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Abstract. Banat seismic region represents the second most important seismic area of Romania.
The area is characterized by shallow earthquakes, with a peak ground acceleration ag=0,209
[1]. The city was influenced by several architectural styles, keeping until nowadays many
valuable masonry historical buildings.

Most of the historical buildings present severe decay due to the lack of proper maintenance
over time. Timisoara was selected to be European Capital of Culture 2021, so the buildings
in the historical districts are expected to be visited by a large amount of tourists.

This paper presents the seismic vulnerability assessment of two of the most important
historical urban districts of Timisoara. The evaluation is based on existing Italian vulnerability
assessment methodology [2], following on-site investigation. Moreover, there s
considered also the influence of the cultural value of the historical buildings. Following a
set of new proposed architectural-artistic, urbanistic and social-economic factors, there
was developed a new investigation form, presented and explained in the paper [1].

In the end, the authors present a detailed empirical seismic vulnerability assessment
influenced by the cultural value for historical masonry buildings in Timisoara city, Romania.

This study could help the local authorities to realize prioritization lists for rehabilitation work,
considering first the historical buildings that are the most important for the local community
identity. The cultural value and the history of a city must be well known and promoted.

1 INTRODUCTION

Living in cities in seismic areas represent an important aspect of everyday life for many
people. Natural disasters are unpredictable, but cities vulnerability and level of exposure can be
reduced through prevention policies. Effective protection policies must be strategically planned
to be implemented before an earthquake occurs, so the necessity of assessing the vulnerability
of a city to know what measures to implement in underlined.

Protection of historical urban areas represent a subject of high interest and actuality, as many
cities with historical value are located in seismic areas. Through seismic scenarios and seismic
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vulnerability assessment it is possible to appreciate the possible losses in case of an earthquake
and to propose preliminary protection measures.

Nowadays, there are several vulnerability assessment methodologies, but they focus mainly
on the structural component and not on the cultural one. To prevent the irrecoverable loss of
cultural value, it is important to develop the existing methodologies to they consider also the
architectural-artistic values, cultural and socio-economical components. Special attention must
be given to the protection of historical cities, as history shown us that many historical cities
were changed completely by earthquakes, such as Messina [3], Cusco [4], Lisbon [5],
Christchurch [6] and others.

Historical buildings being the most likely to be destroyed in case of an earthquake, is
highlighted the opportunity of preparing quick and simplified assessment procedures to help
local authorities to obtain prioritization list for rehabilitation work.

The present research paper presents such a methodology that aims to assess the seismic
vulnerability of historical buildings in Timisoara, by considering also their cultural value. The
entire procedure with detailed analysis was published by I. Onescu in the Ph.D. thesis entitled
“Seismic vulnerability assessment of historical centers” [7].

2 CASE STUDY AREA

Romania is a country with moderate seismicity, with two important seismic zones. The
highest seismicity is registered in Vrancea seismic area, which is located in the center part of
the country, while the second most important seismicity is observed in Banat seismic area, in
the western part of the country, where Timisoara city is also located [8].

The seismicity of Timisoara is characterized by a peak ground acceleration ag= 0.20g and
the existence of two seismic faults in the western part of the city. The earthquakes in the area
are shallow earthquakes of crustal type, with maximum magnitudes of 5.6 My [9]. To determine
the most probable seismic scenario for the city, there was applied the relation between peak
ground acceleration and macroseismic intensity (Eq.1), illustrating that the expected
macroseismic intensity for the area is IX EMS-98 [10].

In(PGA) = 0.24 x IEMS-98 — 3.9 1)

Timisoara city is recognized from 1177, but there are signs that the city existed even before
XII™ Century. The city was influenced by several cultures, such as the Ottoman and Habsburgic
[11]. The nowadays shape of the city is the results of past influences and more recent
interventions, resulting in three historical districts that merged together, forming a cultural
promenade that was proposed in the context of Timisoara European Capital of Culture 2023
[7], as shown in Figure 1.

The buildings that represent the case study area are located along the cultural promenade, in
a total number of 105, from which 68 are located in losefin district and 37 in Fabric historical
area, as illustrated in Figure 2 [7].



E. Onescu, I. Onescu, M. Mosoarca

IOSEFIN DISTRICT FABRIC DISTRICT

) 0 AR

Figure 2. Selected historical buildings for investigation: a) losefin district; b) Fabric
district; [7]

All the investigated buildings present brick masonry structure of burnt clay brick and lime.
Their perimetral walls have 40-80 cm thicknesses, as well as the medial longitudinal wall,
which is also parallel with the main facade. Transversal walls have 10-15 cm thicknesses, with
the only role of ensuring the rigidity of the buildings. The aren’t usually connected with the
facade wall, increasing the risk of activating the out-of-plane failure mechanism in case of an
earthquake. At the basement and sometimes at the ground floor, the horizontal structural
elements are represented by 15-20 centimeters brick vaults, while at the upper floors there can
be found wooden floors. The rigid framework of the roof is usually complex, made after
German influences and very high [12]. The main characteristics of the investigated building
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structures are illustrated in Figure 3 [7]. Regarding the height regime, there can be find
buildings with basement and ground floor, buildings with basement, ground floor and one top
level, respectively buildings with basement, ground floor and two levels above. The total height
of the buildings can reach up to 15 meters, as illustrated in Figure 4 [7].

Complex wooden
framework

Single layer
wooden floor

Masonry Structural longitudinal
vault median wall
Earth Non structural  Structural massive
layer transversal wall perimetral wall

Figure 3. Main structural characteristics of the investigated historical buildings [7]
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Figure 4. Height of the investigated buildings in dependence of the story number [7]

Buildings in the area are in Eclectic, Art Nouveau and Seccession architectural style.
Usually, for the buildings with only ground floor, there can be seen very few architectural-
artistic components (Fig. 5a). For buildings with one top level, the decoration level is moderate
one, with bosses, decorated balusters and commercial spaces at the ground floor (Fig. 5b). The
tallest buildings present also the highest level of architectural-artistic decorative elements, such
as frontons, moldings, sculptures with different organic and complex themes (Fig. 5c) [7].
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Figure 5. Selected historical buildings for investigation: a) losefin district; b) Fabric
district; [7]

3 METHODOLOGY

Several seismic vulnerability assessment methodologies are widely used or developed, some
of them with a general character and some of them calibrated to the particularities of a specific
area. Three types of simplified methodologies can be considered, such as empirical, numerical
and hybrid ones. To apply a methodology at large scale, it is recommended to use an empirical
procedure that was previously calibrated to each urban area by numerical analysis [7].

This is also the case of Timisoara, for which was used the original Vulnerability index
method that was proposed at first by Benedetti and Petrini [13] and later on by Formisano and
Mazzolani [14]. This original methodology was calibrated for Banat seismic region by
Mosoarca and Onescu [15] and was developed even more by Onescu [7] to consider also the
cultural value of the buildings.

The final seismic vulnerability assessment methodology is based on a vulnerability form
with 42 parameters, for each of them being assigned a score (s). Each parameter can be
associated with one vulnerability class, from A (the most favorable) to D (the most dangerous),
while the importance of each parameter is underlined by its weight (w).

The 42 parameters are divided into four main categories, such as structural, architectural-
artistic, urbanistic and social-economic category. The structural parameters represent the 15
parameters from the original vulnerability form in the original assessment methodology [14].
The architectural-artistic parameters are proposed by Onescu [7] and they refer to the
importance and originality of elements such as architectural style, originality, coherency,
plastics, artistic assets, decay level, the statute of national monument, existing intervention



E. Onescu, I. Onescu, M. Mosoarca

works and others (Fig. 6a). For the urbanistic category, there were considered the context, the
importance of the location, the street profile and city silhouette, the presence of the roof and
others (Fig. 6b). For the social-economic category, the proposed parameters refer to the
importance of the building for the local community, the existence of important social or cultural
functions, the representative past events for the building and also the actual economic value [7].

The final proposed vulnerability form is presented in Table 1, while the vulnerability index
Is represented by the sum of each individual score of the associated vulnerability class
multiplied the associated weight (Eq. 2) [7].

Figure 6. Exemplification of proposed parameters: a) architectural-artistic category; b)
urbanistic category; [7]

Table 1. Proposed vulnerability form that considers also the cultural value [7]

% Criteria No. Element Class Weight
A B C D

70 STRUCTURAL 1 Vertical structure organisation 0 5 20 45 1.00

% 2 Vertical structure nature 0 5 25 45 0.25
3 Type of foundation and location/soil 0 5 25 45 0.75
4 Distribution of structural elements in plan 0 5 25 45 1.50
5 Regularity in plan 0 5 25 45 0.50
6 Regularity in elevation 0 5 25 45 1.00
7 Floor type 0 5 15 45 0.75
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8 Roofing 0 15 25 45 0.75
9 Other details 0 0 25 45 0.25
10 Conservation state 0 5 25 45 1.00
11 Different height between current and adjacent -20 0 15 45 1.00
buildings
12 Location of the building into the aggregate -45 -25 -15 0 1.50
13 Staggered floors 0 15 25 45 0.50
14 Structural or typological heterogeneity -15 -10 0 45 1.20
15 Opening area percentage difference -20 0 25 45 1.00
Iv stRuct
15 ARCHITECTURAL 16 Representative architectural style for the area 0 10 15 25 1.50
% ARTISTIC 17 Age, importance of the build époque 0 10 15 25 1.20
18 Original woodwork/joinery 0 10 15 25 1.00
19 Original stucco, brick, floors or ceilings 0 10 15 25 1.00
20 Original statues or bass-reliefs 0 10 15 25 1.00
21 Original gable/fronton 0 10 15 25 1.00
22 Original balconies and railings 0 10 15 25 1.00
23 Original mosaics or stone work 0 10 15 25 1.00
24 Original paintings or frescoes 0 10 15 25 1.00
25 Conservation state of artistic assets -5 10 15 25 1.00
26 Authenticity/ originality (global, elements) 0 10 15 25 1.00
27 Official monument (national, regional, local, 0 10 15 25 1.50
protected area) status
28 Particular construction techniques/materials 0 10 15 25 0.50
29 Conservation state of original materials -5 10 15 25 0.50
30 Representative historical events 0 10 15 25 0.50
31 Archaeological site 0 10 15 25 1.50
32 Representative/ original wooden framework 0 10 15 25 1.00
33 Past restoration work -5 10 15 25 1.00
Iv ARCH-ART
10 URBANISTIC 34 Importance in contouring the street profile -5 10 15 25 1.50
% 35 Importance in contouring the urban silhouette -5 10 15 25 1.50
36 Annexes, relation with the urban pattern 0 10 15 25 1.00
37 Location (central area, touristic area) 0 10 15 25 1.50
38 Representative/particular shape of the roof 0 10 15 25 1.00
Iv urs
5 SOCIAL 39 Public/social functions 0 10 15 25 1.50
% ECONOMIC 40 Importance for the local community memory -5 10 15 25 1.00
41 Economic value 0 10 15 25 1.50
42 Cultural functions 0 10 15 25 1.50
IV SOC-EC
lv cur
IV CULT = 0.70 x 211=51 S; Xw; + 0.15 x 2?316 S; Xw; + 0.10 x 2?334 S; Xw; + 0.05 x 2?2239 S; Xw; (2)

Moreover, the proposed methdology considers also the importance of the investigated site,

by itnroducing an attenuation factor that can increase the considered cultural vulnerability with
up to 50% for the most important historical sites. The parameters that are considered for the
attenuation factor are illustrated in Table 2, while the formula for calculating the actual factor
is presented in Equation 3. In the end, the normalized vulnerability index influenced by the
cultural value is determined following Equation 4 [7].



E. Onescu, I. Onescu, M. Mosoarca

Table 2. Parameters considered for the attenuation factor [7]

Parameter Options Points (pi)

1 Age of the urban area Ancient period (before year 500) 0.30
Classical period (500 — 1500) 0.25
Modern period (1500 - 1945) 0.22
Contemporary period (1945- present) 0.20

2 Population Very high populated (> 1 million inhabitants) 0.30
High populated (< 1 million inhabitants) 0.25
Moderate populated (< 300000 inhabitants) 0.22
Low populated (< 100000 inhabitants) 0.20

3 Tourism Very touristic city 0.25
Touristic city 0.23
Little touristic city 0.22
Not a touristic city 0.20

4 Worldly recognition UNESCO site 0.35
Continental importance 0.30
National importance 0.25
Regional importance 0.20

5 Conservation state Poor 0.30
Moderate 0.25
Good 0.23
Very good 0.20

Ar
Ap =X, v 3
Veoir = v cuLT— v cULT MIN X Ag 4)

Iy cuLt Mmax— Iv cuLT MIN

After the determination of the normalized vulnerability index influenced by the cultural
value, there can be determined the most probable damage state by applying Equation 5, where
® represents a factor that induces the curve slope and is considered to be 2.3 for residential
buildings [16] and | representes the most expected macroseismic intensity for the investigated
area, which was previously determined to be 1X EMS-98 for Timisoara [7].

iy = 25 [1 + tanh (1+12.50XV;ULT—13.1)] (5)
The proposed methodoloy has the main advantage of introducing the cultural component,
while being based on a well-known european original empirical procedure.

4 RESULTS

The proposed methodology was applied to all 105 historical buildings from the investigated
districts in Timisoara, to determine the seismic vulnerability influenced by the cultural value.
There were determined the mean vulnerability curves following the standard deviation for the
37 buildings in Fabric area (Fig. 7), for the 68 historical buildings in losefin district (Fig. 8),
respectively the mean vulnerability for all 105 buildings (Figure 9) [7].
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Figure 7. Mean vulnerability curves influenced by the cultural value for buildings in Fabric
district; [7]
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Figure 8. Mean vulnerability curves influenced by the cultural value for buildings in
losefin historical area [7]
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Figure 9. Mean vulnerability curves influenced by the cultural value for all 105
investigated historical buildings [7]
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The results obtained for the investigated historical buildings in Timisoara, for the considered
seismic scenario, highlight a medium seismic-cultural vulnerability for the expected
macroseismic intensity 1X EMS-98. Both Fabric and losefin expect a general D3 damage state,
with a total range of D1-D4 damage states (Table 3) [7]. Despite the fact that there isn’t
expected the loss of the bearing capacity of the investigated buildings, the moderate
vulnerability is still meaning damages to both structural and non structural elements, leading to
the decay of many important artistic assets.

Table 3. Expected damage states for the investigated districts [7]

Historical district | Damage state Damage state Damage state Damage state Damage state
D1 D2 D3 D4 D5

losefin 3.00% 25.00% 42.50% 28.00% 1.50%

Fabric 0.00% 16.00% 43.50% 38.00% 2.50%

Following the empirical results, there was designed also the vulnerability maps influenced
by the cultural value for both Fabric and losefin historical districts, for all the investigated
buildings [7], as presented in Figures 10-11.

The seismic vulnerability maps influenced by the cultural value illustrates a 5% higher level
of decay in Fabric area, aspect which is caused by the lack of proper maintenance of historical
buildings in the area on one hand and by the increased height of the same building on the other
hands.

DAMAGE STATE D1
@ DAMAGE STATE D2
DAMAGE STATE D3
DAMAGE STATE D4
@ DAMAGE STATE D5

Figure 10. Seismic vulnerability map influenced by the cultural value for Fabric district [7]

10
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Figure 11. Seismic vulnerability map influenced by the cultural value for losefin area [7]

In conclusion, only one building in each district was determined to be in danger of losing its
bearing capacity in case of an earthquake with X EMS-98 macroseismic intensity. In general,
the most vulnerable buildings are the one located on corner position within the aggregate.

5 CONCLUSIONS

The proposed seismic vulnerability assessment influenced by the cultural value represent a
useful tool for the local authorities to obtain in a quick and simplified way a prioritization list
for rehabilitation work in the historical districts of the city.

The main advantage of the proposed procedure is the fact that is suitable for territorial scale
application, with minimum resources in terms of time, human resources and finances.

The presented multidisciplinary methodology can be easily applied to any other historical
city in similar seismic area with Banat one, while it can also be easily adapted for any other
site.

It brings a plus of knowledge in the field of seismic vulnerability assessment, while
harmoniously intertwining the field of civil engineering with that of architecture.

Least but not last, the proposed procedure aims to protect historical cities against
earthquakes, by allowing a simplified assessment of their vulnerabilities, while considering also
the cultural values of the area.

The results presented in this paper indicate the fact that the city of Timisoasa, which was
elected European Capital of Culture 2023, has a moderate seismic vulnerability influenced by
the cultural value, with more buildings that will need rehabilitation work in Fabric historical
district.
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