studies and documents
on
the cultural heritage

Emergency
measures and
damage
assessment
after an
earthquake

unesco




Emergency
measures and
damage
assessment
after an
earthquake

Pierre Pichard

CLT/84/W5/14



Preface

Unesco has always been concerned with the protecticn of mankind's cultural
heritage against the many natural and man-made dangers which beset it. Among the
natural factors of deterioraticn are these which cause rapid and dramatic destruction:
disasters, the origin of which may be telluric {earthouakes, tsunamis, landslides,
volcanic eruptions), meteorological {cyclones, tornades] or hydrological (flosds,
tidal waves, avalanches, etc.). Apart from their tragic toll in human life and
suffering all such disasters unleash blind forces which literally devastate man's
cultural hecitadge.

These phencmena are still largely unpredictable {although research into the
forecasting of earthquakes is making great advances). However, studies have shown
that the damage to cultural property could be less extensive if the right measures
were taken to reduce its vulnerability and to ensure emergency safeguard. Frotection
of the cultural heritage ie rarely integrated into civil and military protecticn
plans. 8o, when a disaster ocours, looting and unnecessary demelition may wall
follow. Few historic buildings have been strengthened to resist earthguakes for
exampla, &lthough the general engineering principles of parthquake-resistance are
now well knowa.

The magnitude of the damage cavused by all natural disasters 1s infinite. But
it iz earthquakes which demonstrate the greatest power of destruction and at the
sams time take the heaviest tell in human life. The beautiful old towns of Cuzco
and Trujille in Peru were sericusly damaged by earthguakes in 1330 and 1971 respect-
ively; the 1975 earthquake in Burma devastated Pagan, thwe anclent city of 2,000
Buddhist pagodas; Antigua Guatemala and Frinli (Italy) were rocked by sarthguakes
in 1976; the Algerian town of El-Asnam has bheen struck by earthquakes three times in
46 years - the last, in 1980, damaged erchaeclogical sites in the surrounding reglong
the Republic of Montenegro was ravaged in 1979 by one of the moat viclent earthguakes
to oecur in the last few years; the Pepayan earthquake of 1983 razed to the ground
this historic town, jewel of Colombian colonial architecture. Thesa are but a few
examples of the terrible destructive power of earthquakes.

In almest all of these cases, Unesco has, in the aftermath of the disaster,
helped to review its effects on the cultural keritage and to advize on restoration
and safeguarding measures. Several major campalgnz launched to mobilize inter-
naticnal solidarity for the safeguarding of the cultural heritage had as their
atarting-point emergency action required in the wake of a matural estastrophe: the
campaigns to save the historic city of Venice following the flooding and land subsi-
dence, to preserve and present historlc monuments asd sites in Guatesals damaged by
the 1976 earthquake, particularly in Antigua, Guatemala City and Chichicastenanga,
to safegquard the cultural heritage of Montenegro (Yugeslavlia) where an earthaualke
devastated tha historic parts of many old walled towns, &nd also museums and
archives. Technical co-operation possibilities hawve been further extended Ly the
adoption of the Conventlon concerning the protection of the world cultural and
natural heritage under which assistance can be granted to States Parties for Lhe
safeguarding ef cultural properties which have been identified as forming part of
the 'world heritage'. Emergency asalstance has, for instance, been made available
for restoration work in Antigqua Guatemala and at Kotor in Montenegre, both ef which
have been declared world heritage sites.

Emergency technical missions have also been carried out. Thus, & three-man teamn
{including the author of the present document) visited the Region of Friuli after the
1976 earthguake to study its effects and, in consultation with the local authorities,
to develop plans for the protection and restoration of the affected hisztorical monu-
ments and educatienal facilities. The 9rganizatinn, cnce agaln using the services
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of the author, also co-operated with the Government of Burma in taking stock of the
extensive damage to the temples of Fagan and in working out restoration plans.

Unesco has also promoted intematicnal study and exchange of experience with a
view to promoting professional practice in this field. Two high-level expert meet-
ingzs were held in 1977 and 1979. The conclusicns of the latter, a seminar=cum=
workehop held in Guatemala and deveted mainly to problems in selemic areas of Latim
America, were combined with the scientific and technical papers presented at the
meeting and published in 1983 by the IWDP/Unesco Regional Project on Cultural Heritage
at Lima as a bocklet entitled La proteccidn de monmumentos histdricos en dreas sismicas,

It has ales been found hecessary to publish some technical information for the
purpose of (i) alerting naticnal and local conservation authoritiss to the earth-
guake threat and the possibility of a disaster affecting the cultural property in
their charge; (ii) laying down simple preventive rules designed to minimize damage
in the event of a disaster and to prepare for emergency action; and (114) indiecating
the emergency measures that can be taken after an earthguake to protect the damaged
heritage and to facilitate repalr and preservation work later cn.

This publication attempts to respond to the third need. Its acthor is Plerre
Fichard, a French architect who has been working for a long tims on programmes to
restore and inventory historic momments, chiefly in Asia. After the Pagan [Burma)
earthquake in 1975 he took part in the initial meetings organized by Unesco and the
International Council of Momments and Sites (ICOMOS) on the protection of historic
monuments in earthguake zones. He is at present co-ordinating the international
project for protection of the cultural heritage of Burma. He is a meomber of the
'Earthqueke” Committes of ICCMOS, and of the Ecole Frangaise d'Extréme-Orient since
1979. His extensive experience in the field (Friuli, Montenegro and Burma) has
brought home to the author the need to define a methodology for syostematic assess-
ment of the damage caused to historic monuments by earthguakes.

The author is responsible for the cheice and the presentation of the facts contained
in this book and for the cpinions expressed therein, which are not necessarily those
of Unesco and do not commit the Organization.
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Definlitions

The Service: the agency for the preservation of cultural property, for which
this handbook is designed. It may consist of & mere few persons (the curator and
watchman of a momument or museum) or be the local or regicnal agency of the Natiomal
Service for the Preservation of Historic Monuments, which goes by different names im
different countries: Office for the Superintendents of Cultural Property, Depart-
mant of Archaeclogy, etc.

The critical periocd: the first few days after an earthgquake (socmetimes a5 week),
during which all activities are completely dlsorganized, while the relfef teams are
Jjust beginning to arrive and emergency messures have not yet brouwght the situation
under control.

A monument:; means, in the broad sense (an isclated monument, & group of monu-
pents, an old town, an archaeclogical site, etc.), an ltem of immovable cultural
property classified as a "protected monument' in accordance with the country's laws,
and conseguently the responsibility of the Service, and listed in an inventory; it
eay be publicly or privately owned. The recommendations in this handbogk alsc apply
to buildings containing collections of movable cultural property: museums, libraries,
archives, etc., especially if they are old buildings (in the casa of new buildings,
it 1= to be hoped that the seiemic codes in force were applied in thelr comnstructiom).



INTRODUETION

An earthquake strikes a town, its surroundings or perhaps a whole area. For
the next few days there is an emergency. Cossunication problema at all lewvels =
rpads cut off, bridges destroyed, electricity and telephone lines down - complicate
the organization of relief and rescue cperations and the transpert of persons and
equipment. This is the critical periocd.

The protection of the population is cbviously the first pricrity. In cases
whare an emergency plan has been worked out before the disaster, the protection
gprvices (civil and military autheorities, voluntary organizations, lecal initiative)
can ba co-ordinated faster and more efficiently.

It is highly unusual for emergency plans, when they exist, to provide for pro-
tection of the cultural heritags. For these first few days all efforts and rescurces
are mobilized for the rescue and survival of the wictims and the restoration of
ossential activities. Conseguently those responsible for preserving the cultural
heritage cannot count cn receiving any outside assistance during the eritical peried
and must rely on thelr own rescurces for the inltial protection of the property
in their care. Later on, the damage suffered by this property will be inclnded
in the tetal inventory of the disaster, and measures of repair, restoraticon and
preservation will form part of the programme for the reconstruction of the dlsaster
arpa in accerdance with the pricrities assigned by the national or reglonal
authorities.

The purpose of this emall handbock is to assist those responzible for the pres-
ervation of the cultural heritage at the local level during the eritical period and
the ensuing weeks. Such matters as the restoration of damaged mopuments, the
preventive reinforcement of old bulldings gituated in an earthguake zone, or long-
term activities generally are not dealt with here, although the measures recommended
are designed to make 1t easier to prepare for such activities and to carry them out
later on. It is hoped that this document will be made availablae on the spot, in
curators' offices and in the local agencies of the Service ln earthquake Zones, and
that the personnel concerned will be able to censult it as soon as possible, =0 as
tn ba better prepared to act effectively if disaster strikes.

Obvicusly the Service should in theory be staffed commensurately with its needs,
but this is pet always the case in nermal times. During the gritical period the
staff will alweys ba insufficient, all the more so since some of them may be un-
availahle {direct victims of the disaster; family affected; homaless, evacuated, etec.).
in immediate response then has to be made to an exceptional situation with reduced
means .

The activities describad in this handbook, in chronological erder beginning at
the moment of the disaster, are dangerous activities, for they invelve approaching
and entering shaken and fragile buildings: there is a constant danger of collapse.
Even though this is not repeated on every pags, the greatest cautioh is imperative.
Abowe all, no ene should enter a damaged monument unless it is absslutely necessary
in order to carry out a specific task. If the task can be performed by one or two
people, they should see te it that unneeded assistants or pmenbars <f the public
moved by idle curilosity stay outside.

The general guidance given in this handbock will be found applicable in most
cases. Every earthgquake is, of coursa, a special case, and there will be times when
some of the measures recommended will be impracticable or serve no puIpose. hgain,
it may happen that the seguence of activitles is unsuited to the local situation, or
that some of the operations described here as separate and conzecutive can be carried
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on, simultanecusly. Every Service wishing to apply a poliey of preventicn would do
well to draw up, on the basis of the recommendations in this handbesk , a plan of
action and instructicns adapted more specifically to local conditisns.

There are, broadly speaking, thres types of cases that differ sharply in the

scope of the problems which the Service will be called upon to 2alve in the event
of a disaster:

1.

z.

Pamage concentrated in a few places. Either the earthquake affects only a
limited area containing only a few protected monuments, or the Service is con-
cerned with conserving only one or a few monumentz er sites. This iz the
$implest gituation.

Damage cccurring at man ints over a relatively wida area, This is the com—
monest ailtuation for a regional service for the preservation of historic monu-
ments to face when a major earthquake cocurs. Activities are then complicated
by difficulties of communication and movement.,

Damage affectin in the same bulldings, the eultural herita and a substantial
part of the population. This happens, in particular, when old towns, or historic
quarters of large towns, are hit. The efforts of the Service will have to
follow, and be subordinated to, the briority operations to rescue and evacuate
the inhabitants, and closer co-ordination - sometimes Jdifficult to achlieve -
will be needed between the Service and the efwil and/er military authorities.

At another level a similar sitnation arises when victims (staff or visitors)

are found in the ruins of protected monuments.

WARMTHG ]

After an earthgquake, all measures and all decisions must be taken with
the possibility of aftershocks in mind. Hany earthquakes, as we know,
are followed by such aftershocks: that is to gay, by new sarthguakes
which strike in much the same area, which are unpredictable in number,
date and scale, and which are equally likely to occur a few minutes or
several months after the first shock. These aftershocks may be less
violent than the initial garthquake and =till bLa highly dangerous
because weakened buildings have lest their capacity to withstand them;
but they may also be as severe as the first shock or even more vislent.

Example: The earthguake of & May 1976, of magnitude M 6.5, Beveraly
damaged the region of Friuli in nerthern Italy. There were many after-
shocks, the strongest of which eecurred on 15 September 1976 - four
ecnths later — and led to the tetal collapese of many monuments and
buildings that had been merely ecracked by the first shock on 6 May.

For several months, therefore, an sarthquake should be regarded as
the beginning of a periocd of constant danger, perhaps with the worst

yet to come.




1. Filrst ingpectinn

Az soon as possible after an sarthguake - the same day or the next day - the
first task of the Sarvice is to survey the extent of the damage. The aim is not to
make a detailed assessment — that comes later - but only to obtain an initial picture
af the altnation in ocrder to:

{a) inform the local, regional and national anthorities;

(b} identify the most urgent needs and the first measures to be taken;

{(z} prepars for the next stage of cperations.

Every monument for which the service is responsible ghould be guickly examined,
inspected if possible and classified in ene cor more of the following categories:

h. Monument totally destroyed

B. Manusent partly destroyed

C. Honument damaged

D. Guard needed

E. HMovable property to be evacuated
F. Temporary covering needsd

G- Monument intact.

{a) Claszification criteria

A. Monument totally destroyed. Total collapsae,

B, Monument partly destroyed. Partial eollapsa: note the parts destroyed and
claszsify the parts still standing in categories C-G.

2. Monument damaged. Monument still standing, but with several components
{wall or part of wall, vault, floor, roof, etc.) collapsed or cracked.
Briefly indicate the most seriously dazaged components.

B. Guard nesded. Identify cases in which the monument should e given
ismediate protection from looting. Thiz applies primarily to ouseums,
libraries, etec., but also to buildings which contained movable cultural
property (collections, furniture, etc.) and which have been made easy of
access by the collapee of a wall or the opening of gaps. HNote also monu-
ments from which valuable decorative components have been detached by the
earthguake and have become easy to take away: sculptures, woodcarvings,
etc., which are still in place or have fallen among the dabris.

E. Movable property to be evacuated. Since placing monuments under guard is
enly a short-term measure, identify cases in which all movable property
neads to be removed from the monuments for more effective protection.

Hote any nearby buildings which are intact and which might provide shalter
for this movable property .
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Temporary covering needed. Identify monuments where fragile, non-removable
works need to be protected by a temporary fixed covering (tarpaulin,
galvanized corrugated iron or plastic roofing or boarding, ete.). This
applies particularly to mural paintings exposed by the collapse of a roof,
valuable parquet floors, etc., which would be quickly damaged or destroyed
if left exposed to the elements {(especially rain). Estimate the area to

ba covered or outline it on a plan of the monusent.

Momument intact, A monument cannct be placed in this category until it

has been inspected in detail (exterior; intericr, roof, etec.}). In doubt,
the best plan iz to place it in category © [monument damaged) on first
inspectlen and reclasslfy it if necessary after a more thorough examination.

(b} Practical nrganizatinn

Aocording to the personnel and squipment (particularly wvehicles) avallable, the
number of monuments to be inspected and the size of the disaster area = which, how-
ever, may not vet be precisely known - set up teams of two or three persons with one
vehicle to a team; assign sach team a specific sector, and try to eend into each
gector a4 person or persons who are famlliar with 1t: (who know the roads and path-
ways, are familiar with the monuments and have personal relations with the population).

Each team should have an exact list of the momments to be inspected in its
sector, a detalled map of the sector and, so far as possible:;

a4 first-aid kit, hard hate and thick-scled shoes;
& camera with film and flash;

an electric torch with batteries;

materials for marking monuments: palnt and brushes, stencils or stickers and
glua;

if necessary, anti-theft equipment: chains, padlocks, barbed wire, pliers,
hammer, nails, etec.

Om

Inspecting each monument:

Hote it$ condition in accordance with categories &, B, C, D, E, F and G
(the same monument may of course be placed in more than cne category).

Photograph the most revealing damage.

Hark the momument. During the critical pericd, various ocrganfizations

(Ciwil authorities,; aimed forces, fire brigade, police, Red Cross,

wvolunteer groups, etc.) will come to clear the rubble, =earch for survivors,
assemble casuvalties, crganlze first ald, distribute food and equipment, etc.
Acticn will have to be taken gulckly and co—oardimation will be difficult and
rough=and-ready at first. At this =tage, there iz a likelihood of un-
supervised democlition, sometimes ymavoidable but often hasty: to clear

an access rogte or reduce the danger of collapse, the decision is taken

to pull down badly cracked sections of wall or buildings (photo 1) which
genuinely present a danger. In the case of historic monuments this

practice has often been taken too far and haz led to wnnecessary acts of
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destructirnl which have been later regretted. As a rule cther soluticns
are possible: for example, clearing ancther route,; closing off an area or
an exposed passage lnstead of demolishing the dangercus building. In order
to reduce the risk of unsupervised demoliticon, the first precastion is to
mark clearly the historlc monuments protected by the Service. This, of
course, will only be effective if everyone else with a job to do knows
what the markings mean. During this first inspection it will be u=zeful
to visit the local authorities (town hall, police station, etc.) in order
to report on the measures taken [monueents placed uwnder guard, markings
affixed), to explain their purpose and to request that all organizations
that come on the scene should be instructed accordingly.

What markings should be placed on the mocnuments? The simplest plan is
ta adopt the blue and white emblem of the internaticmal Convention of
The Hague (1954}, which i1dentifies the cultural proparty to be protected
in the event of armed conflict (fig. 1).

Fleure 1

It =howld be noted, however, that the use of this emblem ia reserved for
countries signatories of the Convention. If countries which have not
ratified the Convention a different emblem can be chosen, preferably also
blue and white, provided that its meaning is explained to all the bodles
concerned.

The advantage of the Hague emblem is that, as a rule, the military authori-
ties are already informed of what it stands for. It can be patnted
directly on the walls of monuments [photo 14}, one method being to use a
cardboard stencil.

"December 23, 1372. Managua, the capital city of Hicaragua, was devastated

in & few seconds, and thousands were killed. For the first time, enormous
gmounts of internaticnal aid poured in, coming from all over the world and
covering the needs of the embattled population. Along with the internmational
aid, the bulldozers alsc arrived to begin a systematic demoliticon campaign and
cancelled forever the history, the character and the image of the city.'
Donald del Cit, Internaticnal Centre for the study of the preservation and the

restoration of cultural property, Rome, 1977.
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hnother solution - provided that advance preparations have been mads (gee
chapter 10, section (d), paragraph 5) is to affix to the walls of monmEnent s
printed stickers prominently displaying the same emblem [Eig. 2] with a
warning message in the loral language or languages. It is recommended

that any such stickers should show the address and talephone numbey of

tha service responsible for each monument .,

REFLBLC OF  XNAY

PROTECTED

HISTORIC
MONUMENT

NO ENTRY
DO NOT DEMOLISH

SERYICE REsPONEIBLE
Aalre sy

TEﬁpLah:

Figure 2

Urganize the Guard Service immediately wherever it is found to be needed,
If guards belonging to the Service are availahle locally, explore with
them the best way to crganize i, Depending on the particular situation
end what is feasible, arrange for gaps to be filled by fences and barbed-
wire enclosures, have doors and windows secured with padlocks asnd chains,
shutters boarded up, ete. Organize watchkeeping, day and night rounds
and, in important cases (valuabla collections), assign one or more guards
to the monument full-tima. It is dangercus to house guards in bulldings
that are unsteady or even slightly damaged: there is always a danger of
collapse, especially in the event of an aftershock. & better sclution is
to house them £n temporary quarterz (tent, caravan, motor wvehicle, hut,
ete.) outside, in fremt of the most vulnerable access routes and far
encugh from the building (at a distance equal to take its height) not to
be buried under the debris if it collapses.
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If guards belonging to the Service are not available lecally, efforts
should be made to cbtain personnel frem the local authorities (town hall,
fire department, police, stc.) or to enlist volunteers (hence the importance
of team members' personal contacts among the inhabitants of the sector
ender inspection). This will often be a difficult matter: in a major
catastrophe, all able-bodied persons will already have been mobilized

to dig out and rescue the victims.

5% Immediate evacuation of movable property. If Guard Service can be organized
wnerever it is needed, do not begin evacuating movable property during this
first inspection except in dire emergency (cbiects of exceptional value,
immediate grave danger, etc.) or where there are cnly a very few items to
be removed. If it is only a guestion of a few exceptional chjects, the
ingpection team will take them directly to Service headgquarters after having
completed an evacuation form, labelled the cbject (see below) and taken a
photograph showing each object in the position in which it was found. If
the cbjects in immwediate danger are more numercus, move them to the nearest
ghelter after photographing them in situ. FPrepare an accurate list of the
chiects moved.

2. Information

A5 soon &2 all the teams hawve returned to the Service, a £irst general inventory
is drawn up, complete with figures showing for example:

number of MORUEENEE, . i icesnanannsannssssass i e e e & ks LA
number of monuments totally destroyed.....:::: o P S R T P TR B
mumber of monuments partly destroyed...c.eeesessss R e M
number of monuments GamAged. .. .....eeeceessesecsssassssssnsnnanna 107
number of monuments to be guarded....cecceesssnmesnsss PR O oA T L o |
number of momuments to be evacuated..cieeeceenensssss A g
number of monuments to e covered..c.iccinarnamnanssss i i 2
number of monuments intact..... R R R N Y T A gL S ot O A |

This firet inventory is immediately communicated to the authorities concerned
{local, regional, natiomal, federal). A more detailed analysls (condition of the
best-known monuments, area to be temporarily covered, number and types of cbjects
to be evacuated, ete.] will be made as soon as possible on the basis of the list of
protected monuments and the notes taken by the Inspection tea=ms; this analysis in
its turn will be semmmnicated to the avthorities along with the photographs taken
during the inspection and a statement of the most urgent requirements of personnel
and equipment (transport, wehicles, packing materials, light materlals for temporary
covering, ete.).

The dirsctor of the Service should also inform local organizations and the
population about the measures taken and the problems faced. During the critical
perind, as we know, the radio is often the only means of communication avallable
and the population, particularly in isolated villages, can learn about the sltuatiocn
and receive instructions oaly through battery-cperated transistor radics. The
caryice will sometimes have to ask for broadcasting time on regional transmitters
in order to explain to the populaticn of areas not yet accessible to its members
such matters as the surveillance and guarding of movable cultural property and the
need to aveld any onnecessary demolition. It is also possible to give potice that
a zpecialized team 1s en route to an isclated sector.

During the first few days co-ordination meetings are generally held in order
to organize rescue operaticns and assiqn priority tasks. It is desirable that a
penier cfficial of the Service, if possible the director, should attend at least
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some of these meetings in order to submit the results of the firat inspection, report
on the measures taken and explain the purposes and consequances.

3. Evacuation of movable property

Flacing a guard on damaged monuments which contain movable cultural property
(art objects, pictures, books, miscellaneous collections, archives, Ffurniturae,
carpets, etc.) is an immediate measure to prevent looting, but as soon as possible
such movable property should be evacuated to a safe place to preserve it from being
damaged by the elements (rain, snow, frost, etc.) and from the danger of further
collapse in the event of an aftershock. Furthermore, a mumber of these ocbjecta will
have been damaged during the earthguake (for instance, pleces of pottery that hawve
fallen down), and it is often discovered on such occasions that art obiects housed
in isclated or secondary monuments (country churches, old houses, temples, monas—
teries,; castles, etc.) were in a poor state of pressrvation even before the disaster
and require speclalized treatment or repalrs. The evacuation of movable property to
a4 safe place, or safe places, should therefore be organized as soon as posaible and
supplemented by arrangements to use or set up a conservation service (treatment
laboratory, supervised storage) manned by cosmpetent specialists.

(a) GSelection of reception cemtres

The evacuaticn arrangements will depend closely on local conditiens, and can be
gescribed in this handbook only in very general terms. The operations will vary
widely according to the size of the disaster area, the availahility ef transport
and freedom of movement, the monuments to be emptied and the nusber, nature and
fragility of the objects to be transparted. Efforts will, of course, be mada to
enlist the support of existing institutions: if there are one or more reception
centres already provided with specialized staff and equipment in the vicinity of the
damaged monuments, the best course will be to send the evacuated property there.
These reception centres may be either safe buildings which are situated in the
disaster area, but which have stood up well to the sarthguake and can be relied
upon to withstand any aftershock (anti-esrthguake constructiem), or instituticns
Bituated outszide the disaster area.

Sending objects to existing institutions presupposes that the consent of their
management has been secured in advance and their receiving capacity assessed. This
course gensrally entails diepersing the objects: books are sent to a library or
regional archive, collections to specialized museums and so on.

However, this course iz not always open and objects often have to be evacuated
to lmprovised shelters. If there are only a few ebjects to be moved, an adequate
shelter can often be found in the immediate vieinity of each monument: a well-
constructed modern building that has stood up to the earthquake, or a byilding of
flexible and therefore not wery vulnerable construction, such as a metal-framed
industrial storage shed. In such cases it may be necessary to place the recalving
building under guard.

If, on the other hand, there are a great many cbjects of dAifferent kinds to be
evacuated, it will often be preferable to ssek a sultable place of reassembly further
afield, outzide the disaster area and & reasonable distance from the momiments —
though it is better to move the property 50 or even 100 km further than to evacuate
it to bulldings which are liable to ke destroyed in their turn by an aftershock.

At this reassezbly point a speclalized team made up of Service personnel, possibly
supplemented by reinforcements from neighbouring regions, will make an inventory
and a dlagnosis and apply the first measures of preservatisn. Since, as a rule, no
storage system - shelving, stacking cabinets or the like - is available to begin
with, it is to be expected that the cbjects will first have to be spread out on the
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ground, when possible on a bed of sand. A large sheltered surface is therefore
needed, preferably at ground-floor level.

(b} Practie al crganization

The evacuation should start as soon as the reception centres have been selected.
Here again, the practical arrangements will depend on the magnitude of the task and
the facilities available. when there are a great many monuments to be emptied and
a great many cbjects to be moved, a list of priorities should be drawn up cn the
basis of the relative walus of the collections and the imminence of the risk to each
menument ,

Comoetimes the Service will have suitable vehicles {(utility vans, crogs-country
vehiclea) and packing materials (plastic bags, foam, straw, etc.). but more often
outside bodies (civil or military authorities, voluntary organizations or private
firms) must be approached for help. In practice it often happens that substantial
resources are available a fow days after the earthguake: many industrial, transport
and commercial firms are compelled to suspend their normal activity and it is pesaible
to explore with them, in agreement with the relief co-ordinating body, the possibility
of using thelr staff and vehicles.

The Service should in every case be represented both when the objects are picked
up and when they are delivered.

It is essential to fdentify each piece exactly, and above all to avoid confusion
between objects from different monuments. Before it is taken away, each object
should be systematically labelled and if possible photographed in the place where
it was left by the sarthquake. A wise course is to use ready-mmbered labels with
a detachable part that can be attached to the chject or enclosed with it Iln a trans-—
parent plastic bag, leaving the counterfoil in a book which is kept in the affices
of the Bervice (fig. 3).
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Movable property evacuation dockat
Figure 3
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The following fnformation should be noted:

[a) ©Om the counterfoil:

HNumber of the label (ready printed)

Pescription of the cbject (type: mask, pottery, etc.)

Apparent damage (broken into three fragments, wet, etc.)

Precise origin {e.g. XYZ Castle, lst Floor, Foom G, south-east corner, etc.)
Evacusted on {date) to (reception centre]

Ho. of the film, of the photegraphs

Inventory number (the number if any, marked on the aobject).

(b] ©n the labal:

Humber of the docket (ready printed)
Evacuated on (date]
Exact origin.

Collections of objects of the same kind can be grouped in batches and enly the
batch - e.g. a cardboard box or crate of books - need be numbered. Besides being on
the label, the docket number should be marked very legibly on the ocutside of the box.
Arrangements should be made for packages to be oppned immediately on arrival at the
reception centre, their contents recorded in detail, and the evacuated cbjects
examined.

To begin with, evacuation will be confined to objects that are immediately
vieible or easily extricated. Mo systematic search will be made of the debris.
¥here bulldings are unstable and highly dangerous, a gquard will be maintained for
4 longer pericd and no attempt will bs made to evacuate movahle propecty untll safe-
quards have been applied (chapter &).

4. Temporary covering

n the basis of the Information cbtained on first inspecticn, the Service will
have asked for the immediate dispateh of materials to provide temperary covering
(tarpaulins, ropes, rafters, ladders, light covering materials such as roofing felt,
corrugated metal or plastic sheets, nails, anchoring hooks, etc.). Az scon as this
material is available, temporary protection cam be rigged. It is sometimes neces-
gary to do this in two stages: to begin with, the most important and worst-expesed
menuments will be protected with tarpaulins or plastic films, tied down and weighted
{phots 2); later on this will be replaced by stouter materials (photoa 3 and 5). In
some cases it will not be possible to put on this temporary roofing until after the
eafegquards have been applied (chapter 6).

Wheon the earthquake iz followed by a ralny period, a chack should be carried
cut as soon as possible, and first of all on monuments housing fragile werks that
cannot be evacoated {(miral paintings, decerated or painted ceilings, valuable
parquatry, etc.), to make sure the rainwater is still running off preperly, even
if the roof appsars to be intact. Gubtters, spouts and drainpipes may be clogged
with debris (for instance if some of the chimney-stacks have collapsed]: it will
then be necessary to clear them, or perhaps to make temporary arrangements to drain
off the water by & more direct routs,
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Wherever practicable, efforta gshould be made to deflect the run-off from the
damaged monuments and keep 1t freoe permeating the debris piled wp at the foot of the
walls, especially inside the buildings., The normal drainage systes [(sewerage) may be
out of astion. A temporary system must then be lmprovised according to the nature
of the terrain (taking advantage of a natural slepe, ditches, streams, etc.).

5. Damage asssssment

By this stage the first emergency measures - protection against looting,
evacuation of transpartable property, draining off water — have been or are being
taken. BHNow the results of the disaster must be sccurately assessed in relation to
gach monument, for the purpose of:

(a} identifying any weakened parts and unstable components that will have to
be zafeguarded as soon as pozsible:

{b] preparing the necessary safeguards and drawing up a list of requirements
of personnel and eguipment:

(e) giving the anthorities more exact informatiem comcerning the damage done
by the earthoguake.

This calls for a more thorough inspection of each monument. The damage assess—
ment will be greatly facilitated and much more accurate if a set of drawings, or even
eketshes, of each monument are available for reference when it is being inspected.

(a} * Behaviour of the masonry

In normal times, buildings are subject to gravity: that is, to vertical
acceleration at a constant rate. They have beon constructed to resist this accelera-
tion so that it preduces in the masonry only compressive stress (on walls, pillars,
columns and vaults) and to a lesser extent bending stress {on lintels, beams and
brackets). More severe bending stresses have as a rule made it necessary to use
wooden companents (beams, jolsts and floors).

In an earthguake, buildings are suddenly subjected to an erratic accelerationm,
tranmmitted by the ground and changing in rate and direction several times a secand.
The horizental components of this acceleration are the most dangerous, for they sub-
mit the structure to horizontal stresses for which 1t is not designed, and subject
the masonry to tensile stresses which it cannot withstand. Moreover the simultaneous
vertical components of the acceleration momentarily reduce or nullify the effect of
gravity and hence the compressive stress which ensured the cochesiocn of the M&SOOTY
and would have enabled it to withstand the herizental acceleraticns more firmly.

The destructive effect of the tensile stresses is thus increased, with the result
that either cracks ef varying width and depth appear or the structure breaks up
o evan collapses.



Examples:

1. A masonry wall

{a] Casze of maximum horizontal acceleration crosswise (fig. 4)

gravity vibraticon
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partial total
cracking collapse collapse Figure 4

(b) Case of maxlmem horiezcntal acceleration lengthwise: depending on the
characteristics of the wall (dimenslcns, proportions, method of con=
struction, strength of the materials and especially of the binding
mortar, ete.), the wall may either vibrate as a whole (flg. 5 and
photo &) or split inko several fragments, each of which will respond
sevarally and independently to the geiszic vibratien set up by the
ground (fig. 6, photos 7, 8§ and 13).
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But a wall is seldom of uniform structure and rarely stands alone. The openings
in particular are weak points, and the cracks, which run along the lines of least
resistance,  generally converge on the doors and windows (fig. 7, photos 7, # and 13),

vibration

Fiqura 7

cracking

—_

2. Vaults

During the period of wvibratiom, each lead-bearing wall tends to vibrate
independently, in accordance with its own characteristicas. The phases in which the
walls are pulled apart nullify the compressive forces that kept the materials of _the
vault together, regulting in longitudinal cracks @. deformation of the ‘Imul
ar its r:nnapae@ (fig. B, photos 10, 11 and 21)%

vibration

HHT

3 1 i

it

.

4
normal state

—] |
o o b=,
e Figure &
EE islocation, deformation callapse Vault
cracking i
1. To separate two postage stamps, we pull them apart (we exert tensile ctresal;

the tear follows the perforaticns (line of least resistance). The same thing
happens when an earthguake rends a wall: the crack runs from window to windon,

from one weak point to ancther.
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3. Floors
wWhen the floor beams and jolsts are mot deeply eet into or anchored in the

walls, the temporary separation of the walls during certalm phases of the vibration
can cause the collapse of the floors (fig. 9).

@

Figure 9
wibration

collapsa Flaae

4. A single building

Depending on the guality of the structural bonds {wall ¢orners, bond between
fagade and partitisn walls, anchorage of beams, etc.), the behaviour of buildings
and of each structural component will vary. But it may already be noted that each
wall tends to react in accordance with its own dynamie characteristics, and eon-

Eequently to be separated from the other components by dislecaticon of the structure
(fig. 10, photos T: B, 9 and 13}.

strong

. weak
corners :lJ'.'t‘iI:IE
&..} .

(T ]

vibration dislocation,

partial collapze

i Figure 10
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5. Damaga to foundations.

Damage to the foundations, even when it 1s extensive, is not always apparent
on first examination (especially when the base of the walls is hidden under the
dehris left by tha collapee of the upper parts)], and must thersfore be inferred by
abaervation of the structure.

Soch damage 15 evidenced, im partienlar, by a general tilt of structural cos
ponents (walls, pillars} starting freom the base; this indicates sither a localized
crushing of the foundation or bottom courses (fig. 1la, photo 12) or the settling
of the ground beneath the foundatioms (fig. 11k, photo ).

. Figure 11
S :
@ @ Damage to foundatiocns
Crieh ing ground subsidenca

Disruption of the foundations is also likely where the cracks reach the ground,
gspecially if the fabric 1= lower one side of the crack than the other (Eig. 12.)

Flgure 12

crack with subsidence
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Further evidence of foundation damage is given by cracking or deformation of
the ground floors, particularly if there is a difference in the floor level on elther
gide of the crack (fig. 13a) or a marked tilt of the floor (fig. 13b).

Damagad foundations

Figure 13

pamaged foundations increase the danger that a structure may subeagaently
collapee even if there is no aftershock, and they make the work of preservation
more complex and laborious. When foundations are believed or known to be damaged,
a first step to take is to place dated plaster telltales (fig. 14) across signifi-
cant eracks; a break in the telltale will indicate that subsidence is still in
progress, and will afford a means of measuring the subsidence rate. If a gap opens
in the telltale, emergency action must be taken to epply temporary safeguards
[shoring trestles, etec.) to the structure; the appropriate measures must be chosen

and applied only by professionally qualified Kamm
Telltale on crack i {&&w R

(i
)

Figure 14

newly placed telltale :
widening of the crack;
ginking of the right side

[ ]
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A monument's behaviour is, of ecurse, more complex than these elementary figures,
but the principle still holds good: wunder slight acceleration, the structure vibrates
as a whole. When the seismic acceleration becomes toao severe, every structural com=
ponent - every wall, every pillar, every block of masonry and, in the extreme casa,
avery stone or brick - tends to vibrate independently, in accordance with 1tz ewn
characteriastics (mass, form, rigidity, natural frequency, etc.). Tensile stressss
then appear, first causing cracking of the masonry (fig. 15), and dislocation oar
collapse inm more serious cases.

_g:.;'_.
T vihration

cracking
dislocation

The three stages indicated in the preceding figures -@ r:::ar:kj.nq, dig=
location cr partial ecllapse, and total cocllapse - represent a progrefsive
worsening of the damage, which depends en the jnitial construction technique, the
state of preservation and the characteristics of the earthguake (maximum accelera-
ticn, duration of active pericd, frequency of vibration, etc.). Fer example an
earthquake may produce state in a well-built structural cooponent and state (B
or in an identical component which is poorly built gr maintained. ©n the other
hand a relatively weak earthguake will produce state ra stronger earthquake
state and an even more viclent earthguake state (Chin the same building.

Thus by examining the cracks in the masonry of damaged or partly destroved
monuments 1t is possible to analyse the behavicur of the monument and of its
structural components. Above all it is pessible to detect the parts which have
been weakened by the earthguake and which must be safeguarded as scon as possibla.
Monuments Eay progress from state {E} to state (Ej or {C), as defined above, as a
result of the instability of dislocated structures, bad weather and, above all,
aftershocks. To check this progression, safeguards must be applied (chapter €).

In crder to maks a correct assessment of this risk, it i= also necessary to
distinguish =several different degrees of cracking asscciated with damage of
varying severity: i
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(a) Thread-like cracks in plastering. The plastering (gypsum plaster, lime
plaster or cesment) spplied to walls and ceilings 18 highly prone to cracking, and
fine cracks may appear in it without signalling anything sericusly wrong with the
masonry. Morecver it may be difficult to establish whether such cracks have been
produced by the earthguake or were there already. However, they do attest o scme =
admittedly minor - deformation of the masoncy and indicate where major stresses
have developaed.

(b)) Wide cracks. Wlder cracks Indicate that dislocation of the mascnry is
beginning. When they eppear on only one side of a wall, they are probably the
rasult of bending stress during the vibratioms, but the diagnosis may be more com=
plex im the wvery frequent case of compound walls (facings and lining). Cracks
which appear on both sides of a wall and follow substantially the same lines
indicate more clearly the beginning of dislocation into several parts.

(c] Deep cracks with crushing of materfal., The presence of crushed building
material (stone or brick) inside the cracks shows that, at certaln phases of the
vibration periocd, the crack has cpened wide between two parts which vibrated
differently from each other. There has thus been an actwal dislocation, even if
the crack closed up again when the vibration stopped, crushing the imprisoned
materlal (fig. 1E}.

= =y Ty W

closiure
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Flgure 16

@ @c:ack with crushed material

fall of material materfal creshed
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(d) Crosswise open cracks which completely split the structural membaer
(photos 7, 8). The dislocation of the structure is plain to ses.

{e} Thread-like cracks (generally a web of cracks) in the construction materials.

A pattern of fine cracks in stone blocks {and to a lesser degree in bricks) indicates
intense compressive or bending stress causing partial crushing of the materials;

thiz iz evidence of & serious structural imbalance (phots 12) often assoclated with
pome disturbance at foundation level (fig. 1la).

(b} Damage assessment procedure

On the basis of the results of the Eirst inspection, each monument nlaggiqud{iﬁ
'partly destroyed' or (C) 'damaged’ should be reinspected. Ultimately it will be
desirable to reinspect monuments classified {:] "intact' in order to confirm or
alter the initial classification.

If there are many monuments to be reinspected, the disaster area must again be
divided into sectors each entrusted to an assessment team. For this pore techaical
assessment, however, each tesam should include a profeasionally qualified member:
an architect, an engineer or a skilled technician with previous experience im the
presarvation of ancient bulldings.

It is important that the varicus teams should be able to make thelr assess-
ments as uniformly as possible, and hence that they should be guided by the same
assesement criteria. The criteria developed for the azsessment of earthquake
damage im the Balkan region, which take account of the experience gained with the
Montenegro earthoquake [Yugoslavia, 1979), may prove useful in this respect.l They
divide damaged buildings into six categories.

Category I - building serviceable (atability not impaired).

IA: bullding intact. HNo damage visible in structural components. There may
ba fine cracks in the plastering on walls and ceilings.

18: building slightly damaged. Wo structural damage. Cracks in the plaster-
ing on walle and/or ceilings. Falls of plaster in patches (walls and/or ceil-
ings). Cracking or partial collapse of chimney stacks, balustrades, pediments,
etc. Damage to, partial slippage of or falls of rocfing cooponents {(tiles,
Blates). Fine cracks in structural components.

Category II - building temporarily unserviceable, whose stability has been
impaired and which cannct ba reused until the structure has been strengthened,

ITA: pstructural damage. Big cracks (diagonal or other) in the load-bearing
walls. Diagonal cracks in walls between windows. Chimney stacks, balustrades,
pediments, ete. seriously damaged or cellapsed. Serious damage to roofs, slip—
page and fall of roofing components.

IIB: gerious structural damage. Wide cracks in the load-bearing walls with
crushing of building materials, whether the wall is completely =plit or not.
Wide cracks with erushing of materials in the walls between windows. Partial
or complete destruction of partition walls. First signs of strectural dis-
location of building components or entire building.

1. See: Bullding construction under seismic cenditions in the Balkan regiom -

UNDF/UNIDO Project RER/015 - Working Group D - Damage evaluation and assess—
of seismic resistance of existing buildings, Skopje, December 1982 (the informa-
tion relating to reinforced concrete components has not been menticned here) .,
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Category III - building not reusable without major structural repairs. The
ganeral view is that the repair of buildings in this category is not economie
and that it will be less expensive to demolish them and erect a new building
of equivalent area. If the case of historic monuments, this economic criterisn
is secondary to the cultural or histerical value of the monument.

[ITA: structural dislocation. Structural components seriously damaged or dis-
located. Walls split and separated, structural assemblies destroyed. Several
structural components crushed. General movement of the building. Tilting or
level fallure in floors and/or roof.

I111B: partial or compleate destruction. Structural components crushed or dis-
located, completely or partly destroyed. Building completely or partly
collapsed.

The appropriate category will therefore be recorded for each sonument, either
for the entire bullding 1f it is a simple monument or for its several parts. This
work may be carried cut far more rationally and more eaaily by marking the Gamage
on a set of simplified sketches of the monument (fig. 17).

set of simplified drawings of
a monument used to record the
damage ohserved

Figura 17

collapsed

% ATHAE

f_.u.main
cracks

& damage to
foundations
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This set of sketches, or simplified drawings, can be included in a standardized
damage-assesament form {one form per monument or building]l; the use of these forms
{5 the best method of cbtaining accurate and consistent results. The forms specially
dasigned for asseseing the damage to the historic monuments of Montenegro, Yugoslawvia,
after the earthguake of 15 April 1979 have proved their worth. They comprise four
pages, 210 gm by 297 mm (fig. 18 and annex 1}.

Ficure 1B

Damages assessment form
[cee ponex 1)

Page 1 = identification of the monument, area of each Eloer, damage observed.
Page 2 - set of simplified drawings of the monument, showing the damaga.

Page 1 - characteristics of construction and materials, descripticn of
deformations, emergency action proposed, repair programme proposed.

Page 4 - classificaticn by damage category (I, II, III), estimated cost of
repair, particulars of the assesssent team and reference of photographs.

It is possible to have these forms printed outside the disaster erea, in the
capital or a neighbouring town, during the critical pericd so that they will be
available when the systematic azsessment of the damage begins. If a cosprehensive
survey is made with these forms, the protection of the cultural heritage can be
organized efficiently at all stages: setting priorities for action, crdering
equipment, distributing rescurces and staff, etc.

In additicn to inventorying the damage, the assessment teams will take ad-
vantage of this second inspection of each monument to supplement the photographic
coverage and check that the emergency measures {temporary covering, evacuation, etc.)
have been properly carried out or are under way.

Colour eode. The classification by damge category (IA, IB, IIA, etc.) can be
painted on each monument using the colour code applied in Mentenegro in 1978: green
for category I (underlined once for IA, twice for IB), yellow for category I1 (under—
lined once for IIA, twice for 11B] and red for category III [underlined once for IIIA,
twice for IIIB). The identification number of each assessment teem is then painted
en each building in the ecolour for its category, feollowed by the sarial number
specific to each building (photo 14).

This system is particularly recommgnded where a great many buildings are con-
centrated in a limited sector: for instance, all the houses in & historic city. It
makes it easier to record the damame on the town plan, which will be an essential
tool in future restoration work.
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In practice the use of the colour code will not, as a rule, be restricted to
the cultural heritage; it will be a comprehensive measure adopted by the authorities
and applied to all buildings in the disaster area - dwellings, shops, schools, public
buildings, Factories, etc. - and historic momuments will be 4usk ope specific case
in the general procedure of damage assesement.

L Safeguarding of structures

The damage assessment makes it passible to aasign priorities: that is, to
identify the monuments and parts of bulldings which have besn left by the earth-
gquake in the most unstable atate and which must be safegquarded as socon as possible
in order to prevent any worszening of the damage, ruin ©f the dismantled monuments
and permanent loss of the rultural herltage.

It is not at all the purpese of these zafequards to repair the monuments, let
alone restore them. This purpose is to keep standing those structures that have
not collapsed, by temporarily improving structural stability in order to increase
resistance to possible aftershocks and avert the danger of collapse until such time
as a reconstructien policy is adopted and long-term repalr, reinforcement and preserva-
tion measures can ba planned and implemented - a process which takes several years.

Ssince the damge cavused by the earthguake ie chiefly due to tenslle stresses in
the masonry, which are set up when each structural component behaves independently,
the purpese of the safeguard procedures [and, generally speaking, of the measures of
reinforcement that will be applied later on) will be to retore to the buildings a
minimum of structural comtinuity so that the structure will behave as one whole.

(a) ERestoration of structural continuity

The position and direction of the cracks enable us to identify the loosepned
compenents most likely to collapse and the directicn inm which they are likely to
do zo. In this respect cracks may be regarded as a state midway between normality
and destruction, a pause in the process of falling apart: they show, like a spapshot,
a structure in course of dislecation.

1. BEtrapping

Whenever possible, the best method of safeguarding the building will be to bind
it together with tight contimuous straps running round it at the most eritical levels:
the tops of the walls, the haunches of the vaults, the floor levels (fig. 19).

Figure 1%

Strapping of a building
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Thesa straps will consist of metal cables or reinforcing steel rods, whose
elasticity has the advantage of preserving a minimm of flexibility in the masonry.
This is needed in order to absorb seismic energy and to conserve a favourable damping
capacity. However, this elasticity (greater in cables than in reinforcing steel] has
a disadvantage: at first it allows tensile stresses to develop and cracks to open
while the steel is lengthening and before the retaining effect is folt. For this
reason the strap must be slightly prestressed so that it will react as scon as any
strain is placed on it. This can be done by using tightening devices such as the

turnbuckle (fig. 20).

Flgure 20 Turnbuckle

Cable strapping Reinforcing steel strapping

There are many similar devices on the markst,

&nother method of prestressing, easier to use but suited more specifically te
reinforcing steel, is to thread the ends of the rods and tighten them up by kalting
them on to angle plates. These plates must then be specially made with a single
weld, so0 as to provide a good sesating on the masonry and accurate tightening on each
fagade of the building (fig. 21].

"xﬁ Figure 21

40 Com




- 75 =
In order to provide a better seating on the masonry and te protect the archi-

tectural decoration {mouldings, pilasters, plastering, etc.) it will often be essen-
tial tn insert balks of timber between the straps and the building (fig. 22).

Flgure 22

Timber pads between
masonty and straps

tastly, it is always preferable to use straps [cables or reinforcing steels)
of small diameter, betws=en 10 and 16 mm. Where there 1s a large mass of material
to be held together, it iz better to fit two or three parallel straps than cne@

stronger cneé: 1in other words, to digstribute the stresses instead of concentrating
them.

2., Cross ties.

Where the building iz of some size and, more especially, if it is elongated,
strapping alene is not enough. Cross ties must be added. The simplest sclution
is to use the windows, byt this i generally risky because the level at which the
ties are positicned is unsatisfactory. It ls accordingly necessary to place vertical
pads between the walls and the ties and to positicon the ties eymmetrically in relatlon
to the floors {(fig. 23). Wherever possible, the aim will be to place the Cross ties
gymmetrically in relation to the compreaaible components that divide up the structure:
flocrs, cross-walls, diaphragm arches, etc.
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Figure 23

3. Bracing of cpenings.

Even in normal times, the openings are weak points in a structure. By the
time an earthguake is over, they have attracted cracks and become a potential factor
for collapse. To supplement the strapping, the openfings should be braced in order

to make the walls a5 homogenscus as possibla,

The traditicnal method of bracing with balks of timber can be used [(fig. 24,
photoz 15 and 16).
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Put the simplest solition will often be to wall up all cpenings systematically
(Fig. 25} with bricks or cepent blocks bound by gypsum, lime mortar or, out of neces-—
zity, by a low percentage cement mortar. This method haz the additional advantage of
blocking or restricting access to the monument (photos 16 and 17).

—
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Flgure 25
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Walling up openings and etrapping the building

In the event of partial collapse, it will often be necessary to rastore tha
physical continuity of the wall before the straps are fitted; this is done either
by filling the gaps or replacing collapsed parts with a frame structure (braces or
horizontal shores) or by temporarily rebuilding the ruined wall (fig. 26).

Figure 26

Restoration of
gtructural contimalty
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By & cosbination of walling up openings and fitting straps, even structures
pierced by many openings can be atabilized (fig. Z7).

Walling up of openings and strapping

In the case of damaged, severely cracked oy profeundly dislocated monuments,
a combination of these mutwally complementary methods (straps and cross tles,
walling up or bracing of openings &nd gaps) may restore structures to the desired
cohesion - indesd, it generally makes them stronger than they were before the earth-
guake: resistance to aftershocks is greatly enhanced and, with stahility restored,
work en the monuments can proceed under acceptably safe conditioms.

Except in very simple cases (small, very massive mommentsa}, strapping alone
is inadequate; Lt may even be dangerous owing to the false ilmpressicn of securlity
that it gives. The sazme applies to the bracing of cpenings: these peasures are i
effective only Lf applied together. In the interests of workers' safety, operations
on each monument should so far as posalble be carried out in the following order:

1. fitting straps, not tightly, around the cutside;

2. walling up or bracing up the openings and gaps;

3. prestressing the steel components by tightening the straps and ties.
i
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(b) Shoring

Traditional shoring procedures, with the props resting an the ground outside
the buildings, should be used only when straps and ties are ipadequate or cannot be
fitted. These props need to be anchored on the greund, and this is often difficult
ta achieve effectively. In partirular, in the event of an afterchock they tranmsmit
the ground movement directly and abruptly to the upper parts of the structure - which
is then at the peak of the wibration phase - and may act as battering rams, causing
the restructisn of the feabtures they are supposed to support [photos 1B and 19). As
a rule, shores are needsd only in the event of proncunced tilting {where the bullding
tilts en bloec), to relieve the foundatisnas or to support isclated structures with
little grip on the ground (photo 20).

On the other hand, means of vertical support (shores, trestles or beats) are
needed to relieve disrupted pillars or wall sectiens that are wnder heavy load, to
improve the weight distribution in buildings with unsteady foundations or to support
unztable members such as a broken lintel, a loosened floor or deformed wvaulting
(photo 21). Imstalling temporary support of this kind fs always a demanding task -
even more so in times of selemic activity - and should ke entrusted to highly gquali-
fied speclalists.

{c} Dismantling

Fragile structures which have been severely shaken, especially small-scale
decorative features, will often have to be dismantled and the materials stored in
a gafe place. The cperation should be amply covered by pheotography; the dismantled
components (building stomes in particular) should be numbered in indelible paint
before removal and the numbers reccrded in a notebook. The components should be
stored in a logical order to facilitate reassembly (fig. 31). Dismantling such
structures is more difficult where the pasenry is of brick, especially if the bricka
are covered with plaster mouldings or sculpture. The aim should be to remove cos-
ponents as nearly as possible in one piece, consisting of several bricks still bonded
Ly their moztar.

{d) Timber frames

Timber frame structures are often more earthquake-resistant because of their
greater flexibility and the bracing built into them to withstand horizontal wind
pressure. 1f the seismic acceleration is too great, however, the wind bracing may
give way, destabilizing the entire structure so that it tilts or collapses.

safequards for damaged structures will include temporary bracing (metal tie-
rods, wooden struts, etc.) teo stabilize the tilt (fig. 28). In more serlious cases
the wisest course is often to dismentle the structure and place the structural timber
and covering materials in store.

Flqure 28
Timber frame

- Ll T
condition after earthgquake temporary stabilization

@ | @
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{e] RFRoof repaira

The fitting of temporary coverings to protect fragile features has in principle
been completed {(see chapter 4). 1In other cases, once the structures have been pro-
visgionally stabilized, the roof must be repafred in order to keep the rain out and
prevent it from seeping into the masonry or damaging the structural members (timbers,
floors, staircases, etc.). Depending on the type and condition of the roofing, nse
should be mage either of light temporary materials (corrugated or ribbed metal or
plastic sheeting) or of salvaged original materials (tiles, slates) if thess are
available. It is always preferable, however, to reduce the weight of the top parts
of the building in order to relleve the weakened structures.

| (£} Protection of non-transportable items

Temporary protectlion must sometimes be providsd for non-transportable items of
exceptional value (altars, tombs, statues or groups of sculpture, etc.). In the
initial (critical} period, sandbag protecticn is an acceptahle measure. Thereafter
effective protection against falls of owverhanging mascnry may be provided by a
sghelter stoutly built of timber or metal with adeguate bracing and designed to
reslst crushing {(fig. 29) covered with boards, at least 25 mm thick.

Flgure 29

Protection of a on-transportable statue

7. Removal and sorting of debris

Cnce the damaged monuments have been temporarily stabilized, it becomes much
legs dangerous to enter them or to work mear them. The time has come to sork the
debrizs of the collapsed upper parts.

If the perscnnel had been avallable, this operation could have besn started

{ earlier, beginning for example with momument= that had been completely destroved
and wherever the structures still standing presented no danger te the workers or,
conversely, where accumulated debrils placed the monument at rlsk: faor example
where the entire vault had collapsed and the debriz exerted such pressure against
the relatively low walls left standing that they were in danger of being toppled
{fig. 20a), or where the debrls of ocne building had pilled up against ancther
structure [(filg. 30L)
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. danger presented by accumulated debris

Figure 30

45 a general rule, howewver, in the lnterests of workers' eafety,. no removal of
debrie should be allowed until the stability of all large masonry Festures =:ill
standing has keen lumproved (photo 22).

In all casea, the dshris are sorted as it is removed, ESpace should be set
nside for the storage of each category: rubble, rough stone, whole bricks, dressed
sbone, reusable roofing saterials,; beams; jolsts and structural timbers; joinery
{deors, windows, stalrcases, etc.), waluable small items (for example bhits of plaster
with pural painting which it may be thought possible to reassemble later oal,; hard-
ware, art cbjects and collectors' items to be evacuated to movable property conserva-
Eion centres {(Fig. 3l).

Figure 31

sorting of debris

art gbjects,
collections,

ke,
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be short and efficient.l Arrangements for co-ordinating the assistance available
from these organizations should be worked cut by the Service in order to awcid
duplication of effort.

These organizations can be ashked:

to gend experts and epeclalists to perform specific tasks (damage assessment,
application of safeguards, preservation of movable property, preparation of
restoration projects, photogrammetric surveys, etoc.)gp

to send equipment or material which is in short supply in the country (vehicles,
$ite wquipment, scaffolding components, photographic equipment or supplies,
preservation material, ete.).

in practice, becausze the purchase and transport of eguipment are bound to take
time, internaticnal assistance will be particularly valuable in the next stage, i.e.
in the final consolidation of structures, the restoration of monuments, the preserva-
tion of movable property, stc., all of which are highly specialized and extresely
delicate operations in an earthquake zone. International assistance can be of use
in making advance preparations for this second phase by sending personnel abroad on
gepecial training fellowships (earthquake engineering, preservation of monuments and
art cbjects, preservation of mural paintings, architectural photogrammetry, etc.).
On their return these fellows will become officials of the Service and take charge
of restoring the cultural heritage in the disaster area.

10. Freventive measures

Rlthough, in the present sztate of seismological research, earthquakes cannot -
with few exceptionzs = be forecast, we do at least know the exact zones where they may
eccur. It 18 passible, in these zones, to prepare for the eventuality of an earth-
quake and to take measures accordingly in order to be better egquipped to cope with
digaster.

fa] Evaluating the earthguake threat

The world's earthguake zones are falrly accurately known. They correspsnd to
the edges of the great tectonic plates that support the continents and oceans
(£ig. 32). Moreover earthquake maps are published in every country and periocdically
revised, supplemented and refined. Owing to the compartmentalization of disciplines
and institutions, however, these maps are not, as a role, distributed widely enough
and in most cases are unknown, for example, to those responsible far the preserva-
tion of momments.

These maps show several zomes which are differentiated by degree of expected
hazard as measured by various parameters: maximum intensities historically chserved,
maximm intensities foresesable, maximm accelerations foreseeable, etc. They may
be supplemented by the maps of so-called seiemic microzones which are now beginning
to be published on certain towns or areas; these take into account the local
behaviour of the subsoil which may weaken or amplify the effects of a partiecular
earthquake, and thus provide the baszi=z for a wery exact appreciation of the earth-
quake threat at a particular point: for example to a mommant.

1. All too cften the Service iz obliged to take the representative of each
organization on a tour of many moenuments all over the disaster area, kesping
a8 motor vehicle, a driver and staff busy for several days. It would be more
economical merely to shew him a few representative cases and provide his with
& well-prepared file (photographs, gap, plans of monuments, descriptisn of
damage) covering the whole area.
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The degree of progress made in the peiemological and geotechnical research
necessary for these studies varies from country to country, but there iz at least
a naticnal map available everywhere. It 1= therefore recommended that, in every
country, the national Service for protection of the cultural heritage should ask
the responsible organization for a copy of the latest seiemicity map and pirpoint

en it the protected historic momuments, the old cities and quarters, the archasologica

sitez and the country's main museums and libraries. This will provide a elear pic-
ture of the most threatened sites and of the priorities to be cbserved.

The information thus compiled should be passzed on to the competent Service in
pach area, with a copy of the seismic map indicating the pesitien of each monument
in relation to the various earthquake zones.

(b) Emergency plans

Semetimes tha civil and military authorities in earthquake areas have occeaion-
ally prepared emergency plans, to take effect as soon as disaster strikes; these
plans esbedy several scenarios taking into account local conditions, the di str ibu-
tion of essential tasks and the co-crdination of relief activities. In principle
such plans are reviewed and ieproved from time to time. Those in charge of the
service at both the national and the regional level should ask to see these plana,
make their comments and participate in their revision - or, even better, in their
preparation - so as to ensure that protection of the eultural heritage is included.
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(g) Documentation

After an varthguake, a preclse knowledge of every monument 1s one of the most
crucial factors im making an accurate assessment of the damage and the safeguards
required. Morecver detailed documentation showing the form and condition the mono-
ment was in before the earthguake is essential to its eventual repair, restoration
and preservaticon.

It is necessary to assemble the following items relating to each monument:

a precise graphic record, on & scale suited to the dimensions of the momment
(at least 1:50, with detailed drawings at 1:20, or 1:10), comprising the plan
of the different lewels and all necessary elevaticns and sections;

the technlecal file en all repalr, maintenance and convarslon work;

a comprehensive set of black-and-white and colour photographs (general views
and close-ups of the cutside and inside];

complete and accurate lnventorles of the movable property which the monument
contains (art objects, collections, furniture, books, etc.);

biblisgraphical references and documentatlon on the history of the monument
from its erection to the present day.

Several copies of these doocuments, fncluding some on microfilm, should be kept
and deposited in several known, supervised places and on the safest possible premises.
The original documents in particular [(photographic negatives, original drawings, etc.)
ghould be kept in a bullding constructed to the strictest seismic zonea.

when a country undertakes a photogramsetric survey of its monuments, the cholce
of the monuments to be covered and the order of priority between them should be bazed
primarily en the relative selsmicity of the area in which they are situated. Such
monuments may be serlously damaged or destroyed at any moment, and the possibility
of consulting a photogrammetric survey made before the dizaster would afford the
best chance of successful restoration. Systematic photogramsetry campaigns should
be organized to cover the monuments in all earthguake =zones, with facilities for
filing the exposure palrs in a safe bullding {(or, even better, for making duplicates)
and plotting cnly as need arises.

This documentation may be aasembled at the national, regional or local level.
In afy case it is desirable that the Service should have, at sach of its local
ocffices, a copy of the plans of the monuments for which it 1s responsible and a set

of photographic prints.

During the emergency, what the Service needs post 1= to have simplified plans
of every sonument, for use in noting the damage {(see chapter 5 and fig. 17) and in
calculating requirements of equipsent and materials (area of covering, length and
height of scaffclding, length of straps, ete.). These simplified but accurate
drawings should be on a small scale for ease of handling in the field (excepticnal
cazes apart, the varions drawings of a monument should £it on to & standard
210 x 297 mm sheet which can be easily photocopiled). They will be prepared by the
Service and kept in twn nr three coples in carefully selected places: they will be
accurately filed (in each district, by localities, in alphabetical or numerical

arder) so that the file nn each monument can be retrieved guickly and correctly.
¥
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4. Motor fuel. ©BGupplies of motor fuel may also be cut off for several days.
It is therefore advizable to keep a small reserve stock of fuel For wehicles and
the generator {ocne or two 200-litre barrels of petrol and, if necessary, diesel oil)
in a place which is isclated (an independent shelter) but proof against theft. &
emall hand-pump, or at least a flexible tube, should be kept in the same place to
£111 the fuel-tanks.

5. Advance preparaticns. Little in the way of direct preparations can be mads
in advance. It is, of course, simple enough to print damage assessment forms, to
have a reserve stock of angle plates made and to buy steel rods for strapping, but
what are the chances of finding these items guickly and in gocd candition if an
earthquake ccours £ifty or {00 years later? Such preparatiocns are probably better
crganized on a national scale: e.g. the printing of stickers for emarking monusesnts,
which may be sent to each local or regional Service and replaced every ten years
(with the advantage of reminding officilals of the earthgquake threat); the printing
of various forms and the stocking of materilals and other items that can be sent to
the disaster area as s00n as an sarthgquake 1z reported.

At local Service lewel, rather than keep a stock of material lying idla which
may be found at any time to have become unuszable, orf which may be ruined by the
earthquake, 1t makes better sense to have supplies delivered regularly so that there
1s always encuagh in stock for the critical pericd. For example, in addition to the
ltems mentioned above (paras. 2, 3 and 4}, films; paper and photographic supplies,
batterie=s for the torches and appliances (calculators, cameras, etc.), officé sup-
plies and drawing materials should be continucusly available. But it would be a
mistake to, keep these supplies in a cupboard marked '"Open cnly im case of earthguake'

The stock should be turnied over regularly so that products such as films and
sensltized paper do not become outdated. About one year's normal supply should be
kept in stock; this may be used up in two or three weeks 1f an earthmquake occcurs,

(e) Upkeep of monuments. Lastly it should be emphasized that the state of
preservatlion of monuments is of crucial importance in the event of an earthguake.
It has been seen abova (chapter 5} that earthguakes cause masonry to break up its
linea of least reslstance. Certaln weak points, such as the cpenings, are an
integral part of the momment and cannot be eliminated; but any accidental weakness
in a building, such as a poor bond between walls [whether they were erected simil-
tanecusly or not), setting of the foundatlonz, cracks, timber connecticns in poor
conditicn, etc., i1s a factor in worsening the damage.

Regular and correct maintenance of monuments by the accepted methods of good
preservation practice is even more important in earthquake areas than elsewhers.
Experience gained in several esarthguakes has shown that masonry properly repaired
and maintained, even without precauticnary strapping or reinforcement, has resisted
with a minizum of damage and scaetimes without any damage, whereas in the immediate
wicinity bulldings that were poorly maintalned ar not maintailned at all were dis-
located or collapsed. The wital importance of good upkeep means first and foremost
that all moousents should be periodically inspected; any weakness should be noted
immediately and rem=dled as soon as possaible.

The methods of repalring slight defects are in no way different frem the usual
rulez for the preservaticn of monuments. Haturally, where old pasonry is to be re-
paired, the use of cement portar, which is too rigid and brittle, should be awvoided;
it iz better to use lime mortar in order to cbtain the greatest possible homogeneity
in the bullding repaired.
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Meverthelez=, in earthquake areas even more than elsewhere, the work should be
carried out with great care, for the slightest carelessness <an e Very dangercus.
Even everyday conversion and development work must be done with cautien. It was ob-
served after the Friull earthquake (Italy, 1976) that routine modernization work on
old houses had had serious consequences. In the process of laying water plpes and
electric cables in rough stone walls to serve newly converted bathrooms, wide hollows
had been created besause It was easler to remowve a whole stone than to sccop out a
channel. These hollows, filled in with different materials and different mortar,
becams heterogenecus lines in the masonry, along which the walls ruptured during
the earthquake. Thus & structural weakening worsened the damage.

In casaes of sericus defects requiring large-scale repair or consolidaticn work,
the situatisn of the monument in an earthguake zone should be taken into account in
considering the methods to be used. In such cases, it should always be possible to
consult an earthguake engineering specialist and to treat the repair work as an
opportunity to improve the overall earthquake reaistance of the structure. Where
complex morumeénts are concerned, this is a highly specialized task for which archi=-
tects and engineers are generally ill-prepared. The pperation should include a
vulnerability study, a geotectonic survey of the area, a geotechnical analysis of
the foundation sail, a dynamic analysis of the structure and a study of its fore-
secable behaviour according to various seismic parameters.
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Damage RAssessment Form
A. IMMOVABLE CULTURAL FROFERTY

Bonex 1 - 1

INVEMTORY OF DAMAGE
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Annex 1 - 1i

DEGREE OF DANGER STATUS OF THE EMERGENLY
MONLMENT ACTION

0 repair feasible 0 unchanged G

@ repalr impossible 0 changad
0O nat retained

OUTLINE PLAN [AT GROUMD LEVEL) OF THE MONUMENT AND PRINCIPAL DIMENSIONS.
PHOTOCRAPRS AND INDICATION OF DAMAGE

(whole of second page)

STRUCTURAL CHARACTERISTICS (type and gquality of bullding materlals and
bonding components)

DESCRIPFTION OF DEPORMATIONS AND STRUCTURAL DAMAGE

EMERGENCY ACTION FROFOSED

total demslition

]

partial demolition

temporary covering

gharing

external scaffolding

internal scaffolding

protection of mural paintings

protection of architectural dscocration

0D 0D gD

10

EEFALR FPROGRAMME FROPCSED

demolition{s)

ehimney(a)

coverlng

timher gtructure

dome(s)

vaulti(e}

ceiling(s)

wooden fleori(s)

other Eloor(s)

bearing wall(s)

non-hearing wall (=)

arch [es]

columng

piers

beam (s}

stalrocasa|a)

gecmechanical exploration

foundation{s)

belfry /belfries, minaret{s}

external plastering

internal plastarimg

preservation

restoration #
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DEGREE OF DANGER STATUS OF THE EMERGEMNCY
MONUMENT RCTION

0 repalr feasible 0 unchanged

0 repalr impossible 0 changed D
0 not retained

OUTLINE PLAN (AT GROUND LEVEL] OF THE MONUMENT AND FRINCIPAL DIMEHSIONS,
FHOTOGRAPHS RND INDICATION OF DRAMAGE

(whole of eecond page)

ETRUCTURAL CHARACTERISTICS (type and quality of bullding materials and
bonding compoanents]

DESCRIPTION OF DEFORMATIONS AMD STRUCTURAL DRMAGE

EMERGERTY ACTION PROPOSED

total demolition

partial desnlition

tezporary covering

shor ing

external scaffolding

internal scaffeolding

Frotection of mural paintings

protection of architectural decoration

I[rﬂ[}t [= R i ]

14

REFAIR FRUGRAMME FROFPOSED

demalition[s)

=]

chimneyis)

covering

timber structure

dome (B)

vault(s)

cellingi{s)

[ o - e s

woaden Floor(s)

other floor(s)

bearing wall(s)

non-bearing wall (s}

archiea)

ealumts

plers

beamis)

stalrcase{s)

gecmechanical exploration

foundation(s)

belfry/belfriea, minaret|s]

external plastering

internal plastering

pressrvation

rastoratian ¥

[ s R B o o R B o R e I:J'-‘.I'll::lt]




Annex 1 = iii

11

DAMAGE CLASSIFICATION AND STATE OF SERVICEABRILITY CF THE BUILDING

1 S BERVICEAELE {green category)

IR - clags | === } intact except superficial damage
1IB - elass 2 == 0 no structural damage

11 / TEMPORARILY UNSERVICERBLE {yellow category}

114 - class 1 === [ structural damage
IIB - class 2 === (0 heavy structural damage

I1I / UMSERVICEABLE (red category)

ITIA - €lass | we— very heavy structural damage
IIIE - class 1 ==} partial or total destruction

{The damage classification and state of serviceability of buildings have

been establishad in accordance with the criteria applied by the Technical
Commission for Damage Assessment in the Socialist Republic of Montenegro.)

i

ESTIMATED COST OF REFAIR

1. walue of the building before the sarthquake:
md x dinars = dinars.

2, cost of restoring the building to its pre-sarthguake
caondition (structural repair}:
m; u dinars = dinars.

3. total cost of repalr [consclidation):
me x dinars = dinars.

13

HOTES

14

The members of the Commission

Photographic coverage: Ho. of megatives
photographer
copyright owner

place and date:




Dapage Assessment Form

E.

MOVABLE CULTURAL PROPERTY

Annex 2 - 1

INVENTORY OF DAMAGE

HAME OF QOBJECT

KATURE OfF QBJECT

EREFERENCE Mo,

&

antiguity

12f13 14|15

16

century

17

18

19| 20

raligious

profane

ethnological

archaeclogical

literary/archives

technical

acbject in the struggle
for national liberation

HMATERIAL
metal

woad

fahric/textilea

leather

paper

pottery

glass

porcelain

stone

hane

harn

parchment

precious stones

(el eNallalelelleleielleeleilsye

Comre

place

tonen

address

locakion

oWner

CONDITION BEFORE EARRTHQUAEE

(:) good

(:} madium

{:} poor

CLASSIFICATION CATEGORY

PROTECTION REGIME

DAMAGE CAUSED BY THE EARTHQUAEE

g destroyed

& heawily
damadg

o damaged

|

glightly

damaged

intact

DEGREE COF DENGER

O repalr feasible
) repalr impossible

STATUS OF THE
OBEJECT

) unchanged
O changed
0 not retained

EMERGENTY
BCTIOHN
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DRAWING OF THE OCBJECT AND FRINCIPAL DIMENSIONS.
FHOTOGRAFHS AND INDICATION OF DRMAGE

(whole of second page)

PRINCIFAL CHARACTERISTICS OF THE COBJECT

DESCRIFTION OF DEFORMATICONS AMND DAMAGE

10

EMERGENCY ACTION FROPOSED
cleaning

dismantling

packing

transport

Qisinfection

storage

drying

inventory

photographs

EJEUEJEJEJE‘EEr

11

REFPARIR PROGRAMME PROPOSED

total preservation

preservation with reconstitution

preservation with restoration
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DAMAGE CLASSIFICATION AND STATE OF SERVICEABILITY OF THE OBJECT

cost of restoring the object te its previcus condition

dinayrs,

12
0 serviceable
) temporarily unserviceahle
0O unserviceahle

13 ESTIMATED COST OF REPAIR

14 ROTES

15

The members of the Commission:

Fhotographic coverage: Ho. of negatives

photographer

copyright awher

Place and date




Fhots 1

Friuvll (morthern Italy). Syatepatic demolitico of ancient
houses in & village dapaged by the earthquake of & May 1976,

Phato 2

Pagan [Burma). Tarpaulin used as temporary cowvefing for roof
of Wgamyathna teaple Mo, 1531, dapaged by the earthquake of
B July 1975,



Phota 1

Podlastva nonastery, interior of the church and frescos on apse wall
under temporary roofling.

Fhoto 4

Gradiste monastery [Mootenegeol, chorch of Bt NWicholas:
part-collapse of wault, damgercusly exposing frescos of 1620 A0.




Fhota 5

Gradiste monastery: temporary protective roofing.

Fhoto B

_!_.:I".El_i'{ﬂml.'n_u‘ﬂ_.‘l‘._tg_:l_l;lgl cathadral damagaed ti‘

the earthquakes of July 1773 and 4 February [976.
Diagonal z-shaped cracks evidencing lengthwiee
oscillation of wall.




Fhoto 7

Pagan, nonagbtery Mo, 223, wWast wall, epllt on the left h:i' & CEack
that followd the windows From Eloor to flase.
On the right, tha corper of the building has l.":"dlll]?ﬂﬂd ltﬂf‘lﬂ with

the entire eouth wall. In the cenbtre, A vartical crack llnking
Eh openings.

Ehoto 8

Pagan, Lemple He. 132B. West wall spllt into throe.
Crushing of the base and gutaidence of the foundations evldenced by
the tilt of the scuth wall don the right] and of the central fragment.



Fhoto 9

Brajici (Montenegrol: &lelocatlon of the walles of a houss
by cracks that follow the cpenings.

Fhnota 10

Pagan, monastery Mo. 239: wvault cracked and
deformad, with £all of several brickes.
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Fhoto [!

Brajfci (Montenegral @ the entipe vault of the church
has collapsed. At the apex of the front fagade,

4 part of the bell gabls [campanilé & wela] has stayad
in place - an upstable decorative component which is
difficult ta protect, Te wilil b Better to dismantla
this and place it in ghelter wntil the monment as &
whole 1g being restored,

Gemona (Frivli): a column in the cathedral, tilted
with crushing of the bottom coursms.




Photo 11

Gamona {Friull) : fazads of the church of the Madoona di
Fossala, cleft by a wida gap that follows the openings
and disclocated by diagonal cracks towards the corners.

Phioto H

Marking of a monumant damaged by the earthguake of 185 april 1974
IMocotenegrol by two different organizatiocns:

Left, the Blus epblem of tha Baguws Conwventlion, affixed by the
Service, lLdentifies the building as a protected historile

nonunen.,

Eight, the [lgures indicate the file number of the bullding
with the Technical Commission for Damage Assessment: yallow
figures double=-underlined (16/2), which indicate classification
in categery 1IB (teaporarily unserviceable) heawy structural
damage]. Tha nau Barking balow, added after the aftershock of
24 mMay 1579, Lndicates; categsry 1ILA, not reusable, stroctural
dislocation.




Fhoto 15

Antigua Guatemala, Palaclie del Ayuntamlentor brecing of openings
neat tha coener of the monument. DBut this peasure should be sup-

plemented by fitting etraps and ties If it is to be effective in
an aftersheck.

Fhota 16

Gemona [Friwli): to the left, bracing of arches and De@mporary

covering om town hall. To the right, the arcades of the houses
bawe been bhricked up.

=y



Photo 10

Gemana [Friulll . Palazzo Gurigaeti:

sane view after the aftershock oF 15 Geptember 1976,
The mormument bhas fallan in on itself completely,
behind the props. The nalghbouring buildings are
partily destroyed.

Fhoto 20

hntigua Guatenala, cathedral:
shoring of a elngla pillar in the ruips left by
the earthguakes of 1773 and 1976,



Phato 21

Fagan , tpall Thein [Mo. 2121} The brickwork wault, plasters]
and painted in the intrados {painting=s of the eighteenth century AD),
was severcly deformed by the 1975 earthguake. A supporting frame-

work of metal arches has been lnstalled pending genersl reinforcement
of the stroctura.

Photo 22

Vanzona (Frlulll: Debris of old houses destroyed around the Eown
hall, whizh was severaly damaged.

L]



Fhoto 23

Budva [(Montenegro] :

The ramparts of the medisval tows collapeed,
crushling sewaral parkad cacs inclvding a vehicle bBelonging to tha
Bervice for the Frotection of Historic Monunents of Montenegrs.,




