
Journal of Architecture Urbanism and Heritage

Volume II - Nr. 1/2019

Assessing seismic vulnerability for historical buildings in Timisoara – Romania 
and rela  ng it on mul  ple domains such as: popula  on, economy, infrastructure

Dan Cătălin Purice1, Bianca Azap2, Marius Moșoarcă3

Faculty of Architecture and Urbanism, Politehnica University of Timisoara, Romania1,2,3

dancatalinpurice@gmail.com1; bianca.azap@yahoo.com2; marius.mosoarca@upt.ro3 

ABSTRACT 
Timisoara is one of the biggest ci  es in Romania, located in the Banat plain. The area in which the city 
is located is the second most hazardous seismic zone in the country – Banat region, which is subjected 
to shallow earthquakes, the main par  culari  es of this type being the small depth of the seismic source 
and a reduce surface of the epicenter area.
The main objec  ve of this paper is based on both the evalua  on of the seismic vulnerability analyzed 
in one of the major areas of Timisoara, namely the Iosefi n neighborhood, as well as rela  ng it to a 
number of domains such as infrastructure, popula  on, economy, culture, patrimony through a sta  s  c 
of losses. 
Buildings in the city’s historic centers are par  cularly vulnerable to seismic events. To reduce damage 
and losses in historic city centers, the seismic vulnerability of buildings needs to be assessed on the 
ground with approaches that take into account how parameters related to geometric / structural char-
acteris  cs, seismic defi ciencies impact on seismic failure modes.The historical district of Iosefi n is one 
of the 3 districts of Timisoara developed in the 18th century around the main district – Cetate, being 
a tes  mony to the evolu  on of the en  re city. Iosefi n is located in the southwest part of the city and 
since the 20th century, it has developed a strong commercial character, especially on the two main 
arteries – Regele Carol I and 16 Decembrie. The seismic vulnerability assessment was carried out by an 
empirical method of calcula  ng it, which is par  cularly suited to historical areas because of its ability 
to capture heterogeneity and belonging to an ensemble, namely the vulnerability index method, a 
method applied to a number of 67 buildings.
The outcome of the study has shown that the VIM methodology is not necessarily tailored to the 
specifi c seismicity of the city of Timisoara (surface earthquakes), genera  ng probable worse damage 
than historical records show. Taking into account the age of the inves  gated buildings and the absence 
of signifi cant structural damage, we can conclude that the reality is a bit more op  mis  c about the 
chance of survival of buildings than the loss scenario resul  ng from the use of the VIM methodology. 
Nevertheless, analyzing the results as a whole, it can be no  ced that in the case of a seismic intensity 
event 7 the district can suff er signifi cant losses in several aspects such as: social, economic, cultural-his-
torical, popula  on, built-up, infrastructure.
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I. INTRODUCTION
This paper begins presents the seismic vulner-
ability assessment of 67 buildings in the Iosefi n 
district - Timisoara, an evalua  on done by an 
empirical method of calcula  ng the seismic vul-
nerability, suitable especially for historical build-
ings and aras, namely the vulnerability index 
method (VIM). The result of the applica  on of 
the method consists in the crea  on of macro-
seismic maps a scenario of earthquake synthe-
sized on the area of study. Urban spa  al anal-
ysis follows, which, overlaid over macroseismic 
maps, concre  ses the assessment of seismic 
vulnerability in several domains - infrastructure, 
popula  on, economy, social, etc.

II. CONTEXT
Timisoara is one of the biggest ci  es in Roma-
nia, located in the Banat plain. The area in which 
the city is located is the second most hazardous 
seismic zone in the country – Banat region, 
which is subjected to shallow earthquakes, the 
main par  culari  es of this type being the small 
depth of the seismic source and a reduce sur-
face of the epicenter area [1].
Beginning with the second half of 1991 a series 
of unusually strong earthquakes for this area 
occurred in Banat. Although these earthquakes, 
due to their limited magnitude, did not have 
widespread destruc  on, they were at the level 
of some of the strongest earthquakes observed 
in the region over the last two to three centuries. 
Recently, the Banat seismic events have brought 
back the high seismicity of the area in ques  on 
and the need to adopt principles for an  -seis-
mic protec  on under the specifi c condi  ons of 
the region [2]. If we refer to the city of Timiso-
ara, it can be no  ced that the most vulnerable 
seismic areas are the historical districts, which 
are built without taking into account an  seismic 
principles, Iosefi n being one of them.Iosefi n has 
developed a strong commercial character since 
the twen  eth century, having various func  ons, 
that are s  ll preserved. Assemblies of adjoining 
buildings with commercial spaces on the ground 
fl oor on the two commercial arteries King Carol 
I and December 16th Boulevard give the charac-
ter of the area. 

III. VULNERABILITY INDEX METHOD (VIM)
Buildings in the city’s historic centers are par  c-
ularly vulnerable to seismic events. To reduce 
damage and losses in historic city centers, the 
seismic vulnerability of buildings needs to be 
assessed on the ground with approaches that 
take into account how parameters relate to geo-
metric / structural characteris  cs, seismic defi -
ciencies impact on seismic failure modes. The 
method used for assessing seismic vulnerability 
is an empirical method, namely the method of 
vulnerability index (VIM) introduced by Ben-
ede    and Petrini in 1984 .This approach is to 
es  mate the seismic vulnerability of historic 
buildings by calcula  ng a vulnerability index as 
a weighted sum of the specifi c parameters that 
most aff ect the seismic response of a building 
type [3].  The decision to use this method is due 
to the capacity of the methodology to capture 
the heterogeneity of buildings and belonging to 
an assembly / group of buildings. In the case of 
the seismic vulnerability assessment of the ana-
lyzed buildings in the Iosefi n area, the following 
parameters were used:
1. Ver  cal structure - organiza  on
2. Ver  cal structure - materials
3. Loca  on and type of founda  ons
4. Layout of structural elements
5. Regularity in the plan
6. The ver  cal Regularity
7. Type of fl oors
8. Type of roof
9. Details
10. Conserva  on status
11. Neighboring buildings with diff erent heights
12. Posi  on within the aggregate
13. Number of off set  fl oors
14. Structural homogeneity with neighbors
15. Percentage of openings [3].  
The data collected during on-site ac  vity are in-
cluded in specifi c forms, valida  on of the pro-
posed inves  ga  on form for assessing the seis-
mic vulnerability of masonry assemblies allowed 
it to be applied to the en  re chosen area, except 
for buildings whose size and geometric confi g-
ura  on did not allow evalua  on without more 
detailed inves  ga  on. The data used to apply 
the methodologies was collected during specifi c 
visual inspec  ons of the area’s aggregates.
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During this research, the geometric and me-
chanical proper  es of 67 buildings, character-
ized by the number of diff erent fl oors and types 
of previous interven  ons, ver  cal and horizontal 
structures, types of roofs, etc. were collected. 
A  er the research period, all of the data collect-
ed above is organized and placed in a database 
to provide the geometric and structural charac-
teris  cs of the built environment to conduct a 
vulnerability analysis in the selected urban area. 
This approach consists in es  ma  ng the seismic 
vulnerability of historical buildings by calculat-
ing a vulnerability index as the weighted sum 
of the specifi c parameters that most aff ect the 
seismic response of a building type.
The macroseismic intensity is a descrip  on in 
qualita  ve terms of the eff ects of an earthquake 
in a specifi c place. The macroseismic intensity 
translates into a scale of eff ects, called the Mer-
calli scale, with intensi  es from 1 to 12 in the 
increasing order of their danger.
Based on the possible intensi  es in the stud-
ied seismic area, the probable damage level of 
a building, a building typology, or a whole area 
can be determined. This is determined on the 
basis of Vulnerability Index Methodology, an in-
dex that defi nes the predisposi  on of a build-
ing to be damaged by an earthquake. For each 
building, depending on the vulnerability index 
(Iv) and the probable seismic intensity, the μD 
damage index can be determined based on the 
equa  on [4]:

Where I represents the seismic intensity (be-
tween 1 and 12), Q represents a duc  lity coef-
fi cient that takes into account the importance 
of buildings (Q = 2.3 is considered for masonry 
buildings with residen  al or mixed func  ons), 
and V represents vulnerability to the building, 
based on the rela  onship:

Iv being the vulnerability index previously deter-
mined by the VIM method
According to the European macro-earths scale 
(EMS-98), fi ve levels of probable damage are 
defi ned, from DS1 (Damage State 1) to DS5 

(Damage State 5), in increasing order of gravity, 
according to the following table the correspon-
dence between the vulnerability index and the 
damage level is made through the μD damage 
index:

Tab. 1. Correspondence between Vulnerability 
Index, Damage Level, and Damage Index [4]

Through building data processing, homoge-
neous groups of buildings have been iden  fi ed, 
their main features being displayed in several 
thema  c maps. For each of these groups, the 
percentage of buildings belonging to a par  c-
ular subcategory is provided. Maps where for 
each parameter of the methodology used was 
assigned to the building a class A, B, C, D are 
represented in Fig. 1.
A  er summarizing the results, it was possible to 
generate a macroseismic map for an earthquake 
– intensity 7 (Fig. 2).
Following the use of the method, a damage level 
of 1-5 for each building was obtained, the levels 
represen  ng seismic risk classes. Synthesizing 
the values collected for the Iosefi n district, we 
obtain the following results:

LEVEL 1 - 23.9%         
LEVEL 2 - 29.85% 
LEVEL 3 - 22.38%
LEVEL 4 - 19.4%
LEVEL 5 - 4.47%

Results: The most vulnerable buildings are:
● those that have the highest number of stories;
● those located on the corner of the quartz;
● Those built before 1850, develop on 3-4 fl oors 
and have a poor or poor conserva  on status;
● those that are isolated.
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Fig. 1. Thema  c axonometries - parameters for VIM 

Fig. 2. Macroseismic map for Iosefi n 
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-35% of the total built are corner buildings in the 
form of L “,” U “ 
- the majority of the buildings, 76,11%, have a 
mediocre conserva  on status, they are not re-
habilitated
- the character of the neighborhood is also 
strengthened by its commercial artery, 85% of 
the total buildings analyzed dwellings with com-
mercial ground or with various services;

V. LOSS SCENARIO
A  er urban district analysis, loss scenarios for 
earthquakes of varying intensity were made, 
with scenario for intensity 7 being detailed. 
Based on the probable level of damage, loss 
scenario for certain urban areas can be made.
1. The total number of unusable buildings a  er 

IV. URBAN ANALYSIS
For macro-urban urban analysis, several param-
eters considered important also for a scenario of 
losses were taken into account, namely: height 
regime, occupancy  pology, state of the built-up 
area, func  ons and their number as well as the 
approximate number of jobs and inhabitants.
Through building data processing, homoge-
neous groups of buildings have been iden  fi ed, 
their main features being displayed in several 
thema  c maps. For each of these groups, the 
percentage of buildings belonging to a par  cu-
lar subcategory is provided. Important construc-
 on informa  on is reported on each neighbor-

hood as follows: 
- the majority of buildings have one fl oor 
(37.31%), while 32.83% of them have 2 fl oors, 

Fig. 3. Iosefi n neighborhood maps: height regime, typology occupancy, the state of the built-up area 
and the func  ons of the area
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the earthquake (UNUSD) is determined :

Where% MF is the overall damage percentage 
of all buildings, %Hmf, %VHmf, %Dmf are the 
possible degrada  on states, UMF being the to-
tal number of residen  al units from total build-
ings [4].
2. The total number of people who will be 
homeless is determined on the basis of the re-
la  onship:

Where Ph is the number of people es  mated to 
be living within each residen  al unit (average). 
This es  ma  on can be obtained from sta  s  cal 
ins  tutes or can be determined by calcula  ng 
and collec  ng informa  on on the site. [4]
3. The total number of people who will remain 
unemployed
In this situa  on, following visual inspec  ons 
on the study area, the total number of jobs per 
company (commercial / services) was es  mat-
ed, which was subsequently distributed on the 
number of buildings in the area, resul  ng in an 
average of jobs /building. The number of job 
losses is es  mated using the same percentage 
of buildings that become unusable, overlapping 
the total number of jobs.
4. The total number of persons expected to lose 
their lives or to be seriously injured shall be de-
termined by:

Where P (D5) represents the probability in per-
cent that a building / building assembly reaches 
level 5 damage [4].
5.Another very important aspect is the assess-
ment of fi nancial losses, which could endanger 
the whole economy and automa  cally the abil-
ity of a city to regenerate a  er such excep  onal 
events.

Where Scost (expressed in thousands of Euros) 
represents the sum of the repair costs (CS (k)) 

considered for the state of damage k, Vc rep-
resents the cost per unit of measure explained 
below PS (k, j) is the probability for the building 
j to be reach the k damage state, and RC is the 
cost of repair per square meter for each fault 
condi  on, considered as a coeffi  cient. Condi  on 
1 is not considered. The area is considered the 
surface of the fi rst level.
Vc represents the cost per unit of measure, be-
ing the actual cost of the building per square 
meter + the cost of the furniture and equipment 
in that building and is calculated on the basis of:

Where GLc represents the cost of building a 
new building at market price, Fc represents the 
construc  on cost of a higher level than the ba-
sic one (considered 0.5 x GLc), Mc represents 
the cost of the furniture and equipment, and n 
represents the number of levels it is also consid-
ered the ground fl oor) [4].
The results obtained for the loss scenario are 
synthe  zed in Fig. 4.

Fig. 4. Results – loss scenario Iosefi n

Results: 609 people will be homeless, 232 peo-
ple will be out of work, 29 buildings are becom-
ing unusable, 67 euro / square meter average 
repairs, 1.34% of people may lose their lives or 
be seriously injured

VI. CONCLUSIONS
Analyzing the results as a whole, it can be no-
 ced that in the case of a seismic intensity 

event 7 the district can suff er signifi cant losses 
in several aspects such as: social, economic, cul-
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tural-historical, popula  on, built-up, infrastruc-
ture.
Regarding the built-up fund, it can be no  ced 
that a small number of buildings can reach the 
state of collapse, but the vast majority of them 
may suff er medium or severe structural damage, 
underlining the need for consolida  on work to 
limit the damage. This is par  cularly important 
because it directly infl uences the losses of all 
the other categories men  oned.
The social impact is the one that will feel the 
most, infl uencing both measurable values such 
as the large number of people who will lose 
their homes (temporary or even permanent), 
jobs, family businesses, daily ac  vi  es, and im-
possible values to quan  fy in fi gures such as: 
values in the consciousness of the local com-
munity, respec  vely the psychological and emo-
 onal impact on the popula  on.

Another issue with major eff ects on the city is 
the economic part transposed through fi nan-
cially signifi cant losses generated on the one 
hand by the physical repair costs of damaged 
buildings / infrastructure and on the other by 
the eff ects of freezing the func  ons of the city 
over a certain period  me. All these costs must 
be borne by both owners and users and local 
authori  es who need to be involved throughout 
the reconstruc  on process and ensure op  mal 
use of funds and resources through balanced 
management.
The most important feature of such a study 
is the iden  fi ca  on of possible loss of life. Al-
though the percentages for this scenario appear 
to be low, transposed over the current situa  on, 
they generate unacceptable losses for a modern 
city, which can only be diminished through a 
mul  disciplinary, phased and properly applied 
strategy on the high seismic vulnerabili  es of 
Timisoara.
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