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FIRE PROTECTION AND THE BuiLT HERITAGE

FOREWORD

Following major fires such as those at Hampton Court,
York Minster and Windsor Castle. 1t has been
established that, on average, one major Scottish listed

historic building is currently being lost to the effects of

fire every month. The built heritage 1s 1rretrievably
reduced each year as a result. To help address this
Issue, an international conference. Fire Protection and
the Built Heritage. was jointly organised by staff from
Historic Scotland, Duff House Country House Gallery
and Grampian Fire Brigade. Held at Duff House on /-
8 October 1998, the aim was to create an increased
public and professional awareness of the risk to the

built heritage with a view to help stem this high level of

lOss.

80 delegates from the United Kingdom, North America
and Europe heard 14 specialist speakers deal with
Issues such as fire legislation: insurance: salvage: risk
assessment in historic buildings in the UK and Europe:
the implementation of fire protection measures:
sprinkler installations: and fire management. We are
oreatly indebted to the Conference Chairmen,
speakers, delegates and the many behind the scenes
support staff for making the event so successtul.

The venue, of William Adam’s 1735 Duff House, was
a perfect location for the conference, being a good
example of a significant historic building where a full
fire protection and suppression system has been
successfully installed. When the house was restored in
1994 as a Country House Gallery out-station of the
National Galleries of Scotland, the opportunity was

taken to introduce the latest systems. As a result. Duff

House became the first major historic building in the

United Kingdom to be protected 1n such a
comprehensive manner. The recipient of a number of
project Awards, this innovative approach was singled
out for particular comment in the citation that the
scheme received as a 1998 Europa Nostra Award
winner.

The second of Historic Scotland’s Technical Advice
Notes to deal with fire matters, TAN 14 The Installation
of Sprinkler Svstems in Historic Buildings, was
launched during the Conference. This volume was
written to support and augment the earlier Note, TAN
/1 Fire Protection Measures in Scottish Historic
Buildings, published in September 1997. Thoughout
the event, trade information and literature was provided
by a number of manufacturers and suppliers.
Operational Brigade equipment was also put on display
in the house grounds by courtesy of Grampian Fire
Brigade.

From the outset. the conference was conceived as being
the first of a proposed series of European conferences
on fire protection in historic buildings. Building upon
the international success of the Duff House event a
subsequent meeting, Fire Protection in Historic
Buildings. has been arranged. This will be held at
Schonbrunn Akademie, Schonbrunn Palace, Vienna on
the 29-30 April 1999.

Ingval Maxwell, Neil Ross, Audrey Dakin
Technical Conservation, Research and Education
Division, Historic Scotland, Edinburgh

April 1999
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FIRE PROTECTION MEASURES IN
SCOTTISH HISTORIC BUILDINGS - AN INTRODUCTION

INGVAL MAXWELL DA(Dun) RIBA FRIAS FSAScot
Director. Technical Conservation. Research and Education Division. Historic Scotland

Background

The current level of loss of historic buildings to fire 1s
a cause for grave concern. With a greater awareness of
the issues imvolved. and the increased adoption and
utilisation of modern fire-fighting technology, this can
be combated and reduced. However. the installation of
fire protection measures, as with all conservation work.
should follow the principle of minimum intervention.
Schemes should be specifically tailored for each
building, taking into account its importance, character.
construction, finishes and detail.

Historically, fire fighting has been a feature of
architects’™ thinking since the mid-18th Century with.
for example, the provision of fire ponds that also
served as ornamental landscape features near mansion
houses. Various devices were also contrived to effect

emergency escape from property. But, essentially,

Fig. 1 Elgin Cathedral. Molten lead from the roof can still
be seen bonded to the upper level masonry, resulting from
torching of the Cathedral in 1390.

primitive hose and pumps. sand buckets. and water
bucket chains were relied upon to control the ftire and
its devastating effects on structural timbers and the
flammable contents of the building

Whilst modern fire protection installations can readily
be designed to be technically efficient, there 1s a
tendency for many to be less than sympathetic in
practice during installation, especially in historic
buildings. This is largely because the engineering
profession does not often think laterally about the
conservation issues that might be involved. In
addition, engineers customarily pass project detail-
design decisions directly to contractors. This can lead
to some loss of direct control of the project with
consequential unfortunate results. Manufacturers and
suppliers of equipment also tend to be limiting 1n the
options and choice of equipment they offer.

In sensitive interiors of quality this can result in a
clumsy compromise. where neither the protection
measure, nor the building, emerge successtully
handled. To be more effective the need 1s for architect,
engineer, contractor and supplier to be more in tune
with the physical and aesthetic attributes of the
building. All must work towards achieving a better
balance in the final results.

The Historic Perspective

Throughout history, as a number of ruined ancient
structures can testity, there has been no shortage of fire
incidents. At Elgin Cathedral for example. remains of
molten roofing lead can still be seen on the upper level
masonry (Fig 1). Resulting from “The Wolt of
Badenoch™ torching of the building in 1390, the upper
facing buttress masonry of the West Tower reveals
where the lead flowed and solidified on the stonework.
Linlithgow Palace was rendered roofless and ruined by
a fire in 1746 whilst temporarily occupied by soldiers.
Penicuik House was also reduced to a burnt-out shell in
1899 following a chimney fire incident (Fig 2).

Dating from Georgian and Victorian times. evidence of
attempts to counteract fire can stull be found around
many country houses. Often the ornamental character
of designed water features in the grounds conceals their
functional role as a source of water for fire fighting
purposes. A reference to a “Fire Pond™ near the house
might be noted on estate plans. With a view to raising




FIRE PROTECTION AND THE Bunlt HERITAGF

Fig. 2 Penicuick House. Although internal plasterwork

fragments remain after 100 vears of being roofless, nature
has invaded the fire damaged interior. Structural disruption
of the masonry has also occurred, with wallheads,
chimneys, flues and openings being particularly vulnerable,

the alarm and itiating first response fire fighting and
escape. period bells (Fig 3). sand buckets (Fig 4) and
extendible ladders on wheels (Fig 5) might still be
found.

Significant and major conflagrations. such as the great
fire of London in 1666, that of Edinburgh in 1824, and
of Chicago in 1871, had disastrous consequences, as
large parts of the cities were destroyed (Fig 6). But,
each 1n their own way, also had positive etfects through
resulting regulation. changed attitudes and
approaches being promu
situations from occurring in the future. Such statutes
frequently form the basis for present-day regulations.

dllC

Historic Building Construction Details

With the increasing use of lime plaster finishes on
walls and ceilings from the eighteenth century
onwards. much of the hitherto open and exposed
structural timber was disguised. But. as ceilings

became more ornate and heavy the need emerged for

carpenters to develop their skills and devise new
constructional methods to support the applied plaster.

Using roughly split lengths of small-sectioned timber

laths, an appropriate method was found. These were

gated to prevent similar

3

4
S

Fig. 3 House of Dun. Raising the alarm has always been
important in the event of an incident occurring. Hung on
well designed wrought-iron brackets, a manually operated
fire alarm bell is positioned above the rear service court
wall of the house.

secured by nails to supporting timbers with a small gap
petween each strip.  This provided the interface
between the primary structure and the intended
inishes. Onto this base, wet plaster was applied and
squeezed through the gaps to spread out and form a
mechanical key. When 1t dried, this firmly anchored
the finish to the supporting framework (Fig 7). Such a
process relied on a firm structural support being
created with adequate ventilation to keep the timbers
rot-free. With ceilings, the laths were fixed directly to
the underside of the spanning floor joists. For walls.
anchor points were provided by a series of timber
wedges driven into the masonry joints and beds in a
regular pattern. The vertical supporting timbers were
secured to these once the wedge tails were sawn off to
create a series of fixing points on a flat plain and to
accommodate a free air flow. Although creating a
structure that was reasonably effective in combating
dampness in walls, this system also provided a
situation that allows easy flame spread behind the
plasterwork should a fire take hold.

Additional fixing requirements were created by the
need to secure fireplaces. door surrounds, window
panelling finishes and other details. Again, the
fundamental connection which existed between such
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architectural features and the underlying masonry was
the timber wedge, or “dook™, driven into the stonework
so that the ‘finishes’ could be held free of the wall.
Again, hidden voids were created that could assist in
the spread of undetected fire.

Timber was often used in a structural and functional
capacity to overcome a variety of operational
difficulties. Large section timber lintels are frequently
found as the only structural member over doorways 1n
internal walls. Dimension timbers were also positioned
immediately behind masonry lintels over external
doors. windows and other wall openings. Non-load
bearing partitions might be constructed with braced
vertical timber studs; the voids sometimes solidly
infilled with materials such as wattle and daub, stone or
brickwork. Curved ceiling coombes, and vaulted
passageways, were created through fixing a series of
timber formers. secured to the structural ceiling
members (Fig 8). Complex timber floor structures may
be found where primary, secondary and tertiary
members might be mortise and tenon jointed to create
an integral frame. Such approaches can add to the
potential of fire spread where they result in the creation
of dead and interlinked air spaces within the structure.
From Georgian times the introduction of deafening,
where ash and other materials were inserted in the

also
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Fig.4 Firefighting apparatus. In some country houses,
unique collections of early hand operated fire fighting
extinguishers and sand buckets can still be found.

construction between the flooring and ceiling, can be
found to be of some considerable help 1n controlling
the spread of fire (Fig 9).

Through understanding basic construction techniques
it should be possible to effect greater control of fire
spread in historic buildings and to use the opportunities
created by the voids to aid the installation of both
services and fire protection measures. There 1s also a
need to be rigorous in ensuring that adequate
compartmentation is in place to stop fire spread.

Promoting the awareness of heritage fire losses

Based on a translation of the German work
“Brandschutz in der Altstadt™ the FPA edition of “Fire
Protection in Old Buildings and Town Centres™ In
1992(1) {llustrated the special dangers of fire in historic
buildings and towns and showed what measures were
appropriate for dealing with them. It specifically
targeted those professionals involved in modernisation
and repair works and did much to increase an
awareness of how fires could be avoided.

The FPA publication “Heritage under Fire™, originally
published in 1990 and enhanced by a second edition 1n
1995.(2) also provided valuable information to those

Fig. 5 Escape ladders. Displaving the skills of estate
craftsmen in metal and wood, this extending escape ladder

was easily transported around on its two cart wheels. A
ratchet device on the winding drum prevented the ladder
from accidentally retracting whilst in use.
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Contemporary reports illustrate the devastating effects of
the Great Fire of 1824. Many tightly packed tenement
blocks, up to eleven storeys high, on the south side of
Parliament Square were destroved in a fire that started in
an engravers workshop. (Old and New Edinburgh)

responsible for implementing measures to counteract
the effects of fire and did much to increase the
understanding of the issue. In addition, through a
series of dramatic case studies, the publication brought
iInto a sharp visual perspective the impact of heritage
loss to fire. This document remains an essential work
of reference.

Although produced from an American point of view.
the 1994 NFPA publication “Recommended Practice
tor Fire Protection in Historic Structures™ (3 did much
to explore the technicalities of preventing historic
building loss to fire and promoted a wide-ranging
series of appropriate recommendations and effective
practice. Perhaps inevitably, the emphasis is placed on
what might be described as “modern™ buildings from a
European perspective. Nonetheless the publication
contains essential guidance that many would benefit
from following.

Fig. 7 Lath and plaster. To protect the plaster finish and
supporting timbers from coming into direct contact with the
maore moist structural masonry-work, air spaces usually

exist berween the two. Whilst required to ensure effective
environmental conditions, rthese spaces can also aid
undetected fire spread.

Significant losses through fire have been experienced
world-wide:

In the USA, it is estimated that over the period 1980 to
1993 some 30.000 heritage-related fires occurred.
amounting to a level of loss in the region of $40 million
in value. In these properties, only one third had
detection apparatus, and fewer than 10% were fitted
with sprinkler protection.

In Canada, with an average of 30 incidents per annum,
some 316 museum, art gallery and library fires
occurred between 1982 and 1993, creating an
estimated loss of almost $17 million>. Other incidents,
such as that at St George’s Church in Halifax, Nova
Scotia revealed the vulnerability of major historic
structures to fire. Here, arson by children caused $3
million worth of fire damage in June 1994. In line with
other countries, the Canadian authorities are concerned
about the level of loss (0),
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During the period 1990 - 1993, at least seven major
European heritage fire losses occurred -

Date Building Cause of Fire Cost
February 1992 Proveantgarden, Copenhagen,

Denmark Stored materials
\pril 1992 (Odd Fellow Palace.

Copenhagen (1795), Denmark Cigarette
June 1992 Christianborg Palace Church.,

Copenhagen. Denmark (1826) Fireworks (£5m
November 1992 Redoutensal. Hotbure Palace,

Vienna. Austri Unknown L £60m|
February 1993  Lundby Church., Goteborgz, Sweden Arson
1993 Chapel Bndge., Lucerne (14th C).

Switzerland Unknown £2.2m|

In England recent significant major losses have
occurred at Windsor Castle, Hampton Court Palace,
Uppark House and York Minster (South Transept). The
Minster also suffered a serious fire in the Nave during
the early nineteenth century, and the central block and
tower of Castle Howard was badly damaged by fire
during the 1940s.

—

In 1989, the publication “Disaster™’) graphically
llustrated a number of major Scottish fire incidents.
Included 1n these were the 1905 blaze at the Peebles
Hydropathic, the 1909 great ftire in the Ingram Street-
High Street area of Glasgow, the 1916 fire at Mugdrum

B e .vv.:z’ o |
,, "’-;\ 4 w ; '
N ,
- k.‘ "

-

Fig. 8 Culross Palace. Complete original historic timber
roof constructions are relatively rare in Scotland. More
normally only partial remains exist. Where they survive,
particular care and attention to detail is required to ensure
that they are fully protected.

N

House in Fife, the Inveraray Castle incident of 1975.
and the 1978 Glasgow Grosvenor Hotel conflagration.

There are presently some 43,000 hsted buildings 1n
Scotland. From recent research, it 1s estimated that one
Category A or B listed historic building 1s affected by
fire every month 1 Scotland. (Fig 10) (Annex A).
However, as no national statistics are kept which
enable historic buildings to be 1dentitied as a class ot
their own, the loss level 1s believed by some to be
areater, Over time, total. or even partial devastation by
fire, constitutes a considerable threat to the quantity
and quality of the country’s built heritage stock.

Historic Buildings Fire Research Co-ordinating
Committee (HBFRCC)

This committee was established following the
publication of the Bailey Report in 1993, Its aim 1s to
provide co-ordination of fire safety research between
the official bodies who are concerned with, and have a
major responsibility fire In
butldings.

for, safety historic

Fig. 9 “Deafening™ in Georgian Tenement Construction.

The use of ash and other inert building materials set on top
of intermediate planking to create sound deafening in
Georgian tenement floor construction can also assist in
preventing the spread of fire from one property to another.




FIRE PROTECTION AND THE Bunit HERITAGE

Fires in Listed
Scottish Historic Buildings
January 1992 - September 1998
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Fig. 10 Fires in Listed Scottish Historic Buildings.
Covering the period January 1992 to September 1998, the
average loss of a Category A or B listed building to the
effect of fire runs at just over one per month

Meeting under the chairmanship of English Heritage.

the committee has drawn 1ts members from:
* Department for Culture, Media and Sport
o Historic Scotland

* Heritage and Environment Services (Northern
Ireland)

« CADW - Welsh Historic Monuments
 Historic Royal Palaces Agency

e Palace of Westminster

* PACE Central Advice Unit

e The National Trust

* The Royal Household

* Fire Protection Association

* The Home Office

With the intention of disseminating information on
research and providing guidance to those concerned
with historic buildings fire safety. English Heritage
published the following material during 1997/1998 :

* Timber panelled doors and fire

6

Fig. 11 Svstem installation. When contemplating the
installation of fire detection and suppression equipment,
different aspects need to be considered in different
circumstances.  Given the nature of retro-fit servicing, it
will be a much simpler job to install such svstems into a
historic idustrial interior than it would be into an

eighteenth century domestic one.

* The use of intumescent products in historic
buildings (!0

* Fire safety management in cathedrals (1)

* Prevention of loss or damage by fire in cathedrals

(12)

* Smoke detection systems for cathedrals (13)

A further series of associated technical
planned for publication in the future.

material 1s

Causes of fire

[t 1S necessary to be precise when analysing the causes
of fire incidents to get a broader picture of the types of
causes that are most prevalent. This is required to help
formulate an appropriate response to stemming the

problem. As a result, broad categories of the cause of
fire have been identified as follows-

* electrical faults
* open fires and defective flues
* building maintenance work

° vandalism
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* arson

* smoking

* lightning strike
 accident

As to the actual split of occurrences, the most accurate
available statistics were produced by the FPA 1n 1995
when 456 fire incidents were analysed. However, these
relate to all occupancy properties where fire damage
was in excess of £50.000. It was found that 43% of the
fires could be attributed to arson. 22% to electrical
appliance or equipment failure, 7.2% to smoking, 3.7%
to hot work, 1% to cooking. and 1.9% to chimney fires.

Other. more recent, statistics gathered by the HBFRCC
indicate that in the historic buildings sector, arson may
well be responsible for 52% of fires, and chimney fires
could account for over 30% of incidents.

Supplementary factors contributing to the spread of fire
in a historic building can also be i1dentified as being :

e open and ill-fitting doors

e thin wall construction

e structural discontinuity

e unknown wall and floor voids

« unstopped ventilation and service routes
« roof voids and lack of compartmentation

Overcoming these problems need to be addressed

within a conservation framework - where the
preservation of existing fabric and aesthetic

considerations are paramount. Balancing all the
(sometimes conflicting) issues will be necessary to
ensure that the best possible solution can be achieved.

Construction work and fire loading

Excluding the contents and their contribution to the
potential overall fire load. the amount of timberwork 1n
a historic interior results in an ample supply of fuel. A
fire can be ignited in many different ways. Whilst
prudent steps, such as installing effective lightning
conductors and maintaining an adequate security vigil,
can assist in reducing the likelithood of fires from
natural causes and arson, developing an increased
awareness of other risk factors can help further reduce
the risk. This 1is especially i1mportant whilst
construction work 1s in progress.

Enforcing strict controls on project contractors,
including adopting clearly defined work method
statements and the use of Hot Work permits (if hot
work is to carried out at all), will go some way towards

reducing the risk of accidental fire occurring. Other
aspects should focus on :

 planning for all eventualities

e training and familiarising site operatives with job
circumstances

 installing and routinely
detection equipment

testing temporary

 keeping a udy and clean site

 ensuring the integrity of
throughout operations

the water supply

 being vigilant at all times

Central to this approach is the need to fully understand
all the resources of the building and its site. This will
involve creating an awareness of the building's
construction and design detail, the micro-climatic and
environmental conditions, and the operational

parameters of any proposed temporary or permanent
equipment.

Fig. 12 Detection equipment. With a limited choice of
sympathetically designed equipment being available to the
specifier, it can be difficult to be sensitive in the appropriate
positioning of smoke detector heads. Due to their size and
required operating parameters, in certain situations it may
be more relevant to install an air sampling svstem.




FIRE PROTECTION AND THE BUILT HERITAGE

Planned Preventative Maintenance

Much can also be done through improving planned
preventative maintenance regimes.
potential problems should be achieved by ensuring
routine chimney sweeping and checks on existing
services. wiring circuits and heating installations are
carried out. A regular process of inspection to a
prescribed schedule should be established. ancd
etfective maintenance and repair works rapidly carriec
out whenever the inspection process identifies a neec
for action.

Fire Engineering and Conservation Needs

When designing with a view to improving the level of

fire protection in an historic building, a balance must
always be struck to ensure that the significance and
authenticity of the building or site is retained (these are.
after all, the special qualities we value). Minimal
intervention into the fabric should be a key principle to
gutde any new work. Thus. works to improve

compartmentation, or to provide fire detection or

Fig. 13 Svystem installation. In historic buildings, what is
apparent on the surface may not accurately reflect thar
which s underneath. When planning to undertake notching
or curting work consideration needs to be given to
uncovering variations in the original construction process.
This may require changes during the progress of the work
so that it is carried out more sympathetically with the
buildings detail. Minimal intervention should always be the
am.

Early warning of

suppression, should not cause unnecessary disruption
or damage during installation, maintenance or eventual
removal. Ideally they should be designed on a totally
reversible

philosophy.

basis, adopting a plug in - plug out

But. realistically, installing detection and suppression
systems will create a physical demand on the building
tabric. This will vary depending on the type under
consideration (Figs I 1a and b).With traditional historic
building construction, some room for manoeuvre does
exist. although in places it will be restricted. As
supply. detection and monitoring cables, and
air sampling tubes are reasonably flexible, it should be
possible install these in a historic building with little or
no damage.

electrica

The sensitive positioning of exposed
detection equipment can be difficult (Fig 12). Steel
water sprinkler supply pipes tend to be still more
demanding, as they require predetermined straight
runs. angled bends and alignments. In consequence.
their nstallation could require some notching into the

structure to accommodate the runs. The quantity and
method of notching must be carefully controlled, as it
1s not unusual to find that the perceptions of priorities,
and ftunction differ between the various
professional disciplines that might be involved (Fig

13).

need

From the fire engineering point of view there will be a
desire to accommodate -

* life safety provisions

* fire safety management and prevention
* detection and alarm systems

* means of escape

* control of fire growth and spread

* structural stability

* smoke control

* fire fighting access

From the conservation perspective, it will be necessary
to consider the preservation of -

* form and layout

* all authentic fabric

* occupancy and use

* location and character of internal spaces
* qualty and importance of finishes

* contents

* site location and accessibility

An 1integrated policy, balancing fire engineering and
conservation needs should, therefore. be devised with
joint regard for-
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 protection of life
 protection of the building, its finishes and contents

« routine training of staff and promotion of

AWATCTNESS

* highest standards of risk management

Fire Risk Assessment

A detailed fire risk assessment should be at the heart of

any project that has the aim of protecting life. and the
contents and fabric of a historic building. Founded on
a detailed physical survey of the building's condition.
this assessment should aim to identify and categorise
all tire hazards throughout the property. It should
establish this through estimating the potential fire
loading. and hence potential fire duration in each
compartment, and determining ways whereby the fire
spread to adjacent rooms might be eliminated. This
may involve assessing the building with a view to sub-
dividing it into a manageable series of compartmented
fire zones. Within each zone. the areas or items which

P

Fig. 14 Listed building adaptation. Through adopting an
approach that separated the modern structure from the
historic construction, a svmpathetic conversion has taken
place in this redundant church. However, the requirement to
have a fire extinguisher, push-bar door-pad, pendent
emergency lighting, fire alarm point and three stick-on
instruction labels create a distracting, non-integrated
appearance around the escape door.

Y

have the lowest fire resistance should be 1dentified as
this will influence the course of action chosen.

-

[n this process, a full understanding of the building's
fire loading will be required. Using this knowledge.
risk reduction and control strategies can be determined
to minimise the possibility of ignition occurring and
the fire spreading. Working in sympathy with historic
constructional detailing, damage to the original fabric
and finishes can be minimised. But the range of fire
barriers to reduce fire spread in historic buildings need
to be carefully devised. (Fig 14)

Underlying many of these considerations will be the
estimated response time of the local fire brigade in the
event of an incident occurring. This time. and the
number of fire apphiances available in a rural location,
are likely to be very different from those which might
apply 1n an urban situation.

Should a fire incident take place in an unprotected
building the effects are likely to be devastating. After
only a few minutes, the majority of the contents and the

decorative timbers will be lost or considerably

Fig. 15 Salvage. If no accurate records exist of a fire-
damaged building, the period following a fire might be the
only possible time to research the building s construction
and finishes. Recording where burnt roof trusses and floor
beams fell can assist in an accurate structural
reconstruction of the premise, and the savage of
architectural features during an incident might allow their
reuse.
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deformed in the incident area. If a building is fire-
gutted, many philosophical 1ssues will also arise when
deciding what the best course of action should be
thereafter.

Post-fire Archaeology and Salvage

If the property has been inadequately recorded, the
period immediately following an incident might be the
only chance left try to gain detailed
understanding of its quality, features and finishes.

1O SOme

Whilst this might not be appropriate in all situations.
adopting an archaeological approach to the surveying.
recording and analysis of the undisturbed burnt-out
remains of a structure can produce some meaningful
results.  Measured survey. photographic
photogrammetric means may be deployed to obtain an
appropriate record. Such an approach may be
considered as an integral element of salvage, and be
timed so that maximum benefits can be secured from
the records produced.

Following a fire, effective salvage of the fragments of

the original internal details will require carefu
consideration to allow for their effective analysis anc
possible reuse. This may require adequate Key-
referencing the found location,
transportation and storage arrangements.

o appropriate

It can also

mean painstaking detection work if the loss has been of

major significance. Again. the archaeological model
provides useful guidance. (Fig 15a and b)

Thoughts of salvage should also be borne in mind
during an incident. Here. it may be appropriate to
identify external and internal features that might be
saved as a fire burns. Close collaboration with the
Officer in Charge of the incident will be required so

that needs can be indicated. and possibilities
established, whilst fully taking the prevailing

circumstances into account.

Historic Scotland’s Fire Research Programme

Due to the high level of loss that is being experienced
throughout the country. Historic Scotland initiated
research 1n 1994 into the protection of historic
buildings from fire. The preliminary work has since
been expanded to include an investigation of the

appropriateness of installing active suppression
systems, such as water sprinklers. To assist

practitioners in their understanding of the processes
involved, and to aid effective dissemination of the
research findings, Historic Scotland has published the
emerging technical advice.

The overall aim of the research programme was to
ensure that measures required to protect occupants.
users, and the fabric of historic buildings in Scotland

O
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are appropriate, consistent with conservation
principles, and make the best use of the available
Such an approach has not, in any way.
undermined the fundamental need to ensure effective

life-saving measures as a first priority.

FCSOUrces.

TAN 11: Fire Protection Measures in Scottish
Historic Buildings

The mitial step, which was supported by a specially

convened 1ndustry wide Fire Liaison Group.
specifically examined fire engineering and

conservation related issues, and considered available
literature on fire protection and historic building
details. The aim was to produce a Technical Advice
Note!!+) use within Historic Scotland, and
dissemination amongst those responsible for the
nation's built fabric. This publication, released in
September 1997, includes material on the following
Lopics -

for for

* The Vulnerability of Historic Buildings to Fire
* How Fires Develop

* Fire Satety Management and Fire Precautions
* (Compartmentation

* Doors and Door Closers

* The Performance of Historic Building Materials in
Fire

* Fire Detection

* Alarm, Escape, Lighting and Signs

* Fire Suppression

* Smoke and its Control

* Fire Engineering and Historic Buildings

In the Appendices a number of case studies are
presented. along with a Glossary of Terms. In addition
other appendices deal with:-

 Legislation

* Risk Assessment Methodology
* Planning for Damage Control
* Insurance

*  Organisations

« Bibliography

Suppression Systems

[t 1s readily recognised that technology can assist in the
provision of a satisfactory level of fire protection. The
installation of fire suppression systems, such as water
sprinklers, can be extremely effective in stopping the
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spread of fire within a building. Experience has s
that sprinkler protection 1s one of the most re
forms of fire suppression available.

10WN
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Although sprinkler protection 1s highly developed and
has been 1n use for over 100 years, little evidence exists
to show that 1t 1s wholeheartedly accepted for
installation 1n historic buildings (Fig 16). Primarily this
1S due to the misinformed, yet popularly-held, opinion
that the nstallation would introduce new risks to
endanger the historic fabric and contents and cause too
much damage 1n 1tself.

This concern 1s 1ronic, given that a sprinkler system 1is
designed to be operated by the heat of a fire.
discharging a minimal amount of water directly onto
any burning material, 1.e. only where it 1s needed to
effect early suppression. The system ensures a rapid
reaction to the fire. with minimal generation of smoke
and damage to property. By contrast an unrestrained
fire will mevitably result in greater loss of fabric and
damage will occur well beyond the seat of the blaze. so
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Fig. 16 Sprinkler installation. The historic uses of
sprinkler svstems in Britain tend to predominate in
industrial and commercial buildings. This is, perhaps, not
surprising. What is of interest is this case, where the
original sprinkler installation was left in-situ following
conversion of the industrial premises, it was not retained in
an active mode!
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more time and water will be needed to bring the fire
under control.

The efficacy of the system depends on having a
sufficient and reliable supply of clean water delivered
through carefully installed pipes to individual water
sprinkler heads. The style of heads must be chosen to
give an adequate density of discharge and full coverage
throughout the building. A partial installation 1n areas
of high fire risk 1s an option that may be appropriate 1n
some circumstances but 1s not generally recommended.
This 1s because in areas without sprinkler protection a
fire might be allowed to develop and take hold. When
such a fire does spread to areas that are sprinkler
protected, the heads may not be able to suppress the
developed fire. A full installation should always be
aimed for.

Present day automatic sprinkler installations use a
range of fittings. These include side wall, recessed and
concealed sprinkler heads. Acting as a detector head

for the suppression system, sprinklers operate

Fig. 17 Additional fire risks. Fires need ignition, oxygen
and fuel to gain hold. Through effective management and
training much can be done, without additional cost, to
reduce the risks involved. Human nature tends to hoard
material things, and if storage space is available, it will be
filled with items - valuable or not. Attic spaces are
particularly vulnerable to this phenomenon. They should be
regularly inspected and any unwanted or high risk items
removed, especially if they contribute to an increased fire
load.
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individually when the thermal elements contained
within them reach their defined operating temperature.
This can be set at one of a series of seven points in a
range between 57°C and 260° C. The sprinkler should
operate as early as possible in the development of a
firec. The chosen temperature rating should be the
lowest possible. given the environmental limits of the
room in which the head 1s to be installed.

An analysis of fires that have occurred n sprinkler-
protected buildings indicates that 26% were controlled
by one head, 44% by 2 heads, and 65% by the
operation of up to 5 heads. Water discharges from a
single sprinkler head at a rate between 30 and 100 litres
er minute. This compares very favourably with the
\kely discharge of 600 litres per minute from a hand-
1eld hose and 1,100 litres per minute from a hydraulic
platform or turntable ladder monitor. Reflecting on

such statistics, the case for installing sprinkler

protection 1n Canadian museums is ably described 1n
CCI Notes 2/8 (15,

If a fire 1s allowed to develop in an unsprinkled
building, considerable quantities of water will be

required to extinguish it. During the 1992 Windsor

Castle fire up to 31 jets and 2 hydraulic platform
monitors were deployed. These would have delivered
approximately 20,000 htres of water per minute nto
the building at the height of the incident. The
consequences of deploying such a
water to control a fire 1s immense. The structure will
quickly become saturated, and the subsequent drying
out problems are often greatly underestimated.
Timbers that survive a blaze could well fall victim to
subsequent fungal attack.

There are however a number of factors that need to be
considered when undertaking the detailed design of a
sprinkler system. Included might be -

* the selection of the equipment

* how the exposed fittings relate to the internal detail
and finishes

* the service pipe runs and cable routes

e associated facility needs such as supply tanks,
pump houses etc.

* back up requirements and power supplies
* aesthetic considerations and impact

* Instructions, emergency lighting and signage

-

TAN 14: Installation of Sprinkler Systems in
Historic Buildings

The second technical publication to be produced by
Historic Scotland’s TCRE Division considers the
appropriateness of sprinkler systems to stem the high

1gh volume of

level of fire loss in more detail. This aims to develop a
more focused awareness of the problems and benefits
of installing such suppression systems in historic
buildings. The foundation for the TAN® Jay in
Historic Scotland’s own experience of installing a fully
charged water sprinkler system in Willlam Adam’s
1735 Dutt House on the outskirts of Banff, in north-
east Scotland. This property was converted in 1994-
1995 1n conjunction with the local authority.
Aberdeenshire Council, into a country house gallery to
operate as a National Galleries of Scotland outstation.
During the works to install the water sprinkler and fire
detection systems and to improve compartmentation
much was learned regarding the difficulties and
benefits of undertaking this type of work. It was the
first installation of its kind in the United Kingdom.

TAN 14 deals with the history and effectiveness of
sprinkler installations and sets out the case for
istalling them in historic buildings. It analyses the
component parts of the system and deals with i1ssues
liable to emerge during the installation process. A
section also addresses and maintenance
considerations and training matters, to ensure that the
system remains 1n full working order.

cdrc

Staff Training and Education - an Essential
Management Issue

An ntegral part of any fire assessment programme
should be the establishment and maintenance of a fully
comprehensive staff training and education policy.
Without this essential component, much of what can be
achieved through the adoption of a fire risk assessment
and acceptance of fire protection technology can easily
be negated. Due regard must be paid to the need for all
staftf to be famihar with equipment and systems,
routine and other maintenance regimes, salvage
techniques and disaster planning.

To help prepare for the worst, a disaster plan should be
put in place. This process should include the
consideration of post-fire salvage and recovery needs.
At a more basic level. emphasis should be placed on
the requirement to effect good housekeeping at all
times. Storage areas should be regularly inspected and
rubbish removed to minimise fire risk (Fig 17). The
operational effectiveness of installed equipment should
be routinely monitored and any deficiencies in their
efficient functional capability addressed. A routine
check should be made to ensure that the suppliers of
equipment can, and will, continue to service and
support the nstallation. A stock of relevant spare parts
should be kept, as should a well-maintained stock of
emergency supplies for use in the event of a disaster.

Etfective routine on-site exercises, 1n conjunction with

the fire brigade and other services as necessary, are
essential to simulate emergency fire response action.
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The fire action plan i1s a key document and 1t should be
constantly kept up to date by statf who know exactly
what they are doing.

Training and education needs should also be evaluated
afresh when construction works are being carried out.
Stringent control should be maintained over hot
working and the 1ssue of Hot Work Permits effectively
controlled and monitored. Guidance should be offered
on controlling the storage of flammable liquids. and
safe site storage devised. Any temporary fire fighting
equipment should be positioned in obvious locations
and staff made familiar with their operation. Careful
consideration should be given to the positioning of
temporary site huts and other accommodation so as not
to create an unnecessary risk to adjacent premises.

Firefighters. too. need to minimise the risks they face
in an operational situation. Historic buildings can
create an additional encumbrance given the value of the
fabric of the building and its contents. Within the

wider context. recent advice (!7) ably describes how
firefighters can manage risk to ensure their own safety.
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Fig 18. Redoutensal, Hofburg Palace, Vienna. Where fire
devastation is total, philosophical and ethical arguments
can often arise as there is little left to conserve. Restoration
may be inevitable, but what constitutes authenticity? A
bold solution was adopted at the Hofburg when deciding
how to bring the damaged interiors back into use following
the fire of 1992,
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Conclusion

The possible consequences of a hire in a historic
building deemed to be a high hazard subject in a risk
assessment analysis must be carefully thought through.
A detailed understanding of the building’s
construction, and how 1t might react to fire, 1s an
essential pre-requisite before any decisions are made or
work carried out. Risk assessment, in all 1ts guises, 18
a useful managerial tool. Each building should have 1ts
fire risks eliminated wherever possible. This will only
be possible it owners. protessionals. and others
involved 1n the well-being of historic structures are
adequately informed and vigilant.  Education
essential, and Historic Scotland’s research work aims
to part-answer that need by explaining the current
understanding and appreciation of problems associated
with fire.

.
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There 1s always the chance of physically conserving
something that is wet. but it 1s generally impossible to
reconstitute something that 1s burnt! On that basis
alone, the case for installing suppression systems in
appropriate circumstances 1s strong. Other relevant
factors. such as fire brigade response time. building
quality and the value of contents will play a part in the
decision on when it 1s relevant to install such a system.

Should a fire occur in a historic property 1t will lead to
a degree of cultural loss. The extent of that will greatly
depend upon the scale of the fire and how quickly 1t can
be brought under control. Should 1t lead to the
situation where the building has been burnt out. other
factors emerge. These centre on philosophical and
ethical arguments about what to replace and how
(Fig 18). Whatever is decided - to restore, recreate or
design anew - the heritage value of the building will be
diminished and its integrity will be partly if not totally
compromised.

The ultimate objective must be to reduce the overall
fire loss, for this is steadily eroding the quality and
quantity of the historic building stock. To assist in this
process, Technical Advice Notes 11 and 14 ofter
guidance on the principles involved. They are not
intended as  prescriptive documents nor to offer
definitive specificatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>