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A word from the Editor 

All, 

We are now approaching the end of the year and with that also our final issue of the year. This year 
we have published 20+ articles about fire safety, most of them with a direct implication on our daily 
work as fire safety engineers. You may have noticed that we have increased the number of articles 
related to sustainability and we have also included several articles related to fire and social injustice 
or humanitarian aspects.   

This time of the year is always very busy for everyone, finishing off your projects and planning for 
the Christmas holidays. That said, I really hope that you will have some time to spare and be able to 
read at least some of the articles in this final issue of the year. 

The articles in this issue touches upon a wide range of topics and I honestly recommend all of them.   

I would also like to promote the upcoming SFPE PBD conference that is being planned for late April 
in Copenhagen. I can assure you that there are a high number of very interesting presentations to be 
given. I really hope to see you all at the event. Put this in your calendars now so that you won’t 
forget it.    

I will keep it short for this final Editors column of the year and I just wanted to say I hope you will like 
these “Christmas gifts” from SFPE to you. Hopefully they will be read a few times and used in real life 
projects.  So please dig in and start reading.  

If there are readers out there that feel that you have an important subject that you would like to 
share with the industry do not hesitate to contact us, we can make that happen. 

As always, a great thanks to the people who have put in a lot of time and effort to make this issue a 
reality.  

The next issue will come to you in March.   

Finally, I really hope all of you will enjoy the holiday break.  

Yours sincerely,  

Jimmy Jönsson, Managing Editor 
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A Message from the SFPE Europe Chair  
 
Dear SFPE Europe members,  
 
This is my last contribution to the SFPE Europe Magazine. Looking back on the last 5 years of joining 
the ECCG - European Chapters Coordination Group as President of the Swiss Chapter, the "voice" of 
SFPE in Europe has grown significantly. At a historic meeting of the 11 European chapter leaders on 6 
December 2019, we realised that we need to be more than a chapter coordination group if we want 
to become stronger in Europe. We found a common goal, initiated by Kees Both: to move from a 
chapter coordination body to a relevant stakeholder in the fire safety discussion in Europe, specifi-
cally in the European Commission and subsequent bodies. It was decided to create a formal presence 
in Europe. Thankfully, this decision was supported by the Board of SFPE Global and a working group 
was set up to formally establish such a legal entity, leading to the creation of SFPE Europe. 
 
It has been an honour to serve as the first Chairman of SFPE Europe for more than three years. Dur-
ing this time, SFPE Europe was established as an international non-profit organisation in Europe and 
registered by Royal Decree in Belgium. Today, the board of SFPE Europe consists of 6 very committed 
professionals who are well positioned to take SFPE Europe to the next level. Since 2019, SFPE in Eu-
rope has grown from 11 to 20 chapters with around 1300 chapter members of fire safety profession-
als in Europe. In the same period, the number SFPE Global members in Europe has doubled to 
around 600 members. 
 
The biennial SFPE Europe conference has also become a cornerstone of the European fire safety 
community and is growing in strength from conference to conference with over 300 participants in 
2023. 
 
We have registered SFPE Europe as a liaison organisation with CEN and are officially represented in 
three technical committees (TC127 / TC191 / TC250). SFPE Europe is now also regularly invited to 
participate in various conferences and panel discussions and is consulted on studies by various EU 
Directorates General. 
 
As decided at the General Assembly in Berlin, we are currently conducting a survey identical to that 
of the European Commission's Joint Research Centre (JRC), which has published the results of the 
survey on "The status and needs for implementation of Fire Safety Engineering ap-proach in Europe". 
It is important that each European chapter makes its contribution and submits its results of the sur-
vey by mid-January 2024. With 20 countries we will have covered a significant part of Europe. 



 
A big thank you to everyone who has contributed to the development of SFPE in one way or another, 
be it at SFPE Global level, for SFPE Europe, at chapter level or in any committee or for any contribu-
tion to "Engineering a fire-safe world". 
 
I am very pleased that Robert McNamee will be taking over the leadership of SFPE Europe. He will 
start by contacting each chapter to understand their needs. He will then prepare a workshop to de-
velop a new strategy for SFPE Europe together with all European chapter leaders at a special meeting 
at the end of February 2024. I wish him every success in his new role. 
 
Thank you for putting the trust in SFPE.  
David Grossmann 
SFPE Europe Chair 



 
Fire safety design of photovoltaic installations in Norway 

By: Reidar Stølen (RISE Fire Research/NTNU, Trondheim, Norway), Brynhild Garberg Olsø (SINTEF, 
Trondheim, Norway), Ragni Fjellgaard Mikalsen (RISE Fire Research, Trondheim, Norway), Kathinka 
Leikanger Friquin (SINTEF, Trondheim, Norway)  

 

Implementation of fire safety design of photovoltaic (PV) installations is random for buildings in 
Norway, according to a recent study published in the Fire Technology journal entitled ‘Factors 
Affecting the Fire Safety Design of Photovoltaic Installations Under Performance-Based Regulations 
in Norway’ (https://doi.org/10.1007/s10694-023-01420-9).  

In many countries the number of PV installations on buildings is increasing, including Norway. With 
limited experience with PV installations, performance-based building regulations and a lack of 
national guidelines, the implementation of fire safety measures for PV installations relies almost 
entirely upon the experience of the individual fire safety engineers.  

Selection of design fire scenarios for a building requires knowledge on which fires that can be 
expected and will determine which fire hazards the building should be designed to withstand. As an 
example, fires starting on the roof spreading downwards into the building has been deemed as an 
uncommon fire (Fiorentini et.al., https://doi.org/10.3303/CET1648072) and is not always considered 
in the fire safety design of the building. Fire rated building elements like roofs are usually 
constructed to prevent a fire from spreading from the inside to the exterior. However, this is a highly 
relevant scenario for buildings with roof-mounted PV installations.  

The fire safety designs for five different Norwegian buildings with large PV installations have been 
studied to determine factors affecting the fire risk analysis for the PV installation. The degree to 
which the fire hazards related to the PV installation were considered varied greatly between them, 
and the following factors were identified to influence this: 

(1) Whether the building was first of its kind as a pioneering building. 
(2) Whether the building was built before or after the publication of the 2018 revision of the 

Norwegian standard for electrical components and systems NEK 400, which is a collection of 
prescriptive standards. 

(3) The level of knowledge and experience of the fire safety engineer, which in turn affects the 
use of performance-based engineering tools and the level of detailing in the design and 
construction phases. 

(4) The degree of integration of the PV installations in the building. 

https://doi.org/10.1007/s10694-023-01420-9
https://doi.org/10.3303/CET1648072


The lack of prescriptive, well-documented fire safe solutions for installing PV on buildings, give fire 
safety engineers wide flexibility in assessing the fire hazards of the PV installations and whether fire 
safety measures must be implemented in the design. A similar challenge in Norway is also discussed 
in a recent study by Lohne et.al. (https://doi.org/10.3390/buildings13051111) on the topic of climate 
change adaptation of buildings, where the regulation and experience are also lagging behind the 
development. This challenges the ethical judgements of individual engineering experts in designing 
safe solutions without the backing of regulations.   

Another obstacle found in this study is that the fire safety engineers were not always involved in the 
design of the PV installations. For several of the buildings the PV installations were not described 
and planned when the fire safety concept was developed but was included at a later stage. Fire 
safety engineers have less opportunity to affect the choices made later in the installation phase, 
especially regarding which fire safety measures are required to keep the fire risk for the building at 
an acceptable level. A holistic fire safety concept for the buildings should be aimed for, but this is not 
possible without including the fire safety engineers in the design of the PV installations. In several of 
the cases it was the supplier of the PV installations who planned the installations and decided which 
fire safety measures to include. The suppliers do not, however, necessarily have the knowledge and 
experience of fire safety engineers, or the full understanding of the fire safety concept for the entire 
building. 

As the installation rate of PV on buildings is accelerating in Norway, the need for guidelines that 
address the most important issues of PV fire safety is evident. Learning from experiences in other 
countries will also make the transition for Norway less costly. 

 

https://doi.org/10.3390/buildings13051111


 
Advances in Performance-Based Design for Structures in Fire 
 
By: Thomas Gernay, Johns Hopkins University, U.S.A. 
 
 
This article is the short version of the published paper “Performance-based design for structures in fire: 
Advances, challenges, and perspectives”. The paper was prepared as a result of the author’s receipt of 
the IAFSS Magnusson Early Career Award and was presented in October 2023 at the 14th IAFSS 
Symposium in Tsukuba, Japan. 
 
Gernay T. (2024). “Performance-based design for structures in fire: Advances, challenges, and 
perspectives”. Fire Safety Journal, 142, 104036 [1]. https://doi.org/10.1016/j.firesaf.2023.104036 
 
 
Building codes govern the design of structures, including with respect to fire safety. There are two main 
paths to demonstrate compliance with requirements in building codes: prescriptive and performance-
based. While prescriptive is the most common and straightforward approach, performance-based offers 
benefits for structural fire design that have led to its adoption in multiple types of projects. Performance-
based designs require modeling the structure to predict its fire response against an acceptable 
performance level. Advances over the last four decades have helped defining procedures and developing 
calculation methods to enable this assessment. Today, even though challenges and barriers to broader 
adoption persist, the performance-based approach is a key tool to support safe, innovative, and resilient 
structural fire designs.   
 
 
The Performance-Based Structural Fire Design Approach 
 
A Performance-Based Design (PBD) adopts a goal-oriented approach to the design process. Instead of 
specifying what exact steps have to be taken to achieve a compliant design for each individual element of 
the structure, the stakeholders identify goals and objectives for the design which must be met for an 
acceptable outcome. Modeling and calculation is then conducted to evaluate the expected fire 
performance of the design against the objectives. This approach provides flexibility for structural fire 
engineers and can deliver benefits, such as providing greater confidence in the system’s behavior through 
quantification of safety, incorporating sustainability and resilience objectives together with life 
protection, and enabling innovative and architectural designs. As the PBD approach requires an explicit 
evaluation of the outcome in case of fire, engineers have developed rigorous frameworks and analysis 
tools to support this assessment. 



 
 
A Very Brief History of PBSFD 
 
Figure 1 shows a timeline with selected milestones in the development of structural fire engineering and 
performance-based structural fire design (PBSFD). For building fire safety, the concept of performance-
based regulations and use of engineering tools has existed at least since the 1980s. Buchanan published 
a fire engineering design guide in 1994 [2]. Major research projects in Europe in the 1990s such as the 
ECSC-funded Natural Fire Safety Concept and the Cardington fire tests at the Building Research 
Establishment (BRE) advanced methods for structural fire design, including on fire models and tensile 
membrane action. The Structures in Fire (SiF) conferences were started by Franssen on a biennial basis in 
2000. Building codes have progressively evolved alongside research to include performance-based design 
provisions for structural fire design, notably in Britain, New Zealand, Australia, Japan, Europe, and more 
recently in the United States where the American Society of Civil Engineers (ASCE) 7 standard permits the 
application of PBSFD since its 2016 edition. Books on structural fire design were published [3-4] to compile 
the advances in the field and support application of the approach. In parallel, software such as FDS [5] and 
SAFIR [6] have provided modeling capabilities for simulating realistic fire scenarios and thermal-structural 
response.  
 

 
Figure 1. Selected milestones in development of PBD for structures in fire over the last 40 years. 

 
 
The Value Proposition 
 
As an alternative approach to prescriptive, PBSFD requires additional effort from the stakeholders and 
structural fire engineers to explicitly define goals and objectives and to evaluate the designs. Nevertheless, 
PBD has proven to bring benefits that justify this effort in a broad range of situations, as indicated by the 
review compiled in Table 1. 
 
Table 1 lists possible reasons for adopting a PBSFD approach in a project. Many of the references in Table 1 
were written by practitioners based on constructed projects. As shown through these examples, the 
PBSFD can deliver deeper confidence in fire reliability, enable innovation and optimization, and support 
consistent multi-hazard risk-informed design. Additional discussion on these examples is provided in Ref. 
[1]. 
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Value/Need Description Example 

Quantify 
performance 

Demonstrate a robust design, complete 
a risk-based design, explicitly assess the 

expected performance in case of fire 

Christchurch Justice and Emergency 
Services Precinct 

Office building in the UK 
Steel frame office building in Japan 

Risk analysis for roadway tunnels 
Hans-Wilsdorf bridge in Geneva 

Optimize design Size sections for optimal response 
across all load cases, apply fire 
protection only where needed 

JTI Headquarters in Geneva 
11-story office building in London 

Retail development in the UK 
1-story sport field center in Finland 

4 exemplar buildings as per ASCE 7-16 

Enable design Enable architectural preferences such 
as use of exposed timber or steel, new 

systems 

Four Pancras Square in London 
Sport stadiums 

Modern methods of construction 

Support forensics Assess post-fire safety, elucidate failure 
causes, and revise codes 

WTC in New York City 
NZICC in Auckland 

Apartment building in Koksijde 
Plasco building collapse 

Assess existing 
structure 

Save or refurbish existing structures by 
achieving fire performance outside of 

code-based design 

Duomo of Modena Cathedral 
McDougall House in Christchurch 
Concrete shell roof in Luxemburg 

Control failure 
mode 

Design for inward failure (after 
evacuation) to support safety of 
firefighters and prevent spread 

Study of steel portal frame buildings 

Prove stability to 
burnout 

For tall structures where evacuation is 
difficult, design for stability until full 

burnout of the fire 

Roadmap for timber structures 
Analysis of multi-story composite steel 

frame buildings 
Resilience objectives 

Develop design 
methods 

Complement testing with parametric 
analyses to develop codes and 

standards 

Background work to Eurocode 2 Part 1-2, 
Eurocode 3 Part 1-2 

 
Table 1. Value proposition of PBSFD with examples of applications. Full reference list is provided in Ref. [1]. 

 
 
Process and Framework 
 
The process to conduct a PBSFD is shown in Figure 2. It includes three major stages:  
 

i. Definition of the scope, objectives, approaches, and scenarios, in agreement with the 
stakeholders (including AHJs, client, engineers and design team). This stage determines in a design 
brief the expectations for the design in terms of performance criteria. 

ii. Evaluation of the structural fire performance for the trial designs and comparison of the outcomes 
with the performance criteria. This part is completed by the structural fire engineer who uses 
tools and methods to quantify the effects of the selected design fire scenarios on the structure. 

iii. Selection of a trial design that satisfies the performance criteria and documentation. 
 



The described process for PBSFD is adapted from the international standard ISO 24679-1:2019 [7]. Its 
application to concrete structures is discussed in a recent fib bulletin [8]. The PBSFD must be integrated 
with the overall fire safety strategy for the project, which covers additional provisions for evacuation, 
detection, fire and rescue service access, and compartmentation.  
 

 

Figure 2. Process for performance-based design of structures in fire (adapted from ISO 24679-1:2019 [7]). 
 
 
Recent Advances in Methods for Evaluation 
 
To complete the process from Figure 2, appropriate data, tools, and methods are needed to enable 
evaluation of specific projects. The evaluation of the structural fire performance is a complex multi-physics 
problem that involves fire dynamics, heat transfer, and structural mechanics. Research has resulted in 
much progress to provide these components, including on the coupling between the fire and thermal-
structural models, the characterization of the material behavior at elevated temperature, numerical 
modeling of structures subjected to fire, probabilistic risk assessment, and cost-benefit analyses. 
Advanced analysis based on numerical finite element (FE) modeling has established itself as a central tool 
for this purpose (Figure 3). FE software packages for structures in fire can incorporate the latest elevated 
temperature material models, interface with an array of fire modeling techniques including CFD-based, 
and enable running probabilistic analyses for robust assessment of the structural fire performance. 
Capturing the role of uncertainties and assessing the probability of various damage states and losses, as 
is done for other hazards, offers increased confidence and allows tackling objectives of resilience. An 
overview of recent advances in models and methods for simulating the predicted response of structures 
in fire is provided in Ref. [1]. 
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Figure 3. Some of the elements and models used to quantify the performance of structures in fire. 
 
 
Challenges and Looking Ahead 
 
Despite the aforementioned advances and use of PBSFD in real projects, barriers to broader adoption 
remain. On the technical level, some phenomena remain poorly understood, such as the fire behavior of 
timber structures. The complexity and computational cost of modeling approaches also limit their 
accessibility. Another type of challenge lies in education and competency. The successful execution of 
these designs and, on the part of the AHJs and reviewers, the evaluation of their adequacy, requires a 
robust pool of well-educated structural fire engineers, a need that is currently underserved due to 
insufficient training opportunities. On a political level, the PBD approach generally carries a more 
complicated path to approval. The lack of awareness and risk perception (in terms of process and 
approval) result in missed opportunities in situations where the PBSFD could have brought benefits on a 
safety and technical level. 
 
 

Challenges Perspectives 

Technical Continued R&D of models and methods 
Some phenomena remain poorly understood Testing and digital twins 
Need for validation of the tools Combine physics- and data-based models 
Computational cost and complexity Collaboration including multi-disciplinary 

Education and competency Development of the profession and dissemination 
Structural fire engineering not in curriculum Accreditation and core competencies 
Lack of awareness and competency with AHJs Educate a critical mass of SFE  
Difficulty to find reviewers Raise awareness with AHJs and building owners 

Political Clarify path and make PBSFD more common 
Code framework Work with code and standard committees 
Complicated path to approval Demonstrate value add 
Unclear value proposition for design Example of seismic design 

Table 2. Challenges and perspectives for broader adoption of PBD for structural fire design. 
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It is the author’s opinion that PBSFD will continue in its growing adoption and acceptance within the 
profession. It is now permitted in many jurisdictions. It has already been implemented in numerous 
projects worldwide, adopted by structural engineers (Table 1) to quantify safety and performance, 
optimize design and use of fire protection, enable designs that are not covered by prescriptive codes, 
conduct forensic analyses, study existing structures to preserve heritage, control the failure mode, or 
demonstrate stability to burnout. With this approach, engineers can develop optimal solutions for high-
value structures through application of science-based methods and demonstration of expected 
performance. Importantly, as innovation brings new materials and structural systems which might 
sometimes erode the conservatisms embedded in the prescriptive fire resistance design paradigm, the 
PBSFD provides a framework to examine the effect of these innovations on structural fire safety. These 
benefits, coupled with continued research and education and development of the profession, are 
expected to result in a broader adoption of PBD for structural fire design, following the general trend 
observed in structural engineering for other hazards. 
 
Fire hazard governs many aspects of design in a building, with impacts on cost, aesthetics, sustainability, 
and resilience. The performance-based design provides a goal-oriented approach rooted in principles of 
fire science and structural mechanics to deliver project-specific solutions that meet stakeholders’ 
objectives.  There is value in empowering structural engineers with the flexibility to choose between the 
prescriptive and performance-based design approach, as evident from numerous real projects reviewed 
herein. 
 
 
The author is grateful to the IAFSS for the invitation to submit this paper at the 14th Symposium. 
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Fire in Humanitarian Se�ngs: Holis�c Approaches 
 
By: Helen Underhill, Kindling, UK/USA 
 
Approximately 110 million people worldwide have been forced to leave their homes, over 36 million 
of which are displaced across borders1. Although figures can vary quickly with a new crisis, UN 
es�mates suggest around one-fi�h of the world’s refugees live in camps2, a physical environment that 
presents very par�cular fire risk in local, na�onal and global social and poli�cal contexts that adds 
significant complexity to how to address the problem. By bringing together exper�se from urban/wild 
fire science, human behaviour, informal and non-formal educa�on, urban development and disaster 
risk reduc�on to create a holis�c approach to fire safety in humanitarian se�ngs, new ways of thinking 
about fire risk reduc�on are possible.  

 
The problem of fires in refugee camps  
 

 
Figure 1: Aftermath of Fire in Cox's Bazaar, Bangladesh3 

 
1 UNCHR. Refugee Data Finder. 2023. Accessed: https://www.unhcr.org/refugee-
statistics/#:~:text=Data%20on%20some%204.4%20million,estimated%20to%20be%20significantly%20higher.
&text=69%20per%20cent%20of%20refugees,neighbouring%20their%20countries%20of%20origin. 
2 USA for UNCHR, Refugee Camps Explained. 2021. Accessed: https://www.unrefugees.org/news/refugee-
camps-explained/#Howmanyrefugeesliveinrefugeecamps? 
3 Image credit: Paul Chamberlain/MOAS, 2021 

https://www.unhcr.org/refugee-statistics/#:%7E:text=Data%20on%20some%204.4%20million,estimated%20to%20be%20significantly%20higher.&text=69%20per%20cent%20of%20refugees,neighbouring%20their%20countries%20of%20origin
https://www.unhcr.org/refugee-statistics/#:%7E:text=Data%20on%20some%204.4%20million,estimated%20to%20be%20significantly%20higher.&text=69%20per%20cent%20of%20refugees,neighbouring%20their%20countries%20of%20origin
https://www.unhcr.org/refugee-statistics/#:%7E:text=Data%20on%20some%204.4%20million,estimated%20to%20be%20significantly%20higher.&text=69%20per%20cent%20of%20refugees,neighbouring%20their%20countries%20of%20origin
https://www.unrefugees.org/news/refugee-camps-explained/#Howmanyrefugeesliveinrefugeecamps
https://www.unrefugees.org/news/refugee-camps-explained/#Howmanyrefugeesliveinrefugeecamps


• Between January and April 2020, 15 fire incidents affected 15,000 people in Borno state, 
Nigeria. Just one of these fires, in the International Secondary School Camp, killed 15 refugees, 
injured 15 others, destroyed 1,250 shelters and several community buildings, and displaced 
8,000 people.  

• In September 2020, a fire at Moria Reception and Identification Center in Lesvos, Greece, 
displaced almost 13,000 refugees.  

• Several major fire incidents have affected the Rohingya refugee camps in Cox’s Bazar, 
Bangladesh, since 2017: the March 22nd 2021, fire in Cox’s Bazaar, Bangladesh, killed at least 
11 people, injured another 560 and displaced over 45,000. This fire destroyed over 1,600 
facilities including hospitals, distribution points, learning centers, and more. It was perhaps 
the largest and the most high-profile fire ever in a humanitarian setting4. 

 
Cascading fire risk in humanitarian se�ngs 
 
Fire problems in humanitarian se�ngs emerge out of a complex set of socio-technical and contextual 
condi�ons, including but not limited to:  
 

• Limited land means settlements are often densely packed, enabling fire to spread whilst also 
restricting access for what formal fire response services might be available;  

• Various factors impact the materials for shelter construction (e.g., availability, funding and 
cost, speed of construction during an emergency response, degree of perceived permanence 
and political sensitivities) so they are often combustible (e.g., bamboo, wood, and plastic 
tarpaulin); 

• Within households, energy poverty limits availability and choice of fuel for cooking, heating 
and lighting, causing reliance on methods prone to ignition (e.g., open fires/flame, unsafe 
informal electrical connections); 

• There is insufficient knowledge of fire safety within households and across the sector, which 
can result in ‘sensitisation’ posters that place responsibility for behaviour change on residents;   

• Lines of responsibility for fire safety in humanitarian settings are unclear.  
 
In each of the areas that shape how humanitarians engage in the crea�on or management of a camp, 
whether in shelter and setlement design, camp management, in health and educa�on programs, or 
as part of gender mainstreaming5, there are opportuni�es to improve fire safety. However, the 
compe�ng demands and complexi�es associated with humanitarian assistance and a preference for 
tangible and quan�fiable and ‘solu�ons’ is uninten�onally cascading fire risk through the system (see 
Figure 2). Where fire preven�on and mi�ga�on ac�ons are enacted, they are rarely engaged with 
holis�cally nor evaluated. In a sector that centres on responding to urgent need and crises, a focus on 

 
4 Kindling / Global Shelter Cluster, The State of Fire Safety in the Humanitarian Sector: A story of unintended 
consequences. 2023. https://sheltercluster.org/construction-standards-working-group/documents/gsc-state-fire-
safety-report 
5 Within the humanitarian & development sectors, ‘mainstreaming’ refers to the practice of integrating a particular 
perspective in all aspects of a program (e.g., considering gender in how a program is designed, monitored, the 
language for reporting, etc). For ‘fire risk reduction mainstreaming’, see: Antonellis, D., Duloy, P., Kennedy, J. 
& Palmer, L. 2021. A Burning Issue for Shelter Programming, Opinion Pieces, Shelter Projects 8th edition, p.165-
167. https://www.shelterprojects.org/shelterprojects8/ref/b04-aburningissueforshelterprogramming180821.pdf  

https://sheltercluster.org/construction-standards-working-group/documents/gsc-state-fire-safety-report
https://sheltercluster.org/construction-standards-working-group/documents/gsc-state-fire-safety-report


fire response (suppression during a fire event) and sensi�sa�on (e.g., posters) is expected, but 
alongside unclear ownership of the problem, this oversimplified approach undermines progress.  
 

 
Figure 2: Illustration of cascading fire risk emergence in a planned camp6 

As Figure 2 illustrates, there are opportuni�es to consider and plan for reducing fire risk within the 
different stages of preparing for and providing humanitarian assistance in planned camps: fire risk can 
be considered within needs assessments, shelter and setlement planning, site selec�on, shelter 
design, procurement, construc�on, and in the engagements with the people who live there as the 
setlement evolves7.  
 
Fire engineers have a cri�cal role in developing technical understandings of fire in shelter and 
setlements, but there is an urgent need for this knowledge to be created within a holis�c socio-
technical framework that can enable the sector to an integrated approach of fire preven�on, 
mi�ga�on, preparedness, response and recovery.  
 
Responsibility for promo�ng and maintaining fire safety mechanisms must be shared: for example, 
where ex�nguishers are distributed (see figures 3 & 4) there should be a plan for how different actors 
(including residents) are responsible for ensuring correct use and ongoing maintenance, and where 
fire safety educa�on ini�a�ves centre on behaviour change, they should be rooted in understandings 
of how people live, and the factors that enable or prevent change in the specific context.         
 

 
6 See Kindling / Global Shelter Cluster, Fire Risk Reduction Guidance for Humanitarian Shelter and Settlements, 
2023, p.17-18. https://sheltercluster.org/construction-standards-working-group/documents/gsc-fire-risk-
reduction-guidance 
7 Kindling / Global Shelter Cluster, Fire Risk Reduction Guidance for Humanitarian Shelter and Settlements, 
2023, p.18. https://sheltercluster.org/construction-standards-working-group/documents/gsc-fire-risk-reduction-
guidance 
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Figures 3 and 4: Empty fire extinguisher boxes, Lebanon8 

Crea�ng a holis�c approach 
 
A holis�c approach to understanding and reducing fire risk in humanitarian se�ngs connects social, 
environmental, economic and poli�cal understandings of risk with technical knowledge of fire. This 
socio-technical collabora�on is essen�al to ensuring knowledge and prac�ces around fire safety within 
the humanitarian sector are informed by understandings of how people understand, live with, 
manage, respond to, and recover from fire.  
 
For instance, due to the increasing length of �me that people live within camps and the evolving nature 
of their living situa�on (e.g., births, deaths, health issues, fluctua�ons in income, etc.), considera�on 
of fire risk cannot be limited to ini�al planning and design. Just as urban popula�ons in formal housing 
adapt how they live in their homes (e.g., buying new electrical products or installing solar panels, etc.), 
people and communi�es within humanitarian se�ngs adapt individual shelters because they live in 
them, o�en year a�er year a�er year. For example, figure 5 shows decora�ve fabric atached to the 
inside of the shelter to cover the donor agency logos who provided the tarpaulin or shee�ng and 
enable “beau�fica�on”9 of the home. 
 
Condi�ons around shelters and within setlements also change: winter necessitates warmth so wood 
is stored alongside the walls of the shelter, while waste management fluctuates so piles of rubbish 
build up in the setlement (see figure 6). While it is essen�al to understand how these factors 
contribute to increased risk of igni�on or fire spread, this knowledge alone will not help us to 
understand how to prevent the drivers of fire risk: for example, working with setlement residents and 
actors within the humanitarian sector to develop preven�on and mi�ga�on strategies (such as the 
upkeep of fire breaks) can create knowledge through collabora�ve and problem-posing educa�on and 
help us to understand why such adapta�ons are necessary and what other socio-technical ‘solu�ons’ 
are needed and might be possible (or not) in those contexts.  
 

 
8 Image credits: Participant photography, Dr Helen Underhill, 2021 (see Hirst, L., & Underhill, H. (2023). Fire 
Safety in Informal Settlements: A Gendered Framework of Fire Justice. Fire Technology, 1-16.) 
9 Interview with participant, Dr Helen Underhill, Lebanon, 2019 



 
 

Figure 6: Storing and disposing of waste in camps is a challenge for 
managing fire risk, Lebanon10 

 
Advancing knowledge through collabora�on 
 
Where technical solu�ons (whether in shelter and setlement planning or design, or for fire response, 
etc.) are implemented for humanitarian se�ngs, they must be underpinned by contextual knowledge. 
Interven�ons designed for high-income contexts and the built environment applied to camps are not 
always appropriate or relevant and can lead to unintended consequences1112. A holis�c socio-technical 

approach seeks greater understanding of the physical risk 
factors that lead to many igni�ons and/or extensive fire 
spread, and the social, environmental, poli�cal and economic 
condi�ons that generate these risk factors.  

 
There is an urgent need for more technical data and knowledge of fire, fire risk and fire safety in 
humanitarian se�ngs to understand how these specific fire problems are created and what 
opportuni�es for reducing risk are being missed13, and for this to be brought into conversa�on with 
residents’ experiences of the before, during and a�er stages of a fire. This is cri�cal to ensure that, fire 
safety interven�ons – whether technical, social or a combina�on – are appropriate and do not depend 
on educa�on for behaviour change that fails to recognise the complexi�es and dynamics of daily life 
in humanitarian se�ngs.  
 
Across the world, different people in different contexts experience fire risk in different ways, so a new 
collabora�ve and holis�c approach needs to reflect this dynamic problem and respond with openness 
to new ways of thinking. In this context, fire safety professionals should heed the call to contribute 
valuable experience, exper�se and knowledge of the complexi�es of fire to a complex and dynamic 
problem that impacts the daily lives of some of the most vulnerable people in the world.     

 
10 Image credits: Participant photography and Dr Helen Underhill, 2019 
11 Hirst, L., & Underhill, H. 2023. Fire Safety in Informal Settlements: A Gendered Framework of Fire 
Justice. Fire Technology, 1-16.) 
12 Kindling / Global Shelter Cluster, The State of Fire Safety in the Humanitarian Sector: A story of unintended 
consequences. 2023. https://sheltercluster.org/construction-standards-working-group/documents/gsc-state-fire-
safety-report 
13 Kindling / Global Shelter Cluster, The State of Fire Safety in the Humanitarian Sector: A story of unintended 
consequences. 2023. https://sheltercluster.org/construction-standards-working-group/documents/gsc-state-fire-
safety-report 

Figure 5: Fabric covering 
internal walls and electrical 
cabling, Lebanon 
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Introduction  
The building industry is increasingly favoring green building initiatives resulting in increased use of 
different façade materials and systems. This has highlighted the need to address the relevant fire-safety 
challenges of green buildings as recently there has been an increased number of façade fires around the 
world [1, 2]. Externally venting flames (EVF) refers to the flames and hot combustion products ejecting 
through windows and openings aided by buoyancy when the compartment fire is either in under or 
well-ventilated conditions [3]. EVF increases the risk of external flame spread and have a great impact 
on the fire spread through the building envelope to different storeys but also to adjacent buildings, 
especially for high-rise buildings [4]. New engineering technologies and advanced manufacturing 
techniques have enabled the construction of new façade systems, e.g., curved glass façade systems. 
Further, non-orthogonal, curvilinear or “free-form” geometries are widely used in building façade 
designs, and they pose a significant challenge for the fire safety design of the building as the emphasis 
on aesthetics many a times results in the use of non-conventional building materials which aggravates 
and enhances the fire spread in such constructions [4]. Most widely used correlations to estimate EVF 
thermal and geometrical characteristics are presented in Table 1. Though there has been a multitude of 
studies on facade fires in orthogonal or rectilinear geometries, the influence of non-orthogonal 
geometry upon the EVF is not thoroughly investigated.  The aim of this work is to increase 
understanding of EVF development in curvilinear geometries using numerical and empirical correlations 
to investigate the influence of geometry, ventilation and heat release rate.  
 

Table 1. Empirical correlations for EVF shape and centerline temperature. 
EVF Empirical correlations NoFD FD Ref 
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Methodology 
The Fire Dynamic Simulator (FDS, Version 6.7.6) was used for the current study to perform the 
Computational Fluid Dynamics (CFD) simulations [9]. The study was conducted in two different 
geometries constructed with steel, the schematic views of which are depicted in Figure 1. Geometry 1 
has a curvilinear shape with a length of 4.4 m, a width of 4 m, and a height of 3 m from floor level to the 
top. To keep a similar volume for the comparative study, geometry 2 has the same plan dimensions as 
that of geometry 1, with rectilinear elevation, and is provided with a height of 2.7 m. 
 

  
Geometry 1 - Curvilinear Geometry 2 - Rectilinear 



Fig. 1. Geometry and location of measuring devices, all dimensions are in mm. 

To study the influence of ventilation condition on EVF development in these geometries, the 
compartment is provided with 2 equal sized openings on either side of the wall with a width of 1.1 m 
and height of 2 m to facilitate “Forced Draught” conditions (FD) and to simulate “No Forced Draught” 
condition (NoFD), the geometry is restricted to a single opening as seen in Figure 2. Measuring devices 
are set up in the numerical model to measure temperature and heat flux on the façade walls of the 
geometries. 
    

  
Fig. 2. Openings of the fire compartment front (left) and top (right) view. 

 
A parametric study has been conducted with varying Heat Release Rate (HRR) of 1.5 MW, 2 MW, 3 MW 
and 4 MW and with two ventilation conditions in both curvilinear and rectilinear geometries. A burner 
with size 0.9 m x 0.9 m x 0.15 m was positioned at the geometrical center of the compartment and a 
total of 16 different simulation cases were considered to investigate the EVF thermal and geometrical 
characteristics for comparison.  
The fire compartments comprised of two equal sized openings on either side of the wall with a 1.1 m 
width and 2 m height. To replicate NoFD and FD conditions, two ventilations modes were simulated. Fig. 
2 (right) is a top view the fire compartment with two equal sized openings on opposite walls of the 
compartment which will facilitate FD conditions, namely Door 1 and Door 2. All solid surfaces, including 
walls and floors, are provided with boundary condition with following material properties corresponding 
to steel, e.g., 7850 kg/m3 density, 0.46 kJ/(kg K) specific heat, 0.02 m thickness, and emissivity of 0.95. 
The soot yield, which represents the fraction of heptane fuel mass converted to smoke particulates, is 
set equal to 0.015 kg/kg and the corresponding CO yield was set equal to 0.006 kg/kg. The D*/dx ratio of 
16 was found to be the most optimal with a corresponding cell size of 0.07 m. These values enable 
adequate resolution of plume dynamics and other geometric characteristics of the model [10]. The total 
computational grid consists of 716,958 cubic cells for NoFD and 963,186 cubic cells for FD conditions. 
The numerical investigation for both models assumed ambient conditions and an ambient temperature 
of 40oC. Aiming to investigate the effect of ventilation conditions and fuel load on the development of 
an EVF from a curvilinear fire compartment, a set of relevant numerical test cases have been chosen. As 
indicated in Table 2, sixteen numerical cases were used to investigate the effect of NoFD and FD 
conditions and a parametric study has been conducting by varying the HRR using 1.5 MW, 2 MW and 4 
MW fires. in the Table 2. 

Table 2. Examined numerical cases. 

Case Geometry-1 Geometry-2 Ventilation Door 1 Door 2 HRR 
NoFD-1.5-G2  ✓ 

NoFD 

✓ N/A 1.5 MW 
NoFD-2.0-G2  ✓ ✓ N/A 2.0 MW 
NoFD-3.0-G2  ✓ ✓ N/A 3.0 MW 
NoFD-4.0-G2  ✓ ✓ N/A 4.0 MW 
NoFD-1.5-G1 ✓  ✓ N/A 1.5 MW 
NoFD-2.0-G1 ✓  ✓ N/A 2.0 MW 
NoFD-3.0-G1 ✓  ✓ N/A 3.0 MW 



NoFD-4.0-G1 ✓  ✓ N/A 4.0 MW 
FD-1.5-G2  ✓ 

FD 

✓ ✓ 1.5 MW 
FD-2.0-G2  ✓ ✓ ✓ 2.0 MW 
FD-3.0-G2  ✓ ✓ ✓ 3.0 MW 
FD-4.0-G2  ✓ ✓ ✓ 4.0 MW 
FD-1.5-G1 ✓  ✓ ✓ 1.5 MW 
FD-2.0-G1 ✓  ✓ ✓ 2.0 MW 
FD-3.0-G1 ✓  ✓ ✓ 3.0 MW 
FD-4.0-G1 ✓  ✓ ✓ 4.0 MW 

 
Results 
In compartments with curvilinear geometry under both FD and NoFD conditions smoke movement can 
be a complex fire dynamic process due to the interaction of turbulence, combustion, and radiation with 
the geometry of the compartment [11]. The relevant flow field for the most increased HRR NoFD-4.0-G2, 
FD-4.0-G2, NoFD-4.0-G1 and FD-4.0-G1 cases are depicted in Figure 3. A clear circulation zone is evident 
in all NoFD cases, but for the curvilinear compartment, NoFD-4.0-G1, the flow is closely attached to the 
solid curved boundaries of the compartment when compared with the rectilinear walls and velocity field 
is more intense with peak velocities at a range of 8.5 m/s. Under FD conditions, a more rigorous and 
intense mixing of cold air from both side of the compartment openings occurs and results in the 
formation of two recirculation zones inside both rectilinear and curvilinear compartments ensuing a 
more turbulent flow which owes to the higher velocity and high Reynolds number of the incoming flow; 
in the FD-4.0-G2 case, EVF velocities are higher. 

 
NoFD-4.0-G2 

 
NoFD-4.0-G1 

 
 

FD-4.0-G2 
 

FD-4.0-G1 

Fig. 3. Gas mixture velocity 500 s after fire initiation for NoFD (top) and FD (bottom) conditions for both rectilinear 
(left) and curvilinear (right) 4 MW cases. 

 
For 1.5 MW, 2.0 MW and 4.0 MW Geometry 1 cases, characteristic contours of the temperature field 
500 s after fire initiation under FD and NoFD conditions are depicted in Figure 4. The maximum 
temperature distribution is observed for case NoFD-4.0-G1, after 10 seconds of fire initiation, where a 
clear stratification of hot and cold layer inside the compartment and a transient increase in temperature 
with respect to height. Following this, an increase in the volume of hot upper layer and larger volume of 



unburned gas flows out in the exterior domain forming larger EVF and a stronger buoyant plume. It is 
important to note that as the plume further goes up, the EVF temperature decreases with respect to the 
height. At 500 s after the fire initiation, a clear division of hot and cold layer can be seen at the interior 
of the compartment for the case of FD condition whereas the separation of hot and cold layer is no 
longer visible in NoFD where a well-mixed layers of hot gases is sustained. Under NoFD conditions higher 
temperature ranges are observed. 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

 

NoFD-1.5-G1 NoFD-2.0-G1 NoFD-4.0-G1 

   

FD-1.5-G1 FD-2.0-G1 FD-4.0-G1  
Fig. 4. Spatial distribution of gaseous temperature 500 s after fire initiation for the 1.5MW. 2.0 MW and 4.0 MW 

Geometry 1 cases under FD and NoFD conditions. 
 
To quantify the geometric characteristics of the EVF envelope, a digital image processing tool using 
MATLAB code has been developed, and in all cases aiming to determine the geometric characteristics of 
the EVF envelope. The calculated spatial distribution of flame envelope probability, expressed via the 
flame intermittency, is illustrated in Figure 5. Mean flame height for these cases has been determined, 
which demonstrates that geometrical features, ventilation, and heat release rate having an influence on 
the development and geometric characteristics of EVF. 
 



 
NoFD-4.0-G2 

 
NoFD-4.0-G1 

  
FD-4.0-G2  

FD-4.0-G1 

Fig. 5. Side view of the flame intermittency contours for NoFD (top) and FD (bottom) conditions for both rectilinear 
(left) and curvilinear (right) 4 MW cases. 

Figure 6 shows the vertical distribution of the averaged centerline temperature at the exterior of the fire 
compartment for NoFD conditions for the rectilinear and curvilinear cases as calculated with EC1 and 
relevant predictions. EC1 methodology tends to over predict centerline temperatures for all rectilinear 
NoFD cases. Near to the opening a larger discrepancy is observed as EC1 results are twice the value of 
the numerical data. For lower HRR there is better agreement for the NoFD cases in rectilinear 
geometries especially at higher heights. This is not the case for NoFD conditions in curvilinear 
geometries, Figure 7, as in some cases, (1.5 MW, 2 MW and 4 MW), EC1 underpredicts values compared 
to predictions. 
 

 
Fig. 6. Vertical distribution of the averaged centerline temperature at the exterior of the fire compartment for 

NoFD conditions for the rectilinear cases 



 
Fig. 7. Vertical distribution of the averaged centerline temperature at the exterior of the fire compartment for 

NoFD conditions for the curvilinear cases. 

Conclusions  
Predictions using the empirical correlations for the estimation of the EVF heigh (LL) and width (wf) were 
compared against the available empirical correlations. EC1 methodology for the estimation of LL for 
NoFD conditions were found to yield decreased EVF height for both rectilinear and curvilinear 
geometries compared to numerical data. For FD conditions both EC1 and Heskestad methodology seem 
to over-estimate EVF height compared to current predictions. Values of EVF width (wf) were found to 
strongly depend on both excess heat release rate from the compartment fire. Under NoFD conditions 
EC1 methodology shows a strong disagreement with numerical values as it underpredicts EVF width. 
Under FD conditions, for all geometries, EC1 methodology overestimates width compared to 
predictions. EC1 methodology tends to over predict centerline temperatures for all rectilinear NoFD 
cases. This is not the case for NoFD conditions in curvilinear geometries as in most of the cases EC1 
underpredicts values compared to predictions. Obtained extensive set of numerical data, derived for the 
interior and exterior of the fire compartment will be further validated with experimental results in 
curvilinear geometries.  
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Introduction 

High-rise buildings or complex architectural projects commonly contain atrium spaces, shafts, or large 
internal open spaces, where air currents can generate circulation and possible fire whirls. Swirling flames 
intensify heat release and cause spotting, accelerating spread mechanisms [1], which could entail substantial 
damage and even human casualties [2]. 
 
Research is mainly focused on small-scale pool, burner and gaseous fuel fire whirls [3], employing different 
facilities: rotating screens [4–7] and fixed-frames [8–15]. However, intrusive temperature and velocity 
measurements may modify the dynamics of the flame or the flow. In addition, non-intrusive methods' 
accuracy may depend, for example, on challenging optical properties [16].  
Numerical models are widely used to understand whirls’ behaviour better. They were first numerically 
reproduced with Fire Dynamics Simulator (FDS) in [17], followed by their modelling with other CFD software, 
such as Fluent in [18]. Spontaneous fire whirls were simulated in [19,20] and lately in [14]. In tall buildings, 
investigation and numerical models are focused on vertical shafts [21–23] by assessing the velocity fields and 
the shape and height of the flame.  
 
This work evaluates pool fire whirls generated in an atrium with cross-ventilated conditions. The influence of 

https://doi.org/10.1016/j.csite.2022.102513


2 

the heat release rate (HRR) curves, experimentally measured or time-averaged, on the numerical models 
with FDS 6.7.5. is analysed.  

 

Fire experiments 

The fire experiments, described in Table 1, were performed in the Fire Atrium of Murcia, Spain [24–26].   

Table 1. Fire experiments. 

Test Pan diameter [m] Heptane [kg] HRR* [MW] 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎  [ºC] 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 [Pa] 
1 1.17 36 2.66 21.5 101,651 
2 0.92 29 1.54 20.1 101,651 

*Time-averaged 
 
The Fire Atrium, with walls of thin steel, has the main volume of 19.5 × 19.5 × 19.5 m3. It has a pyramidal-
shaped roof (Fig. 1a) and inlet vents at the base, each with an opening area of 4.88 × 2.5 m2. The pool fires, 
located at the centre, consisted of two different pans filled with heptane over a base of water. The HRRs 
were measured with three load cells below the pan. Two of the four fans extracted a constant flow of 18.32 
m3/s.  
 
A horizontal cable of 8 cm diameter at a height of 5.1 m was used to place some thermocouples (Fig. 1b).  

a) 

 

b) 

 

Fig. 1. a) Fire Atrium. b) Horizontal cable. 

Numerical models 

Fire Dynamic Simulator (6.7.5) [27] has been used to carry out the simulations. Extensions at the vents are 
necessary to simulate circular flow patterns accurately [28]. Three meshes are defined considering the 
highest HRR value of both tests, i.e. 2.66 MW for Test 1. The coarsest grid has a constant element size of 20 
cm. Then, the medium grid has elements of 20 cm and a refined central region with elements of 10 cm (base 
area of 36 m2). The finest grid contains two refined regions: a central region with elements of 5 cm (base 
area of 9 m2) and a surrounding region up to 6 m from the centre, with a size of 10 cm.  
 
As the whirls were observed to interact with the cable during the experiments, two numerical models of the 
atrium were defined: with and without the cable.  
 

Fire whirls characterisation 
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Circulation highly characterises the behaviour of fire whirls. A radial inflow is produced by the imbalance of 
centrifugal force near the ground pressure gradient, increasing the heat input to the fuel and, consequently, 
its evaporation rate which enlarges the flame height [29]. This vortex consists of two regions: an inner core 
with vorticity and an outer free vortex without it. The evolution between both regions is smooth for the 
Burgers vortex, which is considered the best description of the velocity field [4,16,34,35].  
 
The radial temperature profile, for the continuous flame, is of hump-type, because of the inner fuel-rich 
core. The temperature decreases outside this core. Above, in the fire plume region, the maximum excess 
temperature (Δ𝑇𝑇𝑎𝑎 = 𝑇𝑇 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎) approaches the centre as a Gaussian profile.  

 

Results and Discussion 

In this short version of the original paper [30], the results obtained for Test 1 are shown.  

Experimental HRR 

The measured and the time-averaged HRR curves are shown in Fig. 2. The time-averaged curve has been 
defined as: 0%, 62.4%, 89.1% and 100% of its time-averaged value for 0 s, 10.7 s, 81.5 s and from 200 s to 
the end of the test, respectively [31,32]. 

 
Fig. 2. Measured and time-averaged HRR curve. 

Five fire whirls were generated, i.e. the sudden growth of the measured HRR (Fig. 3). They can be also seen 
in the videos of the online version of the original paper [30]. Before the formation of every whirl, the flame 
wandered around the centreline for an approximate averaged period of 60 s. As can be observed, the whirls 
reached the cable (Fig. 3.).  
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a) 

 

b) 

 

c) 

 
Fig. 3. Fire whirls interaction with the cable. 

To verify that whirls are numerically captured, the tangential velocity (𝑢𝑢𝜃𝜃) and the excess temperature (Δ𝑇𝑇), 
at successive heights (in meters), are represented in Fig. 4. The ratios of 𝑢𝑢𝜃𝜃 with respect to its maximum 
𝑢𝑢𝜃𝜃𝑎𝑎, as a function of 𝑟𝑟/𝑟𝑟𝑜𝑜, where 𝑟𝑟𝑜𝑜 is the maximum tangential velocity radial distance, are compared with 
the Burgers vortex (BV). The ratios of the Δ𝑇𝑇 and its maximum Δ𝑇𝑇𝑎𝑎 as a function of 𝑟𝑟/𝑟𝑟𝑇𝑇, where 𝑟𝑟𝑇𝑇 is the 
temperature core radius and Δ𝑇𝑇 = 0.5Δ𝑇𝑇𝑎𝑎, are also shown.   

 
 
 
 
 
 
 
 
 

a) 20 cm b) 10 cm c) 5 cm 
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Fig. 4. Normalised tangential velocity and excess temperature at different heights. 

With the three meshes, the Burgers vortex is well predicted. Only with the medium and finest grids, the 
excess temperature captures both the continuous flame and the plume regions. Here, the continuous flame 
region is only represented. The temperature core radii and the tangential velocity fields are also shown in 
Fig. 5. These results confirm that the whirl is not well predicted with 20 cm because the values achieved are 
very low.  

 
a) 20 cm (4.8 MW) b) 10 cm (7.3 MW) c) 5 cm (3.6 MW) 

   
Fig. 5. Tangential flow field and temperature core radii. 
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The temperature far from the plume (30 cm from the walls, at two heights) is also assessed to understand 
how these whirls influence the production of smoke. The maximum temperatures achieved are shown in 
Table 2 (maximum relative error below 8.5%).  

Table 2. Maximum temperatures near the walls of the atrium. 

             Temperature (ºC) / Error (%) 
Height  Exp (ºC) 20 cm 10 cm 5 cm 

7.5 m Without cable 98.6 105.6 / 7.0 104.0 / 5.5 98.2 / 0.4 
With cable 104.0 / 5.5 93.9 / 4.8 92.7 / 6.0 

15 m Without cable 109.1 114.5 / 5.0 118.4 / 8.5 105.9 / 2.9 
With cable 116.3 / 6.6 110.1 / 0.9 99.9 / 8.4 

 
The results indicate that these numerical models accurately predict the temperatures of the far field. The 
coarsest grid seems to behave well and fast, but fire whirls are only accurately predicted with the finer grids. 
Moreover, with the measured HRR as an input, the numerical whirls become more unstable. In addition, the 
computational cost is a significant issue when modelling these types of fire scenarios, and small obstacles 
may affect the results. When introducing the cable in the models, the number of whirls increase as observed 
in the experiments. 

Time-averaged HRR 

The temperatures of the different models in the near-field, i.e. fire plume at 4.6 m high, are shown in Fig. 6 
.This comparison is difficult to analyse due to the thermal inertia of the thermocouples and turbulence, 
although it allows to determine the evolution of the whirls formation. With the finest grid, the temperature 
is underpredicted because of the violent flame rotation; only a relevant fire whirl is generated although less 
stable than when not considering the cable, as was experimentally observed.  

 
a) Without cable b) With cable 

 
Fig. 6. Temperature in the fire plume at the height of 4.6 m. 

The results obtained with 10 cm seem to be reasonably reliable, although the flame does not reach the cable 
because of the reduced time-averaged HRR value. This can be observed by 𝑢𝑢𝜃𝜃 in Fig. 7. A nearly constant 
circulation is achieved up to 2.4 m high. Then, the circulation decreases, as observed at the height of 3.2 m.  
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a) 2.0 m b) 2.4 m c) 2.8 m d) 3.2 m 

    
Fig. 7. Tangential velocity at different heights (421 s). 

The numerical results in the far-field follow the growth of the experimental temperatures up to 350 s with 
differences lower than 5% (Fig. 8). Then, the predicted growing trend diminishes, underpredicting the 
measurements. The temperatures at the end of the test are show in Table 3, with maximum error of 17.7%.  

 
a) Without cable b) With cable 

 
Fig. 8. Temperature near the walls at the height of 4.6 m. 
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7.5 m Without cable 98.6 89.8 / 8.9 88.2 / 10.6 80.3 / 18.6 
With cable 89.0 / 9.7 90.3 / 8.4 81.1 / 17.7 

15 m Without cable 109.1 94.8 / 13.1 101.7 / 6.7 95.0 / 12.9 
With cable 95.7 / 12.3 97.5 / 10.6 90.2 / 17.3 

 
Time-averaged HRRs allow the prediction of more stable whirls. However, fire whirls are weaker, which may 
reduce smoke production.  

Conclusions 

The main conclusions are herein summarised: 
- Fire whirls are numerically captured with both HRR curves using FDS, although not generated in the 

expected time instants. The tangential velocity field follows the Burgers vortex, and only with the 
finer grids, continuous and plume regions are identified.  

- The time-averaged HRR curve captures better the generation frequency of whirls. However, a higher 
discrepancy in the far-field temperatures is obtained.  

- Small objects proximate to the flame, such as the cable, affects the results, which could influence fire 
spread mechanisms. Nonetheless, their modeling entails a significant increase in the computational 
resources of the models.  

 
Swirling flames can be formed in spaces with venting characteristics included in current standards and 
regulations. They may accelerate spread mechanics, favouring unforeseen damage if these possible fire 
scenarios are not considered in fire safety designs. 
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Engineering Solutions for Fire Safety and Sustainable Building Design 
 
By: Tamara Želimorski and Grunde Jomaas, FRISSBE, ZAG, Slovenia 
 
At the end of November and the beginning of December 2023, SFPE arranged a Symposium in Ljubljana, 
Slovenia. The participants addressed the challenges and looked for correlations between fire safety and 
sustainable building design. Mr. Chris Jelenewicz, CEO of SFPE, and the Minister of Economy, Tourism 
and Sport, Matjaž Han opened the event, which featured presentations by experts from around the 
world.  
 
Sustainability challenges 
 
“The symposium has an important and timely focus, as safety is becoming an increasingly important 
topic today. It is also crucial to have competent professionals that can implement fire safety through 
decisions based on state-of-the-art knowledge and research,” Minister Han said at the start of his 
opening speech. 
 
He continued: “With the rapidly changing demands of the Green Deal, RePowerEU and other initiatives, 
for example, the United Nations’ Sustainable Development Goals, your role in managing the risks posed 
by innovation has become even more challenging. These risks can be associated with micro-mobility 
devices such as electric scooters, electric and hybrid cars, photovoltaics, timber buildings, and facades – 
all topics you will discuss.” 
 
Towards the end, Minister Han exhorted: “In a period of increasing impacts of climate change, strategic 
collaboration between the fields of fire safety and sustainable building design is not only advisable, 
rather, it is essential. Therefore, I would like to thank you for your efforts and wish you a successful 
event, full of exchange of knowledge and experience. If you are successful, and I believe you will be, 
your work will shape the future of our built environment and leave a legacy of safe, sustainable, and 
adaptable buildings, that will stand the test of time.” 
 



 
Figure 1. The Slovenian Minister of Economy, Tourism and Sport, Mr. Matjaž Han gave the opening speech to an 
audience of about 100 persons, with, from left to right, Aleš Žnidarič (ZAG director), Draško Veselinovič (SBRA 
president), Jimmy Jönsson (SFPE president) and Chris Jelenewicz (SFPE CEO) making up the front row.  
Photo credit: Tamara Želimorski   
 
 
 
 
Reflections on the Event 
 
Jakob Strømann-Andersen (Director, Innovation and Sustainability at Henning Larsen) [LinkedIn post]: 
 
“What is the biggest barrier or concern regarding mass timber construction and the use of biogenic 
materials in construction? Fire safety, and that is why I just spent two days at the Society of Fire 
Protection Engineers (SFPE) Solutions Symposium for Fire Safety and Sustainable Building Design in 
Ljubljana. Being together and discussing the subject with Europe’s leading experts within fire safety gave 
me a lot of learnings. One key takeaway is that we cannot rely solely on the Performance-Based 
Approach to Fire Safety Design. It's crucial to develop and share standardized, pre-accepted solutions for 
biogenic constructions across Europe. Our conversations also delved into the delicate balance between 
fire safety and climate actions, leading us to a profound conclusion – not merely rescuing individuals 
from fires, but actively working towards safeguarding humanity from the far-reaching impacts of global 
warming!” 
 
Christian Fundby Schou (Head of Advanced Product Development, DBI) [LinkedIn post]: 
 
“FIRE ENGINEERS ASSEMBLE! The Building Industry has huge potentials for reducing carbon footprint 
using less resources in a smarter and more innovative way with new materials and construction 
principles. We do not have time to waste. We need speed and acceleration, but also knowledge and 
documentation. In this fast-paced sustainable transition, fire safety requirements are one of the biggest 
showstoppers. Fire Engineers can either be the villains that prevents OR be the Heroes who saves the 
day and makes the future solutions possible. I am on my way home from the Society of Fire Protection 
Engineers (SFPE) ‘Engineering Solutions Symposium on Fire Safety & Sustainable Building Design’ with 
great optimism after meeting and talking with a long list of fire engineering Heroes that I believe can 
and will use their influence to create an impact in realizing sustainability goals while ensuring fire safety. 

https://www.linkedin.com/feed/update/urn:li:activity:7137409398611546112/
https://www.linkedin.com/posts/christian-fundby-schou-2127461a_fire-engineers-assemble-the-building-activity-7136264520766738433-1g14


An important topic was competency among fire engineers and the moral compass and responsibility 
that our Heroes needs to balance.” 
 

 
Figure 2. The symposium featured a very strong lineup with a broad range of backgrounds from numerous 
countries. Speaker photo (partial) from day 1, from left to right: Brian Meacham (USA), Francesca Sciarretta (Italy), 
Heikki Väänänen (Finland), Christian Fundby Schou (Denmark), Giombattista Traina (Italy), Daniel Joyeux (France), 
Birgitte Messerschmidt (USA), Wojciech Węgrzyński (Poland), Jimmy Jönsson (Spain), Grunde Jomaas (Slovenia), 
Margaret McNamee (Sweden) and Antonio Terio (Italy). Photo credit: Tamara Želimorski 
 
From Theory to Practice – Laboratory Visit with Live Fire Resistance Test of a CLT Wall 
  
The Symposium closed on Friday, 1 December, with an optional excursion to Logatec, home to ZAG’s 
new Fire laboratory, arguably the most modern fire laboratory in this part of Europe. Participants were 
invited for a laboratory tour and to observe the live fire resistance test of a full-scale loaded cross-
laminated timber (CLT) wall in a vertical furnace.  
 
The test, which lasted for about an hour and a half, was accompanied by presentations (by Klemen 
Klemenak and Andrea Lucherini). Following the talks, while a live stream of temperatures and test video 
was projected, the following persons were involved in a panel discussion moderated by Grunde Jomaas 
(FRISSBE, ZAG), see Figure 3: 
• Sean DeCrane (IAFF) 
• Andrea Lucherini (FRISSBE, ZAG) 
• Klemen Klemenak (Stora Enso) 
• Aleš Jug (SZPV) 
• Boštjan Žagar (Ljubljana Fire brigade) 
 



 
Figure 3. Panel debate with the furnace test streamed live in the background. Photo credit: Tamara Želimorski  
 
Further Reading 
 
• SFPE Event Website 
• Full Program 
• Speaker Bios 
• Event Recap and Photos (ZAG) 
• Event leadup by International Fire & Safety Journal 
 
“The FRISSBE project has received funding from the European Union‘s Horizon 2020 Research and 
Innovation under Grant Agreement No. 952395” 

https://www.sfpe.org/events-education/liveeducation/in-personeducation/fssbdsymposium
https://higherlogicdownload.s3.amazonaws.com/SFPE/93e7d31c-6432-4991-b440-97a413556197/UploadedImages/23_Sustainability_Symposium_Program_11_20_23_FINAL.pdf
https://higherlogicdownload.s3.amazonaws.com/SFPE/93e7d31c-6432-4991-b440-97a413556197/UploadedImages/SPEAKER_10_23_Updated.pdf
https://www.zag.si/en/1-sfpe-symposium-in-slovenia/
https://internationalfireandsafetyjournal.com/sfpe-symposium-join-experts-and-leaders-in-advancing-fire-safety-and-sustainable-building-design/
https://www.frissbe.eu/
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