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ABSTRACT: During the last 100 years, approximately one church per year has been
destroyed by fire in Sweden. When a church is lost to fire, invaluable artifacts vanish,
both material and immaterial. Churches are important symbols and the cultural-
historical value is in most cases very high. The installation of a fire suppression
system is often the best measure for improving fire protection. This paper
summarizes lessons learned and practical experience from some of the fire
suppression installations made in small or intermediate sized wood churches in
Sweden during recent years.
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INTRODUCTION

R
EFERENCE [1] CONTAINS a compilation of churches and chapels in
Sweden damaged by fire, war, plundering, collapse, storm, snow, etc.

during almost 800 years, 1193–1984. The compilation includes 524 damaged
churches or chapels. In total, 447 (85%) were damaged or destroyed by
fire. A total of 106 of these fires occurred due to lightning. The remaining
77 (15%) churches were damaged in other ways, for example action from
war, storm, severe cracks, or construction failures. A total of 2890 churches
or chapels are included in the compilation, excluding those built after 1950
or churches suffering only minor damage.

During the last 100 years, approximately one church per year has been
destroyed by fire in Sweden. When a church is lost to fire, invaluable
artifacts vanish, both material and immaterial. Churches are important
symbols and the cultural-historical value is in most cases very high. The grief
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and regret after a church is lost to fire is vast, and even if the building
can be re-constructed it can only be a copy and the inventories can usually
not be copied.

Reference [2] contains a review of 17 church fires in Sweden between 1959
and 2001 and the result of an investigation on how the loss of a church was
dealt with by the congregations. The review concludes that seven of the fires
were initiated deliberately, a couple by ‘Satanists’. Two others were
tragically suicides. Five of the fires have cited technical failures as the
cause, primarily in the electrical systems. For four of the fires, the cause
could not be determined, although, the fire in one is suspected arson and for
another, the theory is that the fire started when the newly painted floor self-
ignited. The 17th fire started during restoration work.

Of the 17 churches, two have been re-constructed principally to their
original appearance. Nine churches have been rebuilt with re-constructed
exteriors and new interiors, two have been rebuilt having a new appearance
and two were not rebuilt at all.

In recent years, the fire protection of many historically valuable buildings
in Sweden has been improved with the installation of fire detection and fire
suppression systems, not to mention the fire prevention measures associated
with improved burglar protection, lightning protection, and video surveil-
lance. The installation of a fire suppression system is often the best measure
for improving fire protection. However, there are several aspects that need
to be considered, including but not limited to the risk of water damage
(due to leakage, accidental activation, or proper activation), appearance,
the expected life-time of the installation, and cost. This paper summarizes
lessons learned and practical experience from fire suppression system
installations in nine small or intermediate-sized wood churches.

CHURCHES INCLUDED IN CASE STUDIES

Background

Presently (beginning of 2007), nine wood churches in Sweden are fully
protected with fire suppression systems. Six of the nine churches have been
visited and are described in detail below and in Figure 1. All six are
protected with high-pressure water mist systems, in some cases combined
with traditional sprinklers for the exterior, i.e., the facades and the roof.

Three churches have not been described explicitly, by request of the
owners. However, relevant experience from the installations has been
included in the analysis. Two of these three churches are fully protected with
traditional sprinkler systems.
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Hedareds Stave Church

Hedareds stave church is Sweden’s only preserved late medieval stave
church. The church is quite small and is fully protected (interior and exterior)

Hedareds stave church Frödinge church

Älgarås church Habo church

Fröskog church Skålleruds church

Figure 1. The churches that where studied in detail in the project. (The color version of this
figure is available online.)
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with a high-pressure water mist system. The system is activated in sections
through a separate fire detection system. The pump consists of a gas driven
pump unit (GPU) that is positioned inside a separate new building just
outside the church yard. This church was the first Swedish church completely
protected by a fire suppression system. The system was commissioned in
the spring of 2004.

Frödinge Church

Frödinge church is protected using two different and separate systems: an
automatic high-pressure, dry-pipe system that utilizes automatic nozzles for
the interior and the attic, and a traditional deluge sprinkler system for the
facades, activated by a pneumatic linear heat detection system. The roof of
the church is covered by steel plates and, therefore, does not need
protection. The adjacent bell tower is protected in the same fashion as the
church. The pump units, a diesel generator, and the water reservoir for the
system will be positioned in a separate new building just outside the church
yard. The installation of the system was not fully completed in time for the
study visit, but was put in service in 2007.

Älgarås Church

Älgarås church is reasonably small and fully protected (interior and
exterior) with a high-pressure water mist system. Inside the church, in the
attic and in the church tower, an automatic dry-pipe system that utilizes
automatic nozzles is installed. The facades and the roof are protected by
deluge sections with open nozzles, activated by a linear heat detection
system. The pump unit for the system is fed from the municipal electrical
network, with extra support from a diesel generator. The equipment is
positioned in a separate new building just outside the church yard, along
with the water reservoir. The system was commissioned in the autumn
of 2005.

Habo Church

The church is sometimes called ‘The Wooden Cathedral’ and is unique in
that the architecture resembles a cathedral, but it is built entirely of wood.
This church was the largest of the churches that were studied within
the project and the ceiling height inside the church is fairly large. Because
of its size, it had the largest number of nozzles and sprinklers installed and
the system installation was probably the most complex. The installer
said that; ‘An installation of this kind will probably never be done in
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Sweden again’, referring to both the specific nature of the church and the
installation as such.

The interior, the attic, and the tower of the church are protected with a
high-pressure, wet-pipe system with antifreeze. The facades and the adjacent
bell tower utilize a traditional sprinkler system, with deluge sections with
open sprinklers, activated by a pneumatic linear heat detection system.
The pump for the high-pressure system consists of a gas driven unit (GPU).
The traditional sprinkler system is supplied by two independent centrifugal
pumps supported by a diesel generator. The equipment and the water
reservoir are positioned inside a separate new building just outside the
church yard. The system was commissioned in the spring of 2006.

Fröskog Church

Fröskog church is fairly small and fully protected (interior and exterior)
with a high-pressure water mist system. Inside the church and in the attic,
an automatic dry-pipe system that utilizes automatic nozzles is installed.
The facades and the roof are protected by deluge sections with open nozzles,
activated by a linear heat detection system. The pump unit for the system is
fed from the municipal electrical network, with extra support from a diesel
generator. The equipment is positioned in a separate new building just
outside the church yard, along with the water reservoir.

Skålleruds Church

Skålleruds church is also quite small and is protected in the same fashion
as the church in Fröskog; however, the roof is covered by (non-combustible)
slate and is therefore not protected. As with Fröskog church, the system was
commissioned in the autumn of 2006.

EXPERIENCE FROM INSTALLATIONS

This section summarizes the installations and the author’s impressions
after visits to the six churches described in the previous section.
Furthermore, the installers, the fire protection consultants, and the inspector
of the systems were interviewed. Input was also obtained from users. The
viewpoints and experience have been catalogued and labeled, as noted in the
sections below.

All six churches that were studied in detail and seven out of the nine
churches included in the study, use a high-pressure water mist system for the
protection of the interior. The primary reasons for choosing a water mist
system over traditional sprinkler technology were the reduced water flow
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rates and the associated smaller diameter piping. These benefits offer
reduced risk for water damage and possibilities for more discrete
installations. On the other hand, the power demand of the high-pressure
pump unit is typically higher than the power demand for a traditional
sprinkler system pump. It may also be argued that the greater complexity of
high-pressure water mist systems would translate to reduced reliability
compared to traditional sprinkler systems. However, no methodical
investigation of system reliability was undertaken prior to system
installations.

Water Supply Buildings

For all the churches studied, a separate building contains the water
reservoir, pump unit, diesel generator, air compressor, and any other
equipment necessary for the system. The buildings have been discreetly
designed and positioned just outside of the church yards, as illustrated
in Figure 2.

The total required volume of water was usually based on the amount of
water needed for the activation of at least two exterior sections of the
system, multiplied by the desired discharge duration. The latter time is based
on the response time of the fire department, with a certain safety factor and
is usually of the order of 30–60 minutes. In some cases, water is reserved for
manual fire-fighting, further increasing the total volume. For the churches
studied, the total amount of water varied from 5.5m3 (with automatic
re-filling of the tank from the municipal water supply), as used in Älgarås
church, to 100m3, where 50m3 is reserved for the fire department, as used in
the churches in Habo and Frödinge.

Figure 2. Buildings built close to the churches that contain the water reservoir, pumps and
associated equipment. To the left is the building for Habo church and to the right the building
for Älgarås church. (The color version of this figure is available online.)
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Interior and Exterior Protection

For all churches studied both the interior and the exterior were protected;
although the roof was not protected in those cases where it is covered by
a non-combustible material.

Pipes outside of facades are difficult to hide; however, for the churches
where the piping is installed on the outside, copper piping has been used.
The color of the pipe will become darker with time, making the pipe less
visible, which is the reason for choosing copper over stainless steel. There
are also examples where the piping has been painted to make it less visible,
although this will require future re-painting work. For the high-pressure
water mist systems for the facades and the roof, the piping to the individual
nozzles penetrates the wall or roof.

A repeatable concern with protection of the exterior is the influence of
external wind on the spray pattern of the sprinklers or nozzles. This is the
reason why a traditional sprinkler system has been used for some of the
churches, even though the interior is protected with a water mist system.
Even if there has been no systematic research or testing, ad hoc testing has
been conducted, indicating that water mist systems may indeed provide
good protection of wood facades, independent of, or only influenced to
a minor degree by, the wind conditions. In fact, the water mist nozzles used
for the churches studied were specifically designed to provide a discharge of
a high momentum spray that hits the wall or the roof surface after a short
distance. As soon as the water is flooding down the surface, the influence of
wind is probably minimal. All the installations made that were studied
utilize deluge systems, where a whole section, typically covering one facade
or one side of the roof, is activated from the signal from a separate linear
heat detection system.

Figure 3 shows the activation of two water mist systems installed in
Älgarås and Skålleruds churches, respectively.

Figure 4 shows linear heat detection wires at the facade of Hedareds stave
church and Fröskog church, respectively. In both cases, wires are installed at
least at two different levels to provide fire detection as fast as possible.

Aesthetic Aspects

Installation of fire suppression systems in heritage buildings requires
careful planning, installation, and documentation. The position of a
sprinkler or a nozzle is repeatedly a compromise between fire protection
demands and aesthetic demands and the routes of the pipe-work frequently
require discussions with conservation officers and conservers.
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As one installer stated: ‘Drilling a hole may take half a day’, based on the
fact that minimization of changes to heritage buildings is paramount.
Small diameter piping and discrete nozzles are therefore desired.

There are of course examples where aesthetic considerations may have
been given too high a priority relative to the fire protection demands, but
these examples are few. It should be emphasized that most installations are
impressively discreet without interfering with fire protection demands,
as illustrated in Figure 5. There is often other equipment inside the churches
that is more noticeable than the fire protection system, e.g., light fixtures,
heat radiators, and speakers.

A good example of how discreet an installation can be is illustrated by a
question from a church visitor during the first of advent: ‘When will the
installation of the sprinkler system start?’ The correct answer, ‘It is already
complete!’

Figure 3. Protection of the facades and the roof of Älgarås church using a water mist system
(left) and the facades of Skålleruds church (right). Photo: Jan G Andersson. (The color
version of this figure is available online.)

Figure 4. Linear heat detection wires at the facades of Hedareds stave church (left)
and Fröskog church (right). Note the high-pressure water mist nozzle shown in the photo
on the left. (The color version of this figure is available online.)
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Installation Work

Heritage buildings are very sensitive and the installation work must
be conducted carefully. Furthermore, new installations must be accessible
for maintenance and detachable without causing damage as they usually
have a much shorter lifespan than the building itself. The installations must
be reversible; in Habo church all core samples were collected and archived.

Interference with the building is probably unavoidable, but must be kept
to a minimum. Still, there is one example where installation work inside the
attic of a church is believed to have damaged the inner ceiling. The distance
between the top of the organ and the inner ceiling seems to have been
reduced after installation. However, further investigation is needed to
resolve this issue.

For system installation inside attics, the construction of permanent
working platforms is recommended. This will help prevent damage to the
church, facilitate the system installation, and will make future inspection,
tests, and maintenance a lot easier. Another good reason for working
platforms is the improved work safety. Figure 6 shows working platforms
at low and high levels, respectively, inside the attic of Fröskog church.
The platforms were installed in such a way that interference with the
building was minimized and with the understanding that any future
dismantling should be easily achievable.

It should be remembered that permanent working platforms increase
the fire load and that it may be necessary to install sprinklers or nozzles
below platforms at high elevations, as they may obscure water spray
from above.

Figure 5. To the left, center of photo; an automatic high-pressure water mist nozzle in
Älgarås church. To the right; sometimes, piping cannot be concealed, but with the smaller
diameter pipe associated with water mist systems, the installation can be made much less
noticeable, as in Habo church. (The color version of this figure is available online.)
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System Complexity

Modern technology offers technically sophisticated solutions, but in some
cases, despite all the possibilities that modern technology offers, there is
a risk that simpler and more straightforward solutions may be overlooked.

The mixing of different systems observed in a couple of the churches, i.e.,
a traditional sprinkler system for exterior parts and a water mist system for
the interior is unfortunate as the level of complexity of the system and
system installation increases. The only common part of the systems is the
water reservoir, all other components are dissimilar: the nozzles, piping,
valves, the pump unit(s), the controls, etc. It is evident that the same type of
system for all parts of a building is preferable, for reasons of simplicity
and reliability.

The level of complexity further increases as different system types may be
used for different parts of the building, although it is understood that the
nature of the building and the fire risks may require such solutions in certain
cases. One part may utilize a wet-pipe system (with antifreeze), a second part
a dry-pipe system, and a third part a deluge system. This will make the
control and maintenance of the system unnecessarily difficult, and as

Figure 6. Permanent working platforms inside the attic of Fröskog church. The platform
flooring at the top level was built under the beams, to allow full standing height. Photo:
Jan G Andersson. (The color version of this figure is available online.)
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discussed in other parts of this article, proper control and maintenance are
vital for good system reliability.

Different fire detection techniques are also commonly used. This may be
required to address different environments or risk scenarios in different
parts of the building, but it increases the complexity of the fire detection
system.

Inevitably, complexity translates to reduced reliability. The demand for
proper inspection, testing, and maintenance is therefore high and requires
trained personnel.

System Drainage

The importance of proper system drainage depends on the type of system.
Wet-pipe systems tend to be drained only if the system is modified.
However, dry-pipe or pre-action systems have to be drained every time the
system activates or trips [3].

Proper drainage is especially important during winter time, when the
ambient temperature goes below freezing point. If all parts of the system
pipe-work are not properly drained, freezing may occur, leading to the
separation of a joint and an accidental activation of the system. Experience
[4] from Norway indicates that freezing and system complexity are the two
primary reasons for accidental system activations. The statistics are from
1986 to 2005 and are based on a total of 27 accidental activations of fire
suppression systems in Norwegian heritage buildings.

For this reason, some of the installations in the churches studied allow for
the possibility of manually flushing the system pipe-work with compressed
air after the water is turned off. However, it should be pointed out that
it is important that flushing should be undertaken immediately after
system shut-down, if the ambient temperature is low. Complete flushing
requires a special nozzle connection. Instead of a traditional T-connection,
a Y-connection is used, as shown in Figure 7. This connection limits the
amount of standing water at the inlet of the nozzles. Each end of the branch
lines of the system is equipped with a ball valve. This valve is opened and the
pipe is flushed with compressed air from the other end.

For deluge sections, typically used on facades or roofs, standing water is
flushed out through the open nozzles.

There is no actual field experience with the concept described above, as
the installations are so new. Future experience will show whether the
concept will prevent problems associated with freezing or not. However,
testing has proven that all parts of the system piping are indeed very dry
after flushing. The technique requires a high air compressor capacity; for the
churches studied, capacity was �700–900 L/minute at 10 bar.
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For systems without this technical solution, it is essential that all branch
lines and mains are pitched and that a sufficient number of drainage valves
are installed. During the inspection of one of the installations in the
churches studied, it was observed that parts of the pipe-work were pitched
away from a drainage valve, rather than towards it. It was also concluded
that a significant number of drainage valves were not installed.

Delay Time

The delay time, from the detection of a fire (for deluge systems) or
from the activation of the first automatic sprinkler or nozzle (for dry-pipe
or pre-action systems), until water discharge may be substantial. This is
especially true as the valves are often located in a separate building, a certain
distance from the protected property. One alternative solution may be to
position the valves in a small cabinet that, relatively discretely, can be placed
close to the protected building. Such a solution is used for Hedareds stave
church. In some cases, it is possible to find a discrete and suitable location
for the valves inside the church, which is the case for Habo church.

Common practice for traditional sprinkler systems is that the maximum
required delay time is 60 seconds. This has been the criterion applied for the
installations studied. When measured, the maximum delay time for dry-pipe
systems in the churches studied has been around 50–60 seconds.

Figure 7. Y-connections are used to limit the amount of standing water at the inlet of the
nozzles. To the left is shown an automatic water mist nozzle inside the attic of Frödinge
church. To the right, an automatic water mist nozzle protecting the interior of Fröskog church,
is shown. (The color version of this figure is available online.)
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Antifreeze Solutions

The use of an antifreeze solution increases the complexity of the system
and the required maintenance work. Another drawback is that antifreeze
solutions may leak. In any case, the antifreeze is definitely distributed during
the activation of the system. The interior and items inside heritage buildings
are especially vulnerable to any damage from the antifreeze solution,
as documented during the installation in the Habo church. Careless
handling of the antifreeze solution, consisting of a mixture of organic
salts, left an intimidating spot on the wood flooring (see Figure 8).

Functional Tests

One general experience from the inspection of installations is that
functional tests are exceptionally important in order to uncover any
functional problems associated with the system.

Figure 8. A spot on the floor at the Habo church caused by the careless handling of the
antifreeze solution used for (parts of) the fire suppression system. (The color version of this
figure is available online.)

Fire Suppression Installations for Wood Churches 153



It should be noted that such functional tests should be conducted regularly,
not only prior to the commissioning of the system. Further, a functional test
should be a test where activation of the system is simulated, e.g., the
system inspector’s test valve is opened, a fire detection device is activated,
etc and one confirms that the pump unit starts and runs properly, that the
system pipe-work is pressurized and, if practical, that water is distributed
properly from the sprinklers or nozzles. Here are some examples of functional
problems occurring during functional tests:

. The activation of a pneumatic linear heat detector was simulated,
however, the pressure drop inside the line was not high enough to open
the deluge valve and the system pipe-work was not filled with water.

. A smoke detector, used with a pre-action system was activated, however,
due to an electrical failure in a component, the solenoid valve never
opened and the system pipe-work was not filled with water.

. The activation of a dry-pipe system was simulated with the opening of the
inspector’s test valve. The air pressure dropped inside the pipe-work and
the dry-pipe valve opened properly, however, the pump had to work so
hard to fill the pipe-work with water that the thermal protector of the
electrical motor activated and stopped the pump.

. One of the deluge section valves for a system protecting the facades
and the roof of a church did not open during a functional test. Another
deluge valve did not close properly after the test. In both cases, there were
mechanical problems with the valves, and they were changed.

It is also the opinion of the author that periodic inspection and,
preferably, functional tests of dismantled samples of automatic sprinklers or
nozzles should be undertaken. This is especially important if an antifreeze
solution is used with the system, due to an increased risk for corrosion
and clogging. This type of functional test should be conducted at a fire test
laboratory, measuring parameters like thermal sensitivity, activation
temperature, water distribution, and variation in the discharge coefficient
(K-factor).

Unintentional Activations

A total of six unintentional activations were documented. This is a
surprisingly high number, given that the total number of installations is
small (nine churches). In most cases, the unintentional activations have
occurred shortly after the commissioning of the system. Given below is a list
of cases and the suspected reasons. Fortunately, little or very limited water
damage has been reported.
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A deluge section protecting one of the facades of Hedareds stave church
has been falsely activated twice, for the following reasons:

1. Rain water was flowing along the wire of the linear heat detection
system at the facade and into an electrical junction box. This problem
has been solved by improving the encapsulation of the junction
box and by changing the run of the wire to avoid water flow along
the wire.

2. Unknown cause, but was probably due to an electrical spike in the
fire detection alarm panel, perhaps caused by lightning. The reliability of
the alarm panel has been improved by requiring two relays (in serial
connection) to operate before activating the deluge section valve.

There have been at least four other unintentional activations in the
churches studied. In fact, three activations occurred at the same time, on an
unusually hot summer day in July 2006, in three different churches. The
reason in all three cases was an unintentional fire alarm from the linear heat
detector system on the facades, having wires rated 688C. After these
incidences, the position of the wires has been changed in order to avoid
direct sun light and ‘pockets’ under the eave of the facades where warm air
could gather.

The fourth unintentional activation is especially interesting as it occurred
during wintertime, under freezing conditions. The particular system,
a high-pressure water mist system, is supplied by a GPU with a water
supply sufficient for a discharge duration of 10 minutes. A deluge section of
the system protecting one of the facades activated, probably due to a
manufacturing defect of a component in the fire alarm panel. Water was
discharged until the water reservoir was empty and the remaining gas
flushed the system piping dry. This was an unexpected benefit of this specific
type of pump unit. The system was put back into service by refilling the
water reservoir and changing the nitrogen gas cylinders. There was no
damage and no formation of ice on the facade.

Unintentional Fire Alarms

Several cases of unintentional activation of fire detection systems, other
than the cases associated with the unintentional system activations described
above, have been documented. In some cases, the reason can be determined;
in other this is not possible. Typically, problems occur most frequently soon
after commissioning the system and are less frequent after these initial
problems have been dealt with.

One case is worth mentioning: a small leak occurred during the
hydrostatic test of the system pipe-work. Leakage water ran down the
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building and inside a smoke detector, which was not noted. This
particular detector activated several weeks later and alerted the fire
department.

Based on experience, immediate feedback from the fire department about
alarms is important. In one case, the fire department was alerted several
times to a church, which should have been an indication that something was
wrong with the fire detection system. Instead, the system was just re-set,
without any real error analysis.

For one of the churches that use an aspirating smoke detection system
inside the attic, the system detected smoke from an intentional fire outdoors.
Leaves were burned – but too close to the church. The fire department
was alerted.

There is another example, other than the three cases described in the
previous section, involving an unintentional fire alarm from a linear heat
detector system installed on the facades of a church. In this case again,
the detector wire was rated for 688C, which was too low when
exposed to direct sun light. After this incident, wires were changed to
a 1058C rating. At the time of the incident, the installation of the fire
suppression system was not finalized, therefore, the specific deluge
section never activated, as would have been the case if the system had
been in service.

Miscellaneous Problems and Solutions

Given below is a list of miscellaneous problems and their solutions.
The list is a mix of problems having been discovered either during
installation, at the inspection of the system or after the system was put
into service.

. There has been one case where a high-pressure pump unit started,
for an unknown reason, and was running for several hours without
discovery, as the B-alarm (trouble signal) was not distributed to the user.
The routine was changed such that these signals were transmitted to
the user.

. Leakage of air in a pneumatic linear heat detection line made the
connected air compressor start more often than intended. The leakage
was traced and repaired and an additional air compressor was installed in
order to increase the capacity of compressed air.

. A temperature regulator, set at þ58C, was installed at the top part of two
fire hose reel cabinets. During a cold winter night, both ball valves inside
the cabinets froze and were damaged. After this incident, the temperature
regulator was moved to the bottom part of the cabinets.
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Lack of Installation Guidelines

The lack of installation standards is a concern during the inspection
carried out prior to the commissioning of the system. This inspection is
usually undertaken by an independent third party and the installation and
status of the system is compared with requirements set out in an installation
standard.

As no specific installation standard exists for heritage buildings, the
objective of the inspector is limited to a comparison of the actual system
installation with its order specification. In other words, the inspection is
focused on whether or not the end-users got what they paid for, rather than
a control that the system fulfils any installation requirements.

Inspection, Tests, and Maintenance

There are indications that the maintenance of fire suppression systems
installed in heritage buildings (the majority being old churches) often is
poorer than in other objects. The reason may be a lack of people, time, or
training or other reason but stresses the importance that a contract is made
by the end-user and a professional fire service company that regularly
inspects, tests, and maintains the system.

It is of course important that a user be able and has time available to
handle daily supervision and service. It has also been recommended that
at least two employees are fully trained to handle the system.

Another end-user stated that the time required for regular supervision and
tests was much greater than anticipated. The high total cost (internal and
external costs) associated with the periodic inspection, test, and maintenance
of the system was also a negative.

One end-user that was interviewed suggested that exchange of practical
experience from the different installations would be valuable. The people
involved with the daily service and supervision of the systems should meet
and share their thoughts and experience. This viewpoint highlights the
importance of documenting problems, incidences, and solutions. Another
end-user admitted that no such strict documentation was kept; ‘We never
expected to have as many incidences as we have, in fact, experienced’.

CONCLUSIONS

From a historical perspective, it can be concluded that fire is the main
cause for damage to churches and chapels and during the last few years, fire
suppression systems have been installed in several historically valuable wood
churches in Sweden. This paper summarizes a case study involving nine
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churches, where experience and lessons learned from the installations
were gathered.

The main impression from the study is that all the system installations are
very discreet and carefully done, without interfering with the demands of fire
protection or those of the building itself. However, in some cases it can be
concluded that the level of system complexity is very high, especially for the
churches where different system technologies have been used for the
protection of the interior and the exterior. A high complexity may translate
to reduced reliability and increased demand for proper inspection, testing,
and maintenance.

There are at least six cases of unintentional system activations, an
alarmingly high number relative to the small number of system installations.
The reason for all these activations can be traced back to the fire detection
system. Fortunately, little or very limited water damage has been reported,
probably because all cases involved the accidental activation of deluge
sections on the outside of the buildings.

A number of unintentional fire alarms, for miscellaneous reasons, were
documented. Some are ‘typical’ for fire detection system installations,
some are not.

Functional tests are exceptionally important in order to uncover any
functional problems associated with the system and several cases where
systems failed to operate during testing were documented. This illustrates
that functional tests should be conducted regularly.

The cold climate in the Nordic countries almost always requires that parts
of the fire suppression system used for the protection of heritage buildings
are of the dry-pipe or deluge system type or that an antifreeze solution is
used. Several of the churches that were studied utilize the possibility to
manually flush the system piping with compressed air after the water is
turned off. There is no actual field experience with the concept as the
installations are so new and future experience will show whether the concept
will prevent problems associated with freezing or not. The use of an
antifreeze solution increases the complexity of the system and the required
maintenance work. Another drawback is that antifreeze solutions may leak
and damage interior and inventories, as was documented from one of
the installations.
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