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B Abstract: Heritage buildings represent a valuable part of the historic city
and need to be protected through comprehensive preservation strategies
in order to ensure the authenticity and spirit of the place. The base of any
preservation policy is the knowledge that can be improved following vulner-
ability assessment methodologies.

The paper continues the research carried out in the field in many inter-
national research projects focused on the protection of heritage buildings.
The research proposals are in accordance with the concerns of ICOMOS,
which encourage a multidisciplinary assessment of historic buildings, aim
to reduce seismic risk, and by doing this to protect the cultural heritage
and local communities. The originality of the proposals is also dictated by
intertwining the field of civil engineering with that of architecture, urban
planning, and socio-economic studies, focusing also on cultural and artis-
tic features. Considering that many historical urban centres are located in
areas with very high levels of exposure, for communities in seismic areas,
earthquakes are a real danger and difficult to predict.

B Keywords: heritage, vulnerability, assessment, masonry, wood

Introduction

B Within this paper, two simplified methodologies are presented. The
first one was developed for historical urban centres located in seismic
areas. It takes into account the cultural value and can be easily applied at
urban level, defines seismic scenarios and vulnerability curves, assesses
possible losses, defines the capacity and fragility curves specific to ma-
sonry buildings, and proposes vulnerability maps for the safety of heritage
buildings in the Timigoara historical districts.

The second one is focused on the value and vulnerability of historic
wooden roof structures. It is a multi-, inter-, and transdisciplinary assess-
ment procedure, which highlights that besides understanding their struc-
tural behaviour, there are a series of factors that have influenced the shape
of the roof and the used structural typology, and that the aesthetic features
and the relation with the surrounding urban area also have to be taken
into consideration. It is noteworthy that the procedure also considers en-
vironmental factors that can affect the buildings’ state of conservation and

1 Politehnica University Timigoara, Faculty of Architecture and Urban Planning, Timigoa-
ra, Romania.
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Metodologii
simplificate de evaluare
a vulnerabilitatii
structurilor istorice

din zona seismica Banat

B Rezumat: Cladirile de patrimoniu repre-
zinta o parte importanta a oragului istoric
si trebuie protejate prin strategii complexe
de prezervare, pentru a asigura autenti-
citatea si spiritul locului. Baza oricdrei
politici de restaurare este formata din cu-
nostintele care pot fi imbunatdtite in urma
aplicarii metodologiilor de evaluare a vul-
nerabilitatii.

Aceasta lucrare continua cercetarea
desfasurata in domeniu in cadrul a nume-
roase proiecte internationale de cercetare
privind protectia cladirilor de patrimoniu.
Propunerile cercetdrii sunt in concordanta
cu preocuparile ICOMOS, care incurajeaza
o evaluare multidisciplinara a cladirilor is-
torice, vizeaza reducerea riscului seismic §i
prin aceasta protejarea mostenirii culturale
si a comunitatilor locale. Originalitatea pro-
punerilor este dictatd si de impletirea dome-
niului ingineriei civile cu cel al arhitecturii,
urbanismului gi studiilor socio-economice,
concentrandu-se si pe caracteristici cultu-
rale gi artistice. Avand in vedere ca nume-
roase centre urbane istorice sunt situate in
zone cu un nivel foarte ridicat de expunere,
pentru comunitatile din zone seismice cutre-
murele sunt un pericol real si greu de prezis.

B Cuvinte cheie: patrimoniu, vulnerabili-
tate, evaluare, zidarie, lemn

Introducere

B In cadrul acestei lucréri sunt prezentate
doua metodologii simplificate. Prima a fost
dezvoltata pentru centrele urbane istorice
situate in zone seismice, ia in considerare
valoarea culturala si poate fi aplicata cu
ugurinta la nivel urban. Ea defineste sce-
narii seismice si curbe de vulnerabilitate,
evalueaza posibilele pierderi, defineste
curbele de capacitate si fragilitate specifi-
ce cladirilor din zidarie si propune harti de
vulnerabilitate pentru siguranta cladirilor
de patrimoniu din cartierele istorice ale
Timisoarei.

1 Universitatea Politehnica Timigoara, Facultatea
de Arhitectura i Urbanism, Timigoara, Romania.
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M Figure 1. Proposed historical-cultural promenade for Timisoara European Capital of Culture 2023
B Fig. 1. Propunere de promenada istorico-culturald pentru Timisoara Capitald Europeand a Culturii 2023

A doua metodologie se axeaza pe va-
loarea si vulnerabilitatea sarpantelor istori-
ce din lemn. Este o procedura de evaluare
multi-, inter- si transdisciplinara care sub-
liniaza faptul ca, pe langa intelegerea com-
portamentului lor structural, exista o serie
de factori care au influentat forma acope-
risului si tipologia structurala utilizata si ca
trasaturile estetice si relatia cu zona urbana

the link to the building, by acknowledging how these structures can influ-
ence the behaviour of the buildings during seismic events.

The need to propose a quick methodology for assessing the seismic
and cultural vulnerability of historic masonry buildings and the value and
vulnerability of historic wooden roof structures is underlined by the large
number of buildings with heritage value in Timisoara, but also by the
limited financial possibility of the owners to perform detailed technical
reports. So, the issue of heritage protection is the responsibility of local
authorities, who could easily use the proposed methodologies for all his-

B Figure 2. Example of complete survey performed on an investigated building
B Fig. 2. Exemplu de releveu complet al unei clddiri investigate
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toric buildings in the city, quickly and easily obtaining a list of priorities
for rehabilitation works.

The amount of data collected and processed during the study, over 100
heritage buildings and 20 roof structures, highlights the potential impact
of the results and the significant contribution to knowledge in the field.

The main advantages of the proposed methodologies are their capabil-
ity of being adapted to any European site, their capacity to be applied at a
territorial scale, and their quality of being easy-to-apply even by the own-
ers of the buildings. The proposed research project is expected to create,
in a simplified way, European maps of the cultural value and vulnerability
of heritage buildings.

1. The necessity of developing quick
and simplified vulnerability assessment
procedures

B Heritage buildings represent a valuable part of the historic city and
need to be protected through comprehensive preservation strategies, in
order to ensure the authenticity and spirit of the place. The base of any
preservation policy is the knowledge that can be improved following
vulnerability assessment methodologies (LAGOMARSINO, CATTARI &
CALDERINI 2012).

Cultural heritage, as a factor in the development of sustainable poli-
cies, suggests the establishment of a methodology for a lasting manage-
ment of cultural heritage in a European framework. A common cultural
heritage of the whole continent with the benefits offered by its diversity is
one of the prime factors in the framework of building and strengthening a
culturally rich Europe, whose intellectual, emotional, moral, and spiritual
needs are better satisfied.

inconjuratoare ar trebui luate, de asemenea,
in considerare. De remarcat este faptul ca
procedura are in vedere si factorii de me-
diu, care pot afecta starea de conservare a
cladirilor, precum gi legatura cu cladirea
prin recunoagterea modului in care aceste
structuri pot influenta comportamentul cla-
dirilor in timpul evenimentelor seismice.

Nevoia de a propune o metodologie rapi-
da pentru evaluarea vulnerabilitatii seismice
si culturale a cladirilor istorice din zidarie
si a valorii si vulnerabilitatii sarpantelor is-
torice este subliniatd de numarul mare de
cladiri de patrimoniu din Timisoara, dar si
de posibilitatea financiara limitatd a proprie-
tarilor de a realiza rapoarte tehnice detaliate.
Deci, problema protectiei patrimoniului este
responsabilitatea autoritatilor locale, care ar
putea utiliza cu usurinta metodologiile pro-
puse pentru toate cladirile istorice din orasg,
obtindnd rapid si usor o lista de prioritati
pentru lucrarile de reabilitare/ interventii.

Cantitatea de date colectate si prelu-
crate in timpul studiului, provenite de la
peste 100 de cladiri de patrimoniu si 20 de
sarpante, evidentiaza impactul potential al
rezultatelor si contributia semnificativa la
cunoagterea in domeniu.

Avantajele principale ale metodologii-
lor propuse sunt capacitatea de a fi adaptate
la orice sit european, capacitatea de aplica-
re la scara teritoriald si faptul ca sunt ugor
de aplicat chiar de catre proprietarii cladi-
rilor. Este de asteptat ca proiectul de cer-
cetare propus sad creeze, intr-un mod sim-
plificat, harti europene ale valorii culturale
si vulnerabilitatii cladirilor de patrimoniu.

M Figure 3. Particular combination of in-plane and out-of-plane failure mechanism for masonry buildings in the epicentre of shallow earthquakes
M Fig. 3. Combinatie particulard de mecanisme de degradare in plan si in afara planului la cladiri in epicentrul cutremurelor superficiale
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B Photo 1. Architectural-artistic details of the investigated buildings
B Foto 1. Detalii arhitectural-artistice ale clddirilor investigate

1. Necesitatea dezvoltarii unor
proceduri rapide si simplificate
de evaluare a vulnerabilitatii

B Cladirile de patrimoniu reprezinta o parte
importanta a oragului istoric si trebuie pro-
tejate prin strategii complexe de conservare,
pentru a asigura autenticitatea si spiritul
locului. Orice politica de conservare are la
baza cunostintele care pot fi imbunatatite in
urma aplicarii metodelor de evaluare a vul-
nerabilitatii (LAGOMARSINO, CATTARI &
CALDERINI 2012).

Patrimoniul cultural, ca factor in dez-
voltarea politicilor sustenabile, sugereaza
implementarea unei metodologii pentru
un management de durata a patrimoniului
cultural intr-un context european. Un pa-
trimoniu cultural comun al intregului con-
tinent si beneficiile oferite de diversitatea
sa reprezinta unul din factorii principali in
cadrul construirii si consolidarii unei Euro-
pe bogate din punct de vedere cultural, ale
carei nevoi intelectuale, emotionale, morale
si spirituale sunt mai bine satisfacute.

Accesul la informatii, ca factor vital in
implinirea individului si a comunitatii, este
deci absolut necesar, fiind posibil printr-o
abordare multidisciplinara, evidentiata
printr-un set concentrat de politici, stategii
si proceduri cu un puternic caracter social,
care va putea oferi garantii ca beneficiile
urbanizarii din prezent vor fi sustenabile in
viitor.

Studiul porneste de la principiile si re-
comandarile ICOMOS, ISCARSAH si ale
Cartei de la Venetia, care incurajeaza o eva-
luare multidisciplinara a stucturilor de pa-
trimoniu (ICOMOS 2003). Aceasta inseamna
ca ele nu pot fi analizate doar prin simpla
evaluare a carateristicilor lor structurale si a
starii de conservare, ci trebuie luate in con-
siderare caracteristici mai complexe, legate
de contextul si valoarea lor cultural-istori-
ca. Fara pilonul cultural-istoric nu se poate
intelege caracterul ce defineste patrimoniul
cultural si ce ii ofera originalitate si indivi-
dualitate. Legdtura bi-univoca dintre arhi-
tectura istorica a unei zone si istoria si viata
comunitatii locale are o deosebita importan-
ta. Exista o permanenta nevoie gi implicit o
oportunitate de cercetare in domeniul resta-

Access to information, as a vital factor for the fulfilment of the indi-
vidual and of the community, is therefore absolutely necessary, possibly
through a multidisciplinary approach, as evidenced by a concentrated set
of policies, strategies, and processes with a strong social character, which
will be able to give a guarantee that the benefits of today’s urbanisation
will be sustainable in the future.

The research starts from the principles and recommendations of
ICOMOS, ISCARSAH, and the Venice Charter, which are encouraging a
multidisciplinary assessment of heritage structures (ICOMOS 2003). This
means that they cannot be analysed by simply assessing their structural
features and state of conservation but additional, more complex charac-
teristics have to be taken into consideration, related to their context and
their historic/cultural value. Without the historic/cultural pillar it is not
possible to understand what defines built heritage and what gives its orig-
inality and individuality. The bi-univocal connection between the historic
architecture of an area and the history and life of the local communi-
ty is of particular importance. There is a permanent need, and implicit-
ly an opportunity, for research in the field of heritage conservation and
preservation, whose contemporary background reveals many challenges
(MODENA et al. 2013).

Despite this, the assessment of heritage buildings is mainly related to
their structural features, leaving all other, similarly relevant characteris-
tics out of sight. At the same time, it was also observed that the knowledge
regarding the vulnerability of historical architecture and its cultural com-
ponent is insufficiently developed, which highlights the need, and im-
plicitly the opportunity, of performing an extensive research in the field
of the assessment of heritage buildings in order to ensure suitable heritage
conservation and preservation interventions (LAGOMARSINO, CATTARI
& CALDERINI 2012).

The effect of globalisation on the traditional society is manifested by
the erosion of values, identity, and diversity of cultural and historical
importance, threatening the entire value system of local communities.
Heritage buildings, cultural landscapes, archaeological sites, historic ur-
ban areas, bridges, traditions, and handicrafts have been subject, in the
past few years, to more weaknesses that are more complex and more
dangerous. The phenomenon of ultra-fast development, without having
a clear, integrated strategy, can lead to the degradation or even destruc-
tion of cultural and traditional values. This makes the preservation of
this fragile and irretrievable resource, both tangible and intangible, a
necessity but also a challenge, in the interest of current and future gen-
erations (ONESCU et al. 2019).
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2. Existing vulnerability assessment
methodologies

B At the moment, many multidisciplinary teams in the entire world are
investigating the vulnerability of heritage buildings, representing the
Italian school through LAGOMARSINO et al. (2011), MAZZOLANI et al.
(2010), MODENA et al. (2013), D’AYALA & LAGOMARSINO (2015), the
Portuguese school through LOURENCO & KARANIKOLOUDIS (2019) and
others. At the same time, regarding the assessment of historic wooden roof
structures, multidisciplinary task groups of different COST actions (COST
action IE0601, COST action E55, and COST Action FP1101) have been
focusing on developing assessment guidelines and procedures that could
offer information about the structure, its materials, and state of conserva-
tion (FORMISANO et al. 2010).

The subject of the project is widely debated in important internation-
al peer-reviewed journals with impact factor and several internationally
renowned conferences, such as SAHC, PROHITECH, IB2MAC, ICSA, ICE-
FA, and others, illustrating the importance and actuality of the theme. The
results are related with many research contracts and multidisciplinary
projects in the field, such as PERPETUATE (LAGOMARSINO et al. 2010),
NIKER (University of Padua 2012), RISK-UE (MOROUX & LE BRUN 2006),
and various COST actions. Despite the very large number of studies con-
ducted in the field, all of them focus on the structural component and
very little on the cultural one, highlighting the opportunity of the topic of
the proposed research project. Existing methodologies need to be adapted
to the particularities of each site. The adaptation is possible based on nu-
merical analysis and comparison with past earthquakes’ effects.

3. Proposed methodology for the historic
masonry buildings in the Banat seismic area

B In this research project, the proposal of a new seismic vulnerability as-
sessment methodology is presented, with the primary purpose of its im-
plementation in the seismic risk analysis, damage and loss estimation, and
risk reduction policies. The proposed methodology has the main advantage
of being a quick and easy-to-apply procedure for assessing the seismic vul-
nerability of historical masonry buildings at a territorial scale, in the near-
field areas. The investigated area is represented by the historical districts
of Timisoara city, as illustrated in Figure 1. The most common architectur-
al-artistic values are presented in Photo 1 and Figure 2 (ONESCU 2020).

The proposed seismic vulnerability assessment methodology repre-
sents a calibration between the numerical nonlinear analysis results and
the real response of buildings to past earthquakes (Photo 2 and Figure 3),
which represent the tremendous natural laboratory of the Banat seismic
area. Moreover, it offers the possibility of assessing the possible cultural
losses and to determine in a simplified way the seismic vulnerability in-
fluenced by the cultural value (GIONCU & MAZZOLANI 2011).

It represents a hybrid methodology that aims to assess the seismic vul-
nerability of the entire building, also considering its cultural value. The
base of this research was composed of the existing vulnerability assess-
ment methodologies that were proposed by recognised universities such
as the “Federico II” University in Naples, the University of Padua, and the
University of Genoa for the area of Italy, a country with a vast number of
historical buildings and many earthquakes, a lot of them quite similar to
the Banat earthquakes. The empirical procedure was first proposed by
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B Figure 4. Damage typologies identified for the
investigated building types

M Fig. 4. Categorii de degradari identificate la tipurile
de cladiri investigate
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Bld. No.: 1 DISTRICT / CARTIER: IOSEFIN
CLASS / CLASA
= =
CRITERIA / ELEMENT / TR |5
% No. 0UAa 3 Q
CRITERII ELEMENT A B |c b |EZ|23
=2 | » S
1 Organisation of vertical structures /
Organizarea structurilor verticale 0 51 20| a5 5
9 Nature of vertical structures /
Natura structurilor verticale 0 5| 25| a5 6.25
3 Location of the building and type of foundation /
Locatia cladirii si tipul de fundatie 0 5| 25| a5 18.75
4 Distribution of plan resisting elements /
Distributia in plan a elementelor de rezistenta 0 5| 25| 45 75
Regularity in plan /
5 . N
Regularitatea in plan 0 5| 25| a5 0
Regularity in elevation /
6 . A .
Regularitatea in elevatie 0 5| 25| 45 5
Type of floors /
7 | e
Tip de plansee 0 51 15| 45 0
Roofing /
8|2 .
Invelitoare o| 15| 25| 45 33.75
Details /
9 ..
Detalii ol o] 25| 45 0
10 Physical conditions /
70% Starea fizica a elementelor structurale 0 5| 25| 45 0
Presence of adjacent buildings with different height /
11 < e e . n e Tae s e e
Prezenta unor cladiri adiacente cu indltimi diferite | ol 15| a5 45
Position of the buildings in the aggregate /
12 ees oy es oA <
Pozitia cladirii in cadrul agregatului 45| -25| -15 0 225
1 Presence and number of staggered floors /
3 . -
Prezenta si numarul planseelor decalate ol 15| 25| a5 12.5
Effect of either structural or typological heterogeneity
14 |among adjacent structural unit /
Efectul eterogenitatii structurale sau tipologice a
unitatilor structurale adiacente
-15( -10 0| 45 0
Percentage difference of opening area among adjacent
15 facade /
Diferenta procentuala a raportului plin-gol dintre
doua fatade alaturate
-20 0| 25| 45 0
v
STRUCT 76.25
10
IAY
STRUCT 111.25
15

M Figure 5. Example of the proposed vulnerability form- part 1
M Fig. 5. Exemplu de formular de vulnerabilitate propus — partea 1
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Representative architectural style for the area /
16 . . A <
Stilul arhitectural reprezentativ pentru zona ol 10l 15! 25
Age, importance of the built époque and architectural
17 | style /
Varsta, importanta perioadei arhitecturale ol 10l 15| 25
18 Original woodwork/joinery /
Tamplarii originale ol 10l 15| 25
Original stucco, brick floors or ceilings /
19 | Pardoseli sau tavane originale, din caramida, cu
stucatura ol 10l 15| 25
Original statues or bass-reliefs /
20 . . o e .
Statui sau reliefuri originale ol 10l 15! 25
21 Original gable/fronton /
Frontoane originale ol 10! 15! 25
Original balconies and railings /
22 . . .
Balcoane si balustrade originale ol 10l 15! 25
Original mosaics or stone work /
23 . . . e e s
Mozaicuri sau elemente din piatra originale ol 10l 15| 25
24 Original paintings or frescoes /
Picturi sau fresce originale ol 10l 15| 25
Conservation state of artistic assets /
25 . e
Starea de conservare a componentelor artistice 51 10l 15| 25
15% Authenticity/originality (global, elements) /
26 | Autenticitate/originalitate (a intregului si a
elementelor) ol 10| 15| 25
Official monument (national, regional, local,
97 protected area) status /
Statut oficial de monument istoric (national,
regional, local, zona protejata)
0| 10| 15| 25
Particular construction techniques/materials /
28 . . . o .
Tehnici/materiale de constructii specifice ol 10l 15| 25
29 Conservation state of original materials /
Starea de conservare a materialelor originale 5|1 10| 15| 25
30 Representative historical events /
Evenimente istorice reprezentative ol 10l 15| 25
Archaeological site /
31| @ .
Sit arheologic ol 10| 15| 25
Representative/original wooden framework /
32 . . .. ..
Existenta si reprezentativitatea sarpantei originale ol 10| 15! 25
Past restoration work /
33 o . .
Lucrari de restaurare din trecut 51 10| 15| 25
I\Y
ARCH-
ART.

139.5

M Figure 5. Example of the proposed vulnerability form- part 2
M Fig. 5. Exemplu de formular de vulnerabilitate propus - partea 2
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Importance in contouring the street profile /
34 A X :
Importanta in conturarea profilului stradal 51 10! 15| 25 15
35 Importance in contouring the urban silhouette /
Importanta in conturarea siluetei urbane 51 10! 15! 25 15
Annexes, relation with the urban pattern /
10% p UR?Q?II\}IG/ 36 Anexe, relatia cu modelul urban ol 10! 15| 25 0
URBANISTIC 37 Location (central area, touristic area)/
Locatie (centru, zona turistica) ol 10! 15| 25 37.5
38 Representative/particular shape of the roof /
Forma reprezentativa/specifica a acoperisului ol 10l 15| 25 0
v
URBAN. 67.5
Public/social functions /
39 .. . .
Functiuni publice/sociale ol 10l 15| 25 0
40 Importance for the local community memory /
SOCIAL Importanta pentru memoria colectiva locala 51 10! 15| 25 5
5% E?(S)ggll\olﬂc 41 Economic value /
. Valoare economica
ECONOMIC 0O 10| 15| 25 15
Cultural functions /
42 P
Functiuni culturale ol 10l 15| 25 0
IV SOC-
ECON. 10
| | IV CULT 106.05
Photo
/ Foto

M Figure 5. Example of the proposed vulnerability form
B Fig. 5. Exemplu de formular de vulnerabilitate propus

urdrii si conservarii patrimoniului, a carui
cadru conemporan prezintd multe provocari
(MODENA et al. 2013).

In ciuda acestui fapt, evaluarea cladi-
rilor de patrimoniu este legata in principal
de caracteristicile lor structurale, lasand la
o parte orice alte caracteristici relevante. in
acelasi timp, s-a observat de asemenea ca ni-
velul cunogtintelor referitoare la vulnerabi-
litatea arhitecturii istorice si a componentei
sale culturale e insuficient dezvoltat, ceea ce
subliniaza nevoia, si implicit oportunitatea,
de a efectua o cercetare ampla in domeniul
evaludrii cladirilor de patrimoniu pentru a
asigura interventii adecvate de restaurare si
conservare a patrimoniului ( LAGOMARSI-
NO, CATTARI & CALDERINI 2012).

Efectul globalizarii asupra societatii tra-
ditionale se manifesta prin uzura valorilor,
identitatii si diversitatii culturale si istorice,
amenintand intregul sistem de valori al co-
munitatilor locale. Cladirile de patrimoniu,

BENEDETTI & PETRINI (1984) and later developed by MAZZOLANI and
FORMISANO (FORMISANO et al. 2010). Based on this original proce-
dure, a vulnerability form was filled for more than 100 historical build-
ings in Timigoara. Moreover, a complete survey and site inspection were
obtained for 25 representative buildings and numerical pushover analysis
was performed, illustrating the expected typical failure mechanism for
masonry buildings in the Banat seismic area (Figure 4). The results of
the empirical and numerical methodologies were compared with the real
damages observed after past earthquakes in the area. Based on the com-
parison, a new original empirical vulnerability assessment methodology
is proposed, adapted for near-field areas. The results of the new methodol-
ogy are validated through the procedure of relative displacement between
levels. Moreover, a new vulnerability form with a total of 42 parameters is
proposed to consider the cultural value of the investigated buildings. The
proposed parameters are organised into four categories: structural, archi-
tectural-artistic, urban planning, and socio-economic (Figure 5). The new
vulnerability curves influenced by the cultural value are proposed for the
Timigoara historical districts, together with vulnerability maps. Based on
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M Figure 6. Seismic vulnerability maps influenced by cultural value in Timisoara
B Fig. 6. Hdrti de vulnerabilitate seismicd influentatd de valoarea culturald din Timisoara

visual inspection, the investigation form can be filled-in for any building,
by estimating a vulnerability class from A to D (A being the ideal situa-
tion, D the worst-case scenario) for each parameter. Each parameter has a
weight allocated to it, depending on the importance of such an element. In
the end, the weighted sum of all parameters is calculated, determining the
vulnerability index influenced by the cultural value. The index is later at-
tenuated depending on the importance of the investigated site and follow-
ing damage estimation formulas. The most probable damage state (from
D1 to D5, D1 meaning very slight damage, while D5 meaning collapse) is
predicted in case of a particular seismic scenario (ONESCU 2020).

A losses scenario is presented (Figure 6), evaluating the most critical
points in case of an earthquake in the historical districts of Timigoara, and
solutions to reduce the seismic risk at urban scale are proposed. In the
end, the results are organised in a prioritisation list that helps the local
authorities give funds for rehabilitation works to the most vulnerable his-
torical buildings, in order to ensure the preservation of the city’s heritage
(ONESCU et al. 2019).

The vulnerability studies that were developed through the PRO-
HITECH research contract, for historical structures, have highlighted the
necessity to establish a quick and simplified seismic vulnerability assess-
ment methodology for the Banat seismic area, which is characterised by
shallow earthquakes. The need to develop such a vulnerability assess-
ment methodology for historical buildings is underlined by a large num-
ber of such structures in the area and by the low financial possibility of
the owners to perform detailed expert’s reports, so the local authorities
could determine a prioritisation list for the needed rehabilitation works
(MOSOARCA et al. 2019).

4. Proposed methodology for the historic
wooden roof structures

B Besides the complex study of the seismic vulnerability of historic ma-
sonry structures, an equally extensive research was performed on historic
wooden structures in Timigoara. This study brought forward a series of chal-
lenges caused by the fact that, besides being complex structural systems, in-
fluenced by the used material, state of conservation, and used details, they
are also highly influencing the general appearance of the building.

48 2021 01

peisajele culturale, siturile arheologice, zo-
nele istorice urbane, podurile, traditiile si
megtesugurile sunt supuse, in ultimii ani,
mai multor deficiente care sunt mai comple-
xe si mai periculoase. Fenomenul dezvoltarii
ultra-rapide, fara a avea integrata o strategie
clara, poate duce la degradarea sau chiar
distrugerea valorilor culturale si traditiona-
le. Din aceasta cauzd, conservarea acestei
resurse fragile si irecuperabile, atat tangibile
cét si intangibile, este o necesitate, dar si o
provocare, in interesul generatiilor actuale si
viitoare (ONESCU et al. 2019).

2. Metodologii actuale de evaluare
a vulnerabilitatilor

W in acest moment, numeroase echipe mul-
tidisciplinare din intreaga lume investighea-
za vulnerabilitatea cladirilor de patrimomiu,
reprezentdnd scoala italiana prin LAGO-
MARSINO et al. (2011), MAZZOLANI et al.
(2010), MODENA et al. (2013), D’AYALA &
LAGOMARSINO (2015), scoala portughe-
za prin LOURENCO & KARANIKOLOUDIS
(2019) si altii. in acelasi timp, in ceea ce
priveste evaluarea sarpantelor istorice din
lemn, echipele multidisciplinare ale diferi-
telor actiuni COST (actiunea COST IE0601,
actiunea COST E55 si actiunea COST
FP1101) s-au concentrat asupra dezvolta-
rii ghidurilor si a procedurilor de evaluare
care ar putea oferi informatii despre struc-
turd, materialele sale si starea de conservare
(FORMISANO et al. 2010).

Tema proiectului este dezbatuta pe larg
in importante reviste cu evaluare colegiala
si factor de impact si in diverse conferinte
internationale de renume, precum SAHC,
PROHITECH, IB2MAC, ICSA, ICEFA si altele,
ilustrdind importanta si actualitatea subiec-
tului. Rezultatele sunt legate de numeroase
contracte de cercetare si proiecte multidisci-
plinare in domeniu, cum ar fi PERPETUATE
(LAGOMARSINO et al. 2010), NIKER (Uni-
versity of Padua 2012), RISK-UE (MOROUX
& LE BRUN 2006) si diverse actiuni COST. in



ciuda numarului foarte mare de studii efec-
tuate in domeniu, toate se concentreaza pe
componenta structurala si foarte putin pe cea
culturala, subliniind oportunitatea subiectu-
lui proiectului de cercetare propus. Metodo-
logiile existente trebuie adaptate particulari-
tatilor fiecarui amplasament. Adaptarea este
posibila pe baza analizei numerice si a com-
paratiei cu efectele cutremurelor din trecut.

3. Metodologia propusa pentru
cladirile istorice din zidarie din
zona seismica Banat

Acest proiect de cercetare prezinta pro-
punerea unei noi medodologii de evaluare a
vulnerabilitatii seismice, cu scopul principal
de a fi implementata in cadrul analizei de risc
seismic, a estimarii daunelor si pierderilor si
a politicilor de reducere a riscului. Metodolo-
gia propusa are avantajul principal de a fi ra-
pida si usor de aplicat in evaluarea vulnerabi-
litatii cladirilor din zidarie la scara teritoriala,
in zonele de cAmp apropiat. Zona studiata e
reprezentata de cartierele istorice ale oragului
Timigoara, ilustrat in fig. 1. Cele mai intalnite
valori arhitectural-artistice sunt prezentate in
foto 1 si fig. 2 (ONESCU 2020).

Metodologia de evaluare a vulnerabilita-
tii seismice propusa reprezinta o calibrare in-
tre rezultatele analizei numerice neliniare si
raspunsul real al cladirilor la cutremurele din
trecut (foto 2, fig. 3), care reprezinta labora-
torul natural extraordinar din zona seismica
a Banatului. Mai mult, ofera posibilitatea de
a evalua posibilele pierderi culturale si de a
determina intr-un mod simplificat vulnerabi-
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The need to develop a new, improved assessment methodology suitable
for historic wooden roof structures emerged from the fact that most of the
analysed assessment norms, standards, and principles are rather focusing on
a monocriterial assessment. Despite this, ICOMOS recommendations (1964,
1999, 2003) highlight that a multidisciplinary and multicriterial assessment
is necessary in order to understand the value and vulnerability of historic
structures and be able to define comprehensive intervention strategies.

Therefore, the main conclusions of various assessment methodolo-
gies developed by different research groups or various COST actions, like
IE0601 (UZIELLI & GRIL 2012; CRUZ et al. 2015), E55 (DIETSCH, KOHLER
& BRUNINGHOFF 2010; DIETSCH & KREUZINGER 2011) and FP1101
(TANNERT et al. 2012; KASAL 2013; D’AYALA et al. 2014), were taken into
consideration. All these studies focus on offering guidelines for profession-
als interested in the evaluation of historic wooden structures. Despite this,
they mainly focus on the partial assessment of these structures, highlight-
ing principles which have to be taken into consideration during on-site
assessment (CRUZ et al. 2015; RIGGIO et al. 2018), defining the way the
analysis of the mechanical properties of wooden elements should be per-
formed (SOUSA et al. 2015; SOUSA, BRANCO & LOURENCO 2016), and
analysing their structural behaviour (GOCAL et al. 2014; KRUSINSKY et al.
2015; KRUSINSKY, GOCAL & CAPKOVA 2016). Moreover, it was observed
that these guidelines are not looking at roof structures as part of a building
and do not try to understand their value as part of a whole, but rather focus
on the roof structure as an independent structural system.

Starting from these observations, a comprehensive study of roof struc-
tures in Timigoara was performed, with the main purpose of identifying fea-
tures which could ultimately help better understand roofs and roof struc-
tures and propose a new assessment methodology which could be used to
determine the value and vulnerability of historic wooden roof structures.

The study was performed in the three main protected historic urban ar-
eas of the city, namely the former fortress area of Timigoara, the Fabric and

B Figure 7. Fragment of the assessment sheet, visual representation of the results and result analysis
M Fig. 7. Fragment al fisei de evaluare, reprezentarea vizuald a rezultatelor si analiza rezultatelor
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B Photo 2. Vertical cracking in-plane failure mechanism observed at masonry buildings in the epicentre, Banat area
B Foto 2. Mecanism de degradare cu fisuri verticale in plan, observat la clddiri din ziddrie situate in epicentru, zona Banat

the Old losefin districts, areas which present a wide array of roof structure
types that emerged in different time periods and in different contexts.

Their analysis offered a comprehensive insight concerning how con-
text-related principles have influenced the appearance of roofs and ul-
timately the roof structure types used (Photo 3). It brought forward that
besides being systems with a significant structural aesthetics, their shape
and general layout was highly influenced by the architectural style of each
period, the urban context in which the building was erected (KELLER &
MOSOARCA 2017), and the general beliefs of the traditional craftsmen,
which used different types of ratios to define the positions of structural
elements (ANDREESCU & KELLER 2017, 2019).

Besides these features which influence the general value of a roof struc-
ture, it was also observed that there are a series of threats which can affect
their state of conservation. These threats are mainly related to changing
meteorological factors like increased precipitation quantities, growing hail-
stone size, or high wind velocities (MOSOARCA et al. 2017; MOSOARCA,
KELLER & BOCAN 2019). All these threats have to be taken into considera-
tion since they ultimately influence the vulnerability of the structure.

Starting from these observations, a multidisciplinary assessment meth-
odology was proposed, taking into consideration all the features that were
discovered to be relevant in defining the value and vulnerability of histor-
ic wooden roof structures (MOSOARCA & KELLER 2018). Therefore, the
procedure was organised into five categories, the first four determining
the value of the roof structure from an urban, architectural, symbolic, and
structural point of view, and the fifth one being relevant in determining
the state of conservation of the structure and, ultimately, its vulnerability.

More than this, an extensive study was performed with the main purpose
of identifying how characteristic roof structure types are influencing the seis-
mic behaviour of historic masonry buildings. The main conclusions of the
study have later on been included in the proposed assessment procedure,
which, based on the roof structure type, its state of conservation, and roof
to wall connection, offers preliminary information concerning the seismic
vulnerability reduction capacity of the roof structure (KELLER et al. 2019).

litatea seismica influentata de valoarea cultu-
rald (GIONCU & MAZZOLANI 2011).

Ea reprezintd o metodologie hibridd care
isi propune sa evalueze vulnerabilitatea seis-
mica a intregii cladiri, ludnd in considerare
si valoarea sa culturala. Baza acestei cercetari
a fost reprezentatd de metodologiile existen-
te de evaluare a vulnerabilitatii, propuse de
universitati de prestigiu, precum Universi-
tatea “Federico II” din Neapole, Universita-
tea din Padova si Universitatea din Genova
pentru zona Italiei, o tara cu un numar mare
de cladiri istorice si multe cutremure, multe
dintre ele asemanatoare cutremurelor din Ba-
nat. Procedura empirica a fost propusa pen-
tru prima datd de BENEDETTI & PETRINI
(1984) si apoi dezvoltata de MAZZOLANI si
FORMISANO (FORMISANO et al. 2010). Pe
baza acestei proceduri originale, un formular
de vulnerabilitate a fost intocmit pentru mai
mult de 100 de cladiri istorice din Timisoa-
ra. Mai mult de atat, un releveu complet si o
inspectie a amplasamentului au fost obtinute
pentru 25 de cladiri reprezentative, efectu-
andu-se si o analiza numerica neliniara (de
tip pushover), ilustrind mecanismul tipic de
deteriorare asteptat pentru cladiri din zidarie
aflate in zona seismica Banat (fig. 4). Rezulta-
tele metodelor empirice si numerice au fost
comparate cu daunele reale observate dupa
cutremurele din trecut. Pe baza acestei com-
paratii se propune o noud metoda empirica
originala pentru evaluarea vulnerabilitatii,
adaptata zonelor de camp apropiat. Rezul-
tatele acestei metodologii sunt validate prin
procedura deplasarii relative de nivel. in
plus, se propune un nou formular de vulnera-
bilitate cu un total de 42 de parametri pentru
luarea in calcul a valorii culturale a cladirilor
investigate. Parametrii propusi sunt incadrati

B Photo 3. The role of the roof in defining urban space and the aesthetics of a building
B Foto 3. Rolul acoperisului in definirea spatiului urban si a esteticii unei cldadiri
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B Figure 8. The importance of each factor in determining the ideal value of a roof structure (criteria and weight)
B Fig. 8. Importanta fiecdrui factor in determinarea valorii ideale a unei sarpante (criterii si pondere)

B Figure 9. Complexity of calculating the vulnerability of a roof structure
B Fig. 9. Complexitatea calculului vulnerabilitdtii unei sarpante

in patru categorii: structurali, arhitectural-ar-
tistici, urbanistici si socio-economici (fig. 5).
Noile curbe de vulnerabilitate influentate de
valoarea culturald sunt propuse pentru cartie-
rele istorice ale Timisoarei, impreuna cu harti
ale vulnerabilitatii. Pe baza unei inspectii vi-
zuale, fisele de investigatie pot fi completa-
te pentru orice cladire, estimand o clasa de
vulnerabilitate intre A si D (A fiind situatia
ideala, D situatia cea mai nefavorabila) pen-
tru fiecare parametru. Fiecare parametru are
alocata o pondere, in functie de importanta
acelui element. La final, se calculeaza suma
ponderata a tuturor parametrilor, determi-
nand indicele de vulnerabilitate influentat de
valoarea culturala. Indicele este apoi atenuat
in functie de importanta amplasamentului
investigat si in urma formulelor de estimare
a deteriorarilor. Cea mai probabild stare de
degradare (de la D1 la D5, D1 constand in
deteriorari minime, in timp de D5 inseamna
colaps) este prezisa in cazul unui anumit sce-
nariu seismic (ONESCU 2020).

Este prezentat un scenariu de pierderi
(fig. 6), care evalueaza punctele critice in caz
de seism in cartierele istorice ale Timisoarei,
si se propun solutii pentru reducerea riscului
seismic la scard urbana. In final, rezultatele
sunt organizate intr-o lista de prioritati care
ajuta autoritatile locale sa acorde fonduri pen-
tru lucrari de reabilitarea celor mai vulnerabi-
le cladiri istorice, pentru a asigura conservarea
patrimoniului oragului (ONESCU et al. 2019).

Studiile de vulnerabilitate care au fost
dezvoltate prin contractul de cercetare PRO-
HITEC, pentru structuri istorice, au evidentiat
nevoia de a dezvolta o metodologie rapida si
simplificata de evaluare a vulnerabilitatii seis-
mice pentru zona Banatului, care este caracte-
rizata de cutremure superficiale. Nevoia de a
dezvolta asemenea metodologii de evaluare a
vulnerabilitatii pentru cladiri istorice este sub-

In order to simplify the process and to make the procedure easy to use
by both professionals and private owners of historic roof structures, for each
considered category a series of relevant criteria was proposed and a list of
possible answers to choose from offered, based on the observations made
on site during the study. Subsequently, for each answer a certain score was
assigned, based on the main conclusions of the research (Figure 7).

The procedure was organised so each criterion can obtain up to 100
points if the roof structure is highly valuable, or less, if it is severely decayed.
Based on the answers chosen by the assessor, the procedure automatically
offers basic information regarding the urban, architectural, symbolic, and
structural value score of the roof structure, its decay index, and identifies
the feature that predominantly defines its value. Subsequently, a series of
equations were developed, which were used to calculate the ideal (without
decay) and real (with decay) value of the structure and the vulnerability of
the roof structure. Since the procedure was developed based on the need
to perform a multidisciplinary assessment of the roof structure in order to
calculate its general/ideal value, all four assessment criteria were taken into
consideration, while the weight of each criterion was determined consider-
ing the involvement of each profession in the general analysis of a historic
structure (Figure 8). Subsequently, in order to determine the vulnerability of a
roof structure, its decay, its meteorological and climate change vulnerability,
and its effect on the seismic behaviour of the building it belongs to were also
taken into consideration.

In order to simplify the assessment process, an easy-to-use Excel form
and a mobile app were developed, which include all the relevant data
necessary for the assessment of historic wooden roof structures and offer,
based on the selected answers, clear information concerning their value
and vulnerability (KELLER 2020).

5. Conclusion

B The project represents a first tool in the process of seismic vulnerabili-
ty assessment and general assessment of historic roof structures and can be
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applied by several categories of professionals, as well as by the owners of
the buildings. The procedure can be easily understood and applied, so an-
yone can learn it in a short time. In the absence of financial funds and due
to limitations of time to conduct detailed technical expert’s reports for each
individual building, the proposed methodologies represent a simple way to
perform a preliminary, yet fast and cost-efficient assessment of a wider array
of buildings, raise the awareness of the risk to which European centres are
exposed, and prioritise future interventions and extensive structural analysis.

One of the main advantages of the proposed methodologies is that they
can be applied in any European urban area by adapting the assessed cri-
teria and corresponding answers. In the case of the seismic vulnerabili-
ty assessment methodology, it can be easily applied in other areas with
similar seismicity as the Banat region. Also, in case of a different type of
seismicity, the procedure can be adapted and calibrated by investigating
real damages after past earthquakes in the nearby area or by performing
nonlinear analysis on some representative buildings in the investigated
site. In the case of the assessment methodology for historic wooden roof
structures, it can easily be adapted for roof structures of central European
influence by altering some of the answers related to the context and archi-
tectural features. In the case of roof structures of Mediterranean influence,
the procedure has to be adapted from multiple points of view. Still, in
both cases the framework can be reused.
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liniatda de un numar mare de cladiri istorice
ale proprietarilor de a efectua expertize deta-
liate, astfel incat autoritatile sa poata stabili o
lista de prioritati pentru lucrarile de reabilitare
necesare (MOSOARCA et al. 2019).

4. Metodologia propusa pentru
sarpantele istorice din lemn

W in afara studiului complex referitor la vul-
nerabilitatea seismica a structurilor istorice
din zidarie, a fost efectuatd o cercetare la fel
de aprofundata asupra structurilor istorice din
lemn din Timisoara. Acest studiu a adus o se-
rie de provocari cauzate de faptul ca, pe langa
faptul ca sunt sisteme structurale complexe,
influentate de materialul folosit, starea de con-
servare gi detaliile utilizate, acestea influentea-
za foarte mult aspectul general al cladirii.

Nevoia de a dezvolta o metodologie noua
si imbunatatitd de evaluare, adecvata pentru
sarpantele istorice din lemn, a aparut din fap-
tul ca majoritatea normelor, standardelor si
principiilor de evaluare analizate se concen-
treaza mai degraba pe o evaluare monocriteri-
ala. In ciuda acestui fapt, recomandarile/ Car-
tele ICOMOS (1964, 1999, 2003) subliniaza
ca este necesara o evaluare multidisciplinara
si multicriteriald pentru a intelege valoarea si
vulnerabilitatea structurilor istorice si a putea
defini strategii de interventie cuprinzatoare.

Prin urmare, au fost luate in considera-
re principalele concluzii ale diferitelor me-
todologii de evaluare dezvoltate de diferite
grupuri de cercetdtori sau diferite actiuni
COST, cum ar fi IE0601 (UZIELLI & GRIL
2012; CRUZ et al. 2015), E55 (DIETSCH,
KOHLER & BRUNINGHOFF 2010; DIETSCH
& KREUZINGER 2011) si FP1101 (TAN-
NERT et al. 2012; KASAL 2013; D’AYALA et
al. 2014). Toate aceste studii se concentreaza
pe oferirea de linii directoare pentru profesi-
onigtii interesati de evaluarea structurilor is-
torice din lemn. In ciuda acestui fapt, ele se
concentreaza in principal pe evaluarea parti-
ala a acestor structuri, subliniind principiile
care trebuie luate in considerare in timpul
evaluarii la fata locului (CRUZ et al. 2015;
RIGGIO et al. 2018), definind modul in care
trebuie realizatd analiza proprietatilor me-
canice ale elementelor din lemn (SOUSA et
al. 2015; SOUSA, BRANCO & LOURENCO
2016) si analizdnd comportamentul lor
structural [GOCAL et al. 2014; KRUSINSKY
etal. 2015; KRUSINSKY, GOCAL & CAPKO-
VA 2016). Mai mult, s-a observat ca aceste li-
nii directoare nu privesc sarpanta ca parte a
unei cladiri si nu incearca sa inteleaga valoa-
rea sa ca parte a unui intreg, ci mai degraba
se concentreaza asupra sarpantei ca sistem
structural independent.

Pornind de la aceste observatii, a fost
realizat un studiu detaliat al sarpantelor din
Timigoara, cu scopul principal de a identi-
fica caracteristici care ar putea ajuta in cele
din urma la o intelegere mai buna a acope-
rigurilor si sarpantelor si la propunerea unei
noi metodologii de evaluare care ar putea fi
utilizata in stabilirea valorii si vulnerabilita-
tii sarpantelor istorice din lemn.

Studiul a fost realizat in cele mai im-
portante trei zone urbane istorice protejate



ale oragului, gi anume zona fostei cetati din
Timisoara si cartierele Fabric si Vechiul Io-
sefin, zone care prezinta o gama larga de ti-
puri de sarpante aparute in diferite perioade
de timp si in contexte diferite.

Analiza lor a oferit o perspectiva detaliata
cu privire la modul in care principiile legate de
context au influentat aspectul acoperisurilor
si, in cele din urma, tipurile de sarpanta utili-
zate (foto 3). A dezvaluit c3, pe 1anga sistemele
cu o estetica structurala semnificativa, forma
si dispunerea lor generala au fost puternic in-
fluentate de stilul arhitectural al fiecarei peri-
oade, de contextul urban in care a fost constru-
ita cladirea (KELLER & MOSOARCA 2017) si
de credintele generale ale mesterului traditi-
onal, care a folosit diferite tipuri de rapoarte
pentru a defini pozitia elementelor structurale
(ANDREESCU & KELLER 2017, 2019).

Pe langa aceste trasaturi care influen-
teaza valoarea generald a unei gsarpante, s-a
observat ca exista totodata o serie de peri-
cole care pot afecta starea lor de conservare.
Aceste pericole sunt legate in principal de
modificarea factorilor meteorologici, cum
ar fi cantitatile marite de precipitatii, di-
mesiunea in crestere a grindinei, sau viteza
mare a vantului (MOSOARCA et al. 2017;
MOSOARCA, KELLER & BOCAN 2019).
Toate aceste pericole trebuie luate in con-
siderare, deoarece influenteaza, in cele din
urmd, vulnerabilitarea structurii.

O metodologie de evaluare multidisci-
plinara a fost propusa pornind de la aceste
observatii, luAnd in considerare toate ca-
racteristicile relevante in definirea valorii si
vulnerabilitatii sarpantelor istorice din lemn
(MOSOARCA & KELLER 2018). Prin urmare,
procedura a fost organizata in cinci categorii,
primele patru determinand valoarea sarpan-
tei din punct de vedere urban, arhitectural,
simbolic si structural, a cincea fiind relevanta
pentru determinarea starii de conservare a

In plus, a fost efectuat un studiu amplu
cu scopul principal de a identifica modul in
care tipurile de sarpante influenteaza compor-
tamentul seismic al cladirilor istorice din zida-
rie. Principalele concluzii ale studiului au fost
incluse ulterior in procedura de evaluare pro-
pusd, care, pe baza tipului de sarpantd, a starii
sale de conservare si a legaturii dintre acoperis
si perete, ofera informatii preliminare privind
capacitatea sarpantei de reducere a vulnerabi-
litatii seismice (KELLER et al. 2019).

Pentru a simplifica procesul si pentru
a face procedura usor de utilizat atat de ca-
tre profesionisti, cat si de catre proprietarii
sarpantelor istorice, pentru fiecare categorie
considerata a fost propusa o serie de criterii
relevante si oferita o listd de raspunsuri po-
sibile, pe baza observatiilor realizate la fata
locului in timpul studiului. Ulterior, pentru
fiecare raspuns a fost atribuit un anumit
scor, determinat pe baza principalelor con-
cluzii ale cercetarii (fig. 7).

Procedura a fost organizata in asa fel incat
fiecare criteriu sa poata obtine pana la 100 de
puncte daca gsarpanta este extrem de valoroa-
sa sau, in cazul factorilor de reducere a valo-
rii, este grav degradata. Pe baza raspunsurilor
alese de evaluator, procedura ofera automat
informatii de baza privind scorurile valorilor
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urbane, arhitecturale, simbolice si structurale
ale sarpantei, indicele de degradare si iden-
tifica caracteristica definitorie a valorii sale.
Ulterior, au fost dezvoltate o serie de ecuatii
care au fost folosite pentru a calcula valoarea
ideala (fara degradare) si reala (cu degradare)
a structurii si vulnerabilitatea sarpantei. De-
oarece procedura a fost dezvoltata pe baza ne-
voii de a efectua o evaluare multidisciplinara
a sarpantei, pentru a calcula valoarea genera-
la/ideala a acesteia, au fost luate in considera-
re toate cele patru criterii de evaluare, in timp
ce ponderea fiecarui criteriu a fost determi-
nata luand in considerare implicarea fiecarei
profesii in analiza generald a unei structuri
istorice (fig. 8).Ulterior, pentru a determina
vulnerabilitatea unei sarpante, au fost luate
in considerare si degradarea acesteia, vul-
nerabilitatea meteorologica si la schimbarile
climatice si efectul asupra comportamentului
seismic al cladirii din care face parte.

Pentru a simplifica procesul de evaluare,
s-a creat un formular Excel usor de utilizat si
o aplicatie mobila, care includ toate datele re-
levante necesare pentru evaluarea sarpantelor
istorice din lemn si oferd, pe baza raspunsuri-
lor selectate, informatii clare privind valoarea
si vulnerabilitatea acestora (KELLER 2020).

5. Concluzii

B Acest proiect reprezintd un prim instru-
ment in procesul de evaluare a vulnerabili-
tatii seismice si evaluare generald a sarpan-
telor istorice si poate fi aplicat de mai multe
categorii de profesionisti, precum si de catre
proprietarii cladirilor. Procedura poate fi usor
inteleasa si aplicata, astfel incét oricine o poa-
te invata intr-un timp scurt. In absenta fondu-
rilor financiare gi datorita limitarilor de timp
pentru efectuarea rapoartelor de expertiza
tehnica detaliate pentru fiecare cladire indi-
viduald, metodologiile propuse reprezinta o
modalitate simpla de a efectua o evaluare pre-
liminara, dar rapida si rentabila, a unei game
mai largi de cladiri si de a creste gradul de
congtientizare a riscului la care sunt expuse
centrele europene, prioritizdnd interventiile
viitoare gi analiza structurala extinsa.

Unul dintre principalele avantaje ale me-
todologiilor propuse este ca pot fi aplicate in
orice zona urband europeana prin adaptarea
criteriilor evaluate si a raspunsurilor cores-
punzitoare. In cazul metodologiei de evalu-
are a vulnerabilitatii seismice, aceasta poate
fi aplicata cu ugurinta in alte zone cu seismi-
citate similara cu cea din regiunea Banatului.
De asemenea, in cazul unui alt tip de seismi-
citate, procedura poate fi adaptata si calibrata
investigdnd daune reale dupa cutremure din
trecut in zona sau efectuand analize nelini-
are pe unele cladiri reprezentative din locul
investigat. In cazul metodologiei de evaluare
pentru sarpantele istorice din lemn, aceasta
poate fi usor adaptata pentru sarpantele cu
influenta central-europeana, prin adaptarea
unora dintre raspunsurile legate de context
si de caracteristicile arhitecturale. In cazul
sarpantelor cu influentd mediteraneana, pro-
cedura trebuie adaptata din mai multe punc-
te de vedere. Totusi, in ambele cazuri, cadrul
poate fi reutilizat.



