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CULTURAL HERITAGE ON FIRE

By Luca Nassi and Cristina Resti

Fires pose a significant risk to cultural heritage around the world. Although
they may appear to be a 'rare event' from the perspective of an individual
institution, major fires can become the order of the day when considering
the entire heritage of a nation. Moreover, their impact is usually catastrophic,
resulting in the total or near-total loss of the cultural heritage concerned.

Recent examples include the MaGa Museum in Gallarate (2013), the
Glasgow School of Arts (United Kingdom, 2014 and 2018), the Institute of
Scientific Information on Social Sciences (Russian Federation, 2015), the
Library of the University of Mzuzu (Malawi, 2015), the National Museum of
Natural History of India (2016), Saint Sava Cathedral in New York (United
States of America, 2016), the Maritime Museum in Jakarta (Indonesia,
2018), the National Museum of Brazil (2018), Notre-Dame Cathedral in Paris
(2019), Cavallerizza Reale in Turin (2019). Until the recent fire at the Old
Stock Exchange in Copenhagen, which destroyed the historic spire built in
1625 and currently under renovation (2024).

The majority of fires in heritage buildings are of internal origin and can be
prevented or significantly mitigated through proper maintenance and the
adoption of appropriate safety procedures, particularly during the
construction phase. Emergency preparedness is certainly essential to
prevent fire disasters, but it should not be the only strategy. There is a clear
need to promote preventive conservation measures, risk reduction
measures, especially during the presence of construction sites on site, to
promote the use of new technologies for fire safety and to help create a
culture of fire prevention in cultural institutions.

In order to better understand all the implications of fire prevention in places

such as museums, libraries or archives, we asked engineer Luca Nassi to
give us an overview of the situation.

Talking about the risk of fire in historical buildings is certainly not a simple
subject; we are dealing with a practically infinite number of building types
(from underground sites to towers, palaces, etc.), often of large dimensions
and linked to different activities (museums in hospitals - Venezia, inside
production sites such as companies), which present variable risks over time,
also linked to the vulnerability of the area and the building and its
management.
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1. Is the risk of fire in

historic buildings a
real problem?

Figure 1: Morgan
Academy - Dundee -
March 2001 - The fire
in the roof structures
(and any materials
often present in the
attic spaces) is very
difficult for rescue

teams to control, and

as it progresses it
involves the floors
below
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Nevertheless, in order to address this issue, the following series of
questions should be considered:

1. Is the risk of fire in historic buildings a real problem?

Historic buildings often have thick load-bearing walls, vaults and structures
that may generally appear 'robust’ to the action of fire.

It is therefore possible to be led to believe that the fire risk for these
particular buildings is low and that the consequences of a fire could remain
limited due to the typical characteristics of these buildings (low fire load).

In reality, the presence of cavities, voids, chimneys and other types of
openings and vertical connections can provide a pathway for the fire to
spread to the upper floors and to the spaces present in the attic; this latter
environment, often delimited at the top by the load-bearing wooden
structures of the roof, constitutes an area that, if involved in a fire, is very
difficult to manage and can often lead to the loss of significant parts or the
entire building.

Even cupolas often have wooden structures (St Mark's Basilica, for
example); a fire in the combustible structures of a roof can generally only be
dealt with by cutting into the roof itself, which must be carried out with
extreme caution and is difficult to implement, given the value of the
structure involved.
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2. How does a fire
behave?

Museums, exhibitions, galleries, and libraries are increasingly becoming
multifunctional spaces, with the presence of activities such as restaurants,
bars and bookshops, which also increase the criticality with regard to
electrical installations. Their transformation, adaptation, renovation and
restoration means the presence of building sites, even in the long term,
which significantly increase the risk of fire.

At the same time, the presence of disused areas of historic buildings, the
so-called 'no man's land', can create the conditions for a fire to develop,
which, as always, can be particularly severe in unmanned environments.

Moreover, it should not be forgotten that activities such as museums,
galleries, libraries and archives are not only usually housed in buildings of
great value, but also contain protected assets of great value, such as
collections, furnishings, documents, artefacts; damage to these objects can
result not only in a very serious economic loss, but also in the destruction of
real community assets on a par with the loss of an entire historic building.

2. How does a fire behave?

In order to have a realistic idea of what is happening, it is important to think
briefly about the dynamics of a fire, and in particular why indoor fires behave
very differently from outdoor fires, such as forest fires.

In a confined space, the heat, flammable gases and toxic gases generated
by the fire remain trapped and concentrate in the space. This causes the fire
to start slowly but escalate rapidly as the products of combustion manage to
create a hot zone at the top of the space.

At this point, usually 3-4 minutes after ignition, the situation changes
abruptly, temperatures suddenly rise to very high levels (600/700°C -
flash-over phase), causing considerable damage and risk to human life, even
in the surrounding area.

It can therefore be said that fires, although rare, represent a serious risk not
only to people but also to buildings and their contents. The level of risk
depends on a number of factors that must be carefully assessed each time,
taking into account, among other things, the vulnerability of the area and
the building (e.g. forest fires or other natural disasters such as floods,
landslides, etc.).
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Figure 2: 8thC
Naksan-sa Temple,
Yangyang, S Korea
(forest fire) 6 April
2005

3. Are there any 3. Are there any statistics? What can we learn from past fires?
statistics? What can
we learn from past
fires?

Unfortunately, there are no satisfactory statistics on the number of fires in
historic buildings. However, there are several international groups working on
the problem worldwide (COST Action C17, Firetech, NFPA, FRED, English

Heritage, Riksantikvaren, Riksantikvarieambetetet etc.), which estimate
that one historic building is lost every week in Europe.

Some interesting data can be found in the study "Cultural Heritage Fire
Statistics", conducted for ICCROM by Jose Luiz Pedersoli jr:

What are the causes? P

ICCROM

FI ure 3: Pe rce nta e 11 vears (1994 - 2004 Fire risk assessment for collections in
g g9 years ( ) Jll Canada

museums, 2008 | Jean Tétreault, Canadian

Of flre causes 100 fires in museums Conservation Institute

recorded in Canada

over a decade.

Source: Joseé Luiz

Pedersoli jr, "Cultural Others (natural
causes, etc.) - 10%

Heritage Fire

Statistics", ICCROM,

20109.

Small apparatus
failure - 8% Unsafe practices and
use (smoking, open
flame, melting,

cooking, etc.) - 32%

n

Arson - 30%

Building system
failure - 20%



CULTURAL HERITAGE ON FIRE

By Luca Nassi and Cristina Resti

ART

Figure 4: Percentage
of fire causes
recorded in China over
a decade.

Source: José Luiz
Pedersoli jr, "Cultural
Heritage Fire
Statistics", ICCROM,
2019.
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The figures above show the causes of fires in two very different countries,
Canada and China. It is interesting to note that in both countries there are
very high percentages of fires caused by unsafe practices and use, 29% and

32% respectively. This highlights the importance of proper training and

information for staff and visitors, tailored to each building.

Figura 5: Numero degli
incendi rapportato ai
luoghi in Canada.
Fonte: Jose Luiz
Pedersoli jr, "Cultural
Heritage Fire
Statistics", ICCROM,
2019.
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Figure 6: Presence of
flammable liquids at a
fresco cycle
restoration site.

The figure above, which relates the number of fires in Canada over a decade
to the locations where they occurred, shows that public areas, shops, work
areas and roofs make up a large proportion of the total; the large number of
fires that occur in outdoor areas is very important and usually
underestimated.

Statistically, a large number of large fires occur at construction and
renovation sites.

The fires at the Guarini Chapel and Moncalieri Castle in Turin, the Fenice
Theatre in Venice, Notre Dame in Paris and, most recently, the Old Stock
Exchange in Copenhagen are just a few well-known examples.

In addition to renovation sites, restoration sites for works of art in museums,
archives/libraries or temporary exhibition spaces can also create higher risk
situations and trigger fires. One example is Windsor Castle in the UK, where
in November 1992 a fire involving flammable substances broke out during the
restoration of a painting and spread to the roof structure, causing the loss of
approximately 60% of the entire complex.

Fires during renovation or restoration work can be caused by carelessness,
accidents, but also by malicious acts facilitated by easier access, the
abnormal presence of flammable materials, disabled safety systems, a lot of
work in progress, even hot work.




CULTURAL HERITAGE ON FIRE

By Luca Nassi and Cristina Resti

4. What innovative
safety tools and
systems can be
used in a fire
emergency?

4. What innovative safety tools and systems can be used in
a fire emergency?

In the analysis of tailor-made solutions, today's technology offers the planner
a truly wide choice of security systems. The use of these systems can allow
the search for more viable alternative solutions, the choice of "plug in - plug
out" systems, particularly suitable for historical environments (easy to replace
in the event of technological improvement), and also a formidable help in
security and emergency management.

The following is a brief, but by no means exhaustive, list of innovative
systems. It also includes a note and some thoughts on some traditional
systems:

- Fire extinguisher — It is certainly not an innovative system, but rather the
minimum necessary. It should be noted, however, that even this simple
device, which is essential for the timely intervention of personnel in the event
of a fire, requires careful consideration. The possible effects of the type of
extinguishing agent on the equipment present (powder - usually unsuitable -
water, CO2, halon gas derivatives) must be carefully assessed.

- Water mist system — These are fire management systems that operate at
high or medium pressure and have the property of releasing a water mist
capable of limiting the spread of fire without causing great damage to the
environment. The amount of water used is very low and dry systems can be
designed to limit any damage caused by untimely activation.

- Extinguishing gas systems — In this case, we are dealing with traditional
systems which, despite their effectiveness, present a number of critical
issues, related in certain cases to safety, but also to the maintenance of the
system over time (e.g. high cost of periodic pressure vessel testing).
However, there are some special agents that can be used in certain cases to
avoid pressurised systems and risks to human life.

- Aerosol fire extinguishing systems — These systems offer a number of
advantages, particularly in terms of reduced maintenance requirements, but
in the case of BBCCs they pose the problem of creating de facto residue on
the objects being stored. Their use must be carefully assessed in relation to
the content to be protected.

- Fire detection and alarm systems — \\e have already discussed the
importance of being able to intervene in the first phase of a fire, and these
systems are fundamental in unmanned areas. There are now many different
types, from the classic point-type systems (but with different activation logics
that can greatly improve their reliability), to systems that are easier to install in
a protected building, such as linear systems, suction systems (with very high
sensitivity, up to 200% more than a traditional system), heat-sensitive strips
for confined spaces, and so on.

7
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- TVCC - CCTV cameras, which are normally used extensively for security
purposes, can also be very useful in terms of safety if they are incorporated
into an overall project; providing visual confirmation of a fire alarm, assessing
the presence of smoke in certain areas, not to mention the possibility of using
thermal imaging cameras, which can detect the presence of abnormal
temperatures before a fire breaks out (these are also extremely useful in
preventing electrical and other equipment failures).

- Hypoxic air system — This is a system capable of reducing the percentage
of oxygen present in an environment not normally frequented by people,
through the use of a compressor that forces the air in the room through a
molecular filter capable of removing oxygen molecules that are larger than the
others. The system is typically 14/15% 02, making it much more difficult for
a fire to start and initially spread.

- Fire-resistant compactable cabinets — This is a passive protection
system consisting of a compactable archive that can withstand the effects of
fire. The system combines strong content protection with the possibility of
avoiding the need to install active protection systems in works depots,
without the need for complicated maintenance.

The careful selection of these systems can be a fundamental part of bespoke
solutions and can be quantitatively evaluated among alternative solutions,
also using the Fire Safety Engineering (FSE) performance approach.

We are not only talking about the selection of fire detection and suppression
systems, but we are increasingly moving towards an engineering approach
or FSE, a quantitative assessment.

In making this choice, the designer is faced with a quantitative (and no longer
just qualitative) assessment of the consequences of certain reference fires,
considered to be representative of the real operating conditions of the activity.
In practice, the consequences of a fire are assessed using various software
models capable of simulating both the movement of people and the effects
of a fire, quantitatively assessing the temperatures developed, the visibility,
the toxicity of the fumes, moment by moment. This is done in order to check
that the results are acceptable in terms of the safety of the lives of those
present (safe evacuation), the stability of the building (fire resistance of the
structures) and the conditions to which the contents are subjected (severity
of impact on movable property).

The traditional design approach is thus overturned: instead of checking that
the activity conforms to the specifications of prescriptive technical rules, the
'‘performance’ (performance analysis) of that particular building with that
particular use is analysed from a safety point of view.
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5. What preventive 5. What preventive and protective management measures can be

and protective put in place?

management , ,
There are a number of preventative measures that can be taken before a fire

measures can be put . L

_ 0 occurs. These measures are often feasible at no cost and can significantly

in place?

reduce the likelihood of a fire occurring.
These include, for example:

- Preventive checks on the state of the activity and the safety
equipment in place; These checks are usually divided into a visual check
carried out by employees by completing checklists aimed at visually
assessing the condition of the equipment and reporting any anomalies (e.g. a
fire extinguisher that has been moved or is missing, an El door that is
blocked, multiple sockets or extension cables installed in inappropriate
locations, the presence of rubbish or accumulations of material, the condition
of unmanned rooms and storerooms, etc.).

This type of inspection is supplemented, at least every six months, by an
inspection of the safety systems in place (fire extinguishers, fire alarms, fire
hoses, hydrants, El doors, panic bars, etc.) by suitably trained personnel
(usually external companies).

It is important to keep track of all these activities so that it can be
demonstrated that the person responsible for the activity has taken
appropriate action to maintain safe conditions over time.

- Safety procedures for special conditions such as construction sites,
hot work, restoration, etc.

Construction sites present a number of critical issues: hot work,
temporary electrical installations, safety installations that are sometimes
disabled, demolition, the presence of rubble, waste and new materials to
be placed, access by inexperienced personnel from the site, increased
risk of malicious intent, possible misconduct such as smoking, etc.

A large number of fires occur during the execution of works or restorations,
often close to areas open to the public, due to the presence of external
personnel, the use of flammable or combustible materials and products,
demolition, the presence of temporary electrical installations and, often, the
deactivation of certain safety systems (e.g. the detection system, which can
give a series of false alarms in the presence of dust generated by the work).
Setting up an authorisation procedure for hot work (cutting, welding, etc.), as
is done in companies with a high risk of fire, greatly reduces the likelihood of
accidents. Finally, there is a free and very effective measure that consists of
carrying out a site inspection one hour after the end of the day's work.
Many fires originate from very small triggers (cigarettes, embers, sparks, etc.)
which only become apparent after a certain period of time; an on-site
inspection after a certain period of time allows these fires to be detected.
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- Checks for compliance with planning conditions; These controls must
be activated when there are changes that could lead to an increase in risk,
such as a change of furniture in a wing of the building that requires the old
furniture to be "temporarily" stored in unforeseen or inappropriate places.

- Assessment of near misses; The monitoring of periodic faults allows us
to assess such incidents as alarms, e.g. if the power goes out regularly on a
particular floor, we can deduce that the plant has a problem and act before a
more serious event occurs.

- Staff training, exercises, etc.

Businesses are made up of buildings, equipment, collections and, above all,
people. Awareness of the existence of a certain level of fire risk in our work is
the first step in building a simple but effective system of preventive and
protective management measures. Hence the need to inform and train staff,
always tailoring training to the real situation and not to generic formats.

Management measures also include important protective actions, which
act at the moment when a fire or accident actually occurs, and which are
aimed at reducing its consequences, protecting the activity, among them:

- Creation and training of an emergency plan

It should cover possible hazards (fire, flood, earthquake, weather), but it is
also useful to make it usable for less serious events (e.g. include in an
emergency plan the procedures for unblocking a lift or the telephone
numbers of companies to contact in the event of recurring problems).

It is important that the plan is clear and based on the reality of the building:
workers must be clear about the strategy for intervening in the event of a fire
and how to act; it is essential to extinguish an incipient fire as quickly as
possible, before it reaches the uncontrolled growth phase (4-5 minutes). If the
fire is discovered when it is too big to be tackled safely, it must be contained
by closing doors, removing people and calling the fire brigade.

The plan must therefore show how to check an alarm from the detection
system, who should intervene if a fire breaks out, who should sound the
alarm, who should manage the evacuation of people, who should call the fire
brigade, who should cut the power supply, who should receive the fire
brigade at the entrance to guide them to the event, etc. Training and drills (to
be held once a year) are essential, as are exchanges and cooperation with
the local fire brigade.

The emergency plan must also include the evacuation plan for people, but it
is important that the document contains a set of instructions that must be
put into practice by the fire-fighting personnel through training and periodic
testing to measure their practicality and effectiveness.

10



CULTURAL HERITAGE ON FIRE

Di Luca Nassi e Cristina Resti

6. What does a
mitigation plan
consist of?

Clearly, in addition to organising the evacuation of people, evacuation plans
should also be in place for art objects in a museum or temporary
exhibition setting.

6. What does a mitigation plan consist of?

In the Code and RTV 10 (Vertical Technical Regulation) for museums,
galleries, exhibitions, libraries and archives in listed buildings, the person in
charge of the activity is required to prepare the mitigation plan, which must
identify the damage:

a) the persons responsible for implementing the procedures contained
therein, who have received appropriate training;

b) the qualitative and quantitative distribution of the assets protected;

C) procedures for the removal of property, including, where possible, priorities
for evacuation and specific arrangements for removal and transport to
places of refuge;

d) the possible places of storage of the goods removed in the event of an
emergency, with particular reference to the safety and storage conditions
of the goods;

e) procedures for protecting immobile or immovable assets on site (e.g.
covering with protective materials, shoring, reattachment of loose parts,
splinter barriers, etc.).

f) any restrictions on the use of extinguishing agents. (e.g. areas where it is
necessary to avoid or limit the use of water in order to minimise damage to
protected property contained therein, etc.).

This is a very important and useful plan for emergencies other than fire,
including flooding, water ingress, partial collapse, etc.

11
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Conclusions

n this brief overview, we have tried to highlight the main issues that the
manager of an activity open to the public in a listed building needs to be
aware of. Historic buildings, because of their specificity and uniqueness,
require more than any other an effective and careful analysis of their risks and
vulnerabllities.

The level of risk determines the presence of safety installations and
equipment, a customised training plan for workers and a management
system that is both preventive (through checks and checklists) and protective
(emergency and evacuation plan, attentive and adapted to the real situation),
also aimed at managing changes that may occur over time, the presence of
construction sites and, above all, the safety of the work being carried out and
the limitation of damage.

The challenge is to be able to pass on to future generations a heritage that
needs to be protected, but at the same time made usable and safe.
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