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Abstract—Building resilience, sustainable buildings,
urbanization, climate change, resilient cities, are just a few examples
of where the focus of research has been in the last few years. It is
obvious that there is a need to rethink how we are building our cities
and how we are renovating our existing buildings. However, the
question remaining is how can we assure that we are building
sustainable yet resilient cities? There are many aspects one can touch
upon when discussing resilience in cities, but after the event of
Grenfell in June 2017, it has become clear that fire resilience must be
a priority. We define resilience as a holistic approach including
communities, society and systems, focusing not only on resisting the
effects of a disaster, but also how it will cope and recover from it.
Cities are an example of such a system, where components such as
buildings have an important role to play. A building on fire will have
an impact on the community, the economy, the environment, and so
the entire system. Therefore, we believe that fire and resilience go
hand in hand when we discuss building resilient cities. This article
aims at discussing the current state of the concept of fire resilience
and suggests actions to support the built of more fire resilient
buildings. Using the case of Grenfell and the fire safety regulations in
the UK, we will briefly compare the fire regulations in other
European countries, more precisely France, Germany and Denmark,
to underline the difference and make some suggestions to increase
fire resilience via regulation. For this research, we will also include
other types of resilience such as technological resilience, discussing
the structure of buildings itself, as well as community resilience,
considering the role of communities in building resilience. Our
findings demonstrate that to increase fire resilience, amending
existing regulations might be necessary, for example, how we
performed reaction to fire tests and how we classify building
products. However, as we are looking at national regulations, we are
only able to make general suggestions for improvement. Another
finding of this research is that the capacity of the community to
recover and adapt after a fire is also an essential factor.
Fundamentally, fire resilience, technological resilience and
community resilience are closely connected. Building resilient cities
is not only about sustainable buildings or energy efficiency; it is
about assuring that all the aspects of resilience are included when
building or renovating buildings. We must ask ourselves questions as:
Who are the users of this building? Where is the building located?
What are the components of the building, how was it designed and
which construction products have been used? If we want to have
resilient cities, we must answer these basic questions and assure that
basic factors such as fire resilience are included in our assessment.
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I. INTRODUCTION

IRE has caused many damages throughout the years and is
probably one of the oldest type of disaster known of
mankind. The London fires in 1212 and 1666, the Chicago fire
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in 1871, Tokyo in 1923, Texas city in 1947 are just a few
examples. Unfortunately, we have not yet managed to
eradicate this type of disaster and we keep adding events to the
list. One of the most recent tragic incidents in Europe
happened at the Grenfell Tower in June 2017, where 72 people
lost their lives [1]. After the incident, several questions were
raised about the safety of the building and the materials used
to refurbish it. As we are now approaching the “one year
anniversary” of the disaster, some questions have been
answered but little has been done to assure that such event
would not happen again. The results of the preliminary
enquiry have showed that the design of the building itself,
with only one staircase as escape route and without the
presence of sprinklers had an important impact. Another factor
was the materials used for the refurbishment which was
proven more combustible than the results of the fire resistance
tests performed. As buildings are at the center of our cities, it
is therefore of the outmost importance to assure that they are
safe to be in. And there cannot be resilient cities without
resilient buildings.

For this article, we will start by explaining the concepts of
resilience and fire resilience. Using the case of the Grenfell
Tower, we will study France, Germany and Denmark’s
national fire regulations for testing facades of high-rise
buildings. We are focusing on high-rise buildings for this
paper, first because it is not possible to review all fire
regulations for all types of building in this article. It is also
relevant to look at high-rise building since the increasing rate
of urbanization is creating the need for more of this type of
buildings in cities [2].

We will then discuss fire regulations and resilient cities,
touching upon technological and community resilience.
Finally, we will have a closer look at the link between fire
resilience and resilient cities.

II. THE CONCEPT OF RESILIENCE

The concept of resilience is now well known for those who
are working within domains where the term is used. However,
we find that even if the concept is often mentioned, few know
how it can be defined. This can easily be explained by the fact
that the term “resilience” has been used in different disciplines
such as engineering, psychology and disaster risk
management. Since the UN Hyogo Framework for Action
adopted the term resilience in its aims within global disaster
risk reduction in 2005 [3], the concept has gained momentum
in many different areas and disciplines such as safety
engineering, sociology, governance, emergency preparedness
and urban development. We like to use the definition of the
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UNISDR as it can be applied to all these disciplines: “The
ability of a system, community or society exposed to hazards
to resist, absorb, accommodate to and recover from the effects
of a hazard in a timely and efficient manner, including through
the preservation and restoration of its essential basic structures
and functions” [4].

III. THE CONCEPT OF FIRE RESILIENCE

Looking for a clear definition of fire resilience can become
a lengthy process. We found that there is no clear definition of
this concept. Instead we found several references to fire
resistance, which is an engineering term defined as the ability
to withstand the effect of a fire [5]. Referring to buildings, this
definition of fire resistance is relevant; however, what is not
included in this definition is how the fire in a building will
affect the environment, the economy and the communities.

Fire resilience is also a terminology present in the
environmental domain, as fires cause damages to the
environment, for example through air pollution or forest fires.
According to Holling, ecological resilience can be defined in
two different ways. First, it can be defined by measuring
resilience through the resistance to disturbance and how fast
one can return to equilibrium, which is most often referred as
engineering resilience. Second, by measuring resilience
through the amount of disturbance a system can absorb before
it changes its structure, which Holling refers to as ecological
resilience [6].

The effects of fire can also be observed on the economy. A
good example of such impact is the forest fires in California.
Estimates for insured losses from wildfires in Northern
California, owing to damages to business and residential
properties and business disruption, were between $8 billion
and $10.5 billion [7].

Finally, when a fire occurs, it will also have an impact on
the communities. A fire destroying private houses, an
apartment building, a school, a hospital, or a shopping center
will affect people living and/or using the building. Children,
residents or patients would have to be relocated, and there
could be trauma related effects as well. Therefore, even
without a clear definition of fire resilience, we can link the
concept to existing resilience domains. Fire resilience is more
than regulations or technological resilience. Fire has also an
impact on the economy, the environment and communities. In
the next section, we will shortly present three different fire
regulations for facade of high-rise buildings to demonstrate
how different the fire regulations are from one country to
another.

IV. FIRE REGULATION FOR FACADES IN FRANCE

The main test for fire spread on facades in France is called
LEPIR II. This test is made on a test rig build specifically for
fagade tests (see Fig. 1) [8]. This test is particular because it
includes four openings, is clearly representing two stories of a
building, and the rig is closed from all sides. This is a full-
scale test and one of the “most complete of all current facade
fire spread test methods” [9].

Fig. 1 LEPIR 1II test rig

The performance criteria are: non-propagation of the fire to
the second level and no fire leap to the second level through
the facade or the floor. For any integrated systems, there is
also a temperature criterion which must not exceed 180 °C at
the fagade/floor junction, no rise in temperatures above 180 °C
measured on the unexposed side of the floor at 50 mm away
from the facade for the first 30 minutes of the test [10].

The length of the test varies depending on the type of
system tested, but most current is 60 minutes, where the fire is
extinguished after 30 minutes and the remaining time is used
to observe that there will not be secondary inflammation of the
test specimen [10].

This test is interesting to mention because even though it is
considered as the most complete test, it is mainly used
nationally and rarely used as a compared methodology, unlike
the UK test method BS8414 or the German test DIN 4120-20.
There are elements in this test that could give results which
would be closer to how a facade system would behave under a
fire. For example, the fact that there are several windows, or
that the test rig represents clearly two stories of a building.

V.FIRE REGULATION FOR FACADES IN GERMANY

In Germany, the test that can be comparable to LEPIR II
and SP105 can be found in DIN 4102-20. This test is a
medium scale test, but there are of course other tests available
such as the technical regulation A 2.2.1.5 which is a full-scale
test for ETICS systems.

DIN 4102-20 has a test specimen that is L-shaped, at least
5,5 m high and can use either a burner or a crib for the fire
load (see Fig. 2) [11].

Performance criteria are slightly different if the test is for
combustible or non-combustible materials. If the test is for
combustible materials, the burner would be turned off after 20
minutes, and for non-combustible materials, after 30 minutes.
Then there will be some time allowed for observing the test
specimen and assure that it will not keep burning or produce
smoke for another 30 minutes.

The performance criteria include no burned damage on the
test specimen 3,5 m or more above the fire chamber; the
temperature under or over the surface of the insulation should
not be over 500 °C at 3,5 m or more above the chamber and no
continuous flaming for more than 30 seconds 3,5 m above the
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fire chamber. There is also no flaming allowed on the top of
the specimen and no falling debris and droplets falling 90
seconds after the burners have been shut down [12].

Fig. 2 DIN 4120-20 test rig

This test is different from the French test as it does not
include any openings other than for the crib or burner used.
The French test also has a temperature criterion that is much
lower than for the German test, which is also an interesting
difference to mention. The temperature criterion is an
important measurement. According to the National Fire
Protection Association (NFPA), the upper limit of human
temperature tenability is 212°F [13], which is equivalent of
100°C, so it gives us an idea of how extremely warm 500°C is.
We will now study the test used in Denmark to add another
test to compare.

VI. FIRE REGULATION FOR FACADES IN DENMARK

In Denmark, the SP Fire 105 method is used. It evaluates a
large-scale fagade fire where the test object is 4 x 6 m (width x
height) and resembles the real facade system as much as
possible (see Fig. 3) [14]. The fire exposure lasts around 15-20
minutes. The fire source is 60 liters of heptane burning in trays
with attached flame suppressors. “The performance criteria of
the fagade system are maximum temperatures of the
combustion gases at the eave and maximum heat flux to the
specimen in the middle of the first fictitious window. No
flame-spread above the second floor is allowed” [15].

This test is again different from the two others, though
includes openings, the temperature criteria are not well
defined. The differences between the three tests are so
fundamental that it becomes impossible to make a relevant
comparison. Because fire safety regulations are of national
competences, there has been little work on harmonizing the
test system and so it has been difficult to assure cooperation
between the countries on this topic. However, after Grenfell,
the EU has reached out to member states and a consortium has

been working on a possible harmonized system, which work is
currently ongoing.
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Fig. 3 SP Fire 105 test rig

One other important point from this section is that to get a
robust test system, countries must not only base their system
on their national disasters and experiences. Even though we
hope to have learned a lot from the fire of the Grenfell Tower,
we need to remember to have a holistic approach to fire
resilience and consider all its dimensions. In the next section,
we will demonstrate how fire resilience and technological
resilience are linked.

VII. TECHNOLOGICAL RESILIENCE

Fire safety regulations have an important role to increase
fire resilience. However, it is not the only important factor. As
we mentioned earlier, technological resilience is a factor. We
have used Holling’s definition of technological resilience
earlier in this paper, where we explained that the “concept of
resilience focuses on system’s behaviour near a stable
equilibrium and the rate at which a system returns to steady
state following a disturbance” [16].

Other definitions of the concept can be found, such as
Pimm’s where one “measures how fast a variable that has
been displaced from equilibrium returns to it” [17]; or Haimes
defining resilience as “the ability of the system to withstand a
major disruption within acceptable degradation parameters
and to recover within an acceptable time and composite cost
and risks” [18]. So, if we take the example of a building, for it
to be technologically resilient would mean that it would not be
affected by an unexpected event or would be able to quickly
recover. Several solutions are available and so if brought
together, they can make a difference on the level of resilience
reached. For example, assure that there are sprinklers in the
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building so that small fires can be quickly extinguished, or
have an alarm system that can alert first responders so they
can rapidly respond. Another measure would be the use of
non-combustible materials for high-rise and high-risk
buildings. A combination of several of the mentioned
solutions could increase buildings’ fire resilience.

As mentioned earlier, solutions must contain elements from
the different resilience dimensions to have an impact on the
overall resilience of buildings and cities. We will now
consider the role of the community in increasing resilience.

VIII.COMMUNITY RESILIENCE

Communities also have a role to play to strengthen fire
resilience. Communities are composed of built, natural, social,
and economic environments that influence one other in
complex ways [19]. They absorb, adapt, or cope with
unexpected events. Again, there are many definitions of
community resilience; Magis defines community resilience as
“the existence, development, and engagement of community
resources by community members to thrive in an environment
characterized by change, uncertainty, unpredictability, and
surprise” [20]. Cutter et al. define community resilience as
“the ability of social system to respond and recover from
disasters and include those inherent conditions that allow the
system to absorb impacts and cope with an event, as well as
post-event, adaptive processes that facilitate the ability of the
social system to re-organize, change and learn in response to
threat” [21]. Aldrich and Meyer define community resilience
as the “collective ability of neighbourhood or geographically
defined area to deal with stressors and efficiently resume the
rhythms of daily life through cooperation following shocks”
[22]. We can easily link these definitions of community
resilience to fire resilience. It is about involving communities
in anticipating the disaster. Therefore, in order to have a
community contributing to fire resilience, we need to involve
the community into emergency planning activities, such as
evacuation training, identification of key persons in case of an
emergency, guidelines for social media use, tools for response,
etc. The National Institute of Standards and Technology
(NIST) has developed a Community resilience planning guide,
using six steps to support more resilient cities (see Fig. 4) [23].
The NIST example demonstrates well the need for a strong
community resilience for any disaster, fire included.

Regulations, technological and community resilience are
three dimensions that can play a significant role in
strengthening fire resilience. In the next section, we will look
more precisely into the link between fire resilience and
resilient cities.

IX. FIRE RESILIENCE AND RESILIENT CITIES

The short description of three fire regulations for fagade
testing was used to demonstrate how the systems can be
different from a country to another. This is an important fact
to understand as it demonstrates well that working towards
more resilient cities is far from being a simple goal to achieve.
Testing fire resilience on high-rise buildings is only one

parameter part of a much bigger picture.
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Fig. 4 NIST Community Resilience Planning Guide

We then looked at technological and community resilience,
which are also important dimension of resilience that are
playing an active role in increasing fire resilience. It is also
important to define what resilient cities are and how fire
resilience plays a role in this definition.

According to the organization “100 Resilient Cities”, there
are seven qualities a city must have to be resilient: reflective,
resourceful, inclusive, integrated, robust, redundant and
flexible [24]. Not all the seven qualities are relevant when
considering fire resilience. We can look at the following
qualities: reflective, inclusive, robust and flexible.

A reflective city comprises individuals and institutions that
are learning from the past and will modify regulations and
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behaviors accordingly. If we then take the example of fire, we
would assume that we have learned from the past mistakes and
adjusted so that we would reduce the impact of fires. Yet,
when we look closer to residential fires, we can observe that
they are still present, and that their impact is much more
serious than in the past. This can be explained by the fact that
our houses are now containing all kinds of materials and
notably plastic based items which are highly flammable and
produce toxic smoke which has a negative impact on
inhabitants and the environment [25].

An inclusive city can be defined by the processes of good
governance and leadership to assure that the changes needed
are addressed for everyone. A good example for this is
obviously the UK who is now going into the revision of its fire
safety regulation under the Approved Document B, as well as
the Hackitt review which should be completed in May 2018
and the Grenfell Tower inquiry which is ongoing. Such
processes are lengthy and will not always make conclusion
that will satisfy all parties, but the system is in place and gives
the opportunity for everyone to engage.

The definition of a robust city often includes assessing the
infrastructures’ ability to withstand the effect of a disaster.
Again, when we link robustness to fire, it is to say that robust
buildings are not expected to collapse rapidly because of a
fire. It is also not expected that buildings will suddenly catch
fire and burn down within a short time frame. However,
several examples of this can be found just by doing a quick
Google search: Sao Paulo in May 2018, Dubai in August 2017
and of course Grenfell in June 2017. This has happened in
different places in the world, and for different reasons, but has
been often observed that fire spread was caused by the
building structure and/or construction materials.

Finally, a flexible city is a city that reflects the ability to
adapt to changes and find alternatives solutions to the
challenges brought by crises or new circumstances. To be
flexible and fire resilient means that we need to keep doing
research on materials to better understand their properties and
use them in the best possible manner. For example, the use of
non-combustible materials for facades of high-rise buildings is
a good way to avoid unnecessary fire risks.

X.FINDINGS

With this article, we have demonstrated the complexity of
fire regulations and its effect on fire resilience. Changing fire
safety regulations is difficult, as it is of national competences,
but engaging the EU could provide solutions suitable for all
member states. However, we need to be careful not to rest on
existing systems, which have been mostly based on national
disasters and experiences. We must develop a more scientific
based approach, considering real scenario both representing
the fire load and the building we are testing for. We have then
studied technological resilience, for which we found that the
choice of materials for buildings and the design of buildings
itself can have a tremendous effect on their level of fire
resilience. With community resilience, we have discussed the
role of planning, preparation and training as important steps to
increase community resilience and so fire resilience. Finally,

we discussed the concept of resilient cities and how it can be
linked to fire resilience. Through some of the resilient cities
qualities that the “100 Resilient Cities” organization,
pioneered by the Rockefeller Foundation, have cited, a city
that is reflective, inclusive, robust and flexible is not only a
resilient city but a fire resilient city.

XI. CONCLUSION

This article discussed the concept of fire resilience for
which there is not much research to be found. Therefore, our
suggestion would be to work further on the topic to understand
better the effect of regulations, materials, design and
communities in supporting fire resilience, as well as
developing a common concept for fire resilience that can be
used by all dimension of society.
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