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ABSTRACT 
Timisoara is one of the most important Romanian’s city. Located in the Banat region, it is in a very high 
seismic zone characterized by earthquakes with small depths and magnitudes not exceeding 5.6 on the 
Richter scale. In 2021 Timisoara will be the Capital of European Culture and, therefore, the numerous 
buildings with historical-arƟ sƟ c value in the urban centre must be preserved in terms of seismic safety. 
Hence, appropriate risk miƟ gaƟ on plans should be planned to assure the integrity of this important 
cultural heritage under seismic phenomena. 
In this framework the proposed study is placed with the aim to assess the seismic vulnerability, by 
means of a macroseismic approach, of an urban sector of the historical centre of Timisoara, focusing 
the aƩ enƟ on mainly on the infl uence of geo-hazard phenomena on the its global vulnerability. 
First, the applicaƟ on of a vulnerability index based method permits to defi ne the propensity at dam-
age of the buildings sample examined, allowing to plot their typological vulnerability curves according 
to the EMS-98 scale. Subsequently, the site eff ects are taken into account in order to defi ne the local 
amplifi caƟ on factors and, therefore, the amplifi caƟ on of both the expected macroseismic intensity and 
the global vulnerability of buildings. Finally, a comparison between the damage levels of the inspected 
sector with and without considering local hazard eff ects is made.
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I. INTRODUCTION
In recent decades, the occurrence of natural 
disasters has increased exponenƟ ally, causing 
unfortunately a large number of socio-eco-
nomic losses. In parƟ cular, focusing on seismic 
phenomena, the cyclicity of events has induced 
a strong interest in the implementaƟ on of seis-
mic risk management plans in order to preserve 
people lives and buildings from collapse [1]. 
Many earthquakes have been aff ected by local 
seismic amplifi caƟ ons, which produced a signif-
icant increase of the expected damages. This is 
due to the straƟ graphy of the ground, but also 
to the poor construcƟ ve characterisƟ cs of build-
ings, oŌ en not able to face up a certain seismic 
event, E, with a certain magnitude, MW [2,3]. 
For this reason, this research aims to invesƟ gate 
the local hazard phenomena in order to safe-
guard the cultural heritage of a small urban area 
within the historical centre of Timisoara.

II. ROMANIAN SEISMICITY
Romania is a country located in the Eastern Eu-
rope among Danube River, Carpathian Moun-
tain and the Black Sea shore. Romania is char-
acterised by two large and acƟ ve seismogenic 
regions, namely Vrancea and Banat. In the fi rst 
one, there were deep intermediate earthquakes 
(150 km) with a high number of cycles and a 
long duraƟ on, while the second area, even if in 
a state of quiescence, is characterized by shal-
low earthquakes, having a maximum recorded 
acceleraƟ on of 0,20g with a low frequency pulse 
[4]. In parƟ cular, in Timisoara, one of the most 
important city with many architectural assets, 
there are two acƟ ve seismic falls, both in the 
western part of the city. Several shallow-depth 
seismic zones, namely East-Vrancea, Făgăraş 
– Câmpulung, Danubian, Banat and Crişana – 
Maramureş zones, the Bârlad Depression, the 
Predobrogean Depression, the Intramoesian 
Fault and the Transylvanian Depression, are 
pointed out to study the local seismic hazard of 
Timisoara [5].

III. SEISMIC VULNERABILITY ASSESSMENT
The seismic vulnerability study aims at assessing 
the propensity at damage of a sample of build-
ings following a seismic event. In the historical 

centre of Timisoara an urban sector made of 11 
building aggregates is selected as a case study 
area for seismic vulnerability evaluaƟ on. To 
this purpose, a rapid procedure for aggregates 
based on a new vulnerability form analysed in 
[6,7,8] is used.  Buildings are classifi ed from ty-
pological and structural points of view accord-
ing to the Building Typology Matrix (BMT) [9]. 
The achieved results, shown in Figure 1 in terms 
of vulnerability index, reveal that this urban sec-
tor is composed of M3.1 class masonry build-
ings  with wooden  fl oors  (82%), M3.4  masonry  
buildings  with  RC  fl oors  (9%) and  RC buildings 
(9%). However, the aƩ enƟ on is herein focused 
on masonry buildings only. 

Fig. 1. The studied urban sector (a) and the typo-
logical classifi caƟ on of building aggregates (b).

As illustrated in Figure 2, the applicaƟ on of this 
procedure to the selected urban sector has al-
lowed to evaluate the seismic vulnerability of its 
masonry compounds.
From the staƟ sƟ cal analysis of results, it can be 
noted that, on average, the expected value of 
the global vulnerability, VI,G of the enƟ re sector 
is 0.40 which is associated to an average disper-
sion, σi,, of 0.02 to. Subsequently, the mean vul-
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nerability curves [10] are obtained to esƟ mate 
the propensity at damage of the analysed build-
ing classes (Fig. 3). These curves express the 
probability P[SL|IEMS-98] that a building reach-
es a certain limit state “LS” at a given intensity 
“IEMS-98” according to the European macro-
seismic scale (EMS-98) [11]. In parƟ cular, these 
curves depend on three variables: the vulnera-
bility index (VI), the seismic hazard expressed in 
terms of macroseismic intensity (IEMS-98) and 
the ducƟ lity factor Q, which describes the duc-
Ɵ lity of a certain typological class (ranging from 
1.0 to 4.0) [12].

Fig. 2. Vulnerability analysis results.

Fig. 3. Vulnerability curves of class M3.1 (a) and 
class M3.4 (b) buildings.

IV. IMPACT DAMAGE SCENARIOS
A forecast of the possible damage scenarios in-
duced by seismic events is a useful tool for a pre-
dicƟ ve quanƟ taƟ ve defi niƟ on of expected loss-
es and for the consequent implementaƟ on of 
miƟ gaƟ on measures. Here the Gutenberg-Rich-
ter law [13] is used to predict theoreƟ cally the 
number of magnitudes that can occur in the in-
spected area. So, a range of magnitudes, based 
on the historical earthquakes occurred, are se-
lected in the range [4÷6]. The cumulaƟ ve distri-
buƟ on funcƟ on, FM (m) (see Eq.(1)), esƟ mated 
according to [14], is reported in Fig. 4. where 
mmax and mmin are respecƟ vely the maximum 
moment magnitude and the minimum one pre-
viously considered.

Based on these consideraƟ ons, varying the 
epicentral distances, R, in the range 5÷15 Km, 
the EMS98 macro-seismic intensiƟ es are deter-
mined on the basis of the following Eq. (2) [15]:

Fig. 4. Moment magnitude distribuƟ on based on 
Gutenberg-Richter law for the examined source.

Table 1 . CorrelaƟ on between magnitude, Mw, 
and macroseismic intensity, IEMS-98, for diff er-
ent epicentral
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Therefore, diff erent damage scenarios are ob-
tained for diverse magnitudes and epicentral 
distances (Fig. 5).

Fig. 5. Seismic damage scenarios for diff erent 
moment magnitudes and epicentral distances.

As expected, it is apparent that the worst case 
is when R=5 Km. In this case, varying the mag-
nitude from 4 to 6 and, the expected damages 
tend to increase from moderate to parƟ al col-
lapse. 
On the other hand, for R=10 Km and R=15 Km 
the maximum expected damage at the max-
imum magnitude considered is of signifi cant 
level and moderate one, respecƟ vely. Further-
more, for epicentral distances greater than 5 Km 
and under magnitudes of 4 and 5, the expect-

ed damage is absent. However, since buildings 
have similar vulnerability index, it is worth noth-
ing that, in all the cases, the damage distribu-
Ɵ on is uniform in the invesƟ gated urban sector.

V. GEO-HAZARD EFFECTS
The macroseismic intensity is the main parame-
ter for correlaƟ ng the seismic input to damage 
deriving from post-earthquake scenarios and/or 
its predicƟ on as well. 
However, it is important to take into account 
both the interacƟ on eff ects among buildings and 
the soil type in order to evaluate the increases 
in terms of global vulnerability and, therefore, 
of the damage induced. The macroseismic in-
tensity increment induced by geological site 
phenomena are derived from the period-am-
plifi caƟ on eff ects dependence. In parƟ cular, 
referring to a generic design elasƟ c spectrum, 
according to the design code [17], the local am-
plifi caƟ on factor fag is defi ned as the raƟ o be-
tween the maximum acceleraƟ on of the elasƟ c 
spectrum evaluated for a generic soil class (K), 
Sae(T)K, and the elasƟ c response spectrum on 
the bedrock, Sae(T)B, see Eq. (3). 

Subsequently, the macroseismic intensity in-
crease, ΔI, has been determined according to 
Eq. 4:

where the coeffi  cient C2, equal to 1.82, rep-
resents the PGA increment produced by mac-
roseismic intensity according to the correlaƟ on 
law proposed in [16]. Finally, the seismic vulner-
ability increase connected to local site phenom-
ena, ΔV, is always defi ned in [16] and is calculat-
ed as follows:

Referring to the case study, the soil category “C” 
is considered and the corresponding spectrum 
according to EC8 [17] is ploƩ ed in Fig. 6.
Based on these consideraƟ ons, the vibraƟ on pe-
riod associated to the inspected building sam-
ples is calculated according to the simplifi ed for-
mulaƟ on envisaged by EC8 [17] as follows: 
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where H is the total height of buildings and the 
coeffi  cients, α and β, are respecƟ vely, 0.05 and 
0.75. The local amplifi caƟ on eff ect results for 
buildings developed on one and two fl oors are 
presented in Table 2.

 
Fig. 6. EC8 elasƟ c spectra for diff erent soil con-

diƟ ons.
Table 2. Amplifi caƟ on factor for diff erent classes 
of buildings.

It is worth noƟ ng that, depending on the class 
of buildings [18], the seismic intensity amplifi ca-
Ɵ on due to the soil type is increased by 2% and 
23% for single-storey buildings and two-storeys 
ones, respecƟ vely. This produces a negligible 
increase of vulnerability for single-storey build-
ings, while  V= 0.04 is achieved for two-story 
buildings.
The global vulnerability for the analysed build-
ing typologies can be calculated as the sum of 
the normalized vulnerability index and the local 
eff ects [16], as shown in Eq. (7): 

The results reported in Fig. 7 show how the ef-
fect induced by local phenomena increases the 
global vulnerability of about 10%, with an aver-
age value, VIm, of 0.44, compared to the condi-
Ɵ on where the geo-hazard eff ects are neglected.
The illustraƟ on of the expected damages due to 
local site eff ects is depicted in Figure 8, where  
the typological vulnerability curves of the inves-
Ɵ gated building classes are shown.

Fig. 7. Vulnerability distribuƟ on in the urban 
sector also considering local hazard eff ects.

Fig. 8. Vulnerability curves of invesƟ gated build-
ing classes considering local hazard eff ects.

Thus, as in SecƟ on 4, it is possible to defi ne the 
correlaƟ on between moment magnitudes and 
amplifi ed macroseismic intensiƟ es taking into 
account local amplifi caƟ on phenomena (Table 
3).



PreservaƟ on and heritage 

www.jauh.ro

Table 3. Link between magnitude and macro-
seismic intensity considering geo-hazard incre-
ments for diff erent epicentral distances

The new damage scenarios resulƟ ng from con-
sidering local amplifi caƟ on eff ects are indicated 
in Fig. 9.

The comparison of achieved results with the 
previous ones show that local amplifi caƟ on ef-
fects increases signifi cantly the expected dam-
ages in the examined urban sector. This occurs 
especially at the shortest epicentral distance (5 
Km), where the parƟ al collapse is aƩ ained also 
with Mw=5.

VI CONCLUSIONS
The paper analysed the seismic vulnerability of 
a historic heritage urban sector within the city 
of Timisoara using a probabilisƟ c approach. The 
study conducted allowed to characterise the 
seismicity of the study area taking into consider-
aƟ on local eff ects. Concerning the defi niƟ on of 
damage scenarios, the Gutenberg-Richter law 
was used. In parƟ cular, it was possible to defi ne 
the discrete distribuƟ on of the magnitude (Mw) 
and the relaƟ ve probability of occurrence. In this 
context, a parametric analysis was performed 
varying magnitudes and epicentral distances in 
order to predict the expected seismic damages 
for masonry aggregates of the invesƟ gated area.  
However, from the achieved results it is worth 
noƟ ng that, for moderate values of seismic in-
tensity (IEMS-98<X) the expected damage is not 
relevant for all the analysed buildings, whereas 
for high values of seismic intensity (X≤IEMS-
98≤XII), the expected damage would cause an 
incipient collapse of the analysed sample.
Subsequently, seismic amplifi caƟ on due to 
geo-hazard phenomena were considered in 
order to take into consideraƟ on the increased 
eff ects in terms of both macroseismic intensi-
ty and global vulnerability. More in detail, the 
amplifi caƟ on factor, fag, was defi ned, it depend-
ing on the class of soil considered. In parƟ cular, 
for a type of soil “C”, fag was equal to 1.00 and 
1.20 for single-storey buildings and two-storey 
ones, respecƟ vely. Thus, it was shown how lo-
cal eff ects provides an increment from 2% to 
23% of the seismic intensity associated to the 
typological classes idenƟ fi ed. This circumstance 
caused an increase of the expected damage ap-
proximately of 12% for IEMS-98≥X, with damage 
thresholds equal to D4 (parƟ al collapse) for Mw 
equal to 5 and 6 and in case of R= 5 Km. Similar-
ly, for R= 10 Km and 15 Km, in case of Mw=6 the 
maximum expected damage was D3 (signifi cant 
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damage), with an esƟ mated increase of 10% 
compared to the case where site eff ects were 
neglected. In addiƟ on, it was observed that 
there is an average increase of the global vul-
nerability induced by local site eff ects of 4% for 
two-storeys buildings, with an expected mean 
value of 0.44, while this eff ect was null for sin-
gle-storey buildings. Finally, the representaƟ on 
of the global vulnerability was also obtained 
through typological vulnerability curves, which 
show how the local eff ects progressively aff ect 
the damaging eff ect of the classes of buildings 
examined during seismic events.
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