importance of end 
support conditions, axial loading, presence of moisture 
and variable material properties.

The equation for free bowing deflection under linear tem-
perature difference across thickness is used as a starting 
point and considered in terms of accommodation of a 
curvilinear temperature distribution to obtain qualitative 
understanding of stress development. This is, in turn, 
linked to experimental observation and evidence of failure. 
Lenczner’s [1] analysis of movement induced in structures 
by solar radiation is adapted for use in a fire-exposed panel. 
A masonry panel was tested against a standard fire curve 
and instrumented to measure temperature and deflection 
over 4 hours exposure. Reference constant material proper-
ties are used in the first analysis to develop the stress fields 
at time intervals and these follow a commonly accepted 
pattern. Thereafter, reference temperature dependent ma-
terial properties are used leading to more significant and 
less predictable variations in stress pattern. The principal 
conclusion here concerns the magnitude of tensile stress-
es and likelihood that they induce failure both within the 
bricks and at the brick/mortar interface. Allowing for such 
failure, an alternative and more simplistic means of analy-
sis is then developed based on circular geometry and driv-
en by the difference in linear strain between the extreme 
inner and outer faces of the panel. Trend in behavior over 
time including deflection reversal model reasonably but 
magnitude is significantly understated. The same model 
was then applied to historical information from a third 

party test [2] in a different furnace some years previously 
applying to a wall of different thickness, height and width. 
Again deflection is underestimated but behavioural trends 
are well captured. Finally, the model is applied to a second 
set of fully independent compartment wall fire test results 
[3] although these were on an axially loaded wall. Once 
more magnitude is underestimated but trending similar-
ity is apparent. The main area of doubt is established to 
be lack of certainty on temperature dependent material 
property variation and on the interaction between brick 
and mortar units in both the vertical and horizontal plane. 
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Hot gas layer temperatures in fires in large enclosures

Keywords: Fire dynamics, multi-zone, large enclosures

The hot gas layer temperature will determine the impact 
of a room fire on the enclosure [1] and the temperature 
is therefore a one of the most important factors to deter-
mine in fire safety analysis of buildings. However, fires in 
buildings can start and develop in different ways, and the 
size of the fire and the characteristics of the enclosure will 
influence the hazardous conditions created by the fire. The 
so-called compartment fire model can be used to approx-
imate the fire conditions in enclosures where the hot-gas 
layer can be assumed to have a homogenous temperature. 
The compartment fire model is also referred to as the two-
zone model for the pre-flashover case and as the one-zone 
model for the post-flashover case. The compartment fire is 
rather well described in several publications and textbooks 
on fire dynamics [2–4], and there are several methods that 
can be used to calculate temperatures in pre-flashover 
[5,6] and post-flashover [7] compartment fires. 

It has however been pointed out in several previous pub-
lications [8–10] that there are limitations of the compart-
ment fire concept and that it cannot be applied for large 
enclosures. Torero et al [10] revisited the compartment fire 
and concluded that most of the data that validates the 
compartment fire model is based on tests in small enclo-
sures (< 150 m3). For larger enclosures there are a lack of 
applicable studies and engineering methods. This is prob-
lematic in fire safety engineering where analyses are pre-
dominantly done in large open spaces.

OBJECTIVE
The objective of the intended presentation at the Nordic 
Fire & Safety Days (NFSD) is to perform a parametrical 
study of the horizontal gas layer temperature distribution 
in fires in large enclosures. The fire size, room size and ma-
terial properties influence on the temperature distribution 
in an enclosure will be studied. 

METHOD
Traditional experiments are not considered feasible be-
cause a large amount of experimental large-scale tests are 
needed in order to do the intended parametrical study. 
Therefore, a so-called numerical experiment [11] will be 
used in this study. However, fire modelling of large enclo-
sure is problematic because it would demand a lot of com-
puter power to do a thoroughly parametrical study with 
e.g. a CFD model.

A simplified multi-zone model, that provides information 
on an approximate time-dependent temperature distribu-
tion in large enclosures in just a few seconds (see Figure 
1), has therefore been developed. The model is based on 
fundamental equations for fire zone models [12] that are 
based on the conservation of mass and energy. The enclo-
sure volume is divided into a number of smaller volumes in 
the multi-zone model. 

RESULTS
A parametrical study including a detailed analysis of the 
data will be presented at NFSD.
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Available Safe Egress Time As a Function of 
Smoke Layer Height 
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From previous work it is in general known that the smoke 
lay-er height is the least sensitive acceptance criteria when 
it comes to determining available safe egress time (ASET) 
(Tosolini, Grimaz, Cinzia Pecile, & Salzano, 2012) (Hoels-
brekken, 2004). Conditions like temperature, toxicity, ra-
diation and visibility are all known to depend in different 
degrees to the smoke layer.

The purpose of this bachelor study was to estimate avail-
able safe egress time in different size assembly rooms as a 
function of the smoke layer height. The two-zone model 
Argos was chosen for the estimation of ASET based on 
acknowledged acceptance criteria for smoke layer height. 
The variables al-ternated was floor area, room height, 
openings heat release rate and growth rate of the fire.

Overall, 225 simulations were performed in Argos repre-
senting different size assembly rooms and fires. The for-
mation and production of the smoke layer was found to 
depend on the ra-tio between heat release rate and room 
size as well as energy release per unit area. Further, it was 
found that time until criti-cal layer height (acceptance cri-
teria) increases rather linearly with floor area, given a con-
stant heat release rate. This was not the case during the 
times in which the fire was growing.

The data from the Argos simulations were reproduced 
through 60 equations. These equations made it possible to 
retrieve the available safe egress time for assembly rooms 
of floor areas between 100 m² and 750 m² given that the 
user used the cor-rect equations with regards to heat re-
lease rate, room height and growth rate of the fire. 

The equations became the basis for an android applica-
tion, named “ASET ESTIMATOR” now available on google 
play. This android ASET calculator was made as an easy 
available tool for making fast estimates on available safe 
egress time for assembly rooms. The result from the “ASET 
ESTIMATOR” should be close to identical to any calcula-
tion in Argos that matches the room described in the ASET 
appli-cation.
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Residential fires 
A research initiative in support of Vision Zero 
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vention, multi-disciplinary research, 

An overwhelming part of fire fatalities in western countries 
occur in residential dwellings; in block of flats or detached 
houses.  In the Nordic countries, residential fires accounts 
for 80% or more of the death toll due to fires, and in the 
United States this proportion is even higher [1],[2],[3].

Whilst the long-term trend of fire fatalities is declining, in 
absolute numbers and even more so if account is taken to 
population growth, the rate of decrease is considered too 
slow [4]. Fire fatalities in the Nordic Countries per million 
population are considerably lower than in e.g. the Baltic 
Countries, but still twice as high as in other European Coun-
tries such as Austria, Switzerland and the Netherlands [4], 
[5]. The decrease over time is also much lower than in a 
number of other comparable countries, e.g. UK, Canada, 
New Zeeland and the U.S. [7].

The problem area, considering its magnitude in terms of hu-
man suffering and economic losses, has received surprising-
ly little attention from the fire research community.

 The lack of multi-disciplinary research addressing the prob-
lem from a systemic perspective, encompassing not only 
technical but also human and social factors, is quite evident 
[1], [2]. Also, dubious data quality and differing inclusion 
criteria in different data sources make trending comparisons 
unreliable and hamper proper epidemiological studies.

In Sweden, as part of the national strategy connected to the 
Vision Zero for fire casualties - “No-one should die or be se-
riously injured due to fire” – established in 2010 [4], a major 
multi-disciplinary research effort on the topic of residential 
fires has been launched. 

The endeavor, running from 2014-2018, and amounting to 
23 MSEK, is financed by the Swedish Civil Contingencies 
Agency (MSB) and coordinated by Brandforsk.

Under a common umbrella, three different projects are cov-
ering the research area from the perspectives of Human 
Geography (Malmö University), Public Health (Karlstad Uni-
versity) and Fire Engineering (SP Technical Research Institute 
and Lund University):

• Residential fires in urban areas – spatial variations and fire 
prevention activities in the socially fragmented city.

• Towards an evidence-based Vision Zero for residential 
fires.

• Residential fire safety - analysis of physical determinants 
and technical measures in support of the Vision Zero.

The projects are well under way, and have already produced 
useful knowledge. In-depth presentations of results will be 
given at the conference by researchers from the three proj-
ect teams.
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Some characteristics of residential fires in 
Sweden causing fatalities 

Keywords:  Residential fires, fire fatalities, fire statis-
tics (5 key words)

About 90 persons die every year in Sweden as a result of a 
residential fire. The decrease has been limited over the last 
decades despite safety measures such as smoke detectors 
and the recent regulations on self-extinguishing cigarettes 
[1]. In recognition of this the Swedish Civil Contingency 
Agency (MSB) initiated a research effort in 2014 in order 
to investigate why the numbers are not decreasing more 
and what could be done to decrease the numbers. Three 
projects were funded in this effort. One of them was 
“Analys av brandsäkerhetens fysiska bestämningsfaktorer 
och tekniska åtgärder som stöd till nollvisionen”, a proj-
ect which will identify technical parameters which have 
an impact on the number of fatal residential fires and find 
means to decrease the number of fatalities and injuries in 
residential fires. 

This work is a first step in that project. In this study tech-
nical parameters that have an impact on the number of 
fatal residential fires are identified. The work is based on 
the statistics concerning residential fires in general and fa-
tal residential fires in particular that MSB has been made 
available since 1998 [2]. Both publicly available statistics 
from MSB and data specially provided to this project is 
used together with general statistics on Sweden as pub-
lished by Statistics Sweden (SCB).

The statistics is used to find characteristics of fatal resi-
dential fires in Sweden. The data shows that fatal fires are 
in general large when the rescue service arrives, involving 
several rooms. There is usually only one person in the fire 
compartment when the rescue service arrives. Fatal fire 
occurs in the night/early morning in contrast to residen-
tial fires in general that are more common around dinner 
cooking time at 18.00. A fire starting in a sofa or bed is 
more prone to cause a fatality than other start objects and 
smoking is a common cause for fatal residential fires. Spe-
cial attention is also paid in the work to the large amount 
of unknowns, especially for the cause of the fire, in the 
statistics.
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The relation between residential fires and socio- economic 
factors in major urban areas in Sweden

Keywords:  Residential fires, socio-economic factors, 
geostatistical analyses, categories, multiple regression

In Sweden, residential fires are unevenly distributed in met-
ropolitan areas, even if population density is considered. By 
applying geostatistical methods such as multiple regressions, 
this paper examines the effect different socio-economic fac-
tors such as unemployment, education and income may 
have on the frequency on residential fires in the urban areas 
of Stockholm, Gothenburg and Malmo. By studying differ-
ent categories of residential fires the aim is to deepen the 
understanding of factors behind the fires and how they 
may be prevented. In addition, the influence of scale and 
boundaries are examined by comparing the results based 
on different census areas. The results of the analysis indicate 
differences as well as similarities between the urban areas 
when it comes to the relationship between residential fires 
and socio-economic factors.  
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 Post-Earthquake Fire Resistance of Steel Building

Keywords:  fire following earthquake, multiple haz-
ard, accidental actions, steel moment resisting frame, 
collapse mechanism

Fires following earthquakes may cause serious damages 
to relatively large areas subjected to seismic activity. Build-
ings in these areas experiencing damages due to seismic 
motions are then more vulnerable to consequent fire [1]. 
This phenomenon occurs in seismically active regions such 
as the United States, Japan, Italy and Greece. Several di-
sastrous events are known (e.g. 1994 Northridge or 1995 
Kobe earthquakes) when many conflagrations were regis-
tered in buildings just after the earthquake [2]. 

In spite of the fact that earthquake and fire are not statis-
tically independent events, post-earthquake fires have not 
been considered in design standards yet [3]. Beside afore-
mentioned detrimental impact of the post-earthquake 
fire, there are many other factors influencing its probabil-
ity of occurrence, such as duration of earthquake, com-
bustibility of materials used in buildings etc. Therefore, a 
hazard analysis need to be performed and the danger of 
post-earthquake fire assessed individually for each investi-
gated case [4]. However this approach is typical for perfor-
mance-based design and there is need to develop appro-
priate guidelines that would be implemented in standards. 
Hence the call for further investigation of post-earthquake 
fires [3, 4].

The aim of this study is to investigate the consequence 
of occurrence of post-earthquake fires in buildings and 
contribute to the ongoing research on the topic. The in-
vestigation is based on a case study of a steel building sub-
jected to a seismic motion and a following fire. The case-
study building is a 5-storey steel moment resisting frame 
designed according to current standards on earthquake 
resistance and structural fire design [5, 6]. 

The structural analysis is performed with commercial finite 
element modelling software ABAQUS [7]. First of all, the 
modeling methodology is tested on simpler models repre-
senting main aspects of the investigation, such as dynamic 
response, geometric nonlinearities, plastic behaviour, ther-
mal response, etc., which are validated analytically and 
against literature reference.

Subsequently, the seismic response of the building is de-
termined by using sufficient number of earthquake time 
histories. The non-linear time history analysis is used in 

order to determine and assess plastic deformations and 
inter-storey drifts of the frame which are essential for 
investigation of the post-earthquake fire. Then few crit-
ical fire scenarios are identified and described by means 
of standard exposure [8] or parametric fire curves. The 
thermal map of the building is then assessed by using the 
simplified formula for the steel heating provided by the 
Eurocode [6] for the elements directly heated by the fire. 
Consequently, the effect of the heating on the damaged 
building is investigated in ABAQUS. Special attention is 
paid to the collapse mechanisms caused by different fire 
scenarios (standard or parametric fires) and the effect of 
steel fire insulation.

Results of investigation confirm importance of consider-
ation of the fire following earthquake in design process. 
Hence a possible methodology for the post-earthquake 
fire design is outlined in this study. Moreover, some in-
teresting outcomes are emphasized and these should be 
taken into account in future elimination of shortcomings 
of current design approaches.
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Temperature calculation of a composite element 
Comparison of measured and calculated temperatures

Keywords: Adiabatic surface temperature, tempera-
ture calcualtion, finite element 

ABSTRACT
A laboratory work and a temperature analysis done in the 
finite element temperature calculation program TASEF is 
presented. Measured steel temperatures of a hollow steel 
beam from the laboratory work were compared with calcu-
lated temperatures. The temperature measured with plate 
thermometers (adiabatic surface temperatures) from the 
tests were used as input fire temperatures.

The results show that the measured and calculated tem-
peratures match well. Material properties for steel and con-
crete as given in Eurocode EN 1994-1-2 were assumed.  This 
indicates that accurate predictions of temperature in fire ex-
posed steel and concrete structures can be done and that 
plate thermometer temperatures can be used as input data.  
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Temperature prediction of hollow core steel section 
Comparison of measured and calculated temperatures

Keywords: Adiabatic surface temperature, tempera-
ture calcualtion, finite element 

ABSTRACT
Two furnace fire tests were performed of a hollow steel 
section. In one case it was empty and in the other filled 
with concrete.  Predictions of the steel temperatures were 
done with the finite element temperature calculation pro-
gram TASEF and compared with measured temperatures. 
Furnace temperatures were measured with plate ther-
mometers yielding adiabatic surface temperatures. These 
were used as fire temperature input data for the finite el-
ement calculations.

The results of the calculations show that measured and 
calculated temperatures match well. See diagrams below. 

Measured and calculated steel temperatures of hollow 
core the steel beam.

Material properties for steel and concrete as given in Eu-
rocode EN 1994-1-2 were assumed. This indicates that ac-
curate predictions of temperature in fire exposed steel and 
concrete structures can be done and that plate thermom-
eter temperatures can be used as input data. 
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Transistion from smoldering to flaming. 
Preliminary results of sample size and geometry 

Keywords: smoldering, flaming transistion, sample size

Introduction: Transition from smoldering to flaming is an 
interesting phenomenon within fire, that still needs more 
investigation. Previous research shows that the transition 
from a surface reaction (smoldering) to a gas phase burn-
ing reaction (flames) may be dependent on different mech-
anisms.  Ohlemiller [1] reported that increased air flow in 
voids between cellulose insulation and a wood frame could 
cause glowing and transition to flaming.  Tse et al. [2] found 
that increasing air flows would increase the smoldering rate 
and cause oxidation of char (secondary char oxidation) left 
by the smoldering of the initial material.  Hagen et al. [3] 
found that increasing density in cotton affects the possibility 
of transition to flaming.  However in only app. 20 % of the 
cotton experiments a transition to flaming occurred.  

Purpose of the study: The purpose of this study is to in-
vestigate the conditions for transition from smoldering to 
flaming fire in cotton.  The transition to flaming is affect-
ed by the sample size and the effects of changes in width, 
height and length will be investigated.  The work presented 
is part of the ongoing research project EMRIS - Emerging 
Risks from Smoldering Fires, and is carried out at Stord/
Haugesund University College.

Tested material:  The material used in these experiments is 
commercially available, unbleached cotton batting. Cotton 
was chosen since it represents a group of cellulose-based 
materials that are prone to smolder [4]. In addition, cotton 
is easy to compact to a wanted density. In the current study 
the density of cotton is 80 kg/m³ since this density has given 
transition to flaming previously [3].

Method: Previous studies with cotton show that transi-
tion to flaming only occur as the smoldering front interacts 
with a denser boundary [3].  The current study uses a light 
weight concrete block as such a boundary.  

Two ignition sources are used.  The large ignition source is a 
10 by 10 cm ceramic hotplate described in ref [3].  The small 
ignition source consists of a piece of light weight concrete 
that is 0.5 cm thick, 1 cm wide and 2 cm long and heated 
using electrical wire and with a power of 50 W.  The small 
ignition source was placed 2 cm from the bottom of the 
sample and 2 cm from the concrete block at the centerline 
of the sample (See figure).  The small ignition source will 
heat the cotton for 3 minutes causing a smoldering fire and 
then switched off.  The ignition sources will have no effect 
on the transition from smoldering to flaming. 

 

Preliminary Results: The following sample size is tested 
with the large ignition source: 15 cm by 15 cm by 15 cm 
high and 15 cm by 15 cm by 30 cm high.  The samples 
that were 15 cm high had a transition to flaming in one of 
five tests, while the 30 cm high sample has no transition to 
flaming.

Increasing the sample width to 40 cm and the length to 60 
cm and maintaining the sample height at 15 cm using the 
small ignition source, gave transition to flaming in three out 
of three tests.

The current study will continue work on different sample 
size and repeat test with the 15 cm by 15 cm by 15 cm high 
and 15 cm by 15 cm by 30 cm high using the small ignition 
source.  The results will be presented at the conference.

Discussion and conclusions: The current results indicate that 
the transition from smoldering to flaming fire is dependent 
on the sample size.  The increased size of the sample from 
15 by 15 by 15 cm to 40 by 60 by 15 cm gives a rate of 
transition to flaming from 20 to 100 %.  If this finding is 
substantiated, it will be important regarding future testing 
of smoldering and transition to flaming.
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Smoldering in wood pellets  
Air flow and gas emissions using a top-ventilated system

Keywords:  Smoldering, gas emissions, wood pellets, 
top-ventilated, air flow

Smoldering may occur in wood pellets during storage or 
transportation. In several cases, smoldering fires result 
from self-heating. In general, a smoldering fire is a slow, 
low-temperature form of combustion that can last for 
days, even years and cause significant losses in equipment 
and products each year. Smoldering fires are difficult to 
detect and cause a number of fire deaths each year [1, 
2]. Several parameters influences the onset of smoldering, 
the moisture content of the material and the porosity are 
some them. A self-sustained smoldering process could lead 
to dangerous scenarios [3]. One such incident occurred in 
Hallingdal, Norway, where wood pellets self-heated caus-
ing a smoldering fire, which led to a gas explosion [4].  Pre-
cautions are required when storing wood pellets to avoid 
formations of hot spots inside the product. This could be 
circulation of the pellets to ensure an evenly distributed 
temperature inside the silo. To monitor a storage silo and 
obtain early indications of smoldering fires, temperature 
measurements or gas detection may be used [5].  

EMRIS (Emerging Risks from Smoldering Fires) is a research 
project funded by the Research Council of Norway. The 
project focuses on smoldering fires in biomass materials, 
such as wood pellets. Through the project different as-
pects of the smoldering phenomena will be investigated, 
from the fundamental features during ignition and pyroly-
sis, to the suppression of a smoldering fire. There will also 
be a study of how fire departments manage an emergency 
situation where a smoldering fire is involved.

In this research a small-scale experimental set-up is used. 
The set-up consists of a top-ventilated system. A steel pipe 
with insulation is placed on top of an aluminum plate with 
an external heating source underneath. The whole set-up 
is placed on a scale to record mass loss during an experi-
ment. The pellets sample is heated from below and there is 
ambient air supply from the top of the steel pipe. 

A smoldering fire produces smoke consisting of mainly 
carbon monoxide (CO) and carbon dioxide (CO2). The 
smoke from a smoldering fire contains a higher fraction 
of CO compared to a flaming fire. Only a small amount of 
oxygen is necessary to achieve a self-sustained smolder-
ing process, leading to incomplete combustion of the fuel.  
Some of the released components are combustible, which 
can cause a smoldering fire to develop to a gas explosion 
[6].  By measuring the content of different gases during a 
smoldering experiment, different phases in the smoldering 
process can be found. The experimental set-up could be 
closed or partially closed at the top to explore the effect on 
the production of smoke and the air flow inside the pipe. 

Preliminary results on the coupling between the convective 
flow of air above (and inside) the sample and propagation 
of the smoldering zone will also be reported. 
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How to assess the propensity for self-heating

Keywords: self-heating, isothermal calorimetry, solid 
biofuels, waste, experimental characterization

The rapid increase in the production and use of various 
types of biomass as energy carrier also leads to an increase 
in handling and storage activities throughout the supply 
chain. Biomass is a broad description of many materials with 
different chemical composition, moisture content and phys-
ical characteristics, each requiring special attention in order 
to comply with safety and health regulations. Some types 
of biomass used today (such as wood pellets) are commer-
cialized as biofuel commodities traded around the globe, 
while others are under-going intense research to explore the 
potential for commercial use.

The properties of a biomass material and the intended use 
determine how the material should be safely transported 
and stored. Self-heating, off-gassing and dust explosions 
are significant challenges for the industry that have already 
resulted in significant losses of capital investments and even 
tragic loss of life. Likewise, exposure to biologically active 
material, such as moulds and spores may form a serious 
hazard for the health of workers involved. With the growth 
of the bioenergy sector, it is important not only that oppor-
tunities for bioenergy are implemented in an efficient and 
economic manner, but also safely.

Self-heating is a well-recognized problem, which has been 
observed for many different materials and in different situ-
ations. Self-heating problems in connection with storage of 
hay and other agricultural products have been known for 
a long time. These were studied scientifically in the 18th 
century and are also relevant for solid biofuels [1]. Self-heat-
ing in biomass is also a well-recognised phenomenon [2] 
although the chemical process involved is not well under-
stood, particularly for pellets.

Several test methods are available for determining self-heat-
ing potential and self-ignition of materials in small scale, 
which can then be extrapolated to predict self-heating po-
tential at larger scale. SP has been involved in numerous 
research project involving investigation of self-heating and 
assessment of suitable test methods [3-8]. The experimen-
tal work ranges from small-scale characterizations to medi-
um-scale storage tests and also full scale testing. Focus has 
mainly been on wood pellets but also other types of biofuels 
and waste has been investigated. 

A small-scale screening method has been developed by 
SP to assess the reactivity and thereby the propensity for 
self-heating for biofuels. The screening method is based on 
isothermal calorimetry (micro calorimeter), which is a very 

sensitive technique used for studying heat production (or 
consumption). 

The isothermal calorimetry screening method has many ad-
vantages compared to more common test methods used 
for small-scale self-heating testing, such as oven basket 
tests. Oven basket tests are time consuming and tests are 
performed at high temperatures, usually 150-200 °C. How-
ever, in reality self-heating could become a problem already 
at low temperatures, such as 40-60 °C. Isothermal calorim-
etry tests could be performed at these lower temperatures 
and is less time consuming. The developed screening meth-
od has been used on numerous of samples, mostly wood 
pellets, and the results has been validated with data from 
larger scale test methods; i.e. oven basket tests, 1-m3 scale 
and full scale (1500 ton). The screening test method has 
also been applied on other types of solid biomass fuels and 
waste. The method has also successfully been used in fire 
investigations for the industry, experiencing self-heating 
problems with different kinds of industry waste products.

The presentation will give an overview of the self-heating 
problem and an explanation of the causing parameters. Fur-
ther suitable test methods for analysing self-heating will be 
presented, focusing on the developed isothermal calorime-
try screening method.
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How could the fatal fires have been prevented? 
- An analysis of 144 cases during 2011-2014 in Sweden 

Keywords:  Fatal fires, residential fires, fire investiga-
tion

Approximately 80-90% of all fire related fatalities take 
place in residential occupancies [1]. The risk groups in rela-
tion to fires are well known (e.g. the elderly and disabled), 
but this only points to who should be targeted for inter-
ventions. The set of measures that are effective for differ-
ent groups has been less analyzed.

In this study, fire investigations from 144 fatal unintention-
al residential fires have been systematically analyzed and 
measures that would have been effective in preventing 
each fatality have been identified. The result is a potential 
effectiveness, i.e. the fraction of fatalities that could would 
have been prevented given a perfect reliability of the bar-
rier. In total, 24 different barriers have been identified. The 
possible measures are then discussed in relation to previ-
ous research and a strategy for reducing the number of fire 
related fatalities is formulated.

The result shows that a thermally activated suppression 
system (e.g. sprinkler) has the highest potential effective-
ness (68%) followed by a detector-activated system in 
bedroom and living room (59%) or smoke detector (37%). 
It was, however, shown that the effectiveness varies sig-
nificantly between different population groups, e.g. the 
effectiveness of a thermally activated system was reduced 
from 68% to 29% for smokers with home care. For smoke 
alarms the reduction is from 37% to 11%. At the same 
time the potential effectiveness of detector activated sup-
pression systems installed in bedroom and living room in-
creased from 59% to 87%.

Because of this big difference in effectiveness for different 
groups it is suggested to divide the population into two 
groups. The first group is the most vulnerable (e.g. elderly 
and disabled) and the second is the general public.

For the first group the installation of detector activated 
suppression or ignition protection of clothes and bed-
clothes should be promoted. For the second group, a con-
tinued focus on promoting smoke detectors is likely to the 
most effective since residential sprinklers generally have a 
negative cost-benefit-ratio [2].

It was also found that a large portion (20%) of the victims 
could have evacuated, but chose not to do so. It is hypoth-
esized that this is due to the shown inability of humans to 
extrapolate the exponential fire growth.
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Effects of Door-to-door Fire-prevention information on reducing 
the occurrence of Residential Fires in Southern Sweden. 

Keywords:(Fire-prevention, Home visits, Residential 
Fires Sweden, Area based study )

Since 2010, the Region South Fire and Rescue Service in 
Sweden has conducted over 60 000 fire-prevention home 
visits. On-duty fire fighters have gone door-to-door inform-
ing residents about general safety procedures in case of a 
fire. The aim of this ongoing education campaign is to re-
duce the number of residential structure fires and incidents 
with fatal outcomes as well as to improve the level of civil 
trust. In spite the vast resources spent and large coverage, 
the number of residential fires has only decreased marginal-
ly and the number of fatal incidents has in fact increased in 
the entire operational district. 

When looking at the effects spatially, on subarea level with-
in the operational district, the results diverge. This could im-
ply that the education campaign might be targeted ineffi-
ciently in terms of space. The aim of this paper is to map the 
spatial differences and analyze if a high number of home 

visits can be correlated to decreased numbers of residential 
fires in some areas and conversely, to increased numbers 
in others. Through geostatistical methods, the area-based 
residuals are analyzed in order to first measure the effects 
of the campaign and second to determine which additional 
area-based factors that might influence the frequency.      

REFERENCES
[1] Clare. J, Len Garis. L, Plecas. D Charles Jennings, “Reduced frequency 

and severity of residential fires following delivery of fire prevention ed-
ucation by on-duty fire fighters: Cluster randomized controlled study,” 
In Journal of Safety Research April 2012 43(2):123-128 

Mona Tykessona
Department of Human Geography
 Lund University
Lund, Sweden
mona.tykesson@keg.lu.se

Per-Olof Hallinb
Department of Urban Studies 
Malmö University
Malmö, Sweden
per-olof.hallin@mah.se

Nicklas Guldåkerb
Department of Human Geography
Lund University 
Lund, Sweden
nicklas.guldaker@keg.lu.se

Jerry Nilssonb
Department of Urban Studies 
Malmö University
Malmö, Sweden
jerry.nilsson@mah.se



BOOK OF ABSTRACTS Nordic Fire & Safety Days

30

Atle von der Fehr 
Norwegian University for Science and Technology, 
Department of Architectural Design 
Trondheim, Norway
atle.von-der-fehr@bby.oslo.kommune.no

Anne Steen-Hansen 
SP Fire Research AS
Trondheim, Norway
anne.steen.hansen@spfr.no

Fire safety in social housing properties in Oslo.  
Do the dwellings fit the tenants’ needs? 

Keywords:  Fire, safety, social housing,risk, measures 

Introduction: Some people are identified as having a 
larger risk of experiencing fires, and are overrepresented 
in statistics over fire fatalities. Characteristics of persons 
vulnerable to fire have been described in a number of pub-
lications worldwide. The Official Norwegian Report NOU 
2012:4 Trygg Hjemme (Safe at home) from 2012 [1] de-
scribes several factors connected to vulnerable groups. Use 
of drugs and alcohol may increase the fire risk, and also 
several mental and physical functional reductions caused 
by e.g. ageing, mental illness or medication. Social status 
may also have an effect on fire safety, as well as temporary 
economical and situational factors. Persons vulnerable to 
fire may generally be described as individuals that have a 
larger probability of starting a fire, limitations regarding 
preventing, detecting and alerting about a fire, in addition 
to limitations regarding escaping a fire without assistance. 
The majority of the people receiving social housing services 
fit well to the description of persons with a higher fire risk. 
This project was performed through an experience-based 
Master’s programme at Department of Architectural De-
sign and Management at Norwegian University for Science 
and Technology (NTNU) during 2014 and 2015 [2].

Objectives: The goal was to investigate the status of fire 
prevention in social housing properties in Oslo. This was 
performed by determining the general fire safety level and 
by identifying areas where the fire safety for dwellers is 
insufficient and improvements are necessary. 

Methods: The population in today’s social housing prop-
erties in Oslo has been analyzed to investigate if people in 
these accommodations can be considered to have a higher 
fire risk than the overall Norwegian population. Informa-
tion about the age and technical standard of the existing 
houses in the portfolio of social housings in Oslo has also 
been collected to get a total description of the fire safety 
level.

International, national and specific fire statistics for Oslo 
have been studied, as well as relevant national and inter-
national literature. Data has been collected through ques-
tionnaires sent to the largest municipal authorities in Nor-
way and their corresponding fire services. Information was 
also received through interviews with four specific infor-
mants with high knowledge of the situation in the social 
housing properties in Oslo. 

Results and conclusions: The analysis of the population 
in today’s social housing properties in Oslo shows that this 
is at large many of the same people that are considered 
to be in the high risk groups prone to fire. Changes in 
the Norwegian rules for allocation of social housings from 
2004 led to an increase in the number of vulnerable dwell-
ers in social housing properties. Ordinary dwellings with 
ordinary fire measures may not be the right solution for 
this group. At present there are not enough specialized 
buildings with adequate fire prevention, nor is there a sys-
tem to identify the risk individual tenants pose when they 
are offered housing contracts to properly calculate if the 
selected apartment fits the tenant regarding fire risk. The 
needs of the tenants have increased faster than the num-
ber of available properties with adequate fire prevention. 
This will lead to more accidental fires and fire fatalities un-
less fire prevention measures are taken in ordinary social 
housing properties far beyond today’s legal requirements. 

The technical status of the social housings complies in gen-
eral to the technical fire safety level required for domestic 
buildings by the building code. However, considering the 
occupants and their behaviour, a higher safety level should 
be approached. Many of these persons represent a high-
er risk of starting fires and thereby represent a hazard to 
themselves and to other people in the building. In addition 
many occupants will have a reduced ability to evacuate 
without assistance. 

Although the owner of the properties has implemented 
fire preventive measures by upgrading several buildings 
with organizational and technical solutions, there are a lot 
of buildings left to be upgraded. In this regard the ability 
- or rather the inability - to escape and the accumulated 
risk from groups of inhabitants prone to fire needs to be 
calculated and dealt with. The future situation is anticipat-
ed to be even more critical regarding the large number of 
refugees – some of them defined as vulnerable regarding 
fire safety - that are in need of social housing accommo-
dations.
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In this report a method is shown on how to determine the 
thermal conductivity of gypsum and calcium silicate boards 
at elevated temperatures. The data then obtained can be 
used as input to finite element computer programs like 
TASEF for calculating temperature in for example fire ex-
posed steel structures. 

The method based small scale fire tests in the cone calorim-
eter (ISO 5660). A 100 mm by 100 mm and 10 mm thick 
steel plate covered on the top side by the protection mate-
rial and well in insulated on all the remaining five sides by 
ceramic insulation. The thermal conductivity was obtained 
by assuming input conductivity values at various tempera-
ture levels. These values were then repeatedly altered and 
new temperatures were calculated until a best fit solution 
between measured and calculated temperatures was ob-
tained. Figure 1 and Figure 2 show thermal properties of 
gypsum then obtained and a comparison of calculated and 
measured steel temperatures, respectively.

The protection materials contain moisture which requires 
heat to vaporize which reduce the temperature rise rate. 
This is considered in TASEF calculations by input of the spe-
cific volumetric enthalpy. Thus both the chemically and the 
physically bound moisture of gypsum can be considered by 
the temperature enthalpy curve as shown in 

 Figure 1   Determined thermal conductivity of gypsum.

 

 

Figure 2 Comparison of calculated and measured steel plate 
temperature.

Figure 3 Specific volumetric enthalpy of gypsum.
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Forest fires in Sweden 
Spatial, temporal and climatic patterns 
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Wildfires in Sweden are generally not considered a major 
concern for landowners, forestry industry or the society. 
In fact, the wildfires are so scares that prescribed burns 
are frequently executed for preservation purposes. How-
ever, low consequences are dependent on preparedness 
by the local rescue services which is associated to great 
costs. Occasionally large fires run through the wild with 
great consequences for habitants, infrastructure and even 
life, as in the case of the large fire close to Sala in 2014 
or the fires in Dalarna 2008. The vast stretches of forested 
land in Sweden also raises concerns for wildfires as the ex-
treme weather events, such as strong winds and dry spells 
are expected to become more frequent within foreseeable 
future.  

This work describes the distribution of forest fires in Swe-
den. The fires are analyzed with respect to their spatial 
and temporal location, ignition cause, their correlation to 
climate factors such as humidity of the Fire Weather Index 
(FWI) used as a fire risk tool in Sweden as well as to their 
size distribution. 

The data used in this work is the over 91 000 wildfires 
reported in the MSB database of incidents in Sweden over 
the years from 1996 to 2014. Additionally, the weather 
data, with calculated FWI values for almost 9400 grid point 
all over Sweden is used to analyze where the potential for 
large fires is large and how this correlates to the actual 
fire occurrences. A subset of the fires (9 years) is directly 
correlated to the FWI indices at the ignition point and the 
model is thereby evaluated. 

Fig. 1. Survival function and return period for wildfires.

 We show that the fire size distribution is heavy-tailed dis-
tributed according to the Pareto distribution, P(X>A)=(x-
_m/A)^, with >1 and that the large fires thereby contrib-
ute more to the total burnt area than the all fires of 

a certain smaller area. However, the Swedish conditions 
seem to make the large fire dominance weaker compare 
to other regions around the world [1]. The  medium size 
fires (5 ha < A < 100 ha, predict nicely the size distribution 
of the larger fires.

The FWI model has a very good correlation to the fire oc-
currences, despite being developed for fire risk. The grass 
fires are less dependent on the actual FWI value compared 
to forest fires and other key indicators might be useful for 
the risk index from that vegetation type. 

Fig. 2. Ignition probability wrt FWI values.

Even though the FWI values are well correlated to the fire 
occurrence and risk, the periods with a continuous high 
risk are more troublesome from a resource perspective and 
the ability of the rescue services. We therefore investigate 
high risk periods in a number of different areas over Swe-
den and discuss the potential impact from a resource per-
spective in a changing climate. 

Fig. 3. Test regions and high risk periods for Svealand.

The wide spread in the length and abundance of high risk 
periods in different regions throughout the country al-
though is not necessarily correlated to available resources.
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Modelling in WFDS of a Wildfire Scenario
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Empirical, semi-empirical and physics based models of for-
est fires have been under development since 1940. Empiri-
cal models or conceptual models from experience and intu-
ition from past fires can partly be used to anticipate fires in 
the future and can thus provide with valuable information 
regarding fighting woodland fires. Most semi-empirical fire 
spread equations have been developed for Australasian fuel 
complexes that can be used for quick estimation of fun-
damental parameters of interest such as fire spread rate, 
flame length, and fire intensity of surface fires. A number of 
key assumptions are built in to these semi-empirical mod-
els such as, assuming a representative location, wind and 
terrain slope.  The most complete models combine CFD 
models with a wildfire component while allowing the fire to 
have a feedback loop with the atmosphere. These models 
include NCAR’s Coupled Atmosphere-Wildland Fire-Envi-
ronment (CAWFE) model, WRF-Fire at NCAR and University 
of Colorado Denver which combines the Weather Research 
and Forecasting model with a spread model using the lev-
el set method and the WUI (Wildland Urban Interface) Fire 
Dynamics Simulator (WFDS) [1-3]. All these complex mod-
elling tools have different emphases and have been applied 
to better understand the fundamental aspects of fire be-
haviour. 

In this particular work the wildfire modelling has been per-
formed using the extended WFDS (Wildland Urban Inter-
face FDS) built on the regular FDS model described earlier in 
this report [1-2]. WFDS was originally created for simulating 
stationary outdoor fires however, starting with the 5th offi-
cial release of FDS, WFDS was expanded to contain routines 
which are aimed at predicting wildland fire scenarios. The 
effect of the solid fuel such as wood, grass, pine needles 
i.e. vegetation is represented by a series of correlations [2]. 
This includes representing phenomena such as heat sources 
and sinks from the solid as well as the mass flow of pyrolysis 
gases from the solid. The physics for the gas phase is solved 
by the regular FDS. The adopted scenario is the Skatås wild-
fire which occurred over an extended forest area, mean-
ing that some simplifications are needed in order to have a 
tractable model. The present approach is a coarse graining 
process, starting with a single tree burning including pyrol-
ysis and detailed thermal modelling on a rather small grid, 

and then making simplifications to be able to consider a 
large area with randomly distributed trees on a coarse grid. 
In this process we will consider a meso-scale model with 
approximately 100 identical trees randomly distributed over 
approximately 1200m2 while keeping a simplified combus-
tion model and using a 1m x 1m x 1m grid. Furthermore, in 
order to model a large area of the size of the scenario con-
taining thousands of trees, bulk obstructions with tree prop-
erties are created that are larger than regular trees however 
they contain the same amount of fuel and also representing 
a similar impedance to the flow of hot gases created by the 
wind and the fire. 

It is found that reasonable fire spread in small forests can 
be obtained although the results are quite dependent on 
grid resolution as well as moisture content. In most realistic 
scenarios the computational volume is rather large yielding 
massive amounts of data. In this work a part of a real wild-
land fire has been modelled in other to investigate if WFDS 
can provide qualitative agreement with incident reports and 
in the future evaluate the likelihood of possible other severe 
outcomes with small variations in the data. The recorded 
weather data only provides with wind direction and speed 
at the start of the fire however the wildfire continued for 
several hours. Furthermore, the model is simplified to only 
accommodate for one type (pine) and one particular shape 
of tree. In using WFDS a rather small grid size is needed to 
appropriately model the fire spread this will be a severely 
limiting factor in creating large models
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shock effect
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To understand the char formation during combustion, the 
effect of ambient pressure on char shrinkage and crack-
ing was experimentally studied using medium density fi-
breboard and fir. In the experiments, the samples were 
charred in an inert environment with pure nitrogen to 
avoid the impact of flame. It is found that the numbers 
of char fissures and char blisters increase and the average 
char blister area decreases as the pressure decreases, and 
cracking mainly takes place perpendicular to the grains for 
fir. A new physical mechanism is proposed to explain the 
experimental outcomes using the thermal shock theory. 
The pyrolysis causes internal pressure loss and unbalance 
shrinkage which leads to internal tension and once the 
internal tension exceeds the tensile strength of charred 
material cracking will take place. Under low pressures the 
weak shrinkage would prolong the cracking time, which 
makes the samples crack at low tensile strength, leading to 
relatively small char blisters. For natural wood, the results 
show that the grain effect influences the char shrinkage. 
The shrinkage parallel to grain is only 1/4 of the shrinkage 
perpendicular to grain. The strong restriction on shrinkage 
parallel to grain leads to the major cracking perpendic-
ular to the grain direction, whereas the cracking parallel 
to grain is relatively weak with only shallow fissures pro-
duced. The shrinkage gradient at cracking time increases 
with increasing heat flux and decreasing ambient pressure 
while the surface density behaves oppositely. The fissure 
number is strongly affected by these two parameters and 
an empirical correlation is developed for predicting the 
fissure numbers. Increasing the ambient pressure will en-
hance shrinkage, leading to early cracking with relatively 
low shrinkage gradient. Under the current experimental 
conditions, the occurrence of cracking requires a shrink-
age gradient greater than 35 m-1 and a surface density 
lower than 0.75 of the original density.
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Measurement and modelling of flame oscillations 
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The 44.9 kW methane fire experiments done by McCaffrey 
have been replicated in an experiment to study flame oscil-
lations.

Flame oscillations have previously been studied by Zukowski 
and Cetegen in a number of papers  [1-5]. They and also 
other researcher found that the flame pulsation for a buoy-
ant diffusion flame is proportional to one divided by the 
square root of the diameter of the fire. LES simulation of 
the oscillations have previously been carried out by Cheung 
et al. [6].

This paper exploits new methods for measuring flame pul-
sation and also investigates different markers for doing fast 
Fourier transform (fft) on the simulated experiment in the 
Fire Dynamic Simulator.

The experiment was conducted in dark laboratory by re-
cording the flame using a high speed camera, Photron SA4 
RV, at 1000 frames per second. The image sequence of 
7937 images corresponding to approximately 12 pulsating 
cycles was processed with Matlab and the image process-
ing toolbox to find flame height over time. First step of the 
processing was conversion of pixels to physical length. Next, 
the background was filtrated by a simple algorithm. In this 
algorithm, the background was assumed to be in location 
where the pixel intensity is below a specified threshold val-
ue. Applying features in the Matlab image processing tool-
box, the images were converted to binary files (zeros and 
ones) in order to divide the flame into objects. By definition 
the distance from the fuel surface to the tip of the contin-
uous flame is the flame height at a given instant. The con-
tinuous flame is obviously the largest object in each image. 
Distance from the fuel surface to the tip of the tip of the 
continuous flame was found straightforwardly.

Simulation where carried out in FDS 6.2.0 (svn 22343) [7]. 
The heat release of 44.9 kW gives a characteristic fire diam-
eter of 277 mm. The grid used was 25 mm, which means 
that the ratio between the characteristic fire diameter and 
the cell size is about 11, which is well above the recom-
mended minimum value of 4 [7]. The simulation was carried 
out for 75 seconds with a fixed time step of 1/1000 s.  

FFT was done on both data from the varying measured 
flame height and a number of different outputs from FDS 
to find the frequency in the oscillations. FFT on the FDS out-
put showed that the best markers for finding the flame fre-
quency is the calculated flame height (99 % of total HRR) 
and the HRR as shown in the figure below. Velocity mea-
surement (W1 in the figure), plume mass flow and pressure 

did not give a clear spectrum. Further a minimum of 8192 
samplings points (24 pulsation cycles) were needed to get a 
frequency spectrum from the FDS simulations. 

Good agree was found between the experimental data and 
the simulated experiment, - both close to the expected fre-
quency of 2.7 Hz found by using empirical formula given by 
Heskestad in the SFPE handbook.  

No overtones as reported in the numerical study by Cheung 
et al. was found [6]. Instead there seems at be a number 
of peaks close to the main frequency. Possibly due to the 
complex flow pattern in the flame.
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Modeling of fire in LNG leakage

Keywords:  LNG, spill, pool, fire, CFD, EDC

The spreading, evaporation and burning of an LNG spill 
are modeled by CFD. LNG is released in the center of a 
circular water pool of diameter 83 m and spreads on the 
water surface. The fuel evaporates, is ignited and burns. 
The simulations are compared to experiments by Sandia 
National Laboratories, called the Phoenix test series [1][2].

The CFD tool used is Kameleon FireEx (KFX) by ComputIT, 
Trondheim. The transient modeling includes a pool spread-
ing model and evaporation of LNG due to heat transfer 
from the water pool and from the fire, water evaporation 
due to heat transfer from the fire. The turbulent reacting 
flow is modeled with the k- model [3] with wall functions 
and the Eddy Dissipation Concept for turbulent combus-
tion (EDC) by Magnussen and co-workers [4][5], including 
the soot model. Radiative heat fluxes are modeled by the 
method of Lockwood and Shah [6].

The effects of geometry modeling and of choices in the 
release and evaporation models are discussed. Parameters 
of the radiative heat modeling are also investigated.

The resulting maximum and average temperatures were 
similar to those of experiments. Different modeling choic-
es gave different shapes and development of the fire. Also 
radiative heat fluxes varied with model choices.
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Dwelling and fire scenario characteristics in fatal residential 
fires – a review

Keywords:  dwelling characteristics, fire scenario char-
acteristics, determinants, residential fire, scoping study

Fires in buildings are a recognized problem in society and 
many countries have had building regulations for centuries 
concerning fire protection. Today it is recognized that the 
majority of fire victims die in residential fires. For example, 
deaths in home fires account for 92 % of fire deaths in 
the United States during 2007-2011 [1] and at least 75 % 
in Sweden for the period 1999-2007 [2]. Not only does 
residential fire losses account for the vast majority of fire 
deaths, they are also of the nature of being relatively fre-
quent [3]. The frequency and often similar nature of res-
idential fires make it easier to study and perhaps prevent 
than other types of fires that are rarer.  Still much of the 
research efforts is focused on non-residential fires such as 
fires in theatres and industries [4].  

A study has been conducted to identify and review relevant 
international studies in the field, to gain answers to what 
characteristics have been studied and what methods that 
have been used. 

Scientific search engines filtered by a predefined set of key-
words have been used to identify 94 papers which were 
reviewed in this paper. Of these papers fifteen papers were 
deemed as relevant for this study. The results have shown 
that there were only a limited number of studies pertain-
ing to dwelling and fire scenario characteristics. Only three 
studies were conducted from within the last decade. Most 
studies were done in US, followed by Europe and Japan.

Smoke alarm devices were the most common dwelling char-
acteristics studied but there were large uncertainties in the 
risk reduction estimates. Only a few studies accounted for 
confounders and the conclusion was that these confound-
ers may have a large influence. Parameters that occurred 
only rarely were building age, number of exits and type of 
construction material. 

Various types of scientific methods have been used, most 
commonly cross sectional studies and case control studies 
but also scenario based approaches and ecological stud-
ies. Since relevant statistical data appears to be lacking, it 
may be relevant to use alternative approaches such as the 
scenario based approach or combination of case studies or 
tests with available statistics.

Few studied characteristics are deemed to have a clear risk 
reducing effect on residential fires. For the most commonly 
studied characteristic, the presence of smoke alarms, stud-
ies are in general positive with exception for specific fire 
scenarios such as arson fires. However, the quantified fatal-
ity risk reduction varies from a reduction of about per cent 
10 percent to 90 per cent indicating large uncertainties and 
complex relationships to other factors.

A study by Kerber [5] indicates that there has been a shift 
in the dynamics of the residential fire environment where 
characteristic such as room layout, increased use of synthet-
ic materials, construction materials have changed with the 
effect that fires today may develop significantly faster than 
a few decades ago. Some of these changes relevant to the 
residential fire environment was identified already in the 
70’s by Magnusson [6]. None of the characteristics identi-
fied as contributing to these trends have been studied in the 
included literature.
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Towards an evidence-based Zero Vision on residential fires

Keywords:  Fire prevention, Residential fire, Vulner-
able groups

Background: Sweden has a national zero vision on fire. 
Nobody should be killed or seriously injured from fires. 
Despite this, some 100 people are killed annually with 
most victims being of poor health, elderly or disabled. A 
multi-center research program from 2014 to 2017 involv-
ing more than ten researchers, aims to investigate why 
these groups are at excessive risk of dying or getting se-
riously injured in residential fires, and to explore further 
preventative possibilities with regard to these vulnerable 
groups.

Methods: The program consists of seven sub-projects, 
derived from a tentative generic model of the residential 
fire process. Quantitative and qualitative approaches are 
applied.

Results By 1st of March 2016 (mid-term) the project has 
yielded four published international publications, plus four 
manuscripts (1,2,3,4,5,6,7,8). While fire onset is most 
common among younger and well-educated households, 
serious injury and death from fire almost entirely strike the 
elderly and socially or medically disadvantaged groups. The 
opportunity for rescuing decline very rapidly with time and 
distance. National statistics on fire fatalities systematically 
underestimate the true situation by 20 %. Over time, sig-
nificant reductions in unintentional fire-related death rates 
are seen in all age/sex groups, most strongly in children. 

Conclusions In line with zero vision philosophies in par-
allel policy fields, such as traffic safety, merely preventing 
accidents (crashes or fires) and rescuing victims appear in-
sufficient strategies for protecting human life and health 
from residential fires. Individual capacities are crucial for 
survival and fire safety programs should take these insights 
into better account.
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Assessing the number of fire fatalities in a defined population 

Keywords: Fatal fires, Fire injury surveillance, 

Background Fire-related fatalities and injuries have become 
a growing governmental concern in Sweden, and a national 
vision zero strategy has been adopted stating that nobody 
should get killed or seriously injured from fires [1]. There is 
considerable uncertainty, however, regarding the numbers 
of both deaths and injuries due to fires. Different national 
sources present different numbers, even on deaths, which 
obstructs reliable surveillance of the problem over time [2], 
[3], [4], [5]. This study seeks to assess the true number of 
fire-related deaths in Sweden by combining sources, and to 
verify the coverage of each individual source. By doing so, 
we also wish to demonstrate the possibilities of improved 
surveillance practices.

Methods Data from three national sources were collected 
and matched; a special database on fatal fires held by The 
Swedish Contingencies Agency (nationally responsible for 
fire prevention), a database on forensic medical examina-
tions held by the National Board of Forensic Medicine and 
the cause of death register held by the Swedish National 
Board of Health and Welfare.

Results The results disclose considerable underreporting 
in the single sources. The national database on fatal fires, 
serving as the principal source for policymaking on fire-pre-
vention matters, underestimates the true situation by 20 %. 
Its coverage of residential fires appears to be better than 
other fires.

Conclusions 
Systematic safety work and informed policy-making presup-
pose access to correct and reliable numbers. By combining 
several different sources, as suggested in this study, the na-
tional database on fatal fires is now considerably improved 
and includes regular matching with complementary sources.
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Next generation forms of technology to increase 
community resilience
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Modern disaster risk management (DRM) processes are 
becoming highly dominated by the concept and prac-
tice of resilience. Rather than perceiving communities as 
groups of passive and vulnerable actors, it is urged to ac-
knowledge them as being capable to cope with shocks 
and adapt to the constantly changing environment [1,2]. 
Resilience can be defined as the capacity of individuals, 
communities or systems to adapt, by resisting or chang-
ing in order to reach and maintain an acceptable level of 
functioning and structure [1]. One of the key aspects of 
resilience is flexibility and self-organisation, perceived as 
a fundamental precondition for the system to reorganize 
itself in the face of stress in order to maintain its essential 
functions. Thus, under the perspective of resilience, the 
traditional role of central and local governments to orga-
nise the immense response and recovery from a disaster is 
transferred to local individuals, groups and agencies [3]. 

When thinking about resilience as a response of a commu-
nity to disturbance, the remaining question is: how does re-
silience manifest itself in ‘real world’ situations; what does 
community resilience look like, or how it can be increased? 
The answer to these questions is not straightforward. It is 
rather difficult to observe, assess and measure resilience 
due to the fact that extreme situations (such as natural di-
sasters, terrorism events, economic crises, etc.) are not that 
frequent and therefore, there are not that many chances 
to actually witness the manifestation of resilience. More-
over, it is difficult to control the assessment of resilience, 
or even to know that what is being assessed is actually 
resilience. However, it should not be assumed that noth-
ing is being done or could be done in this direction. There 
are a lot of different programs being implemented around 
the world, aiming at increasing community resilience. For 
example, in Australia some schools have introduced edu-
cation for kids on resilience and disaster risk management 
to build children’s awareness about constantly changing 
environment. Community volunteering programmes in 
Burundi encourage people to develop closer community 
networks and increase the sense of shared responsibility. 

Recently, new technologies began to play an extensive role 
in DRM processes making a positive push towards building 
more disaster resilient communities. For example, when 

Hurricane Sandy struck in October 2012, Internet usage 
in the US East Coast increased by 114%, with communi-
ties turning to Facebook, Twitter, Reddit, and other social 
media platforms to retrieve and share information [4]. In 
2015, Google and Facebook developed tools to help fam-
ilies find their loved ones after a disaster. Google now has 
a “person finder” where it is possible to log information 
to reconnect friends and families. Facebook has a “safety 
check” so you can tell all your friends and family that you 
are okay. The market offers mobile applications allowing 
communities to check evacuation routes and shelter lo-
cations, measuring the impact of storm water on vital in-
frastructures and general weather forecast, etc. These are 
just a few examples showing how new technologies can 
help communities to build their own resilience to different 
crisis. The emergence of such tools demonstrates well the 
fact that technology has an increasing role in disaster risk 
management processes. 

Performing an extensive literature review and semi-struc-
tured interviews with civil protection and emergency 
management specialists, we aim to analyze how new 
technologies contribute to community resilience building 
processes by supporting community participation, innova-
tion and self-organisation. We will focus our research on 
the Nordic countries, including Denmark, Norway, Sweden 
and Finland; in order to evaluate how new technologies 
are actually used in these countries and how effective they 
are, looking at specific disaster situations in each country.
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Evaluation of road tunnel fire safety and risk  
How safe is safe enough?

Keywords: Road tunnel fire safety, risk & safety evalu-
ation, ethics, decision making  (5 key words)

The aim of this conference presentation is to help a deci-
sion-maker to evaluate road tunnel fire safety. The reign 
paradigm and mean to evaluate safety within society at 
large is risk management with a particular focus on techni-
cal risk analysis [1, 2]. However, decisions concerning safety 
and risk are fundamentally ethical and political [3]. Since 
ethical factors such as fairness or freedom are excluded in 
technical risk analysis, it is not a sufficient basis for evaluat-
ing whether a tunnel is safe enough [2].

The aim of this conference presentation is to explicitly anal-
yse and include ethical factors for the evaluation of road 
tunnel fire safety risk. Political and societal factors with a 
bearing on safety and risk evaluation are derived from liter-
ature, regulation and policies.

The logic of decision-making is to choose the option that 
promises most of what you want. With the introduction of 
performance-based fire regulation it becomes possible to 
choose the option that promises most of what you want. In 
order to be able to evaluate whether a road tunnel is safe 
enough, taking into account ethical, political and societal 
factors, the problem is analysed according to a general de-
cision-making process [4, 5]. 

The decision objectives are of two types. The overall aim of 
a fire safe tunnel is by Gehandler et al. [6, 7] broken down 
into the following five objectives. 1) Limit the generation 
and spread of fire and smoke. 2) Provide means for safe 
self-evacuation. 3) Provide means and safety for rescue op-
erations. 4) Load-bearing capacity of the construction can 
be assumed in the event of fire. 5) Efficient management 
of operation, traffic, incidents, accidents and maintenance. 
These key objectives were derived in a Swedish context but 
can be derived from the EU construction products directive 
(CPR) and EC directive on minimum safety requirements for 
road tunnels.

Secondly ethical, political and societal objectives are defined 
from literature which means that a road tunnel decision 
maker should: use limited resources wisely, achieve a good 
availability, consider the environment, ensure a fair risk and 
benefit distribution, avoid catastrophic fires, and ensure 
that the perceived safety level is high since many road users 
are afraid of driving in tunnels.

Whether the tunnel is safe enough and what this means, 
largely depend on whether a deterministic or probabilistic 
design approach is adopted, and which ethical factors are 
emphasised. Deterministic and probabilistic designs are dis-

tinguished by the ethical thought patterns deontology and 
utilitarianism. In the deterministic approach the tunnel is de-
signed for a ‘plausible worst case’ or ‘worst case’ scenario. 
Considering the low risk for catastrophic tunnel fires, a de-
terministic design approach for worst case scenarios seems 
unlikely. In the probabilistic approach the likelihood of oc-
currence is explicitly included in the analysis which makes it 
possible to argue that the utility should be maximised. From 
a probabilistic perspective risks are de minimis if the likeli-
hood of occurrence and the consequences are negligible 
for the decision. From a moral perspective an unjust socie-
tal arrangement could produce more utility than a just one, 
therefore other relevant factors, e.g. justice and fairness 
need to be acknowledged in the decision. Non-motorized 
road-users are unfairly exposed to higher risks and ripe less 
benefits from the road traffic system, and since non-motor-
ized road users are not allowed in road tunnels, increased 
road tunnel safety does not benefit this group. 

Results indicate that road tunnel regulation should set min-
imum requirements rather than cautionary requirements. 
Regulation should further require a high perceived safety 
level and allow for a probabilistic approach. A road tunnel 
can be considered to be safe enough in one of the following 
cases. 1) Uni-directional tunnels that fail safely in the event 
of fire for which risks are de minimis, then fairness should 
be the overriding rule for resource allocation. 2) The deci-
sion maker finds the right balance between fairness and 
maximizing utility with respect to safety, cost and availability. 
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Evaluation of a Fire Risk Index Model for Tunnel 
Constructions Sites by using Bayesian networks 
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Evidence of personal safety is an integral part of European 
fire protection concepts and forms the basis of building 
permit processes. Although extensive knowledge and pre-
scriptive regulations for personal safety in case of fire for 
residential buildings and special constructions exist, the as-
sessment of unregulated constructions, especially for tun-
nel construction sites, is a recurring challenge for project 
engineers and fire protection authorities.

This work presents the evaluation of an existing fire risk 
index model (FRIM-TCS1.0) for providing evidence of per-
sonal safety on conventional tunnel construction sites. 
Based on Bayesian networks, a reference model is devel-
oped. It enables a quantitative estimation of the probabili-
ty of death for tunnel construction sites in case of fire. For 
this purpose, the expected number of deaths per 100 mil-
lion person-hours construction site use (fatal accident rate) 
is determined and personal safety assessed by defined 
acceptance criteria. The acceptance criteria are based on 
the As Low As Reasonably Possible (ALARP) principle and 
results from extensive statistical studies. The ALARP princi-
ple follows the approach that the risk should be as low as 
possible while using fire protection measures. It is used to 
assess the process of risk-reducing measures in fire safety 
for their effectiveness and economical viewpoints.

The data for configuration of the conditional probability 
tables (CPTs) of the Bayesian model were derived exclu-
sively from expert knowledge. A total of 25 experts from 
four nations were involved in a comprehensive survey. Em-
pirical studies were carried out additionally on three tunnel 
construction sites to verify the expert opinions and anal-
yse uncertainty. As a result, the prediction accuracy of the 
Bayesian model can be classified as good, having with the 
survey.

The correlation of the input variables to the Bayesian mod-
el has been identified by sensitivity analyses and trans-
mitted by means of multiple linear regression analysis to 
the fire risk index model FRIM-TCS1.0. The validated fire 
risk index model FRIM-TCS2.0, which has been developed 
within the framework of this work, enables a simple and 
transparent assessment of personal safety with high level 
of practicality. On the methodological basis of relative risk 
estimation, the present level of fire safety on tunnel con-

struction sites can be determined quickly and reliable. For 
a simplified use, the assessment process is supported by 
implementation of the calculation procedure into a soft-
ware application with a graphical user interface (GUI).

As overall result the current probability of death for tunnel 
construction sites in case of fire in Europe was determined 
with 12.11 %. The expected number of fires during 100 
million person-hours construction site use totals 4.525. 
The fatal accident rate amounts to 0.548 deaths during 
100 million person-hours construction site use. In addi-
tion, the findings of the sensitivity analyses bring out a 
central meaning to current prescriptive regulations in fire 
safety engineering. It has been shown that automatic fire 
suppression systems, fire detection systems, properties of 
emergency and escape routes, human behaviour and the 
dynamic of smoke and fire spreading will have the main 
effect to personal safety. Their protective effect amounts 
to 91 %. By this means, future research focuses can be 
set much more targeted and efficient in compliance with 
cost-benefit-ratios.

Taking the two models into account in an early state of 
the planning phase of tunnel projects, conceptual man-
agement options can be effectively evaluate with regard 
to the socially accepted level of safety and the demand 
on a project-specific continuity management. During the 
construction process, the models allow periodic monitor-
ing of the defined protection objectives as well. Finally, 
their combination enables entirely new possibilities in the 
assessment of personal safety on European tunnel con-
struction sites for project engineers and fire protection 
authorities.
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Experimental study of pressures in residental fires

Keywords: Fire pressure, experiment, ventilation, 
egress

Compartment fire pressure is an often ignored aspect of 
fire research and very little is known about its safety impli-
cations. In this work, 13 full scale experiments were con-
ducted in a typical Finnish apartment to investigate the 
pressure rise and fire conditions under various ventilation 
configurations. A distinct feature of Finnish apartments is 
the double door between staircase and apartment, where 
the inner door opens inwards to the apartment. The effect 
of the pressure on the ability of an occupant to open this 
door was of special interest in the study.

The experiments were conducted in an apartment with 
three rooms + bathroom and a closet (floor area 59 m2). 
The bathroom and the closet had mechanical and natural 
exhaust ventilations, respectively. All the windows and the 
doors to the staircase and to the balcony were closed. Inter-
nal doors were open. Before the fire experiments, the apart-
ment leakage was measured according to [1] (method B). 
According to the measurement, the apartment represents a 
typical but good condition building from 1970’s. The main 
difference between the normal usage conditions and the 
test setup is that the sewers were sealed tightly to avoid 
the emptying of water locks during high over-pressures, and 
that the small fresh-air vent in the living room was closed. 

In tests 1-10 of the series, the fire source was a 0.49 m2 
heptane pool with 3 l of heptane. In three last tests, the fire 
source was a 3.8 kg mattress made of Polyurethane foam 
(PUF). Two of the PUF tests were made in the living room 
of the apartment and one in the closet. The heptane mass 
loss rate was measured using load cell, but the PUF burning 
rates were not quantified. Other measurements included 
the gas pressure difference, gas temperatures in two ver-
tical arrays, O2, CO2 and CO concentrations, and the flow 
speeds and temperatures within the bathroom and closet 
ventilation ducts. Several video cameras were used to record 
the tests inside and outside the apartment.

The ventilation exhaust configuration was varied in the tests 
from fully open (diffusers removed), to normal (as used) and 
closed (exhaust ducts sealed). In addition, the roof fan was 
turned on and off between some tests, but it turned out to 
only minor effect on the results.

The fires were short and mostly fuel controlled, except the 
last test where the PU mattress was placed inside the closet. 
The peak HRR of the heptane pools, determined from the 
mass loss rate measurement, was about 1400 kW. Based 

on the temperature measurements, the HRR of the PUF fires 
must have been higher than that. In the heptane tests, the 
peak temperatures under the fire room ceiling were about 
300 C, and the lowest O2 concentrations about 15 % vol. 
In PUF fires, the ceiling temperatures were also about 300 
C but the temperatures at lower heights showed clearly 
higher temperatures than the heptane fires. The lowest O2 
concentrations for the PUF fires were between 5 and 16 % 
vol. 

In all fires, the gas pressure had a strong over-pressure 
peak after the ignition, followed by a decay close to zero 
around 100 s from ignition, and a negative peak at the time 
of the fire suppression. The ventilation configuration had a 
strong influence on the pressures in heptane fires: the peak 
over-pressures during the open, normal and closed con-
figurations were about 300 Pa, 600 Pa and about 900 Pa, 
respectively. The results were found to be very repeatable. 
The PUF fires were performed in normal configuration, and 
produced over-pressures up to 1600 Pa. The pressure peaks 
inverted the ventilation directions during the over- and un-
der-pressure peaks.

Fire-generated over-pressure was found to prevent egress 
from the apartment because the high pressure developed 
very quickly after the ignition, and during the high-pressure 
period, it was impossible for a test person (or even two fire-
men) to open the inner door of the apartment. This finding 
must be kept in mind when investigating fires with casual-
ties. It may also have a strong influence on the development 
of Finnish building regulations in the future.

Another surprising finding was related to the stability of 
structures during the experiments: The 1600 Pa overpres-
sure during the second PUF experiment damaged the light-
weight exterior wall between the fire room and the balcony. 
In the last test, the entire window frame installed in this wall 
was blown out at about 1400 Pa pressure. 

 These experimental results on the fire pressure develop-
ment in closed compartment prove the significance of ven-
tilation and air-tightness on the outcome and consequences 
of fast developing fires. The results will be used to assess 
the ventilation recommendations and to validate fire simu-
lations that will support further analyses.
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FDS Simulations of Compartment Fire Pressures

Keywords: Fire pressure, FDS, Leakage, Validation, 
Ventilation  

Compartment fire pressure is an often ignored aspect of 
fire research and very little is known about its influence on 
the egress possibilities of occupants. Similarly, the effects 
of ventilation on fire pressure and smoke spreading are 
also not known very well. In this work we performed fire 
simulations using Large Eddy Simulation based CFD code, 
Fire Dynamics Simulator (FDS) to validate its use to study 
the effect of fire pressures and modelling ventilation sys-
tems. The compartment fire experiments reported by the 
Swedish Defense Research Establishment (FOA) formed 
the basis of the first part of the validation study where the 
effect of leakages and ventilation systems were studied. In 
the second part, 13 full scale experiments were conducted 
in a typical Finnish apartment with a double door system, 
an outer and inner door with the inner door opening in-
wards to the apartment, at Kurikka, Finland to study the 
pressure rise under various configurations of the ventila-
tion ducts. 

During compartment fires one of the most important as-
pect that has a major influence on fire pressures, apart 
from the ventilation system flow rates, is the leakage of 
the building façade. 

 Simulation of compartment fire pressure requires that the 
compartment leakage values be quantified either through 
measurement or through a survey of leakage statistics of 
the type of building being simulated. This leakage value 
is then converted to an estimated leakage area (ELA) to 
be specified as an input in FDS. Usage of leakage mea-
surements, calculation of leakage areas and modelling of 
leakage areas in FDS for engineering applications are ad-
dressed in the study. 

Ventilation systems are another vent for relief of fire pres-
sures and smoke spread. The FOA experiments investigates 
this possibility by connecting a ventilation system to three 
fictive compartment along with the fire room. The exhaust 
flow rate is maintained at 25 L/s using Iris dampers. Ven-
tilation system design in FDS using the HVAC module and 
the allocation of losses in the HVAC ducts is also an em-
phasis of the study. Losses of the system are critical factors 
of influencing the ventilation flow rates. Accurate knowl-
edge of the duct layout, duct fittings and fan performance 
should be known to obtain a good prediction of pressures 

and flow rates through the ducts. The HVAC module in 
FDS is quite sensitive to small changes in duct loss val-
ues and it is better, in practical cases, to report a range 
of possible pressures over a range of volume flow rates 
through the ventilation ducts. This study aims at provid-
ing guidance on the usage of the FDS-HVAC module and 
calculation and allocation of losses along with the leakage 
modelling for compartment fire scenarios.

The FOA studies consists of two series of tests with dif-
ferent types of fire curves used. Constant pool area and 
3 T-square fires with growth rates of 0.035, 0.075 and 
0.085.              

The validation simulations focuses on modelling heat re-
lease rates and oxygen consumption in the FOA studies 
to obtain pressure predictions. For the T-square fires of [1] 
there is an over prediction of 7% in Test 1 and under pre-
diction of 14% and 9% in Test 2&3 respectively. FDS fire 
pressure calculations for [2] give an over prediction of over 
pressure by 15% for the constant pool test and large un-
der predictions of over pressures in all the T-square tests 
in comparison with the experiments due to the high un-
certainty in the experimental fire behavior. The large un-
certainties in ventilation flows in the FOA studies cause 
large differences in pressures between experiments and 
FDS predictions. In case of high input uncertainty, it is ad-
visable to conduct sensitivity studies over a range of critical 
factors influencing pressure. 

In the simulations of the apartment experiments the over 
pressure prediction errors are around 5% under all ven-
tilation conditions of the apartment. The flow velocities 
through the ventilation ducts have a prediction error of 
25 % when mechanical ventilation is used. In all the val-
idation studies, the predicted under pressure were less in 
absolute values than in reality.  

REFERENCES

[1] FOA, Defence Research Establishment (1996). Pressure rise due to fire 
growth in a closed room. (FOA-R--96-00347-2.4--SE), Weapons and 
Protection Division, Stockholm, Sweden.

[2] FOA, Defence Research Establishment (1998). An experimental study 
of the smoke spread via ventilation ducts. (FOA-R--98-00870-311--

SE), Weapons and Protection Division, Stockholm, Sweden.

 



BOOK OF ABSTRACTS Nordic Fire & Safety Days

47

Describing Residential Fire Fatalities in Sweden 

Keywords: Fatal fires, Risk groups, Risk factors, Cluster 
analysis 

Residential fire is by far the largest category of fatal fires in 
Sweden, accounting for about three-quarters of all fatalities 
[1]. The purpose of this study is to investigate risk factors in 
terms of event and fatality characteristics and to describe 
common typologies of fatal residential fires using cluster 
analysis. Data on the fires and fatalities were obtained from 
a compiled database using linked data from the database 
on fatal fires, the database on forensic examinations, and 
the Cause of Death Register [1]. 

The results clearly show that the risk of dying in a residen-
tial fire is unevenly distributed in the population. Men are 
over-represented as well as the elderly. Alcohol is a com-
mon contributing factor. In a majority of the fatalities toxic 
gases is the primary cause of death. Residential fatal fires 
are more often caused by smoking, are more often located 
in the bedroom, and occur more often at night than fires 
where no one has died. 

The most common cluster/fire scenario was characterized 
by being more likely than average to be caused by smok-
ing, started in bed/sofa/armchair, located in bedroom, and 
in multi detached houses. The fatalities were more likely 
than average to belong to the age group 45-64 years, test 
positive for blood alcohol, and die from toxic effects. Anoth-
er cluster/fire scenario, also being more likely than average 
to be caused by smoking, started in clothing, occurred in 
kitchen, and in service apartment for elderly. Here, the fa-
talities were more likely than average to being female, be-
long to the age group 80+ years, did not test positive for 
blood alcohol, and die from burns. Other clusters that were 
identified in the analysis were related to cooking appliance 
left on, deliberately set fires, and caused by technical fault, 
started in electrical installations in single houses
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Can the combustion efficiency be estimated by 
small-scale tests? Determining the combustion efficiency with 

regard to statistical analyses

Keywords: combustion efficiency, heat release rate, 
Cone Calorimeter, Single Burning Item Test, statistics

When a material is burnt usually just a certain part of its 
inherent energy is set free. The quantification of the en-
ergy which is really set free in case of a fire is important 
for the weighting of fire loads in industrial buildings: as in 
this type of building often huge amounts of combustibles 
are handled respectively stored correspondingly high de-
mands on the fire protection measures result. Quantifying 
the energy which is really released in case of a fire with an 
adequate accuracy means to be able to keep the costs for 
the fire prevention measures as low as possible on the one 
hand and to minimize the risk of a fire – in conjunction 
with its consequential costs – on the other. 

A possibility for getting access of this amount of heat is 
the combustion efficiency. By multiplying the lower heat-
ing value of a material with this factor a more realistic de-
scription of the energy set free results. Anyhow, the com-
bustion efficiency isn’t a material property and therefore 
depends for example on the preparation of the material 
and the ambient conditions. Accordingly, it will vary with 
the test conditions respectively the measuring devices, too. 

As the heat release rate is the most important parameter 
for quantifying a fire [1] it is described how to determine 
the combustion efficiency in relation to this value. Beside 
the commonly applied combustion efficiency based on the 
effective heat of combustion a combustion efficiency re-
ferring to the main burning period is introduced.

For measuring the heat release rate the oxygen consump-
tion method, which is at present the most accurate and 
common technique [1], [2], is applied. This leads to the 
Cone Calorimeter for small-scale and to the Single Burning 
Item Test (modified) for mid-scale investigations. 

Even though the measuring principle is the same the re-
sults vary at least due to the scale. The contribution de-
scribes the different conditions and effects in small- and 
mid-scale tests. Using statistical methods (e.g. t-tests, 

Kolmogoroff-Smirnov-tests, q-q-plots) the results of the 
two scales are compared. It is taken respect to the ques-
tion which test conditions should be chosen best in small-
scale for getting data sets of combustions efficiencies for 
the prediction of the mid-scale combustion efficiency. In 
addition, a factor calculated from results of different ma-
terials and heat fluxes is implemented and its effect on the 
results of the statistical tests is analysed. 

It is shown that the combustion efficiency rating the main 
burning period shows best correlation with SBI test results 
and moreover less uncertainties due to cutting off the 
phases of ignition and extinguishing. Of course, compar-
ing the small- and mid-scale combustion efficiencies is just 
a step for getting access of large- and real-scale data. Fur-
ther tests, for example by Room Corner Test, are advisable. 
Nevertheless, the method shown can be used for testing 
the comparability irrespective of the scale. 
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An overview of the setup of the Tisova fire tests 

Keywords:  Travelling fires, fire test, measurement, 
structural fire engineering, fire dynamics

The Tisova Fire Test was carried out in January of 2015 by a 
team from SP, the University of Edinburgh, Imperial College 
London, Luleå Technical University, and Technical University 
Ostrava, Majaczech, CSTB and CERIB.  The fire test was con-
ducted inside of a real building, Figure 1, which was sched-
uled for demolition. The building was constructed in 1958 
as a powdered coal boiler and comprised of a reinforced 
concrete frame and slab construction. In 1980 the build-
ings use was changed to a combination of workshops and 
offices and additional floors and slabs were added using 
composite slab construction tied in to the original frame. 

Figure 1 the Southwest corner of the test building

The test compartment, shown in Figure 2 was on the ground 
floor. The layout was generally open, with a series of large 
rooms enclosing one side as well as one corner. There was 
also a central lift shaft.  

The size and layout of the compartment meant that it was 
ideal for testing the travelling fires methodology developed 
by Stern-Gottfried & Rein (2012). The fuel was laid out as a 
uniform single fuel bed across the whole floor, apart from 
a 0.5 – 1 m path around the perimeter of the floor area. 
Fuel covered approximately 170 m2 of the floor area. The 
arrangement of the fuel gave a fuel load of approximately 
40kg/m2, or approximately 680MJ/m2. 

Figure 2 the fire compartment

Fire temperatures within the compartment were recorded 
using 56 thermocouple trees incorporating Type-K Inconel 
sheathed thermocouples hung from the ceiling at approxi-
mately 2.5m spacing’s. Each thermocouple tree had 6 ther-
mocouples at heights below the soffit of the slab of: 5cm, 
65cm, 140cm, 205cm, 260cm, and 370cm, respectively.  

In addition to these thermocouple trees, approximately 
75 plate thermometers were installed throughout the test 
compartment and on the façade of the building to measure 
the structural temperatures and the exposure to the façade 
as a result of the fire in the test compartment. Temperatures 
were measured inside of the floor slabs and the concrete 
beams, as well as two of the columns, by means of approx-
imately 110 thermocouples which were installed from the 
floor above.

Deflections of the structure were measured during the test; 
and a 3d laser scan of the test building was made both 
before and after the test for comparison with the measured 
deflections.

The test compartment was over 230 m2, and in total we 
had over 500 channels for data collection; making it one of 
the largest and most complex fire tests which has been per-
formed. This presentation is intended to introduce the test 
setup and to give some discussion about some of the diffi-
culties which were overcome on site. We will also describe 
the results of the test in relation to one of the columns in-
side of the test compartment which was instrumented.
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Full scale experiments of localized fires  
Validation of thermal exposure to a steel truss frame
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In this report, the full scale experiments conducted in Jan-
uary 2015 in Trondheim is elaborated on. 

Recently, in Sweden, thermal exposure to structures from 
localized fires has become a subject of debate [1]. The 
experiments were performed to validate the EN 1991-1-
2 methods for calculating thermal exposure to structural 
elements [2] and also to evaluate and develop new meth-
ods for predicting, and understanding of, the thermal and 
mechanical response of a steel truss frame subjected to 
localized fire exposure.

Different sized n-heptane fires were placed under a steel 
truss frame according to Figure 1 and Table 1 [3]. From 
these experiments, thermal exposure to the ceiling and 
steel members were evaluated and compiled to a bench-
mark report.

After the experiments, it was concluded that, even though 

the thermal exposure was extensive, the structural integ-
rity of the main frame was intact. Some buckling of the 
steel sheet occurred locally close to the impingement of 
the plume central axis. The temperatures dropped rapidly 
with increasing distance from the central axis yielding tem-
peratures in the supports well below critical temperatures 
during the tests.

In the third test, with the fire located close to one column 
and under one of the supports, the temperature in the 
supports was higher. Still, the temperature in the supports 
was well below critical temperatures and substantially low-
er than the temperature in the truss members closest to 
the support.

The most severe damage during the tests was seen in the 
steel sheet, as mentioned, and to the paint on the truss 
which was completely burnt off during the second and 
third experiment.

Figure 2 Local deformation of steel sheet and burn off of 
paint from the steel truss after the second experiment.

Calculation of the thermal impact in comparison to EN 
1991-1-2 confirmed, as already shown in previous studies 
[4], that Eurocode over predicts the temperatures in the 
plume central axis at the most interesting height, 3-5 me-
ters. Most steel truss frame buildings with structural fire 
safety requirements in Sweden are typical super markets 
with ceiling heights close to 5 meters. In design, this can 
be considered on the safe side but for scientific purposes, 
this poses a problem as the hand calculations usually over 
predicts the thermal exposure.

The experiment also concluded that the gas temperature 
inside the plume central axis can be used as fire boundary 
condition in thermal heat flux calculations.

As a concluding remark from the experiments, it can be 
noted that the thermal exposure is equal, less or unchart-
ed and that the structural reserve in steel frame structures 
exposed to fire is larger than anticipated.
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Introduction 
Fire is a major threat to on- and offshore oil- and gas instal-
lations and every year, a number of fire related incidents 
occur. In order to elucidate fire hazards on the Norwegian 
shelf, an area well-known to provide one of the safest pe-
troleum installations in the world, SP Fire Research (SPFR) 
reviewed fire incident statistics from Petroleum Safety Au-
thority Norway (Ptil). The aim was to get an overview on the 
number of incidents, their severity and to try to find out if 
there were any trends as to what types of incidents that are 
reoccurring. 

Data base analysis
Fire incidents, small and large, are systematically reported 
to Ptil, which keep a database of the information. SPFR got 
access to this database which contains information on 985 
fire related incidents from 1997 to 2014. In our analysis 
we studied factors like type of facility involved (i.e. fixed, 
moveable, onshore facility), which area or system that was 
involved and year of the incident. Consequences of the in-
cidents were analysed, e.g. whether the incident led to halt 
in drilling or in production or if mustering of lifeboats was 
performed. The severity of the incident was also analysed. 
Valuable information was found in the free text description 
of each incident. 63 of the registered incidents occurred on 
onshore facilities. The severity of the incidents is reported 
on a scale from 1 to 5 according to the following definition:

 1. Not notifiable

 2. Simpler follow-up

 3. Potentially severe 

 4. Severe

 5. Large potential / serious accident / death

A set of possible hazardous situations and incidents is used 
to categorise incidents on a more detailed level, indicating 
the actual type of incident and the type of area where it oc-
curred. These categories are known as DFUs, which means 
“defined hazard and accident conditions”. Incidents are 
registered in the data base with both an assessment of the 
level of severity and related DFU. The actual consequences 
of the incidents in the dataset are characterised according 
to DFUs describing ignition of hydrocarbon leakage, or in-
cidents (including false alarms) not involving hydrocarbons.

Results
The majority of the reported incidents (approximately 67 %) 
are registered as fires or explosions that do not involve hy-
drocarbons. Six incidents were registered on severity level 5, 
three of these occurred on onshore installations. The data-
set shows that severe incidents related to fire do not occur 
very often. However, some incidents reported could have 
developed into disastrous events, indicating the need for 
continued work to increase safety and a focus on barriers 
preventing possible consequences of an escalating incident.

286 of the 985 incidents were false alarms, i.e. 29%. In 
an industry where any production stop could be extremely 
costly, this number is high. It might, however, also be an 
indication of the very stringent safety requirements in an 
industry where these high costs are accepted, rather than 
introduction of less sensitive detection systems that might 
fail in the case of a real incident. Nevertheless, the number 
of false alarms implies that there is room for improvement. 
Of the false alarm incidents 7% caused drilling downtime, 
38% caused production stoppage and 45% caused muster-
ing to life boats. The cost for these production interruptions 
would most probably be considerable. 

Concluding remarks
The analysis of the fire incident data base of the Petroleum 
Safety Authority in Norway reveals that even though many 
incidents are reported, the large majority of these are to be 
considered as having imposed only minor risks for severe 
fire accidents. 

The analysis made provides valuable information regarding 
possibly dangerous situations, and gives a direction into 
which areas on the petroleum installations, which types of 
equipment and what types of activity that are involved. The 
findings are based on information in the data base only, 
but for many of the more severe cases comprehensive in-
vestigation reports have most probably been prepared by 
the oil companies or other involved parties. We therefore 
believe that more detailed information should be available 
for many of the analysed incidents, information that could 
be valuable for assessing suitable targets for improvements.
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Risk analysis as opportunity for or obstacle to innovation 

Keywords:  Risk, Safety, Innovation

Risk analyses affect how both technical and societal struc-
tures are formed. Regulations in most European countries 
require that industries perform risk analysis. In the devel-
opment from prescriptive to performance-based legisla-
tion, risk analysis has become the main tool for managing 
safety, but also economy and quality. Thus, the use of a 
risk-based approach has become the norm in society and 
the way for industries and businesses to demonstrate that 
they are in control of their risks. This also means that the 
risk-based approach today has an impact on the innova-
tion process as a way to “prove” that new innovations are 
safe.

An essential question is what it really means to adopt a 
risk-based approach. Although the approach today per-
meate almost all parts of society, most organizations have 
difficulties operationalizing risk and to use the approach in 
practice. Commonly reference is made to conceptual the-
ories of risk, but without guidance on how to implement 
risk-based methods and requirements in daily operations. 
Furthermore, risk has different meanings in different con-
texts. Different approaches, meanings and definitions are 
used under the concept, and during the last years com-
plementary perspectives on safety have been introduced. 
There is today not one specific risk-based approach but 
risk is interpreted and understood in a variety of different 
ways. In order to develop research within the area of safety 
and create an appropriate basis for its use in decision mak-
ing, it is necessary to, with regular iterations, highlight and 
challenge the existing interpretations of risk. 

The aim of this study is to describe the role of the risk-
based approach in innovation decision making. Since risk 
analyses have become a used method in the innovation 
process it affects if innovations are seen as sufficient safe. 
In some cases, risk analysis becomes a support for new in-
novation, helping to “prove” that it is safe. In other cases 
the risk analysis becomes an obstacle to innovation and 
change. Several aspects can play important roles in wheth-
er the risk analysis in a specific case becomes an oppor-
tunity for or an obstacle to innovation. Examples of such 
aspects are the used methods, pre-defined acceptance 
criteria, existing standards, issues of power, regulatory re-
quirements and other optimization towards measurable 
and auditable parameters. These aspects are determined 
by legislation or by norms in the field or in society. Another 
aspect that affects the result (and also the above aspects) 
is the actors involved. Since risk analysis is about predict-
ing the future the results will be influenced in a certain 
direction depending on the composition of the group, the 
participants’ background and experiences.
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Critical Infrastructures are assets, systems or parts thereof, 
which is are essential for the maintenance of vital societal 
functions, such as e.g. health, safety, security, economic or 
social well-being of people, and the disruption or destruc-
tion of which would have a significant impact as a result of 
the failure to maintain those functions [1]. Examples of CI 
include critical components of transportation, energy distri-
bution and communication networks, etc. Even single as-
sets of CI usually represent complex systems, which consists 
of several components. 

Large scale crises are affecting critical infrastructures with 
a growing frequency. This is a result of both basic exposure 
and dependencies between infrastructures. Because of pro-
hibitive costs, the paradigm of protection against extreme 
events is expanding and now also encompasses the para-
digm of resilience. 

 Resilience refers to the ability of a system, community or 
society exposed to hazards to resist, absorb, accommodate 
and recover from the effects of a hazard in a timely and effi-
cient manner, including through the preservation and resto-
ration of essential basic structures and functions.. Resilience 
of a system has usually been defined in two very different 
ways [2]. These differences reflect to two fundamentally dif-
ferent aspects of resilience. Engineering resilience focuses 
on stability of an equilibrium state. 

Thus resilience refers to the ability of the system to resist 
disturbances and quickly return to the equilibrium state. 
In contrast, ecological resilience emphasizes conditions far 
from equilibrium, where large disturbances can flip the sys-
tem to another equilibrium state. Resilience then is defined 
as the magnitude of disturbance that can be absorbed be-
fore the system changes state. The first definition i.e. en-
gineering resilience could be characterized by efficiency, 
constancy and predictability aiming at a controlled, fail-safe 
design and optimized performance. On the other hand, 
ecological resilience is described by persistence, change and 
unpredictability. These attributes are necessary for the adap-
tation and survival in a dynamically changing environment.

The IMPROVER project is funded under the Horizon 2020 
secure societies work program and aims to improve Euro-
pean critical infrastructure resilience to crises and disasters 
through the implementation of combinations of societal, 
organisational and technological resilience concepts to 

real life examples of pan-European significance, including 
cross-border examples. The project comprises three phases: 
an international survey to identify methods for implement-
ing resilience concepts to critical infrastructure; an evalu-
ation of these methods; and the further development of 
promising methods for application to European critical in-
frastructure. At the time of writing, the project is approach-
ing the end of the first stage and looking towards the chal-
lenges of the second and third stages. 

The project is employing a number of novel methods to 
study, evaluate and assess resilience, including crowdsourc-
ing as a source of information and to promote engagement 
of the population during recovery; as structured elicitation 
of expert judgement for hazard identification and ranking 
and fragility curve definition. These are combined with 
more traditional systems analysis and engineering analysis 
techniques to develop a toolkit to evaluate and promote 
the resilience of critical infrastructure.  Within the project 
these will be exemplified by application to four living labs 
which represent critical infrastructure of pan-European sig-
nificance.

This presentation provides an introduction to the project 
and as well as a summary discussion of progress to date 
within the project

[1] Council Directive 2008/114/EC of 8 December 2008 on the identifica-
tion and designation of European critical infrastructures and the assess-
ment of the need to improve their protection. Offical Journal of the 
European Union, 23 December 2008.

[2] Holling, C. S. (1996). Engineering Resilience versus Ecological Resilience, 
in Schulze P.C. (ed.), Engineering Within Ecological Constraints, Wash-
ington, D.C.: National Academy Press, pp. 31-43. 
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Non-fatal residential fires 
- A literature review 
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During the 20th century the incidence of fire fatalities de-
creased and the numbers are now historically low. Despite 
this approximately 150 people in Sweden die every year 
because of a fire, a number that has been fairly steady 
over the past 10-15 years. The circumstances surrounding 
fire fatalities are well established, but less is known about 
the mechanisms promoting survival. The purpose of the 
present literature review was to describe and discuss cir-
cumstances associated with non-fatal residential fires.

Seven articles, identified through a snowball sampling pro-
cedure, met the inclusion criteria. All studies barring one 
compared fatal fires with non-fatal fires. All studies identi-
fied the fire events through rescue services. The studies dif-
fered with regard to methodological approach and scope 
which made them difficult to compare. Still, some patterns 
of findings could be discerned. 

Survival tended to be associated with capacity to handle 
the situation. This factor may be age-related; people that 
die in residential fires are often very young or old; the sur-
vivors are usually between 5 and 65 years old. Further, var-
ious forms of intoxication can impair capacity; the people 
that survived were generally not intoxicated by alcohol or 
drugs. Sleep is another risk factor for fatal fires since sleep-
ing diminishes the ability to react and respond according 
to what the situation requires. 

The origin of residential fires varied. In non-fatal events 
the fires were most often caused by cooking, followed by 
heating equipment, and most seldom by smoking. Fatal 
fires, on the other hand, are primarily caused by smoking, 
followed by heating equipment and seldom by cooking. 
These findings imply that the types of events, causing ei-
ther fatalities or no injuries/non-fatal injuries, are different 
by nature. 

The results of this literature review should be interpreted 
with caution. However, improved understanding of factors 
that contribute to survival in residential fires is important 
to develop new measures to improve the prevention of 
residential fire injuries and fatalities.  
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When emergency management organizations kick into 
gear they are governed by organizational hierarchies, op-
erational procedures, formal plans and many other ways of 
structuring co-operation, command and control between 
uniformed entities without personality. But in reality, very 
often tasks seem to be performed through informal coordi-
nation in social networks among individual actors who like 
each other, share interests and have common experiences. 
All practitioners know this. But how do we tap into these 
informal networks when designing and managing emer-
gency management organizations so they work for and not 
against us?

ARCTIC RESPONSE 15 (AR15) was a military /emergency 
management exercise led by the Danish Joint Arctic Com-
mand (JACO) that took place in Greenland and Iceland in 
the second half of September 2015. AR15 has been select-
ed as a pilot-case to test the applicability of Social Network 
Analysis (SNA)1 on military/emergency management ex-
ercises. The lessons learned from this study will feed into 
the research design for LIVEX 16, a much larger and more 
complex Arctic emergency management exercise planned 
for May-June 2016.

The exercise involved a main target audience of approxi-
mately 200 individual actors in three main locations: Mes-
tersvig (East Greenland), Nuuk (West Greenland) and Kefla-
vík Air Base (Iceland). In addition to these fixed location a 
number of surface vessels participated (Task Group East and 
Task Group West). The overall aim of ARCTIC RESPONSE 
15 was to train the capabilities of JACO and the Danish 
Arctic Emergency Force (Arktisk Beredskabsstyrke) within 
planning, deployment, insertion, coordination, execution 
and redeployment under Arctic conditions. AR15 was a 
so-called serialized exercise, meaning that the exercise plan 
(EXPLAN) was designed around a large number of serials 
(specific tasks that involve actors from one or multiple units) 
rather than one coherent scenario.

The aim of this study is to analyze formal vs. informal net-
works emerging among subsets of the Target Audience (TA) 
during AR15, especially to investigate the relationship be-
tween operational Arctic experience and centrality of actors 

in the informal network. The SNA is validated by observa-
tional studies of selected actors/groups/tasks during the ex-
ercise.

Data was collected from the following sources:

• The AR15 Exercise Control (EXCON) supplied lists of all 
exercise participants with background information on or-
ganizational attachment, rank etc.

• Additional information about the formal network struc-
ture and actor attributes was gathered from EXCON or 
the participants themselves through interviews and ob-
servations during AR15

• Participants were asked to fill out a survey questionnaire 
in Danish

The data was coded and cleaned in Excel, analyzed with 
UciNet, visualizations done with NetDraw and statistical 
analyses carried out using SPSS. A number of hypotheses, 
as formulated in the research protocol, will be tested sta-
tistically and the findings will be used, together with data 
from another emergency management exercise in Italy, to 
frame the research design for a Social Network Analysis of 
LIVEX 16.

This research is being carried out as part of NORDRESS (Nor-
dic Centre of Excellence on Resilience and Societal Security), 
led by researchers from the University of Iceland and funded 
by NordForsk 2015-2020.
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As society continues to develops, modern socio-technical 
systems are increasingly characterized by high degrees 
of interdependencies. Whereas these interdependencies 
generally make systems more efficient under normal op-
erations, they contribute to cascading effects in times of 
crises. Where cascading effects is here meant to describe 
incidents where an initial event leads to the impacts of 
the originating system affecting a dependent system (or 
several dependent systems), which in turn may affect more 
systems leading to total consequences which may be con-
siderably larger than the consequences of the initial event. 
Therefore, challenges for emergency preparedness and re-
sponse are growing significantly. An escalating incident in 
such an environment can lead to severe cascading effects 
and quickly become extremely difficult for emergency ser-
vices to handle. The more complex the environment where 
an incident is evolving, the more vulnerable the system, 
the greater the risk for escalation and cascading effects. 
In such instances the incident management needs to be 
as efficient as possible and build on up to date decision 
support information. New strategies, structures and meth-
odologies are, therefore, needed to meet these new chal-
lenges, including cross border cooperation in conducting 
operations and providing or receiving support across bor-
ders.

Incidents involving cascading effects are the focus of the 
FP7 project CascEff  with the aim to improve our under-
standing of cascading effects in crisis situations through 
the identification of initiators, dependencies and key deci-
sion points. CascEff has four main objectives:

1. Better understanding of the cascading effects in crisis 
situations.

2. Develop an Incident Evolution Tool for predicting crisis 
evolution leading to cascading effects.

3. Identification of human activities in the crises.

4. Improved incident management for present and future 
threats.

The presentation will include the overall progress of the 
project based on these 4 objectives, including a short dis-
cussion of the following aspects:

• Incident management is a central part of the project 
and different aspects have been studied, e.g. similarities 
and differences between different countries, regions 
and contexts, major concerns regarding cascading ef-
fects, trans-boundary accidents and ethical aspects. This 
also includes differences in decision making. 

• Another large part has been to study historic incidents 
involving cascading effects. For this a specific methodol-
ogy was developed. In these studies initial incident, the 
types of systems involved, the dependencies between 
various systems, what affects the cascading effects, and 
various consequences are examples of parameters in-
cluded.

• As part of the development of a tool that can predict 
cascading effects, an investigation into which tools are 
currently used by rescue services to support incident 
management has been made within the project. How 
these tools are used and how it would be possible to in-
tegrate the IET with them, have also been studied. The 
initial structure of a proposed tool has been developed 
and defined in the form of a number of ‘use cases’, i.e. 
descriptions of various functions that it will offer, or sit-
uations that it will be able to handle. 

• To validate the IET, a number of different scenarios have 
been defined and developed in response to a number 
of well-defined scenarios. These cover different initial 
events and types of systems and cover different scales. 
A methodology was developed to visualize the scenari-
os and the dependencies between the involved systems. 
From the graphical results also different timelines can 
be developed based on variations in condition, decision 
options, etc.
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Buildings are often designed to fulfil a certain purpose. 
When this purpose is to contain, entertain and handle many 
people, there are specific rules that must be complied to. 
Many of the rules in the national legislations are focused 
on the safety of people in case of emergency and/or fire. 
It must be ensured that evacuation can be done quickly, 
efficiently and safely. To fulfil this requirement, the building’s 
physical design and technical installations must comply with 
prescriptive rules or the building’s safety must be verified 
e.g. by means of fire- and evacuation simulations. But are 
these efforts enough or could some extra considerations 
in regards to handling many people – a crowd – enhance 
the safety of the building and improve the user’s experience 
when using the building? 

When designing buildings for the use by many people, 
giving the management of the crowd some consideration 
could prove to solve many problems before they occur. One 
of the tools that could be used is the DIM – ICE model, 
developed by G. Keith Still, Professor of Crowd Science at 
Manchester Metropolitan University (UK) [1]. The model is 
a systematic check list for risk assessment and crowd man-
agement. The model identifies three methods to influence 
a crowd: Design, Information and Management. The mod-
el should be applied to both the normal situation and an 
emergency situation; for the three different phases of be-
havior: Ingress, Circulation and Egress. 

The building design should, for example, take the arrival 
area into consideration in terms of both ingress and egress 
[2], [3]. A large number of authorized guests want to and 
must enter the venue in a limited period of time. Where 
should people queue for the entrance? What is the arrival 
profile? Can people be distributed evenly between several 
entrances e.g. by means of physical barriers? What is the 
demand for space? This same space has to be able to handle 
the egress situation. After the event, most of the audience 
wants to leave the location immediately, which can mean a 
much higher flow rate than during the ingress period.

Inside the building, considerations are necessary in regards 
to the circulation of people. What are the expected routes 
of the people to reach their goal being the cloakroom, their 
seat, the bar, the toilets and what are the expected flows 
under different circumstances to these areas? How can the 

building design support these flows so they happen natural-
ly, safely and efficiently? The building needs to support safe 
waiting/queuing areas, avoiding crowd pressure, keeping 
the crowd under control, assuring and maintaining a fair 
queuing, supervision of crowd flow and e.g. avoid crossing 
flows. 

The theories of human behavior and the psychology of 
the crowd should be studied when considering the flows 
of people under different circumstances. The starting point 
should be the belief in the good in people and the resilience 
of a crowd. What we mean is if people are given the neces-
sary means and understanding, they will in most cases put 
this into use and thereby help themselves and others, both 
under ordinary circumstances and in case of an emergency. 
People make decisions all the time, both conscious and un-
conscious. That is why when designing a building, you need 
to consider how the building can help people to make the 
right decision either consciously or unconsciously. This can 
be done by means of physical or psychological barriers in 
the building design and by using the technical installations 
that are in the building for other purposes than the original 
one. This could be by using the illuminated commercial ban-
ners as dynamic safety signage or using the spoken warning 
system for safety announcements and instructions to name 
a few examples.

The conclusion of this presentation is that a lot can be 
gained if crowd managers could participate in the design 
phase of a building for the use of many people. The knowl-
edge and experience of a crowd manager often exceeds the 
rules and guidance in the current legislation. He can add 
new angles to the specification and design of a building, 
which can prove to increase crowd safety, enhance crowd 
management and give the users of the building a good ex-
perience from day one, not depending on a vast number 
of staff.
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Fire fatality statistics show an overrepresentation of people 
considered to belong to a vulnerable group. Factors that 
affect individuals’ vulnerability to fire are described in the 
Official Norwegian Report “Safe at home” from 2012 [1] 
as: use of drugs and alcohol; reduced cognitive and physi-
cal functions; and socio-economic status (e.g. living alone, 
poverty, low education level). Vulnerability in this case de-
scribes an individual’s ability to identify fire outbreak or 
evacuate in the case of fire, as well as risks of non-inten-
tionally starting a fire. Elderly people with reduced cog-
nitive and/or physical abilities are found to be the largest 
group at risk today.

In Norway, public services are in contact with vulnerable 
groups through a range of services, including home care 
and nursing, support services and counselling, and munici-
pal housing. However, the municipalities are very diverse in 
terms of demography, building and neighborhoood con-
ditions, as well as their municipal organization of public 
services. This paper reports results from a study of local 
practices for the prevention of fatal fire among vulnerable 
citizens in Norwegian municipalities [2]. The study explores 
how collaboration between municipal services might con-
tribute to ensuring fire safety for vulnerable groups.

The empirical data was collected through qualitative inter-
views with representatives from a selection of municipal 
fire services of different sizes and organizational forms. In 
each fire district, personnel from other relevant services 
in the municipality, such as housing administration, health 
and social care were interviewed. A systematic analytical 
approach was taken, based on the Pentagon model [3], 
with the aim of capturing the range of factors, formal and 
informal, that may influence the municipality’s ability to 
prevent fatal fire among vulnerable groups.

The interviews reflect a great variety in the local approach-
es to fire safety for vulnerable groups. Service providers 
from both fire departments, housing services, property ad-
ministration, health and social care expressed the need for 
collaborating across services in order to effectively identify 
vulnerable groups and provide measures to decrease the 
risk of fire. Many of the communities had experimented 
with various forms of cross-sectorial collaboration, but 
generally on a relatively small scale. These initiatives were 
frequently run by local enthusiasts who took a personal re-
sponsibility and used personal networks for launching new 
collaborative practices. Generally, organizational measures 

were frequently found to be ad hoc and project based, 
which made them vulnerable to changes in personnel or 
finances.

Common for many local service providers was an expe-
rience of lacking sufficient support and attention from 
municipal management. Also the absence of arenas for 
collaboration across services was seen as an obstacle for 
efficient cross-sectorial services. Many professionals ex-
pressed insecurity in terms of the boundaries between 
professions and the practical intepretation of regulations, 
for example related to client confidentiality and sharing 
of information. For smaller municipalities, the role of the 
Directorate for Civil Protection (DSB) was seen as crucial 
for guiding and assisting the municipalities, as the direc-
tives from the state level frequently were experienced as 
difficult to implement at the local level. The cross-sectorial 
measures that are needed at the local level, also require 
cross-sectorial policies at the government level.

New fire prevention regulations [4] places responsibility 
on each municipality for mapping vulnerable groups and 
developing prevention programs based on local risk as-
sessments. The current study suggest that such mapping 
should take into account the ways in which social and or-
ganizational factors affect the vulnerability of individuals 
and groups. There is a tendency in policy documents on fire 
safety to treat vulnerability as a function of individual traits 
such as reduced mobilty or cognitive functions. This study 
emphasizes the need for seeing vulnerability as a complex 
of interrelated factors. Fire preventive work must build on 
an operational  definition of vulnerability that includes the 
social and organizational surroundings in addition to  the 
physical environment, technical preventive measures, and 
the capabilities of the individual. Organizational measures 
that aim to strengthen the municipalities’ ability to prevent 
fire in vulnerable groups need to target both the profes-
sional, the municipal, and the governmental level.
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The evacuation process in buildings occupied by children, 
particularly pre-school, day-care centres etc., differs signifi-
cantly from that in other occupancies involving adults only. 
In early childhood, intended as the pre-school period be-
tween 3 and 6 year of age, the motor, cognitive, and so-
cial skills are still developing [1]. Therefore, the movement 
abilities and behavioural patterns of children are affected by 
the ongoing physical and psychological changes. Previous 
research studies focused on the evacuation of children in 
the pre-school age have confirmed that movement abilities 
and self-rescue capabilities of children are predominantly 
age-dependent [2, 3, 4]. The form of the additional assis-
tance to evacuate given by responsible staff members can 
be seen in a wider context: from a psychological support, 
when adults represent a leadership and an authority fig-
ure, who coordinates an emergency situation and provides 
an emotional security to the children; to a physical help 
offering during the movement through the building (e.g. 
hand-holding).

Considering the aforementioned circumstances, under-
standing of the specific conditions regarding evacuation of 
children is a complex task, even more challenging when it 
comes to its prediction and representation, i.e., evacuation 
modelling. Although egress models may be able to repre-
sent heterogeneous populations, this capability may not be 
directly supported by empirical data, which leads to a limit-
ed capability of those models to predict evacuation scenari-
os involving children [5]. A small number of research studies 
have attempted to simulate evacuation of pre-school chil-
dren using egress models, specifically the model Nomad [6], 
STEPS, GridFlow, and Pathfinder [7, 8]. In these studies, the 
necessity of careful selecting of input parameters and us-
ing relevant data-sets is pointed out as a vital condition for 
avoiding the obtainment of incorrect model results. More-
over, in order to obtain accurate predictions, the knowledge 
of the assumptions of the selected evacuation model and 
the key aspects affecting children behaviour is required. Fur-
ther investigations and more data are needed in this area to 
enhance model ability to simulate the evacuation process of 
children appropriately.  

The presentation focuses on using the egress model Path-
finder to simulate the evacuation of two pre-school build-
ings. The results of simulations are compared to an empir-
ical data-set acquired from evacuation drills performed in 

the same buildings. In addition, the resulting limitations of 
the reliability and the capability of the selected egress model 
related to unique aspects of pre-school children evacuation 
are assessed. 

The empirical data-set was collected during two semi-an-
nounced evacuation drills carried out in a pre-school located 
in Prague, Czech Republic in 2013.  The pre-school institu-
tion is attended by children from 3 to 6 year old; according 
to different age groups (aged 3-4 years or aged 5-6 years), 
children are divided into 5 classrooms located on the first 
and second floor in two separated buildings; the total pop-
ulation included 198 children and 19 staff members in both 
evacuation drills. The evacuation drills were monitored using 
12 video cameras positioned inside or outside the buildings. 
The acquired data-set consisting of population and escape 
routes description, travel speeds on horizontal and vertical 
escape routes, pre-evacuation times, and total evacuation 
times were used as input configuration in model Pathfinder 
so that the relevant results for a subsequent comparative 
analysis are available. 
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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 
regulatory bodies, construction companies, engineering 
consultants, research institutes and standards bodies. The 
major external funders for the project are Nordic Inno-
vation, the Norwegian building regulator DiBK, and the 
Swedish construction industry development fund SBUF. 
The consortium partners are also providing significant in-
kind self-funding contributions to the project.

The project had been in response to a call from Nordic 
Innovation, which sought “projects where new standards 
are created or implemented as a main driver for innovation 
within a specific sector” [1]. The project addresses a num-
ber of challenges that face the construction sector in rela-
tion to sustainable and innovative building solutions. The 
environment for the introduction of technological solu-
tions that differ from conventional options is challenging. 
Generally, the building industry is conservative and slow to 
adopt change. There is constant pressure to reduce cost in 
the face of increasing regional and international competi-
tion and a trend to expect more for less. There is a need 
to cater for changing demographics, particularly an aging 
population and hence universal design. At the same time, 
there are strong drivers to build sustainably, particularly 
with a focus on energy conservation. In addition, climate 
change is occurring and extreme weather events are be-
coming more common.

With the backdrop of these environmental conditions, sig-
nificant barriers to trade exist for the construction sector in 
the Nordic region. One particular area of the market, and 
the focus of the project, is fire safety engineering. While all 

the Nordic countries have introduced performance-based 
building codes, their implementation with regard to fire 
safety has been ineffective and inefficient, partly due to 
a lack of standardized fire safety engineering/verification 
methods. 

This is the case at both a national and regional level. 
Within individual jurisdictions, designers continue to rely 
on pre-accepted solutions as the path of least resistance, 
and the authorities having jurisdiction continue to ques-
tion whether performance-based designs actually deliver 
the level of fire safety required by the performance-based 
code. A common question that is typically raised in the 
latter situation is “what is the associated level of uncer-
tainty?”

At the trans-national scale, differences in regulations, ver-
ification methods and control procedures amongst neigh-
bouring Nordic countries are causing significant barriers to 
the trade of products and services. The ultimate outcome 
would be to have a single unified Nordic construction mar-
ket.

The concept of this project is therefore to develop two 
new INSTA standards that could be used throughout the 
Nordic region; one new standard that will provide a specif-
ic technical method for the verification of innovative and 
sustainable solutions, and a second new standard that de-
fines a standard process to review and control fire safety 
engineering in building projects.

In June 2016, the first three work packages in the project 
have been completed, and the project has a further twelve 
months until it concludes.

Work package WP1 Identification and Analysis of Barriers 
made a comparison of Nordic building codes in relation 
to handling procedures, the control system, and require-
ments for fire safety, and provided recommendations on 
what aspects the subsequent WP2 Verification Method 
and WP3 Review and Control Process should focus on [2].
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WP2 has produced a preliminary standard entitled Fire 
Safety Engineering – Probabilistic Method to Verify Fire 
Safety Design in Buildings. The document provides guid-
ance on verification procedures, acceptance criteria, prob-
abilistic risk analysis, uncertainty and risk management, 
and documentation. Appended to the main document, 
guidance is also provided on validation of statistics, reli-
ability data, as well as a series of worked examples. 

Concurrently, WP3 has developed a preliminary standard 
entitled Fire Safety Engineering – Control in the Building 
Process. The document provides guidance on review and 
control in the building process relating to the planning 
phase (conceptual design, the fire safety strategy, detailed 
design, 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).

Work package WP4 Application of Methods has also start-
ed in 2016, where the two preliminary standards from 
WP2 and WP3 will be trialled on real building projects (part 
or whole). At the same time, a number of cooperating 
consultancies have started using the two preliminary stan-
dards in their day-to-day operations, including where they 
act as an independent peer reviewer. These trials will result 
in recommendations for amendment to the preliminary 
standards, where required.

In the final work package, WP5 Finalization, the recom-
mendations from WP4 will be incorporated into final ver-
sions of the two standards.

A presentation at Nordic Fire and Safety Days will provide 
a detailed description of the project and constitute an im-
portant awareness-raising mechanism for the project.
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This book provides a consistent scientific background to 
engineering calculation methods applicable to analyses 
of materials reaction-to-fire, as well as fire resistance of 
structures. Several new and unique formulas and diagrams 
which facilitate calculations are presented. It focuses on 
problems involving high temperature conditions and, in 
particular, defines boundary conditions in a suitable way 
for calculations. A large portion of the book is devoted to 
boundary conditions and measurements of thermal expo-
sure by radiation and convection. The concepts and the-
ories of adiabatic surface temperature and measurements 
of temperature with plate thermometers are thoroughly 
explained. Also presented is a renewed method for model-
ing compartment fires, with the resulting simple and accu-
rate prediction tools for both pre- and post-flashover fires. 
The final chapters deal with temperature calculations in 
steel, concrete and timber structures exposed to standard 
time-temperature fire curves. Useful temperature calcula-
tion tools are included, and several examples demonstrate 
how the finite element code TASEF can be used to cal-
culate temperature in various configurations. Temperature 
Calculation in Fire Safety Engineering is intended for re-
searchers, students, teachers, and consultants in fire safe-
ty engineering. It is also suitable for others interested in 
analyzing and understanding fire, fire dynamics, and tem-
perature development. Review questions and exercises are 
provided for instructor use.

EXTRACTS FROM THE BOOK
The book contains clear definitions of heat transfer param-
eters necessary for temperature calculations. Several new 
diagrams and tables are presented which facilitate calcu-
lations. Below is an example of a diagram showing the 
adiabatic surface temperature at a surface in ambient air.

Adiabatic surface temperature vs radiation temperature of 
a surface in ambient air for various heat transfer coeffi-
cient – emissivity ratios.

The new technique of using plate thermometers for mea-
suring thermal exposure is comprehensively presented for 
use both in severe fire condition and in ambient air. The 
picture below shows the mounting of plate thermometers 
for the testing of a steel beam to be exposed to fire con-
ditions.

  

Plate thermometers being mounted for measuring thermal 
exposure in a room fire trial.
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I. INTRODUCTION
In every major smoke and heat control design, a trade-off 
is necessary between the robustness of the system and the 
possibility to optimize the system in an early stage of the 
project. An early optimization affects a great amount on 
dimensioning factors such as channel size, length, form, 
jet fans, detection system, etc. This optimization limits the 
cost of the overall system. The optimized system fulfils the 
same function using fewer resources; hence the end cost is 
reduced.
However, in case the system fails at a critical point, using an 
optimized system with for example complex control logic 
could lead to a catastrophic failure. The more complex the 
steering logic of the system becomes, the larger the amount 
of critical points in the system and consequently, the higher 
the risk of a catastrophic failure. In most projects the trade-
off is performed using good judgement but with a limited 
theoretical or numerical background. The failing of one sys-
tem is usually not critical to the overall safety strategy, but 
puts extra stress on the other safety systems which should 
be avoided.
It is however possible to design a system where no trade-off 
is necessary between robustness and economic optimiza-
tion. This paper describes two different kinds of optimiza-
tion methods and gives an exemplary case study in which 
an optimization is performed without compromising the 
robustness of the overall system.
II. DIFFERENT OPTIMIZATION TYPES
There are two different optimization types which typically 
can be used in a (fire) safety design: stochastic optimization 
methods (SO) and scenario optimization approach (SOA).
The difference is that SO focuses on the optimization of 
a few parameters and usually is very calculation intensive. 
One or more parameters are changed and an optimal point 
is chosen related to one or a few criteria. For example, the 
flux of exhaust air is optimized with the visibility at the exits 
as criterion. An optimal exhaust flux is thus reached, with-
out looking at the overall system. [1]
A different approach is SOA, where the approach focus-
es on the whole system and proposes a different scenario 
usually based on a working and less optimal scenario. This 
technique has existed for decades, but better and more sys-
tematic methods are continuously being developed. SOA 
is today being used in different fields, such as prediction, 
systems theory, regression, control, financial mathematics, 
machine learning, decision making, supply chain and man-
agement. [2]

III. DESCRIPTION OF CASE STUDY
The system which has been analysed in this study is a venti-
lation system for an underground metro station:

The blue zones are the part of the exhaust ventilation which 
is optimized. Originally, all the zones activate in case of fire.
The optimization starts with a qualitative review. After this 
review, it is chosen to make the system more local by using 
a local detection system and exhaust system in four zones. 
This is achieved by introducing fire dampers in the existing 
system.
The second step in the process is performing a risk analysis 
to assess the risk that one of the safety systems (partly) fail.
The third step is an analysis of the wanted and unwanted 
outcomes and comparing them to the required safe egress 
time. The system is verified using FDS and Pathfinder.
The changed scenarios, also the failing ones, with a failing 
fire damper or detection, are analysed. A different, less se-
vere fire is chosen for the failing scenarios to follow the logic 
in the Swedish BBRAD guidelines [3]. The motivation for the 
lesser fire is the acceptable rest risk: the risk level of a fail-
ing system in combination with a worst case scenario fire is 
deemed as very low. This scenario is regarded as a rest risk.
The different scenarios have been analysed using FDS and 
Pathfinder.
The last step is a comparison of the chosen parameters to 
the acceptance levels. At all times and for every scenario, 
the following equation has to be valid:
            ASET > RSET [4]
IV. LIMITATIONS
SOA for the case study is performed with basic methods. 
More advanced methods are available. No stochastic opti-
mization is performed. Care has to be taken that verifica-
tions and analyses encompass all scenarios and follow the 
highest possible standards.
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A jet of liquid (condensate) or gaseous (propane) fuel is re-
leased within an enclosure with rectangular cross-sections 
and a rectangular vent opening in one of the walls. The 
fuel burns and after some initial time, an underventilated 
fire develops. The simulations are compared to large-scale 
experiments (415 m3 enclosure)[1][2] by the Norwegian 
Fire Laboratory (now SP Fire Research) in Trondheim, emu-
lating an offshore topside structure. 

The CFD tool used is Kameleon FireEx (KFX) by ComputIT, 
Trondheim. The transient modeling includes a liquid break-
up and droplet spreading model. The turbulent reacting 
flow is modeled with the k- model [3] with wall functions 
and the Eddy Dissipation Concept for turbulent combus-
tion (EDC) by Magnussen and co-workers [4][5], including 
the soot model. Radiative heat fluxes are modeled by the 
discrete radiation transfer method of Lockwood and Shah 
[6].

Effects of choices in modeling of geometry, liquid break-
up and droplet formation and evaporation are investigated 
and discussed. Investigations are also made on the effects 
of insulation in the enclosure walls. Computational aspects 
and computational time are discussed.

The resulting shapes of flame, the soot/smoke layer, fresh 
air inflow etc. was similar to those reported from the ex-
periments. The simulated time-dependent temperatures in 
the vent opening and radiative heat fluxes in the ceiling 
of the enclosure were compared with experimental data. 
The comparison between simulations and measurement 
showed that the degree of matching varied with the mod-
eling choices. 
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Liquid pool fires pose a significant risk to industrial facilities. 
The liquids could originate e.g. from transformers, gener-
ators or other machinery.  Knowing the burning rates of 
these fires is the starting point of any fire safety related anal-
ysis.

The factors affecting pool fire burning rates are well known.  
The burning rates of liquid pool fires in open atmosphere 
are known for a wide variety of liquids. However, most fire 
scenarios involve fires in confined spaces. 

Confined spaces and possible addition of mechanical ven-
tilation modify the burning rates compared to ones mea-
sured in open atmosphere. These changes in burning rates 
are brought about by e.g. changes in oxygen concentration 
and through flow field induced by mechanical ventilation. 

It has been recently shown that the Fire Dynamics Simulator 
[1] can predict burning rates of liquid pool fires with rea-
sonable accuracy [2].  In this paper we perform predictive 
simulations of liquid pool fires in mechanically ventilated 
compartments. 
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A new quantitative risk analysis (QRA) fire model called 
B-RISK has recently been developed [1]. At the core of the 
B-RISK fire model is a deterministic two-zone calculation 
engine. There are five key aspects to the QRA functionality 
of B-RISK:

1. Representation of key input parameters with probability 
distributions

2. Monte-Carlo iterative functionality for the deterministic 
fire environment calculations

3. A methodology to generate HRR and other design fire 
inputs for each Monte-Carlo iteration (termed a Design 
Fire Generator, or DFG)

4. Characterisation of fire safety system reliability
5. Tenability criterion outputs in the form of probability 

distributions

The focus of this abstract is item 3 above, namely, the de-
velopment of a method to “generate” HRR curves to be 
used as input to iterative Monte-Carlo modelling that in 
turn produces model outputs in the form of probability 
distributions. This form of output is an alternative to the 
more traditional single-point output from fire models that 
allows a risk-informed decision to be made about wheth-
er the nominated acceptance criterion has been met. This 
type of output is suitable for use where acceptance criteria 
consist of probabilistic statements of performance (PSP) [2]. 

A design fire, and particularly the heat release rate (HRR), 
is the basis for most fire safety engineering calculations. 
The traditional approach to specifying the HRR is to use a 
so-called “t-squared” fire, where the exponential growth 
rate is matched to the type of fuel that is expected in occu-
pancy [3]. The question left unanswered by this approach 
is; “what is the likelihood of this HRR occurring?” The dif-
ference in approach with B-RISK and the DFG is that rather 
than use a single-point value for the HRR input a unique 
HRR curve is “generated” by the DFG for each B-RISK iter-
ation. In this manner, a wide range of possible HRR curves 
that could occur in that particular compartment scenario 
are modelled by B-RISK, i.e., the variability is quantified.

The basis for the DFG is fire spread between combustible 
items in a fire compartment. An item database contains 
a number of different items that are appropriate for the 

occupancy that is being modelled and each item has a 
standard range of parameters defined, such as; physical 
dimensions, fire chemistry properties, HRR and target ig-
nition properties. A number of these item parameters can 
be represented by a user-defined distribution, as an alter-
native to a single-point value.

The DFG randomly samples from the item database and 
populates the fire compartment – for some iterations there 
may be only a single item, while in others there are as 
many items as either the geometry or the fire load den-
sity allows. At time t=0 s a random item ignites and then 
based on the received radiation and ignition properties of 
the other items in the compartment, secondary items may 
ignite. From t=0 s, and during the fuel-controlled phase, 
as subsequent items ignite the total HRR for the compart-
ment is accumulating additively depending on the HRRs of 
burning items. If and when the growing fire becomes ven-
tilation-controlled, the maximum total compartment HRR 
is governed by the available ventilation. 

Philosophically, the problem with the traditional approach 
to performance-based fire safety engineering is that often 
conservative values are used for many of the parameters 
in the calculations. This approach runs the very real risk of 
actually designing for fire scenarios that are very unlikely 
to occur in the lifetime of the building. This can result in 
significant over-investment in fire safety where the cost to 
society outweighs the benefits.

A presentation at Nordic Fire and Safety Days 2016 will 
provide a detailed description of the development of the 
DFG in B-RISK and the associated methodology to quantify 
variability in HRR curves for fire modelling.
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In the years 1996-2014 there were 32 fire related deaths 
in Iceland [1], two of them or 6,3% occurred in buildings 
categorized as health care facilities [2], which includes hos-
pitals, nursing homes, retirement homes and buildings with 
similar functions. During the same time period statistics on 
fires in the other Nordic countries show that in Denmark 
14% of fire fatalities occurred in health care facilities, 6% 
in Norway, 5% in Sweden and only 1% in Finland [3]. Al-
though the numbers may seem low, fire fatalities in health 
care facilities is second most common after fire fatalities in 
homes, except in Finland, when looking at structural fires.

Nursing homes* have residents, many of whom are vulnera-
ble in the sense of limited mobility, hearing and/or sight and 
in some cases limited cognitive ability. During daily activities 
the residents rely on staff´s assistance and during an unex-
pected emergency it can be expected that the residents are 
even more dependent on staff. In fact it has been estimat-
ed that on average about 50% of residents in retirement 
homes would need assistance during fire incidents [4]. 

It has been shown  that staff training in commercial build-
ings has a positive effect on evacuation process and time 
[5] therefore it is considered likely that staff training will im-
prove the evacuation of nursing homes. Furthermore older 
nursing homes in Iceland are typically not protected with a 
water sprinkler system, while recently built nursing homes 
are. The fact that there are still many nursing homes with-
out a sprinkler system makes it even more important that 
staff responds quickly and effectively to fire incidents. 

When EFLA consulting engineers were recruited to carry out 
an update on the fire safety design of four nursing homes, 
all without a sprinkler system, the project was divided into 
two main parts. While it was important to make sure that 
fire compartments, emergency exits and fire alarm systems 
were in place their function depended on staff´s routines 
and reactions to emergencies. 

Part one included the practical examination and structural 
update as well as visual evacuation plans while part two 
consisted of staff education and training, evacuation plans 
as well as written instructions for the residents and their 
visitors.

During part two of the project it became clear that things 
that a fire safety engineer takes for granted as common 
knowledge is something that needs to be taught and em-
phasized to staff. Also because of the layout of the buildings 
and few persons on duty evenings and nights it was evident 
that the lack of knowledge regarding first response to fire, 
how the fire alarm system works and how or if to evacuate 
the building, was a great factor of discomfort for the staff.

The educational part consisted of the following:

• Overview of the building´s fire safety measures

• Overview of the evacuation plan

• Overview of the fire alarm control panel

• Discussion of practical approaches and examples

• Practical exercise following the evacuation plan

• Practical course in extinguishing fire with handheld fire 
extinguishers. (External instructor).

Although it is difficult to measure the benefits of the proj-
ect, it was obvious from interviews with some of the staff 
that completed the training, that they were more confident 
as to what to do and how to handle a crisis. 

This is to be viewed as a practical example of how staff can 
be encouraged to enforce a building’s fire safety design on 
a daily basis as well as taking action in case of fire. 

*Nursing homes is here used for housing and care facilities 
for elderly also known as retirement homes, service flats 
and more. The service level can vary between facilities as 
well as being adjusted to individual needs.
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Fires in hospitals occur and cost lives. 25 patients died and 
additionally 123 were injured, when a fire broke out in 
a hospital in Saudi Arabia on Christmas Eve of 2015 [1]. 
Better means of saving lives of bed-bound patients, in hos-
pital fires are needed. 

Both when designing escape routes and when establishing 
the necessary fire safety precautions for hospital wards, it 
is paramount to determine precise evacuation speeds, un-
der varying physical conditions and with different numbers 
of hospital porters.

In order to optimize the staff-to-patient ratio of hospital 
porters with respect to the evacuation of bed-bound pa-
tients from a hospital ward, there are a number of vari-
ables that must be determined. Among these, the hospi-
tal porter’s walking speed when pushing a hospital bed 
along a corridor is one of the most important variables. 
Unfortunately, the known scientific data concerning such 
walking speeds are not statistically valid, since only few ex-
periments with very few porters have been performed [2].

The results of more substantial experiments concerned 
with measuring the walking speeds of abled persons and 
persons pushing wheelchairs with people sitting in them 
indicate that the above mentioned statistically weak find-
ings are applicable. The walking speed for an abled per-
son along a level corridor is 1.25 m/s [3],[4], for a person 
pushing a wheel chair it is 1.30 m/s [4] and for a person 
pushing a hospital bed it is 1.34 m/s [5].

Since the statistically significant measurement of persons 
pushing a wheel chair is so close to the few measurements 
of people pushing a hospital bed, it is scientifically justifi-
able to use the speed of 1.34 m/s, when determine how 
varying numbers of hospital porters influence the evac-
uation time of a group of bed-bound patients using the 
STEPS simulation programme.

As expected, the total evacuation time of bed-bound pa-
tients (40) decreases with the number of hospital porters 
(fig). However, there is a saturating effect and the de-
cease is not linearly. Furthermore, the possible influence 
fire-fighters has to be considered. This relationship has not 
been investigated yet.

  

Figure  – The evacuation time of 40 bed-bound patients 
when being evacuating by a different amount of hospital 
porters.
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In case of emergency, one of the most important aspects 
determining safety evacuation of people is their self-preser-
vation capability. This ability may be affected by age or per-
manent and temporary impairments of the evacuees. Chil-
dren under the age of 6 years belong to a population where 
an additional assistance to evacuate is required [1]. The 
self-rescue activities of children depend on their individual 
physical and mental development level [2]. Hence, the re-
sponsibility for the evacuation process is taken by members 
of the staff [3]. It has been seen that 79.8 % of the 0-2 year 
old children and 14.1 % of the 3-6 year old children needed 
physical help provided by staff members during the evacu-
ation in day-care centres [4]. Two levels of assistance given 
to children have been distinguished [4]: children were either 
carried by staff members (22.2 % of the younger children 
and 1.8 % of the older children) or received other forms of 
physical help, except for carrying (57.6 % of the younger 
children and 12.3 % of the older children). The results in-
dicate that the need for assistance is age-dependent and 
the staff-to-child ratio plays a role during the children evac-
uation procedure. Nevertheless, a small number of studies 
have addressed the aspect of staff-to-child ratio specifically.

A research study on self-preservation capability of pre-school 
children based on questionnaires applied to child develop-
ment specialists and teachers from the USA, Canada, Den-
mark, Germany and Romania was carried out in 2013 [5]. 
This study has focused on determining the age of children in 
day-care centres at which they can be considered capable of 
self-preservation. In addition, the actual and recommended 
adult-to-child ratio have been investigated and discussed. In 
another context, airplane evacuation, “the ratio of crew to 
passengers required for the safe operation of commercial 
aircraft” has been investigated [6,7]. More is there to know 
with respect to day-care centres. 

The current study aims to provide a better understanding on 
how the safety aspect of staff-to-child ratio influences the 
evacuation process in day-care centres. The data gathered 
during evacuation drills with four different staff-to-child ra-
tios performed in day-care centres in Copenhagen are pre-
sented. Children between 0 and 6 years old were involved 
in the experiments; according to the age, the enrolled chil-
dren are divided into two age groups: children aged 0-2 

years and children aged 3-6 years. The observed variables 
consist of total evacuation time, pre-evacuation time, and 
walking speeds on stairs and horizontal plane; the relation 
between aforementioned variables and the actual staff-to-
child ratio is analysed in detail. Furthermore, the various 
familiarities of children with escape routes are considered 
when assessing the movement of children. The empirical 
data was collected using camera records; subsequently, the 
qualitative and quantitative analysis of the video footages 
has been performed. 
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