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Preface

Important structures deteriorate and collapse; valuable papers
and books mildew and burn; precious objects become damaged or
broken. We watch with dismay the slow attrition of our cultural heri-
tage. We devote much time, energy and money to maintaining,
conserving and restoring the structures and artifacts we value, and we
wish we could do more to save them. However, many of the things we
treasure are lost not through the slow processes of exposure but
through the quick violence of natural disasters from which they were
inadequately protected.

Earthquakes, volcanic eruptions, landslides, tornados, hurri-
canes, floods and other disasters cause terror in everyone. Reports of
them seize our appalied attention at frequent intervals. We react with
shock at the awesome destruction shown vividly by the media, and we
respond with horror at the plight of the victims. We are less frequently
aware of the often great losses to the cultural heritage of structures
and artifacts. Nevertheless, catastrophic events are probably the
greatest single cause of attrition.

The toll from natural disasters has been enormous during the past
generation alone. We have responded with heroic rescue efforts, and
many conservators of architecture and artifacts have gained in-
valuable experience in salvaging and recovering elements that might
otherwise have been completely lost. By recording what has been
learned and making it available to others, future losses may be reduc-
ed through more knowledgeable protection, prevention and emergency
response.

To call attention to the threats of natural disasters and the
wisdom of preparing for them, and to record and disseminate ex-
perience gained in coping with catastrophes, the papers which follow
were commissioned in the execution of a project. The project on The
Protection of Historic Architecture and Museum Collections from
Earthquakes and Other Natural Disasters was undertaken by the
Architectural Research Centers Consortium, Inc., a federation of the
research components of colieges of architecture at three dozen univer-
sities throughout the United States. In addition to providing a forum for
promoting research as an element of architectural education, the Con-
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sortium also engages in projects to carry out research or disseminate
research findings. The project was supported by the National Science
Foundation through grant number PFR8007116. James L. Haecker, the
Executive Director of the Consortium, served as the Project Manager
and Barclay G. Jones, Professor of City and Regional Planning at
Cornell University, served as Principal Investigator.

An informal advisory committee was established to review the
outline and plan of the project and to assist in identifying appropriate
experts to contribute papers. Much of the success of the project is at-
tributable to the substantial amounts of time, interest, expert advice
and other service the members of the committee generously gave to
the effort. The committee consisted of Dr. Ernest Allen Connally of the
National Park Service, U.S. Department of the Interior; Ms. Ann
Hitchcock, Chief Curator, National Park Service, U.S. Department of
the Interior; Russell V. Keune, AlA, then the Senior Vice President of
the National Trust for Historic Preservation; James C. Massey, then
President of the Historic House Association of America; Hugh C.
Miller, AlA, Chief Historical Architect, National Park Service, U.S.
Department of the Interior; Dr. Henry A. Millon, Dean, Center for Ad-
vanced Study in the Visual Arts, National Gallery of Art; and Paul N.
Perrot, then Assistant Secretary for Museum Programs, Smithsonian
Institution.

The purpose of the project was to produce a handbook consisting
of papers by expert individuals which would serve as a useful guide for
professionals engaged in the preservation of our cultural heritage,
whether artifacts or structures. An integral part of the plan for carrying
out this work was to convene the contributors at a seminar at which
they would present their papers to each other and to the public.
Revised versions of the papers could incorporate comments and
discussion from the seminar. The seminar was held March 29-30, 1982,
in the Auditorium of the National Academy of Sciences in Washington.
Organizations which lent their support by sponsoring the seminar were
AAM-ICOM, the Advisory Board on the Built Environment of the
National Research Council-National Academy of Sciences, the
American Association of Museums, the American Institute of Archi-
tects, the American Institute for Conservation of Historic and
Artistic Works, the Association for Preservation Technology, the Com-
mittee on the History and Heritage of American Civil Engineering of
the American Society of Civil Engineers, the Historic House Associa-
tion of America, the National Park Service, the National Trust for
Historic Preservation, the Smithsonian Institution and US/ICOMOS.
Their support contributed greatly to the success of the meeting. Dr.
Bates Lowry, Director of the National Building Museum, gave the sup-
port of the museum by making the OIld Pension Building available for a
reception and dinner session. The staff of the National Academy of
Sciences, particularly Harold Foleck, Audio Visual Manager, and Mrs.
Nancy Geasy, Assistant Manager, Meetings Office, provided superb
technical support so that the seminar went smoothly at every step.

Michael L. Joroff, then the President of the Architectural
Research Centers Consortium, Inc., gave enthusiastic interest and ex-
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pert support throughout the project. Dr. Frederick Krimgold, then the
Program Manager for the project in the National Science Foundation,
participated in the planning sessions and contributed from his expert
command of the subject matter at every stage of the project. Ralph W.
Rose served as Professor Jones’s assistant and contributed to every
aspect throughout the period of the project from the planning stages
through preparing the manuscript for publication. He compiled the
bibliographies, and his participation truly constitutes collaboration.
Polly Haecker assisted the Project Manager in innumerable ways at
every stage of the study. Jonathan Gitlin helped to edit the final
manuscript, and Beverly Kisner typed and prepared it for publication.
Martha Garrison prepared the index.
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Experiencing Loss

Barclay G. Jones

PRESERVING THE WORLD CULTURAL HERITAGE

Since World War II interest in the cultural heritage represented
by documents, artifacts and structures has increased enormously
throughout the world. Accompanying this surge of interest has been a
greater awareness of the irreplaceable value of objects which inform
us about past cultures and societies and record their evolution to the
present. Consequently, there has been a growing worldwide concern
with surveying, documenting, recording, protecting, preserving and
restoring architectural and engineering works and historie and cultural
artifacts.

Enormous sums have been spent on projects as far removed as
the restoration of the major historic structures in Leningrad from the
depredations of the siege of that city in World War II, the rescue
launched in 1963 of the temples of Abu Simbel from the rising waters
of Lake Nasser behind the Aswan High Dam [Gerster, 1969], and the
painstaking reconstruction of the Stupa at Borobudur neglected since
the area was deserted following earthquakes and voleanic eruptions in
1006. [Morton, 1983] The heroic efforts to protect Venice and London
from subsidence and sea surges are remarkable. [Judge, 1972] The
moveable sea barrier erected between 1974 and 1982 across the Thames
at Woolwich is an extraordinary engineering feat. [Wholey, 1982;
Starbird, 1983]

We have devised elaborate mechanisms for preserving and
protecting the heritage. We have directed much attention to the
threats of destruction by the natural elements such as decay,
subsidence, air pollution and other forms of attrition. Many of the
public efforts and much of the legislation that has been enacted is
intended primarily to prevent destruction by human agents through
neglect, demolition for replacement by more modern items, theft,
vandalism, and acts of war. We have excellent documents to assist us
in these tasks. [Tillotson, 1977] In contrast, we have given relatively
little attention to the threat of losses as the result of natural



disasters, and only a few works on preservation deal specifically with
this danger. [Feilden, 1982, pp. 117-129]

DESTRUCTION BY NATURAL DISASTERS

We are all quite aware, when we think about it, which apparently
is not often enough, that natural disasters have been the cause of
destruction that has obliterated much of the most valuable elements
from our past. For example, we admire the torso as an art form and
associate it with modern sculptors such as Rodin, Mailiol and Brancusi
and with Greek and Roman works from antiquity. We seldom
consciously acknowledge that the ancient works that provided the
inspiration for modern efforts were not designed as torsos but are the
major remains of complete figures, the limbs of which were
undoubtedly snapped off in earthquakes or were broken when the
statues were toppled. (Figures l.1, 1.2)

We know that the seismic history of the civilized world has been
active and violent. We acknowledge that disasters preserve and create
as well as destroy: that some of the best preserved Roman artifacts,
paintings and architecture we have were buried in Pompeii and
Herculaneum in the devastating volecanic eruptions of August 24, 25,
79 AD; that the undisturbed ruins of the largest intact Roman
provineial city, Jerash, are available to us because it was abandoned
for 1100 years after the violent earthquake in the Jordan Valley of
January 18, 746; and that the handsome baroque center of the city of
Dubrovnik is a consequence of the rebuilding after the catastrophie
earthquake of April 6, 1667, which killed two-thirds of the population.
[Judge, 1982; Browning, 1982; Carter, 1972] We regret the losses, but
we seldom think systematically about the enormity of the toll over the
centuries.

RECENT LOSSES

Our ability to forget can be graphically illustrated simply by
considering the losses from the major events of the last 20 years. The
earthquake on July 26, 1963, that struck Skopje destroyed many
historic buildings, damaged the Mosque of Mustapha Pasha, and did
great damage to the Kursumli Han, an ancient caravansary that housed
the archaeological museum. Later that same year considerable
damage was done to historic structures by the floods resulting from
the collapse of the Vaiont Dam on the Piave River in northern Italy
that was a consequence of earthslides on October 10, 1963.

Probably the most extensive devastation of historic structures,
of works of art and museum collections in the recent past occurred
three years later when the flood of the Arno River struck Florence on
November 4 and 5, 1966. [Judge, 1967; Klein, 19691 The Ponte Veechio
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Figure L.1. Los Angeles, California: Forest Lawn Memorial Park, Marble Copy of
Michelangelo's David.

Figure 1.2. Los Angeles, California: Forest Lawn Memorial Park, Marble Copy of
David Showing Destruction Caused by Earthquake of February 9, 1971,



was damaged as were Ghiberti's bronze doors of the Baptistry of the
Duomo and Andrea del Sarto's fresco in San Salvi, Cimabue's
"Crucifixion" at San Croce, frescoes by Uccello, Botticelli, Lorenzetti
and Martini. Archives and furniture were damaged or destroyed in the
Strozzi Palace; ancient musical instruments were lost in the Bardini
Museum, scientific instruments in the Museo delle Scienze, armor at
the Bargello, and the Etruscan collection at the Museo Archeologico.
A hundred and thirty thousand photographic negatives were among the
losses of the Uffizi Gallery; and there was tremendous damage to the
state archives, 6000 volumes at the Opera di Duomo, 250,000 volumes
at the Gabinello Vieusseux, 14,000 volumes at the Jewish Synagogue,
36,000 volumes at the Geography Academy, the entire collection at
the Music Conservatory, and 1,300,000 volumes in the Biblioteca
Nazionale. [Horton, 1967; Cornell, 1976, p. 148] Salvage, cleaning,
repair and restoration was a horrendous undertaking and provided
invaluable experience to a generation of experts who devised many of
our best current conservatorial methods.

Two years later, Hurricane Camille of August 18, 1969, did much
damage to the Jefferson Davis Shrine in Biloxi, Mississippi, and the
collections of documents, pictures, costumes, uniforms and other
artifacts in the museum on the ground floor of the beachfront
mansion. [Organ and MecMillan, 1969] The subsequent Hurricane
Frederick on September 12, 1969, damaged a number of historic
structures in Mobile, Alabama. In the earthquake that struck Peru on
May 31, 1970, the archaeological museum in Huaras was damaged.
(Figure 1.3) On February 6, 1971, an earthquake did enormous damage
to the historic structures that composed the ancient hill town of
Tuscania, north of Rome. Three days later in the United States the
earthquake of February 9, 1971, in the San Fernando Valley in
California severely damaged 5 rooms of the Villa Adobe on Olivera
Street in Los Angeles, the oldest building in that city.

A year and a half later the floods produced by the rains resulting
from Hurricane Agnes on June 22 and 23, 1972, severely damaged the
collection of the Corning Glass Museum, [Martin, 1977] and many
collections of historic furniture, archives and artifacts the full length
of the Susquehanna River Basin. These included extensive damage to
the Heisey House, the headquarters and museum of the Clinton County
Historical Society, at Lock Haven, Pa., and the Wyoming Historical
and Geological Society at Wilkes Barre. Lesser damage was done to
the Golden Plough Tavern and the General Gates House in York, Pa.,
and several other museums. While the Fort Pitt Museum was flooded
and ]suffered much damage, the collections were saved. [Whipkey,
1973

The same year many historic structures including the cathedral
and the Presidential Palace were completely destroyed or severely
damaged along with their contents in the devastating earthquake and
subsequent fire in Managua, Nicaragua, on December 24, 1972. (Figure
1.4) Less than a year later on August 28, 1973, the earthquake that
struck the states of Puebla, Veracruz, and Oaxaca in Mexico damaged
200 important colonial churches, many beyond repair. [Cornell, 1976]
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The Xenia, Ohio Tornadoes that swept eleven states on April 3, 1974
destroyed historic homes and public structures in many communities.
[Boone, 1974]

Large scale devastations of historic struetures and artifacts
resulted from the severe earthquake of May 6, 1976, in the Friuli
distriet in northeastern Italy. [Pichard, Ambrayseys and Ziogas, 1976;
Schwartzbaum, Silver and Grissom, 1977] Many ecities, towns and
villages suffered considerable damage causing the effect on historie
structures and artifacts to be extremely widespread. Subsequent
earthquakes on the lith and 15th of September further damaged
structures weakened in the first shock and undid much of the salvage
and repair work that had been initiated. On March 4, 1977, the
earthquake in Romania, while it caused only moderate damage to the
museum buildings in Bucharest, severely damaged the museum
collections and contents, particularly the Ethnographic collection.
The museum contains the largest collection of works by Constantin
Brancusi but fortunately none of these were lost. Historie structures
in the countryside outside the capital city received substantial
damage. [Ambraseys, 19771 Much less publicized is the fact that
extensive damage was done to historie structures in northern Bulgaria
that were affected by the same tremor. [Brankov, 1983] An ironic
event was the July 1977 flood which destroyed the Johnstown Flood
(May 31, 1889) Museum in Johnstown, Pennsylvania.

A tornado on April 10, 1979 did extensive damage to the museum
at Wichita Falls, Texas. [Glass, et. al., 1980] The earthquake of April
15, 1979, that struck Montenegro damaged many historic buildings in
Kotor, a city which had been severely struck by the same earthquake
that devastated Dubrovnik in 1667. [Petrovski and Paskalov, 1981] The
moderate earthquake of November 6, 1979, in Greece produced no
casualties and little damage but caused serious cracks in the
Parthenon, the loss of a large number of amphorae in the Acropolis
Museum and caused the National Museum in Athens to be closed for a
number of months. The Campania Basilicata earthquake in southern
Italy November 23, 1980, did tremendous amounts of damage to the
historic structures that gave the towns and villages of that countryside
its character. [Lagorio and Mader, 1981] (Figures 1.7, 1.8) Much of the
same area suffered that had been devastated in the Naples-Bari
earthquake of July 23, 1930. It was the worst disaster in southern Italy
since the tremors that leveled Messina and Reggia December 29, 1908,
and the Neapolitan earthquake of 1857.

While accounts can be found, it is necessary to dig rather deeply
to determine the losses from many natural disasters. There are
usually few reports in the press about the loss of cultural artifacts.
Media coverage focuses on loss of life and the personal tragedies of
the survivors. [Scanlon and Alldred, 1982] Few accounts of the erash
on March 1, 1962 into Jamaica Bay of an American Airlines Boeing 707
bound from Kennedy Airport for Los Angeles that cost the lives of 95
people noted that 15 paintings and 5 drawings by Arshile Gorky bound
for a West Coast exhibition were lost. [Cornell, 1976] The owners and
proprietors of collections of artifacts and buildings are seldom inclined
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Figure 1.5. Antigua Guatemala, Guatemala: Damage to Ruins of Cathedral of San
Augustin by Earthquake of February 4, 1976. USGS.

Figure 1.6. Mixco Viejo, Guatemala: Damage to Mayan Site by Earthquake
February 4, 1976. USGS.



Figure 1.7. Campania, Italy: Destruction of Hill Town by Earthquake of
November 23, 1980. National Academy Press.

Figure 1.8. Valvano, Italy: Collapse of Church Caused by Earthquake of
November 23, 1980. National Academy Press.
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to publicize their losses. We do not have a really clear picture of the
devastation to our cultural heritage through natural events in the
recent, let alone the remote, past.

PREVENTIVE MEASURES IN RESPONSE TO LOSS

Indeed, it seems remarkable that anything at all has survived
from the past. But there is clear evidence that at many times in many
places, people recognized the possibilities of natural disasters and took
preventive measures to mitigate their effects. In particular,
inhabitants of the earthquake-prone regions of the eastern
Mediterranean appear to have developed aseismic building techniques
as early as the Mycenean Age. [Schaar, 1974] Similar methods, called
xylodesia, survive today in vernacular systems of construction.
[Porphyrios, 19711 As is natural, we learn from experience, and
disasters lead to devising new measures to safeguard lives, buildings
and possessions. The great fire that destroyed most of London north
of the Thames that raged for four days after it broke out on
September 1, 1666 led to the banning of wooden construction and
overhanging gables. The rebuilt city had wider thoroughfares to serve
as firebreaks. Among the losses in the fire were St. Paul's Cathedral,
87 parish churches, 6 chapels, the Royal Exchange, the Customs House
and the Guildhall. [Cornell, 1976] After the devastating earthquake in
Sicily on January 11, 1693, the Spanish Viceregal government proposed
reconstruction plans for cities that provided more open spaces for
refuge and streets less likely to be impassable with rubble. [Tobriner,
1980] The earthquake and tidal wave that devastated Lisbon on
November 1, 1755 led not only to reconstruction planning schemes to
reduce the vulnerability of urban areas but also aseismic building
designs and measures to reduce the spread of fire. [Tobriner, 1980] The
Marquess de Pombal initiated the first scientific investigation of
earthquakes, and the analysis of effeets throughout Europe by the
English physicist John Mitchell led to the first crude theory of wave
motion. [Cornell, 1976] A generation later the series of extremely
destructive earthquakes in Calabria led the government to the
planning of towns less vulnerable to devastation and to the promotion
of extremely sophisticated building methods. [Tobriner, 1983]

RENDERING EXPERIENCE INTO KNOWLEDGE

Perhaps we too will respond to the substantial number of
disastrous events over the past 20 years by learning better how to
protect, minimize damage, rescue, salvage and restore. But there is
some urgency if we are to assimilate and transmit this knowledge.
Many people have been involved in emergency measures during these
events and in conservation and recovery operations after them and
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have aequired as a consequence tremendous funds of experience.
Experts have gained knowledge at enormous expense not only in human
time and effort but also in material losses. Important documents and
source materials have been produced. But too frequently, there is
little written record readily available of the actions that they took,
the successes they had, and the methods and procedures that they
learned. It is immensely important that this information not be lost
but be collected and codified and made readily available. It should be
extremely useful in helping people to anticipate the kinds of impacts
disasters may have on them and their possessions and take appropriate
preventive and preparatory measures to mitigate them. It will also
provide a deep source of experience that will help experts and
knowledgable people in the future to prepare themselves for the kinds
of actions they will have to undertake in the event they find
themselves in a disaster. This exchange and dissemination of
experience and information should be invaluable in protecting
elements of the heritage from destruction and in facilitating their
salvage, conservation and reconstruction. If less of our heritage is lost
through catastrophic natural events in the next period, the exercise
will have been rewarding.
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Protection of Our Cultural Heritage
Against Natural Disasters

Dr. Bernard M. Feilden, C.B.E., F.R.|.B.A.

INTRODUCTION

Protection of our cultural heritage against natural disasters falls
within the field of Conservation Studies, but not one of us has a full
grasp of all the problems. It is extremely valuable to draw many skills
together to exchange ideas and pool experience. Conservation is a
multidisciplinary activity controlled by one methodology and guided by
a theory which has taken centuries to evolve.

Prevention of decay or damage is the highest form of
conservation. I am hopeful that by discussing our problems and
submitting to friendly criticism that we will establish communication
between each of the separate disciplines working in the field of
conservation of historic architectural and museum projects. I will
touch upon some of the vast number of considerations that must be
taken into account in this enormous topic. Many of these subjects will
be developed at greater length in other papers later in this volume.

Undoubtedly the theory that prevention is better than cure is
correct, but it is difficult to apply, human nature being what it is. We
all hope that a disaster won't happen, and we all go about our business
of caring for cultural heritage without developing the management
techniques to make it in people's interest to prepare for foreseeable
risks. The ultimate 100 year flood may come tomorrow as it did on
November 4, 1966 in Florence, where if the risks had been assessed
much needless damage could have been prevented. There are cycles of
intense earthquakes and whilst the exact date of the Friuli earthquake
could have not been predicted, had strengthening measures been
applied two or three years in advance, many lives could have been
saved.

What sort of disasters do we have to consider? Floods take the
greatest toll of human life, earthquakes probably damage the cultural
heritage most and are often followed by fire and water damage, as
well as tidal waves, particularly in the Pacific Ocean, or landslips such
as the one that engulfed a whole town in Peru. UNDRO in its
publications puts the protection of our cultural heritage as its lowest
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priority. After the protection of human life and structures, such as
hospitals, which advance that purpose, protection of the cultural
heritage should be the second priority as it cannot be replaced. In
fact, if we do protect our historic buildings we will also save lives.
But objects matter too, and even less attention is given them. The
problem of designing special earthquake resistant mounts and display
cases for valuable objects in museums has, as far as I know, scarcely
been touched upon, and would be a worthy one for research in detail.
It is good to note that some of the later papers in this volume deal
with this subject.

FLOODS

As mentioned above, floods probably cause more loss of life than
other major disasters but, in general, need not damage cultural
property if the risks are properly assessed and prior action taken.
However, there are rare cases of almost unpredictable floods, like
Hurricane Agnes that flooded the Corning Museum or like the one on
the high veld of South Africa which was caused by a flash storm over a
wide flat area creating a raging torrent which half buried a township
in gravel. Some floods are turned into disasters by manmade actions,
for instance a new bridge may block the ice flows on a river and so
cause an unexpected flood in a low lying area.

However, the climatologist can predict the height of floods much
more accurately than the seismologist can predict earthquakes,
because engineering hydrology is a much more developed science, and
there are sufficient observations to permit the laws of statistical
prediction to apply.

Floods have two main causes which may sometimes be combined,
intense rain and melting snow with ice, which may form a jam against
a bridge or other impediment to the flow of the river. It is necessary
to know the rainfall characteristics of a river basin. For the United
States maps are available to show the amounts of water, which are
based on calculations, likely to be received in 30 minutes, 1, 2, 3, 6, 12,
and 24 hours within periods of 1, 2, 5, 10, 25, 50 or 100 years. Using
these estimates it is possible to have the flood flow calculated using a
run off coefficient, ¢, multiplied by rainfall intensity, i, over the
duration of concentration time of the basin whose catechment area is
A. The flood flow q = ciA. [Griffiths, p. 105] The run off coefficient
may be changed, as for example when forests are cleared and land
drainage improved in the interests of the agricultural lobby.

Storage reservoirs reduce flood hazards unless they themselves
fail for some reason, possibly due to earthquakes. Indeed, large
storage reservoirs induce earthquakes in zones previously imagined to
be free from this hazard. The recent earthquake in Egypt has been
attributed to the Aswan High Dam. Flood control reservoirs can be
used to reduce a flow downstream, but if a second flood comes while
the reservoir is still full from the first flood, its value is lost. But if
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there is adequate climatological data of the time distribution of
rainfalls of flooding intensity, this risk can be calculated.

Forecasting sea and river conditions requires reliable
information concerning present and future conditions of weather which
emphasizes the role of meteorology in this field. A clearing center for
meteorological information is essential so that the information
available on rainfall, snow depth and intensity, and air temperatures
can be assessed. To be effective this requires good communications.

Sea floods depend on the tides, for which relatively accurate
predictions are available. The wind, which can easily add 2 meters to
the height of a spring flood in the North Sea and 6 meters in the Bay
of Bengal, must not be forgotten. As the tide flows along the coast in
a recognized pattern, one station can warn others if a flood tide is
expected. Waves originating in earthquakes under the sea, called
tsunami, as high as 20 meters (66 feet) have been recorded. A warning
center for the Pacific Ocean has been established in Hawaii.

With the amount of information available, it is possible to
protect most cultural property from flood hazards, where they exist,
by the simple expedient of placing any vulnerable object above the
level of the highest predictable floods. This includes all organic
materials, furniture, paintings, books and archives. If this is not
absolutely possible, only the amount of material that can be moved in
the anticipated warning time should be allowed at lower levels. In
siting new museums the flood hazard must be considered. [Building
Research Establishment Digest, 1972]

The hazard of rainfall penetrating a building and causing the
structure and contents to decay must not be forgotten—although it is
entirely preventable by good design and regular maintenance. In
passing it should be said that higher standards are required for
museums and historic buildings, and the local climate needs study.
The greatest rainfall in one minute was 31 mm recorded at Unionville,
Maryland, USA and in one day 187 em at Cilaos, Reunion Island.
[Griffiths, 1976, p. 15] Unfortunately standard climatic data mainly
give averages, and we are interested in extremes. Each city has a
different profile for its most intense storms, and it is essential that
the rainwater disposal system will deal with these, otherwise
irreparable damage will be done. The capacity of the rainwater
disposal system can be calculated easily, but allowance must be made
for the higher standards required for historic buildings and museums.

GEOLOGICAL MOVEMENT

Slow geological movements of the soil up, down and sideways
may also be classified as natural disasters although their effects are
very slow. The famous Iron Bridge at Coalbrookdale, symbol of the
beginning of the Industrial Revolution, was built over the river Severn
which follows a geological fault. This fault closed the distance
between the two abutments and caused severe distress to the
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inflexible cast iron of the bridge. Hopefully, the movement has been
stopped by an immensely strong reinforced concrete strut under the
river bed. Another example is the gradual sinking of the Dalmatian
Coast and Venice which is estimated at 1 mm per year.

EARTHQUAKES

Earthquakes cause immense damage to cultural property. They
are, however, blamed for things within man's control as a large
proportion of the damage is preventable, even if buildings are not
made completely earthquake resistant. Prevention is achieved by
regular inspections, establishing a maintenance strategy which would
include strengthening the weak points of the typical construction of
historic buildings.

Earthquake prediction has progressed so much that it can tell us
where the hazards are greatest and show a likely pattern of events and
the frequency of major earthquakes: for example, every 50 years in
the foothills of the Himalayas or every 70 years in the Friuli distriet.
Even if short term prediction were accurate, it is more likely to be
useful in saving life than historic buildings and their contents, as it
would take more than a few hours to take preventive action.

Since the art of designing to resist earthquakes is still in relative
infancy using codes based on gross simplifications with horizontal
loadings or base shearing as the design criteria for new buildings, it is
the considered opinion of experienced engineers and scientists that
such codes should not be applied to historic buildings which are of a
very different structural typology.

There is great difficulty in assessing the performance of historie
buildings under earthquake conditions, indeed calculation may be
virtually impossible due to the number of variables and unknown
factors. Japan and the United States pioneered full scale induced
vibration tests on tall buildings, and recently the Building Research
Establishment in the United Kingdom has produced equipment
sufficiently portable and accurate enough to analyze the dynamie
performance of historic buildings. This may be a major breakthrough
and save many historie buildings from ill advised interventions or even
destruction because of non-compliance with an irrelevant earthquake
engineering code.

Preventive action for each historic building against earthquakes
is a special study. Each building is an individual on a site with a
specific seismic spectrum. Present day codes are of variable quality,
and if applied by unimaginative engineers may result in more damage
in an earthquake or lead to the destruection of a building by the Code in
advance of a possible earthquake. Observation, experience and
judgment aided by science are the essentials for a correct approach to
this difficult problem, which must be guided by the principles of
conservation and respect for the "values" in the building.
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The seismic spectrum for any particular site will take local
ground conditions into account such as soil types, the slope of
sedimentary soils, the existence of any bedding planes and their angle
of slope, horizontal changes in soil types, the depth of the soil over
bedrock and the typography of the bedrock including ridges and
deposited soils. [Dowrick, 1977] Water content and the level of water
table are most important, for with a water table less than 8 meters (26
feet) depth there is a danger of soil liquefaction in an earthquake.
Such an investigation is expensive, but certainly justified if one is
siting a new national or state museum in an earthquake zone or
studying how to strengthen a major historie building. How much use
can be made of this information for protecting an historic building
depends on the building itself and the ability of its engineers and
architeets.

In general terms, insurance companies have the shrewdest
estimate of the hazards from earthquakes and other natural disasters.
The maps produced by Munich Re, together with their handbook are
most useful. It is understood that ICOMOS proposes to add an
overprint with the density of cultural heritage, but this raises the
difficult question of evaluating cultural heritage. It is suggested that
this map should be widely circulated so that the museum curators and
architects responsible for the cultural heritage would have some idea
of their hazards and could use this information as a spur to preventive
action. Both Friuli and Basilicata Campania were shown as very high
risk areas on the map.

Naturally, high risk areas should be given priority, but sometimes
the worst earthquakes occur at intervals of centuries in lower risk
zones. I suspect that the Jordan valley may be one such area:
certainly Petra and Jerash in particular suffered from disastrous
earthquakes in the 8th century when the latter city's life was
extinguished.

Examination of earthquake damage shows three main aspects:

(1) Damage due to the unequal action of the foundation soil.

(2) Damage due to the inherent defects in traditional
construction.

(3) Damage due to the lack of maintenance and decay of
materials.

The two latter causes can be prevented to a large degree using
simple measures to strengthen the structure and repair weaknesses.
Thinking dynamically is essential. Most historic buildings are stiff,
their construction being weak in tension; so simple methods of
introducing tensile reinforcement are best although sophisticated
methods of drilling and post-tensioning also have their uses. An
outline of the multi-professional methodology of repair to earthquake
damage is given in Appendix A. It is essential that all the
professionals involved should visit the site together.

In thinking dynamically the form of the building must be
considered. Simple rectangular shapes are best while projecting wings,
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attached towers and even buttresses are vulnerable to shear. If
elements can be separated so that they ean act in their separate
modes, so much the better as in this way actual battering will be
avoided. However, in general the strategy must be to tie the elements
of a building together to prevent battering during an earthquake. Roof
rafters must be tied to the wall plate, the wall plate to the wall, with
strengthening at corners, partitions and floors, used as diaphragms,
must be tied to the walls. Weaknesses above and below windows and
over doors need strengthening with tensile reinforcement. Chimneys
and gables present special problems again requiring tensile
reinforcement which, if inserted vertically from foundations to eaves,
can greatly strengthen a building. Combined with insertion of tensile
reinforcement one can use the techniques of grouting whieh ecan
achieve spectacular strengthening without altering the appearance of
the building, so preserving its historical and architectural values.

All this is empirical but practical stuff; but no one can yet
calculate what intensity or magnitude of earthquake an old historic
building will resist. We know however that if such strengthening is
applied to the large number of simple buildings whiech comprise the
majority of our historic centers that lives will be saved and the
damage to the buildings substantially reduced. We must remember
that many of these buildings, in their prime, also resisted several
earlier earthquakes.

Recording historic buildings and their contents fully and
methodically is desirable on any account, but in earthquake zones it is
vital and should be given the highest priority. Computerized methods
seem inevitable but one system only should be used for planning and
architectural studies which must include the objects within the
building. Photogrammetric techniques are invaluable for recording
both buildings and their contents. If there is a disaster, it is much
easier to repair or reconstruct a building or an object such as a piece
of statuary that has been properly recorded.

OTHER NATURAL DISASTERS

We must also consider frost, snow, high winds, driving rain,
tornados, and hurricanes. As historic buildings have a longer life
expectancy than others, the design codes are often inadequate as is
generally the case for rain disposal and wind loads. Particulates,
smoke, dust and sand are a nuisance but can scarcely be regarded as
disasters unless a historie building is threatened by advancing sand
dunes.

Lightning is also a hazard and the protective insulation requires
regular maintenance if it is not to become a liability. The lightning
conductor invented by Benjamin Franklin has saved many a building
from damage and outbreak of fire. Whether or not a historic building
should be fitted with a lightning conductor depends on the following
factors:
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(1) The cultural and economic value of the building and its
contents.

(2) The record of previous strikes on the building.

(3) The size, shape and height of the building.

(4) The location and surroundings of the building.

(5) The general assessment of the risk in the geographical
location of the building.

(6) Whether the lightning conductor will be maintained regularly.
(At least annually for a museum with valuable contents.)

Some disasters such as geological settlements or the lowering of
the ground water table creep up on us imperceptibly and may be
manmade rather than natural, so where do we draw the line? Both
London and Venice have sunk due to industry drawing off vast
quantities of water so becoming severe flood risks. Water extraction
also caused alarm for the stability of the Leaning Tower of Pisa.

Is fire a natural disaster? Sometimes yes if the cause is outside
normal hazards, otherwise it is preventable and generally man made.
Yet as the predisaster planning to prevent fire is so similar to that for
purely natural hazards, fire should also be included in our
consideration, although most fires can be prevented.

PLANNING

Administrative measures such as town planning are important in
both the predisaster and recovery situations. However reports on what
actually happened during a disaster indicate that considerable
improvements could be made in post disaster operations, if there had
been predisaster planning. The aim should be to establish
communication and understanding between key people before the
event. The military are generally called in because they are mobile
and have good communication networks. There is a need to allocate
on a permanent basis one officer to a particular area so that those
responsible for cultural property can establish a working relationship.

Town planning methodology should be a great help in
reconstruction after a natural disaster, but unless the plans are ready
before hand and are regularly updated the effect of town planning
procedures can be negative because of the uncertainties, blight and
delays caused by waiting for the plans to be formulated. While the
displaced occupants wait for the plan, their damaged houses
disintegrate due to rain, wind and frost.

In planning terms a disaster is also an opportunity to implement
overdue changes and environmental improvements. The problem,
however, is that the disaster may change demographic projections and
the economic base of the community so the "disaster plan" may have
to assess the effect of various possibilities. This in itself will be
useful input into the long term plan, as it will tend to minimize the
damage inflicted when the predicted disaster occurs. In planning,
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geological faults and flood plains must obviously be avoided.
Unfortunately much good agricultural land lies in areas liable to
flooding or, as in the Coromandel and Bengal, to inundation by a tidal
surge. In the report on the cyclone of November 19, 1977 when a 6
meter wave surged over a large area of Coromandel it was found that
the solidly built ancient temples provided the only safe refuges. This
example introduces the principle that if one can not achieve absolute
protection against possible disasters at least sufficient refuges should
be provided.

Some of the kinds of changes that may have been wrought by a
disaster and that may influence the range of possibilities that can be
incorporated into a long term plan have been identified by Professor
Jones.

The seismic event will also have substantial impact on
the social, economie and political system depending upon a
number of factors. The interrelationships between people
and between people and the environment they inhabit in
the impacted region will have changed. Past relationships
may no longer exist at all, and new relationships may have
been created....

Many of the landscape features may have changed
drastically. Earth slides and rock slides may have changed
the character of large areas and eliminated many physieal
elements. Subsidence, fault displacement, the devastation
of sea surges and tsunami may have substantially altered
the landscape and destroyed many of the modifications
that had been made by the population to make it
productive and useful for their purposes. Among the
features that may have been radically changed are
waterways, water impoundments, estuaries and natural
harbors . . . . Both occupied and unoccupied structures will
have suffered. The failure of both will have caused effects
on the human population and the artifacts that are so
necessary to the operation of the system. [Jones, 1980]

The opportunities a disaster presents a planner to carry out long-
needed changes have also been considered by Jones. He too recognizes
the negative effects town planning can have if it causes uncertainties
and delays in the reconstruction process.

Planning can assist the reconstruction and recovery
basically in three ways. First, it can increase the
efficiency and rapidity with which reconstruction occurs.
Second, it can help to guide the reconstruction process so
that the rebuilt socio-economic system is less vulnerable to
the disruptions of seismic events than it was before the
disaster. Third, and quite the most important, it can help
to see that the reconstruction efforts and the immense
investments in rebuilding that are made are carried out in
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such a way as to promote the development of the region in
an optimal fashion.

It is immediately apparent that there are obvious
conflicts between these three objectives. The most
efficient and rapid way of restoring the stricken
community may leave it equally vulnerable as before and
impede its development. Reducing the vulnerability of the
reconstructed community to seismic disasters may make
the recovery period substantially longer and the process
less efficient. It can also be carried out in such a way as
to impede growth and development. Carrying out
reconstruction with the primary purpose of promoting
development may delay the recovery process inordinantly
and reduce its efficiency extensively. It also may result
in a new system whieh is even more vulnerable certainly
in terms of higher levels of economic loss than the
previous ecommunity. Likewise pursuing any two of the
three objectives could seriously jeopardize the
achievement of the third. With such inherent conflicts
between the objectives, obviously trade-offs will have to
be made, and these must be given thoughtful
consideration.

. . . Everything that is done in the reconstruction
process must conform in a very profound way with the
nature of the existing system in the region and the trends
of its evolution. Otherwise the activities are likely to be
counterproductive and lead to less than optimal results.
They will be alien to the character of the region and,
therefore, destructive of it. A methodology for planning
for the reconstruction of stricken regions needs to be
delineated. The task that has just been described may
seem entirely too complex and require too much study and
research over too long a period of time to be at all useful
in the exigencies of a reconstruction process. That is not
the case. We have enough understanding of regional
social and economic systems that we can come to
understand their essential features fairly rapidly.
Sufficient information is available for many areas to
make the necessary study rather simple and, for most
regions, to bring it well within the range of
accomplishment. [Jones, 1980]

Obviously there should be a prepared disaster plan for each area

with a high risk. There should also be a check list of the items which
will be required immediately after the disaster so that organizations
wishing to help can give something useful.
temporary weatherproofing, bricks, blocks and cement as well as
strutting and shoring materials including ajustable steel props are all
necessary aids to the emergency works.

operation in case there is a second earthquake.
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Buildings have been dealt with at some length because if a
building collapses the contents inevitably suffer. Along with ecivie
hospitals, museums should be given the highest priority for
strengthening against earthquakes. Now we must consider the
contents. What can be done to make earthquake resistant mounts for
objects or shock proof showcases strong enough to resist falling
plaster, or how to prevent statuary from shearing off at the ankles?

The objects themselves will need a hospital if there is an
earthquake. A weatherproof warehouse with fumigation facilities and
a mobile laboratory and deep freezers would be invaluable. The
account of the Corning Flood gives a valuable case history and some
preparatory recommendations are given in Appendix B, while pre-
disaster plans in general are dealt with elsewhere in this volume.

CONCLUSION

Insurance companies have an exact idea of the incidence of
disasters, but their policies are expensive and don't replace the
irreplaceable object or historic building with their compensation. The
best insurance is a policy of regular inspection with formal reporting
and strategic maintenance programs for buildings, supported by a clear
definition of the responsibilities of architects and museum curators for
objects in their care. This means that professionals in the field must
be made aware of the risks to our cultural heritage. To make our
policy of prevention more effective we should identify any factors for
damage which are in our power to minimize and should take necessary
action.

The action must not destroy the emotional, cultural and social
values in the historie building or object, and should make its message
clearer to the beholder. In natural disasters the emotional values of
identity, continuity as well as the symbolie and spiritual value of
buildings and objects are very important. If the cultural values, be
they artistic, archaeological, architectural, documentary, historic,
scientifie, townscape or landscape, are lost, the community is the
poorer so these should be preserved. The social functional and
economic values of the buildings and museum objeets is of course well
defined, and must be saved. In any project the conservation team of
Town Planner, Architeet, Engineer, Art Historian, and Conservator
must meet on the site and agree on the order of priorities relevant in
each case. Action must be guided by theory. We must study the
practicalities of any given situation with as many alternative solutions
as possible and then choose "the least bad one" according to theory.
Then the damage caused by the natural disaster will be minimized.
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APPENDIX A
PRINCIPLES OF STRUCTURAL INTERVENTIONS TO HISTORIC
BUILDINGS IN EARTHQUAKE ZONES

Analyze the "values" in the Building.

(A) Emotional -Continuity Identity
~Symbolic Spiritual

(B) Cultural -Artistic ~Architeetural
-Art ~Documentary
-Historical -Scientific
-Archaeological -Townscape
~-Landscape

(C) Use -Economic ~Functional
~-Social -Political

These must be respected.

Analyze the structural system.
This should not be changed.

~-How many previous earthquakes has it withstood?

-Were any of these greater than Modified Merecalli IX?

-Study records of past repairs and alterations, if these can be
found.

Inspect the whole building and its surroundings.
List all visible defeects.

Review the causes of decay: slow, rapid or man-made.

Decide how the structural system is 'working'.
a) the whole b) the elements ¢) the materials.

-What and where are the critical parts?
-Study the dynamic behaviour of the building.

Which parts are likely to dissociate themselves, e.g.,
chimneys, gables, balconies, towers, roof tiles and beams?
Which elements cause stress concentrations, e.g., doors,
windows? Is the structure tied together, e.g., cross walls and
floors and roofs? What are the typical defects of the
vernacular or traditional construction?

Are there inequalities in the ground supporting the building,
which will cause different modes of vibration? Is there a
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10.

danger of liquefaction of the soil due to high ground water
level, likely to cause a landslip? What is the quality of the
workmanship?

Having understood the building in its totality, consider what
other experts can assist with investigation and advice:
engineers, soil mechanies specialists, materials scientists,
archaeologists and art historians.

Note: the key experts must make a joint inspection and
discussion together at the building.

Is a new use proposed? Does this impose new structural
requirements? Is is sympathetic to the building and its values?

Outline all alternative possibilities for action.

-Review techniques which increase the tensile strength
without altering the dynamies of the structural system (which
would introduce new and possibly unforeseeable effects).
Develop special techniques for long shot drilling, grouting and
reinforcement of masonry where necessary.

Consider the evidence in the structure requiring the proposed
actions. Consider the past performance of the building.

Review the advantages and disadvantages of at least two
probable courses of action in the light of the theory of
conservation. Are the values in correct order of priority? Is the
minimum intervention proposed necessary? Does the scheme
prejudice future interventions?
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APPENDIX B
PLANNING TO PROTECT AN INSTITUTION AND ITS COLLECTIONS

Few libraries, museums, or historical societies have the
prescience to develop a plan for the handling of a disaster—a disaster
which may never come and which the odds indicate will happen to
someone else. Unfortunately, institutions do suffer damage from fire,
water, or extremes of nature, and when no plan for handling such
emergencies is available, the loss will be greater than necessary. The
following considerations may help in drafting a plan for specific
situations.

A. INSURE

Be certain that insurance coverage is complete and covers the
collection, equipment and building—as well as office furniture,
restoration of files, costs of temporary relocation, and the myriad
expenses involved in returning to the status quo before the disaster.

The first step in planning is to locate an insurance agent who can
help to provide the proper coverage for all aspects of the institution's
activities and holdings. Advice can be sought from local insurance
representatives or from the appropriate professional organizations
such as The American Library Association, The American Association
of Museums, The American Association of State and Local History, or
other pertinent organizations.

Working with an insurance expert is essential, for few
professionals in museum or library work know the intricacies of proper
coverage. The kind of records needed to estimate damage or loss to
prove a claim are most important if an adequate settlement is to be
reached. The details on which claims might be based must be well
documented: records of the date of acquisition, source, original cost,
current replacement values, and so forth must be readily available, for
there will be no time to develop such details after a disaster when the
struggle to maintain services and to restore the collection must go on
concurrently.

Insurance coverage should be considered not only in terms of
replacement costs but in terms of restoration costs as well. A price
can be set for replacing a standard dictionary, but what is the
restoration cost or loss-of-value factor if a nineteenth-century
pamphlet or unique Venetian goblet is damaged or destroyed? What is
the value of staff time in replacing a damaged or destroyed catalogue
of holdings or in reconstructing files and records?
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B. KEEP AND DUPLICATE APPROPRIATE RECORDS

The accession records, shelf list, or catalogue of collections are
among the most important holdings of an institution, sometimes more
important after a disaster than the items they represent. No proper
inventory, no adequate claim of loss can be carried out without
adequate and available data when catastophes occur.

Such data should include a complete description of the object,
with size, condition, etc., date of acquisition, source, provenance
(where applicable), or original cost, current replacement value (this
can be of assistance as well in adjusting insurance coverage as values
increase or if de-accessioning of duplicates is under consideration),
number of pages (books), number of plates illustrations (color, black
and white), and other pertinent information.

Not only must documentation be complete and up-to-date, but it
must be available—which implies duplicate copies. A complete
catalogue is of little help if the only copy is destroyed in the disaster.
All key records should be available on microfilm and copies should be
stored far away from the institution's headquarters so that they will
not be lost also. Storage in a bank vault is not good enough—if the
bank is in the same disaster-prone area as the institution. Duplicate
records may be kept in the general area, but a master microfilm
should be stored, preferably in a commercial archival storage vault
where proper humidity control is available. Such storage firms can
usually produce duplicate copies of masters if such are needed.
Information on such facilities can be obtained from the National
Microfilm Association.

Once the records of all holdings have been miecrofilmed, an
annual filming of new records should be undertaken to keep the
records complete. Often this means keeping an additional accession
card to be used for the filming at the end of the year. Periodically
(every five or ten years) it would be well to remicrofilm the master
records so as to provide one master duplicate file which can replace
the original master microfilm and its five or ten supplements.

C. FORMULATE A PLAN

A plan for handling a disaster should be developed in consultation
with or review by the entire staff of the institution so that each
person knows his area of responsibility and to whom he reports during
the emergency (the emergency chain of command may differ from the
formal system of report). It should be in writing, available to all staff,
and should be reviewed annually for up-dating or change.

The plan's priorities should outline action to be taken during
specific disasters. If flood, hurricane, or tornados threaten, there may
be time to take preventive action. Fire or burst pipes necessitate
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different responses, naturally. Thus it is well to divide the plan into
three parts:

Actions to be taken prior to a disaster
Actions to be taken during a disaster
Actions to be taken after the disaster

These three aspects are covered in the following pages. Some of
the types of disaster which should be anticipated include:

Bomb Threat Gas Leak Riot

Earthquake Flood Panic

Explosion Water Damage Power Failure

Plane Crash High Wind Accidents or illness on
Fire Hurricane premises

John H. Martin, Editor. The Corning Flood: Museum Under Water.
Corning, N.Y.: The Corning Museum of Glass, 1977, p. 54.
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APPENDIX C
STRUCTURAL INTERVENTIONS IN HISTORIC BUILDINGS

Experienced engineers and architects met together at ICCROM
in Rome, to discuss an appropriate technology for the conservation of
historic buildings.

Their ideas are summarized below. To some, these may seem
revolutionary, to some reactionary and to some the obvious lessons of
history.

The official "Code of Practice" approach to historic building is
virtually rejected.

The functional value of traditional materials such as lime
mortar, is recognized again and the Venice Charter reaffirmed.

Whilst not rejecting modern techniques of analysis, the value of
a careful observation and appraisal for training architects and
engineers in the appreciation of the struetural behaviour of historie
buildings, thus encouraging a qualitative intuitive understanding, was
emphasized as the appropriate design technology. After all, it was
technique the masons used in the past to build their breathtaking
masterpieces.

The members of the workshop were P. Beckman (Denmark), B.
M. Feilden (ICCROM), J. Heyman (U.K.), M. Kolaric (Yugoslavia), R.
W. Mainstone (U.K.), G. Musumeci (Italy), W. Preiss (D.D.R.), P.
Sanpaolesi (Italy), E. Schulze (F.D.R.), G. Tampone (Italy). The
summary is by B. M. Feilden with the help of R. Mainstone.
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Historic buildings as structures: forms, observation, analysis and
diagnosis of weaknesses.

Several broad classifications of the structural forms used in the
past and of characteristic responses to wind, weather, earth
movements and the ever present action of gravity are possible. They
are a helpful, perhaps even a necessary, starting point for appreciating
the condition of a particular building. But it must be emphasized that
each building is an individual and, like an individual human patient,
must be so considered by the 'doctor architect' or 'doctor engineer'.
As with the human patient its past history was important, and also its
environment. Above all, the historic building, must also be considered
as a whole, which might mean paying as much attention to the ground
beneath as to the visible superstructure, and in terms of the
superstructure it means, for instance, that there was little value in
considering the stability of an arch by itself for the stability of its
supports or abutments and the firmness of the ground on which they
rested would often be the crucial matters.

Detailed measurements and analyses should be guided by the
qualitative picture gradually built up from direct visual observation
and study of the past history through documents, etc. Perspective or
other drawings with overlays, or even simple Perspex models, are a
useful means of concretizing this picture. Standard notations for
cracks, displacements, etc. are also helpful. Muech can in fact be
achieved by such observation alone and by the visualization, based
upon it, of the possible modes of collapse. This was, after all,
virtually the only means available for structural analysis until a
century or two ago. Detailed measurements are valuable today to
distinguish, for instance between movements that largely occurred
long ago and are not stabilized apart from inevitable small seasonal
fluctuations about a mean. Detailed calculations are valuable in
giving quantitative precision where it would otherwise be lacking and
in distinguishing between alternative possibilities.

Measurements of deformations to an accuracy of + 3 to 5 mm is
considered adequate for most preliminary observation, but much
greater accuracy is called for in long-term monitoring of possible
increases or of the effects of interventions. A firm datum is required
and measurements should be made at frequent and regular intervals.
They should be plotted as made and regularly reviewed. Out-of-plumb
deformations are not easy to measure. The use of plumb bobs is costly
in labour, subject to interference by wind and weather externally, and
calls for damping if reasonable accuracy is to be attained. Optical
plumb bobs and precision climometers also have practical limitations.
The correlation of ineclinations from the vertical, particularly if
carried out in association with a study of other related deformations
ineluding changes in level, is, however, a possible fruitful means of
elucidating the structural history of a building where other evidence is
lacking or equivocal.

In carrying out analyses of the structural condition the most
appropriate technique must be selected for each case individually in
the light of all the observations made and the questions posed. The
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problem as a whole and the inevitable limitations of the analysis must
never be lost from sight. Techniques ranging from simple thrust-line
graphic analyses of arched systems to computerized finite-element
analyses all have their parts to play, though little role was seen for the
costly and often unrealistic photoelastic experimental technique.
Above all the "Code-of-Practice" approach has been found to be
irrelevant, not only because the structures of historic building mostly
differ considerably from those envisaged by current codes, but also
because historic buildings are structures that have already existed for
a long time thereby, demonstrating both their overall stability and
their particular weaknesses. For the same reason, though with slightly
less force, current design criteria and procedures are unlikely to be
directly relevant. The 'moment of decision' is essentially one for the
exercise of the responsible engineer's or architect's own judgment,
supported, if need be, by that of his peers. A reminder that present
overall stability is never a self-sufficient guarantee of future stability
was provided by a recent partial collapse of the Ospizio di San
Michele, Rome. On 31 March 1977 it was declared unsafe and
evacuated as signs of distress were noted, and about 12 hours later it
collapsed, probably partly as a result of the thermal shock of a
particularly cold night.

BELOW-GROUND INTERVENTIONS

With uniform loading on ground that offers uniform support, a
building should settle uniformly even if the loading is excessive by
modern standards. It thus forms its own foundations. In the case of a
historie building sueh settlement will usually have taken place long ago
and now matters little. Even a linearly varying settlement, as a
result, perhaps, of a continuous variation over the length or breadth in
the support conditions, matters little if the resulting bodily tilt of the
building is not excessive in itself or in relation to its height.
Differential settlements of a non-linear kind, such as a greater
settlement in the center of a building, are the ones that matter most,
since they can be absorbed only by weakening deformations of the
superstructure. Observations of comparable structures may help in
assessing how much differential settlement a building can accept,
though it must be remembered that this tolerance is partly dependent
on the original speed and sequence of construction. With a slow
building programme in which construction was carried up fairly
uniformly over the whole extent of the building, much of the initial
settlement was acecommodated without structural deformation, by
built-in changes of level as occurred with St. Paul's Cathedral, London.
In such cases settlement histories can, and should, be constructed, as
has been done for the Campanile in Pisa and for York Minster.

Usually conditions below ground remain virtually unchanged
through the centuries while the strueture above ground suffers a
progressive loss of strength due to weathering and decay of materials
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and the disruptive effects of cyclic temperature changes, ete.,
interrupted from time to time by human interventions. This situation
should not, however, be taken for granted. Water levels in particular
may change as a result of drainage, pumping, obstruction of
underground flows, or other interventions and conditions may also be
changed by adjacent works of other kinds. The effects of a change in
the water table may be difficult to predict, but are usually
undesirable. Preservation of the water table is therefore usually
important. It was, for instance, reported that two thirds of the
present increase in the lean of the Campanile in Pisa was due to water
abstraction and that the earlier water table was now being reinstated
by pumping in water. Local de-watering or pumping constitutes a
similar danger, particularly if it leads to the removal of silt, for
example, where running water under a building leached sand from
beneath it and led to a settlement of 300 mm; stopping the flow
stabilized the situation.

Where differential settlement 1is leading to excessive
deformations of the superstructure, the situation should be analyzed in
full in both its above-ground and below-ground aspects. The relative
merits and costs of strengthening the superstructure, underpinning it
(i.e., carrying the foundation down to an existing firmer stratum), and
improving the soil conditions should then be weighed against one
another to select the best course of action. Possible methods of
improving the soil condition (each with the advantage of leaving the
historie building untouched) include:

a) Weighting the surroundings to prevent adjacent uplift,

b) Local water extraction to cause local shrinkage and thereby a
corrective differential settlement.

¢) Drainage or de-watering

Adoption of these methods call, however, for thorough prior
investigation and careful skilled control. It is also possible to stabilize
the soil through high pressure injection but this requires special
technology, an expensive plant and is difficult in built-up areas. In all
cases of possible hazard from ground movement, it is desirable to
investigate the general geological background in order to locate and
identify the particular hazard which may, for instance, be a geological
fault line or the presence of fine laminations in a clay soil.

ABOVE-GROUND INTERVENTIONS

Apart from questions of observation, analysis, and diagnosis of
weakness, above-ground interventions concentrated chiefly on the
choice of materials for consolidation or repair and the treatment of
the cracks inevitably found in buildings constructed without pre-
formed expansion or other movement joints.
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Thermal movement and movements due to changes in moisture
content must be reviewed. Severe cracking can occur, also, as a
consequence of fire or the introduction of central heating. Because,
even in the absence of extreme events such as a serious fire, some
cyclic movements must continue to take place, it is useless to attempt
to eliminate all cracking from historie buildings. Necessary
reinforcement should be designed simply to keep it under control.
Materials must be considered both in relation to structural
consolidation and weather protection of masonry structures. In
relation to the latter, Swedish data emphasize, in particular, the great
merits of traditional elastic, relatively absorbent and easily renewed
lime mortars for pointing and rendering. Portland cement mortars
are, on the other hand, stiffer, almost impermeable and excessively
strong so that repairs tend to break away in large sections or
weathering destroys the weaker brick or stone rather than the
pointing. It must be recognized though, that climatie conditions vary
greatly and that the role of an external wall as weather skin and
environmental filter likewise varied. The correct choice of materials
in any particular case must be made in terms of the local conditions
and considering the total function of the wall (which might, for
instance, have an important fresco on the other face), the existing
construction and materials and the available materials and skills.

In any wall or pier it is desirable that the core should be as
strong and stiff as the facings and should be well bonded to them.
Except in some solid brick walls, a few walls of pure ashlar masonry,
and most Roman concrete walls, this is rarely found to be the case.
Short of completely reconstructing walls and piers with weak rubble
cores and the like, grouting is the only available technique of
consolidation, possibly assisted by the introduction of a limited amount
of reinforcement. Stronger mortars were then desirable, though
Portland cement mortar again can be criticized on the grounds of
excessive hardness, lack of elasticity and impermeability. This topic
needs full discussion with the benefit of contractors' experience.

CONCLUSIONS AND RECOMMENDATIONS

Amongst a wide range of experts there is general agreement on
the following conclusions and tentative recommendations.

1. Before starting an investigation and certainly before
undertaking any major intervention the engineer and
architect should have a clear idea of the objective. What are
the important characteristics of the buildings?  Which
buildings is it most desirable to conserve, and for what future
use? Continued 'use' in the normal sense of the word is
always preferable to mere preservation as a monument,
museum, or simply part of the scenery, since it enables the
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building to continue to play a full social role and provides the
best guarantee of continued attention and proper
maintenance care. But there are also buildings or remnants
of buildings with an important future use as physical
embodiments of past cultures or examples of supreme past
achievements without which we should be much poorer and
which should be lovingly conserved for the real contribution
they make to the fullness of our lives.

Whatever the objectives, each historic building presents
unique problems. It is an individual structure and its needs
should be individually assessed, while keeping a proper sense
of proportion about the justifiable depth of investigation.

Investigation of the building's needs should take into account
all relevant facts including not only the future use but also
the environmental conditions, the foundation conditions and
its past history. This last could be very important in
correctly interpreting apparent signs of distress; usually the
present condition of the structure should provide some clues,
but documentary sources should also be consulted.

A qualitative structural assessment should usually precede
and guide quantitative analyses which may otherwise be
based on mistaken assumptions or misleadingly concentrate
on the more obvious aspects of the problem to the neglect of
the real total situation. Analyses should also start from first
principles and not attempt to take short cuts by using rules
from current "Codes of Practice" or other current design
procedures, since these are never truly applicable to historic
buildings and if applied may cause damage.

Where remedial interventions are considered to be necessary
they should respect, as far as possible, the character and
integrity of the original structure. They should, as far as
possible, use similar materials. Where different materials
are substituted, care must be taken not to introduce elements
of excessive strength or stiffness into a structure which will
usually be less stiff and more accommodating to long-term
movements than econtemporary structures.

The final choice of the approach to be adapted should be
made only after a proper appraisal (consistent with the scale
of operations and the resources available) of alternatives and
with some eye to the future. In general interventions that
can be undertaken in stages, that can be controlled by
monitoring of their effects, and that can be repeated,
reinforeced or reversed as necessary are preferable to those
that are irreversible, 'once for all', and call for a complete
advance commitment to a single course of action. Whatever
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is done, it should be fully recorded and the records deposited
with a competent authority for future reference.

7. The best further safeguard for the future is to place the
building under the continuous care of someone like a Dom
Baumeister or a Cathedral Surveyor, preferably assisted by a
permanent small staff of skilled craftsmen who learn to know
the structure intimately.

8. Because of the very limited relevance of current design
procedures to the conservation of historic buildings it was
also felt that there should be more training of architects and
engineers in an appreciation of the structural behaviour of
such buildings. They should at least be given some
qualitative intuitive understanding on which to build and a
basic vocabulary with which to formulate and communicate
their insights. They should also be made fully aware of the
need to have an adequate picture of the structural action as a
whole before attempting detailed analysis of any part.

Bernard Feilden 4.10.77
Revised Rowland Mainstone 13.11.77
Revised Bernard Feilden 15.5.79
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On Earth as It Is: Recent Losses of
Historic Structures from Earthquakes and
Natural Disasters

W. Brown Morton, Il

In Indonesia not very long ago as I was standing in a hotel shop
the floor began to heave, the light fixtures swayed on their chains and
the objects on the shelves rocked back and forth while some fell over.
I had been in my first earthquake.

My initial reaction was incomprehension. Before I could react
further it was over, finished. No one was injured; no buildings were
damaged; none of the historic monuments in the area collapsed.
Others have not been so fortunate.

From time to time, natural disasters of unusual intensity or
unexpected location will undo in a few seconds or a few days the work
of centuries. Earthquake, flood, drought or volcanic eruption strikes
like a thief in the night and the world is the poorer for it. The terrible
flood in Florence in 1966 is an excellent example of this. (Figure 1.9)

In the past decade alone we have suffered dramatic losses of our
cultural patrimony from natural disasters, especially earthquakes.
Recent events in the Friuli and Naples area of Italy, in Montenegro, in
Guatemala and in Nicaragua, have been life-taking tragedies as well as
occasions of serious loss to our shared heritage. (Figure 1.10) These
unfortunate events present those of us who constitute the world's
conservation community with a dramatic challenge. Can we learn
from the past to provide more effective protection in the future?
Fortunately for us in historiec preservation, other professions can
provide us with a lot of significant data:

The World Data Center A for Solid Earth Geophysies published,
in July 1981, a Catalog of Significant Earthquakes from 2000 B.C. to
1979 [Ganse and Nelson, 1984]. The catalog includes events which in
most instances meet at least one of three criteria: moderate damage
(approximately $1 million or greater in 1979 U.S. dollars), or at least 10
deaths, or magnitude 7.5 or greater. This highly informative catalog
identifies 2,484 significant earthquakes; the earliest having taken
place in the year 2000 B.C. in Western Turkmenia and the most recent
occurring on December 26, 1979 in the United Kingdom.

The World Data Center A for Solid Earth Geophysics and the
National Geophysical and Solar Terrestrial Data Center have also
published a very informative large map entitled Significant
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Figure 1.9. Florence, Italy: River Arno Showing Ponte Veechio After Flood of
November 4-5, 1966.

Figure 1.10. Montenegro, Yugoslavia:
Frescoed Church After Earthquake of
April 15, 1979,
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Earthquakes 1900 - 1979 with destructive earthquake information.
[Ganse and Nelson, 1980]

This map shows the location and relative importance of 1,277
significant earthquakes from 1900 to 1979. Earthquakes are shown if
the number of deaths was 10 or more, or if the amount of damage was
"limited" or greater, or if the magnitude was at least 7.5. The
Destructive Earthquake Information at the base of the map lists 682
earthquakes where the number of deaths was 10 or more, and the
damage was moderate, severe, or extreme, and the magnitude was 7.5
or greater. This list of 682 earthquakes gives the date, time, latitude,
longitude, focal depth in kilometers, magnitude, deaths, damage and
reference sources. 98 of the most destructive earthquakes are shown
in bold faced type. For example, the destructive earthquake of the
greatest magnitude listed occurred on January 3l, 1906 at 15:36 hours
in universal time at 1.0 North Latitude and 81.5 West Longitude; off
the west coast of Colombia. 1000 deaths were recorded; damage was
moderate. The greatest number of deaths listed oceurred on July 2I,
1976 at 19:42 hours in universal time at 39.5 North Latitude and 117.9
East Longitude in northeastern China, with a focal depth of 23 k., a
magnitude of 7.8; damage was extreme, 240,000 people died.

The United States Geological Survey also publishes a World
Seismicity Map showing the location of earthquakes from July 1963 to
July 1972.

Of particular interest and usefulness to the historic preservation
and art conservation community is a publication issued by the United
States Department of Commerce, National Oceanic and Atmospheric
Administration, Environmental Data Service. It is titled Catalog of
Earthquake Photographs, Key to Geophysical Records Documentation.
[Coffman, 1976] 1t is a catalog of a collection of earthquake damage
photographs from 63 different government and private sources. It
contains chronologically by date approximately 750 references to
earthquake photographs with a description of each photograph and
illustrations of examples from the collection. It contains photographs
of earthquake damage from the December 16, 181l earthquake in New
Madrid, Missouri to the earthquake of September 6, 1975 in Turkey.

An early photograph shows the courthouse in San Leandro,
California wrecked by earthquakes in 1868. (Figure 1.11) This
photograph provides invaluable information about both the event and
the building. We can see not only the extent of the damage but also
the nature of it. We can see where the building failed and where it did
not.

Another dramatic view shows the tower of Saint Philip's Church
in Charleston, South Carolina following the earthquake of August 1,
1886. (Figure 1.12) Here we see that the fifth stage of the tower
partially collapsed. The outer wall fell away altogether leaving only
the central spine of the timber framing in place. However, this was
enough to keep the upper stages of the tower and the spire in place.
Any restoration project for St. Philip's church would be immeasurably
aided by the information in this photograph.
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Figure L.1l. San Leandro, California: Alameda County Courthouse After Earthquake
of October 21, 1868. Univ. of California, Berkeley.
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Figure 1.12. Charleston, South Carolina:

St. Philip's Church, Joseph Hyde, Arch.,

1835-1836, 145 Church Street after Earth-
quake of August 31, 1886. South Carolina
Art Association.



Less happy is the photograph of a row of two story buildings in
San Francisco, California taken during the earthquake of April 18,
1906, showing the buildings collapsed backward away from the street
where the ground slumped beneath their foundations. (Figure 1.14) This
photograph gives us valuable information about the architecture of
early San Francisco, its construction and its failure by earthquake.
Later the great San Francisco fire destroyed the entire block.

Current data about recent losses from earthquakes are available
from the NOAA Environmental Data and Information Service, Boulder,
Colorado. [NOAA, 1979, see also World Data Center A, 1981]

In the ten year period from 1970 to 1979 there were 63
earthquakes with damage of $5 million or greater or more than 500
deaths. In this period the earthquakes of the greatest magnitude were
‘he quake of April 21, 1977 in the Solomon Islands and the quake of
September 12, 1979 in West Irian, Indonesia. Both had a magnitude of
8.1. The greatest damage in monetary terms followed the May 16, 1976
quake in northeastern Italy around Friuli, where the losses were
estimated at $9,900 million. The greatest number of deaths occurred
in the July 27, 1976 quake in northeastern China, already mentioned,
where 240,000 men, women and children lost their lives.

When we look at the World Seismicity Map (Figure 1.13) or study
the other data already referred to it is tragically apparent that the
areas of the planet earth most affected by destructive earthquakes are
also areas exceptionally rich in cultural resources. This unfortunate
affinity between areas of intense seismic activity and high
concentration of great historiec buildings makes a doleful litany:
northern China, Italy, Greece, Turkey, Iraq, Iran, the Soviet Union,
Afghanistan, Pakistan, Nepal, Burma, Indonesia, China, Japan, The
Philippines, and the entire west coast of the United States, Mexico,
Central and South America.

Those of us responsible for the preservation of historie
monuments and artistic works have been particularly shocked by the
terrible losses of the cultural heritage to earthquakes in Guatemala on
February 4, 1976; at Friuli in northeastern Italy, a few weeks later on
May 17, 1976 and again in September of the same year; in Montenegro,
Yugoslavia on April 15, 1979; and most recently in Campania in central
Italy in November, 1980. Three photographs from Campania give
poignant testimony to the tragedy there. In the first photo a chureh
facade survives but through the open door it can be seen that the roof
collapses. (Figure 1.15) In the second photo a car survives but the
garage that was its home collapses. (Figure 1.16) In the last photo of a
stricken town nothing survives and even hope collapses. (Figure 1.17)

These are images of recent losses that grieve us all. These are
images of natural disaster on earth as it is. These are images that
challenge us all.
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Figure L.14. San Francisco, California: Buildings Affected by Ground Subsidence in
Earthquake of April 18,1906. NOAA/EDIS.

Figure 1.15. Campania-Basilicata, Italy:
Church Facade after Earthquake of
November 23, 1980.
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Figure 1.16. Campania-Basilicata, Italy: Collapsed Modern Building after Earthquake
of November 23, 1980.

Figure 1.17. Campania-Basilicata, Italy: Village Street after Earthquake of
November 23, 1980,
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Lessons to be Learned from Friuli

Paul M. Schwartzbaum, Arch. Riccardo Mola,
and Constance S. Silver

The region of Friuli Venezia-Giulia constitutes the northeast
portion of the Italian peninsula and shares common borders with
Austria on the north and Yugoslavia on the east. (Figure 1.18)
Geographically and historically, the region's limits were determined by
its position between the Adriatic Sea and the Alps. Its landscape
consists of plains in the south rising gradually into the foothills of the
Alps in the center and terminates in the Alps themselves in the
extreme north.

Particularly important is the region's location at a point of
interaction between the rigid, crystalline European Alpine system and
the neo-sedimentery and plastic Dinaric alpine system. The entire
area therefore is subject to intense phenomena of compression with
subsequent separation and displacement of large land masses. The
degree of seismic activity in certain areas is extremely elevated
because of residual activity of the great tertiary mountain building
period, which formed the European Alps.

In our century there have been not less than twelve earthquakes
which attained at least grade VII on the Mercalli-Sieberg Scale. The
history of the region, however, bears witness to many others of which
those of 1511, 1899 and 1928 deserve special mention, having been
estimated as corresponding to grade IX on the Merecalli Scale.

Between May 6 and September 15, 1976, the Friuli Region of
northeastern Italy was devastated by a series of violent earthquakes
averaging 6 on the Richter Scale. A total of 4,800 square kilometers
were affected; 1,000 individuals were killed; 2,400 were injured and
44,000 were left homeless. More than 150,00 suffered varying degrees
of damage to their homes or places of work.

The losses suffered by the artistic patrimony of the region were
also disastrous. While the exact figures will never be known,
conservative estimates indicate that:

63 churches were destroyed while 247 were seriously damaged,
5 castles were destroyed and 13 seriously damaged, and

14 mural painting cycles were destroyed or very

heavily damaged.
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14 other murals required intense emergency intervention to ensure
their survival.

These statistics define a chaotie situation in which tens of
thousands of individuals suddenly found themselves exposed to the
elements, with their homes in rubble, without water or electricity. In
some areas entire towns were isolated by landslides followed by
torrential rains.

The lasting result has been a total transformation of the Friulan
landscape caused by the destruction of entire towns, small rural
villages, innumerable churches, and the traditional works of art that
gave thf; area its characteristic culture and appearance. (Figures 1.19
and 1.20

The earthquakes were ruinous for the historic complexes, often
of medieval origin, as well as for the more modest vernacular
architecture. Built from low quality materials, mostly washed cobbles
collected from riverbeds, the Friulan structures offered little
resistance to seismic shock. Moreover, inadequate maintenance
procedures were a major cause of the structural failure.

Immediately after the first earthquake of May 6, the necessity
of providing for the populace and aiding the injured and those still
buried under the rubble rendered impossible any efforts towards the
conservation of cultural property. Because the artistic patrimony of
the Friuli had not been inventoried, it was impossible to implement
coordinated conservation efforts in response to the gravity of the
situation. Interventions were undertaken in the early stages without
any comprehensive plan or even an idea of the true needs of the region
as a whole. Decisions were taken following "reports" or "tips" from
whomever happened to observe a damaged work of art. The necessity
of examining the reality and urgency of these reports impeded rapid
interventions when they were required. Some damaged buildings which
had considerable local value were demolished before feasibility studies
for their preservation could be initiated.

All of these factors hopelessly overloaded the conservation
capacity of the Friuli, which was insufficient even in normal times.
But more importantly they also contributed to an often dangerous lack
of communication. For example, the civic administration of one of
the few surviving historic towns in Friuli requested permission to
demolish the damaged but recuperable historic center because of an
excessive fear of continuing building collapse. Too often the
conservation specialists on the scene had to fight not only the
enormous technical problems, but also local officials and inhabitants
beset with fear.

Therefore, from the beginning, conservation efforts were an
immense and difficult undertaking. The first interventions were
directed towards recuperating everything that had been spared from
destruction. A meticulous search for paintings, sculpture, decorative
work and architectural elements was carried out in the rubble of
collapsed churches and castles. Larger works such as altars, wooden
choir screens, and large frescoes requiring detachment from damaged
walls exposed to the elements, presented far more difficult logistieal
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Figure 1.19. Gemona del Friuli, italy:
Church after Earthquake of May 6, 1976.

Figure 1.20. Venzone, Italy: Conservation
Team from the Instituto Centrale del
Restauro led by Mrs. Laura Mora Inspecting

the Thirteenth Century Church of Saints
Giacomo and Anna.
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problems. (Figures 1.21 and 1.22) Additional information on specific
treatments that were undertaken has been given elsewhere.
[Schwartzbaum, Silver and Grissom, 1977]

Conservation efforts were further complicated by the danger of
entry into many partially collapsed buildings and the sudden
appearance of older, unknown mural paintings which became visible
when successively applied layers of whitewash and plaster became
detached during tremors.

In almost all phases of the conservation interventions, field
workers had to confront conditions of extreme physical and mental
stress, danger, and frustratingly few means to meet the immensity and
urgency of the situation.

Available human and material resources were always
insufficient. Due to the lack of specialized conservation personnel,
rescue efforts for cultural property were often entrusted to the many
volunteers and soldiers deployed in the overall post earthquake relief.
These individuals assisted in the search for damaged works and their
transport to specially organized depositories where provisional
cataloguing was undertaken in preparation for future conservation
treatments. In this way thousands of objects were housed in the
Church of San Francesco, Udine; the Civiec Museum, Pordenone; and
other small storage areas in Venzone, Tolmesso and Gorizia. (Figure
1.23)

Interventions for monuments and buildings consisted first of the
construction of temporary roofs and propping up unstable structures at
risk of imminent collapse. (Figures 1.24 and 1.25) It was usually
possible to intervene effectively for monuments of significant historic
and artistic value. However, often the gravity of the structural
damage did not permit adequate propping and protection to be realized
in time to ensure that the damaged structure would resist subsequent
tremors. Thus with the second round of major earthquakes, four
months later in September, some monuments which had been well
propped, such as the Duomo of Spilimbergo (Figure 1.26) remained
standing, while others such as the Duomo of Venzone were reduced to
rubble. (Figures1.27,1.28,1.29,1.30, 1.31)

Also it is important to note that the second series of earthquakes
caught everyone by surprise. Although we learned later that one
prediction had been made, this warning never reached those of us in
the field. Moreover, being already intent upon repairing the damage
suffered during the May earthquakes, so violent a repetition of the
devastation seemed unimaginable.

Now six years after the earthquakes in the Friuli, it should be
possible for conservationists to learn some valuable lessons from this
disastrous experience. The caption of Figure 1.32 can be translated as
"Epicenters in the Friuli from 365 A.D. to 1976". Earthquakes have
been recorded in this area for the last one thousand six hundred and
seventeen years. Obviously, here destruction caused by earthquakes is
a recurring phenomenon, and, as such, some degree of predictability
must be possible, and careful contingency planning can play
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Figure 1.21. Villuzza of Ragogna, Italy: Eleventh Century Fresco Fragments Being
Removed with their Supporting Masonry, "Stacco a Massello," Church of San Lorenzo.
These Frescoes Came to Light as a Resuit of Earthquake of May 6, 1976.

Figure 1.22. Villuzza of Ragogna, Italy: Removal of Eleventh Century Fresco Frag-
ments, Church of San Lorenzo.

54



Figure 1.23. Udine, Italy: Depository for Displaced Objects, Church of San
Francisco. View of Depository Immediately after Earthquake of May 6, 1976,
and before Subsequent Reorganization.
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Figure 1.24. Venzone, Italy: Church of Saints Giacomo and Anna after Construction
of Temporary Roof and Counterform for Supporting the Frescoes of the Barrel
Vault Following Earthquake of May 6, 1976.

Figure 1.25. Villuzza of Ragogna, Italy: Church of San Lorenzo, Propping and
Temporary Roofing Constructed to Protect Frescoes on Walls Which Were to
Remain in situ.
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Figure 1.26. Spilimbergo, Italy: Cathedral Damaged in Earthquake of May 6, 1976
Showing Proppings that Helped it Survive Earthquake of September 15, 1976.

Figure 1.27. Venzone, Italy: Cathedral after its Collapse in Earthquake of
September 15, 1376.

57



Figure 1.28. Venzone, Italy: Cathedral Before Earthquake of May 6, 1976.

Figure 1.29. Venzone, Italy: Cathedral after Earthquake of May 6, 1976.
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Figure 1.30. Venzone, Italy: Detail of Late
14th Century Frescoed Vault, Gonfalone
Chapel, Before the Earthquake of 1976.
These Paintings, Influenced by the School
of the Paduan Painters Altichieri, Were
Among the Most Beautiful and Important
in the FPriuli.

Figure 1.3l. Venzone, Italy: Cathedral, the
Gonfalone Chapel after its Collapse and
the Complete Destruction of the Vault
Paintings in the Earthquake of

September 15, 1976.
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a significant role in reducing the extent of the damage suffered by the
cultural property.

RECOMMENDATIONS

Based on the problems encountered in the Friuli, it appears that
the most important steps to be taken to minimize damage caused by
natural disasters involve contingency planning and effective
coordination. To this end, for areas with a recurring history of natural
disasters, one could propose the following recommendations:

1) on a local level, inventories of all monuments and works of art
should be completed as soon as possible. These should include at least
some historical data and art historical priorities; condition reports,
photographie, graphie, or photogrammetric documentation, and
information pertaining to the identity of responsible authorities and
details of access.

2) a local natural disaster committee should be formed with a
cultural property subcommittee. This committee would ineclude
representatives of local government, locally based national
government, clergy and military leaders, and local or regional experts
in relevant disciplines.

This local natural disaster committee should prepare contingency
plans and take steps to minimize delays in reacting to future natural
disasters. For example, it should apply political pressure to have
emergency funds set aside by local and national government agencies
or at least obtain approval for emergency administrative procedures
that would minimize bureaucratic entanglements.

The local committee should arrange for periodic inspections of
monuments and museums, to be undertaken so as to evaluate the
potential for damage during future natural disasters due to the
structures' location, construction or state of repair. It should help
arrange for the enactment of all possible preventive seismic
interventions. It should arrange to store, or at least locate materials
and equipment that will be needed in the event of a natural disaster,
for example, propping materials, materials for constructing temporary
roofs, conservation products and fumigation equipment. The local
committee should also locate and equip depositories for displaced
objects.

3) On a national level, decisions must be taken in advance as to
the types and quantity of personnel that will be required if a disaster
strikes. Efficacious administrative procedures must be developed to
ensure that the needed personnel arrive at the site as soon as possible.
In Friuli, after conservation relief funds finally arrived they lay unused
for months because the government ageney lacked sufficient personnel
to administer them and because the transfer and assignment of
personnel in Italy is a lengthy procedure.
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4) On an international level, a committee or working group on
national disasters should be established with the sponsorship of one of
the larger international organizations concerned with conservation.
The group would be made up of specialists in the various relevant
disciplines who could visit disaster sites, evaluate the situation and
advise local authorities. However, more importantly the committee
should prepare in advance a variety of information-gathering "tools"
and booklets which can serve as guidelines to field workers and local
administrators.

This committee could act as a clearing house for foreign
volunteers offering their services and for proper use of international
relief funds. To do this, however, the international committee would
have to provide liaison with the local committee by dispatching at
least one international volunteer who would remain on site full time to
coordinate international relief efforts.

It is hoped that these proposals, combined with the suggestions
put forth by the other authors in this volume, will help in the effort to
reduce earthquake damage to cultural property in the future.
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Facing Disasters

Barclay G. Jones

Natural disasters, as the preceding section makes clear, exact a
heavy toll from our cultural heritage of structures and artifacts. Once
one acknowledges that fact, it is necessary to confront it and take a
position regarding it. Ignoring the situation or doing nothing is the
equivalent of determining not to do anything. One way or another, if
only by default, a natural disaster policy is established.

POLICY PARADIGM

Having a policy or making one implies that a decision process has
taken place —either an elaborate or complex one or an implicit one
that may not have been even entirely conscious. Policy is usually
discussed today in terms of the ways in which we make decisions.
Herbert A. Simon demonstrates that it is useful to disaggregate
decision processes into three distinet phases: intelligence, design and
choice. [Simon, 1960] The intelligence phase consists of searching the
environment for problems which require decision. That which is taken
for granted at one point in time or by one society may be identified as
a problem at or by another. Design is the procedure of generating
alternative solutions to the problem. This may involve considering
existing actions or objects or devising or creating entirely new ones.
Choice requires predicting the consequences in light of possible events
of selecting one alternative as compared with another with respect to
the problem and assessing the relative preferability of these possible
outcomes.

Policies are made manifest by planning. Planning, whether
individual, organizational or societal, is a decision making process by
which policy issues are probed and examined, and alternative
resolutions of them are scrutinized. [Dyckman, 1961] Policy analysis
and planning are tools for specifying problems, devising ways of
dealing with them, and evaluating possible courses of action. They
include diagnosis, therapeusis and prognosis. The purpose of these
tools is to be sensitive to changing situations by careful monitoring
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and to call attention to needs for new decisions. Policies cannot be
permanent nor plans fixed. Policy analysis and planning are response
processes by which we become aware of new circumstances and
mobilize resources to meet them.

DISASTER POLICY

Natural disaster policy necessitates that one identify and
recognize, that is be aware of, hazards that exist in one's environment;
one must also have some basic understanding of the causality of these
hazards and other phenomena that are associated with them; and one
must also have determined that it is worthwhile and not futile to take
precautions that will diminish the impacts of them. [Burton, Kates,
and White, 1978]

We deliberately expose ourselves to hazards all the time and
often completely rationally. Essentially, we have assessed the risk,
estimated the cost or trouble of risk avoidance and determined that it
is reasonable to incur it. [Starr, 1968] How we behave with respect to
ourselves or our own personal property is one matter, but when others
are involved it is quite another. Exposing other individuals to risk
involves moral and financial liabilities as does exposing to risk the
property of others whether or not we are stewards of it. [Dacy and
Kunreuther, 1969] Establishing what we think our reasonable
responsibility is in such matters constitutes making a poliey
determination. These policies within a society, of course, must be
part of some broader frame of reference which also encompasses the
expectations that we have concerning our responsibility to assist
others who have had misfortunes, and what we can expect from them
if we, too, are unfortunate. These broader societal images involve not
only individual response but organizational and institutional
arrangements. The more clearly these societal images are articulated
and the more sharply policies are defined, the easier it is for us to
resolve erisis situations.

Public policies have been classified into four types: distributive,
regulatory, constituent, and redistributive. [Lowi, 19721 The types are
obviously interactive.  Regarding natural hazards, for example,
redistributive policies recognizing responsibility to assist unfortunate
vietims of disasters lead directly to regulatory policies recognizing
responsibility to induce or force behavior reducing the exposure of
potential vietims to natural hazards. [Petak and Atkisson, 1982] In
recent years there has been an accelerating concern on the part of
governmental organizations to promote regulatory measures of
enormous variety intended to control activities which expose persons
and property to natural and other environmental hazards. Enthusiastic
public response attests to major transformations in societal attitudes.
Making people protect themselves and keeping people from
endangering others has assumed the proportions of a preoccupation.
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Automobile seat belts and uniform seismic building codes are all part
of the same social phenomenon.

CULTURAL HERITAGE DISASTER POLICY

The cultural heritage of documents, artifacts, buildings and
other structures constitutes a trust, not only for society at large but
for generations to come, which is vested in the individuals and
organizations who own or have charge of them. Trustees may be
private owners or collectors, dealers, curators, archivists, librarians,
superintendents, directors, boards, officials or legislative bodies.
Until recently social attitudes towards trustees as regards
depredations from natural disasters were nebulous. Consequently,
responsibilities were ill-defined and policies either non-existent or
vague to the point of being of little or no use. Aects of God, as such
events were frequently called, were beyond the realm of mortal
reckoning, and victims of them were proper objects of sympathy and
succor without any implication of negligence or liability. However,
with the expansion of our scientific knowledge and the better
understanding we have acquired of our natural environment and
potentially catastrophic events that it can induce, these attitudes are
changing. @ We have extremely elaborate information gathering,
monitoring, reporting and recording systems. We have large
accumulations of historical data newly informed by a recently
developed knowledge. We have spent vast amounts of effort finding
out how man-made objects behave under different conditions of
environmental stress in order to diminish the harmful effects of
adverse conditions. [White and Haas, 1975] Concepts of what
constitute avoidable or preventable loss or destruction are being
redefined. In general, when social attitudes change, the designation of
vietims and culprits are often reversed.

Those who hold the cultural heritage in trust must confront the
necessity to develop policies relating to natural hazards. The first
step is to acknowledge that such hazards exist, and that there is a
responsibility to be aware of them and to take actions to mitigate
their impacts. It then follows that one must determine the hazards
one is subject to and the levels of risk from them. This requires
achieving some degree of understanding of the nature of the hazard
and the kinds of damage or destruction it can cause.

TYPOLOGY OF POLICIES

Recognition of hazard and risk must then be transformed into
policies in several dimensions. Among these one must consider: 1,
policies on the impacts on various kinds of elements ecomprising the
risk situation; 2, policies that relate to different phases of disasters—
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pre-event, crisis and post-event periods; and, 3, the relationship of
policies of different organizations to each other. Policies allocate
resources and are implemented when expenditures of efforts and funds
are made. Not everything can be done; it will be necessary to make
trade-offs; and hard choices must be confronted.

Elements at Risk

It is necessary to establish clear policies with respect to a
variety of items at risk. The first concerns life safety of visitors or
staff associated with the location. We need also to have policies
regarding the contents of the structure, whether these are non-
structural elements of the building, utilities, furnishing and equipment
or collections on display or in storage, whether belonging to the
institution or on loan. Policies must also exist with respect to the
structure and its appurtenances on the site. Nothing can ever be
completely safe or invulnerable to absolutely any Kkind of event.
Policies establish thresholds of risk which we consider tolerable and
reasonable. Different criteria may apply to different categories. For
example, we may wish to exclude visitors and perhaps some staff from
certain areas. Climate control equipment may be protected with
greater care than office equipment. Objects less easy to replace, of
greater merit or value, may be restricted to more secure locations.
Chimneys or steeples may be considered expendable while we may
choose to make other architectural features as secure as possible.

Disaster Phases

Policies must be established and articulated in plans for various
phases of natural disasters. Taking few preventive measures, for
example, implies policy emphasis has been given to salvage and
recovery. The pre-event phase requires planning for protection and
mitigating the effects of a disaster. This may involve inventorying
and recording, modifying techniques of displaying and storing, and
making structural and non-structural elements stronger and better
able to withstand impact. Policies for the emergency phase should be
reflected in detailed contingency plans which address safety, security
and salvage. Necessary external assistance should be anticipated and
appropriate relationships to ensure it established. Post-event policies
concern strategies for recovering as rapidly and as completely from
the disaster as is feasible.  Appropriate kinds and amounts of
insurance, other forms of financial aid, and channels of access to
experts who can assist in conservation and reconstruction should
receive attention.
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Interorganizational Relations

It needs to be recognized at the outset that hierarchies of
policies within and among organizations will exist that are in many
ways interdependent upon each other and which must be reviewed for
conflicts and complementarities. The policies of one level of
organization can have the effect of cancelling out those of another.
Assumptions about responsibilities may result in lacunae such that
important aspects are not covered at all. Policies will exist at the
level of a single collection or sub-group of objects. Others will relate
to assemblages of collections or museums. Policies for one collection
may conflict with or prevent implementing those of another. What
seems best for the total museum may be less than optimal for a
particular collection. Policies will apply to structures some of which
will house museums, collections or objects. Other policies may apply
to complexes of buildings or buildings in general. For example,
policies intended to reduce the vulnerability of all the buildings in an
area may adversely affect particular ones. Various levels of
government—municipal, county, state and federal