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Abstract. The focus of this ongoing research is the 3-D mod-
elling of changes in the urban tissue by catastrophic events.
For this purpose protected areas in the centre of Bucharest
were considered. The principle idea was to establish a rea-
sonable amount of 3-D city models in GIS and CAD and
examine how they can be useful in and used for sustainable
development decisions, in the case of protection against haz-
ards.

1 Introduction

Up to the moment of this research and to the knowledge of
the authors, there is not yet a 3-D city model of the city of
Bucharest. Despite existing requests, Google has not made
available oblique photos from multiple angles which would
enable one to build such a model through crowd sourcing. In
this respect Bucharest lags behind other capitals, or even ini-
tiatives for cities affected by hazard events such as l’Aquila
(Italy). However, enthusiasts have modelled single buildings,
which are available on Google Earth; although, the models
are not accurate in all cases: as for Balta Alba, one of the
mentioned 1970s wards, blocks of 4 storey flats are repre-
sented as 10 storey flats.

For 3-D modelling we have chosen two areas of the city.
The models are comprised of two areas of the city that were
affected differently by the systematisation intervention in
the communist period: the historical centre, which remained
nearly unaltered, and the civic centre area, where blocks of
flats were built in front of the remains of the former tissue
after demolitions were finished for the Unirii boulevard. The

3-D model displays the relationship between buildings of dif-
ferent heights. Before 1930 the highest buildings were the
public buildings, mainly of French architectural influence;
the rest of the tissue was formed by single family one or
two storey houses. It was followed by the first boulevard with
high rise buildings (19th century boulevards had at most mid-
rise). In the case of the N–S Magheru Bălcescu boulevard,
the urban intervention placed a front of high rise buildings in
front of low rise single houses with garden.

A 3-D city model based on an existing GIS model was
elaborated. In this case the 3-D modelling helped, apart from
understanding the morphology, to assess the vulnerability
through classification. The historic centre presents a different
tissue that is most visible in the 3-D model. This model was
created using GIS programming and thus the items can be
connected to values, i.e. semantically enriched. In this case,
the buildings were not single isolated houses with gardens,
but fronts of Western European tradition, which housed mer-
chants coming from the German town of Lipsca (Leipzig).
The French influenced public buildings follow the model of
houses with gardens, which is also the case for the People’s
House/Parliament Palace. Finally, some of the buildings in
the modelled area served as example for the architecture of
the civic centre. The area modelled in Fig. 1 using CAD soft-
ware is the southern continuation of the historic centre. The
interaction of different heights visible in the 3-D model dis-
plays different layers of the evolution of the city: the tower
marking the end of the historic N–S axis of the city west
of the historic centre, the church translated and hidden be-
hind blocks of flats, the dominant size of the French-type
public buildings, and the compact front of buildings with no
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46 M. Bostenaru-Dan et al.: The impact of hazards on the urban tissue

Fig. 1. CAD model of areas exposed to multi-hazard, destructured by former interventions in the communist time, a protected zone in
Bucharest and their import in real time 3-D applications. The 3-D model helps to identify the free spaces in relationship with emergency
housing. Above: Alexandra Chirloae, below: Iuliana Costache, Vasile Milea, Atanasia Stoica, Alin Titiriga.

differentiated architecture behind which there are remnants
of the former urban tissue. Three-dimensionally modelling
may help the city development strategy with such things as
localisation of emergency housing in the adjacent park. The
CAD model saved as .obj file may be used in software to
create a web 3-D application. This enabled us to create a dia-
logue of the model, which can be walked through in real time
(OO programming) and the Google image of the area, in or-
der to compare proposed changes given by the urban strategy.
A prototype on how to compare such changes was shown in
Bostenaru Dan (2012a). The aim of the 3-D models was to
build a basis for decision support in earthquake mitigation.

2 Methodology

The focus of this ongoing research, supported by both na-
tional funded projects in Romania and international cooper-
ation networks, was the digital modelling of changes in the
urban tissue by catastrophic events. For this purpose, pro-
tected areas in the centre of Bucharest were considered. The
purpose itself was to establish to what extent 3-D city models
are useful, usable and used for sustainable development de-
cisions, which is in this case the protection against hazards.
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Research steps entailed

1. Defining urban planning layers, historic view: theoreti-
cal framework.

a. Historic development in Bucharest (misuse, vulner-
ability, emergency planning and impact of the 1977
earthquake).

b. Defining immersion in space and time:

i. representing memory (classification of literature re-
lated to the memory of disasters);

ii. the role of games vis-a-vis the role of literature.

2. Investigation of the role of memory in representation of
ruins in reconstruction after the earthquake.

3. Formulation of definitions for semantic enrichment:

a. Comparison of the models to other 3-D historic
models.

b. Sketching future works (building a digital
database).

The underlying research project for which digital represen-
tation was intended is on European buildings which were
subjected to earthquakes with reinforced concrete structures
from the first half of the 20th century. Rarely has the struc-
tural system of buildings been documented in architectural
history, and even more rarely have buildings been listed
as monuments because of it. The gap will be filled by a
database of such buildings, using photographic material al-
ready gathered. Further, a taxonomy and ontology for retrofit
elements for these buildings is proposed. From the survey,
over structural intervention to economic computations, the
same retrofitted and retrofitting elements are defined.

Structural simulation results will be tested on applicability
for economic impact analysis through (1) The Monte-Carlo
simulation for extension, (2) comparison with real projects,
and (3) comparison with experimental results from Euro-
pean laboratories databases. A decision support system, em-
ploying the newest developments from game theory for eco-
nomics and drama theory for conflict solving and ontology
approach, will be developed.

3 Results

In this paper we present the results of the analysis using a 3
step process to model three-dimensionally the areas that are
part of the research.

The GIS database for Bucharest was used for the his-
toric centre and for the protected zone “Modernist boulevard”
(Fig. 2), which was the most affected by the 1977 earthquake.
For the vulnerable zone affected by the Ceausescu period de-
molitions, the CAD model was used.

In step 1 elements of the current situation were listed.

– User types: disaster management decision maker,
disaster management researcher, city managers.

– Target groups: the emergency inspectorate Bucharest,
units of public administration (municipality and secto-
rial administration).

– User needs: identify vulnerable buildings and prioritise
them for intervention, identify strategic zones for inter-
vention in an emergency situation (ex. location of emer-
gency housing).

– Tasks to be performed: GIS query and 3-D visualisation,
navigation.

– Identification of 0-D, 1-D, 2-D, 3-D data used: GIS
shape map of the historical centre of Bucharest,
extruded to 3-D (2.5D).

– Specific process: extrusion.

– Complementary data (non 3-D): tables with data on the
buildings (age, height, construction material, listed as
monument or not, number of inhabitants, etc.).

Then also the potential improvement of the model was listed:

– 3-D data needed (enrichment – new objects): detailing
of the extruded objects, ex. With roof shapes, textur-
ing of the objects to see possible relationships between
openings (a factor in structural identification and vul-
nerability assessment); or

– information which has to be added to 3-D objects (en-
richment – new attributes . . . ): recognition of the struc-
tural system through a matrix of characteristics from
which the building material of the structure can be
recognised.

Borzi et al. (2008) simplified analysis of vulnerability of
populations of buildings requires either this information to be
contained in the table or different LOD (interior), as we have
suggested for the SketchUp models in Google Earth, which,
however, has no database analysis possibilities. Therefore,
the exchange formats are important, in this case the connec-
tion of CAD and GIS data. This analysis can be the basis for
economic efficiency computations used in decision making.

In step 2 the impact of new equipment (devices) on result
of step 1 was assessed: for acquiring the new data mentioned
at step 1 the digitalisation of building surveys is needed, ei-
ther through scanning of the paper survey and converting it
into CAD or through direct digital scanning (ex. laser, or
laser point measurement of the spans).

www.adv-geosci.net/35/45/2013/ Adv. Geosci., 35, 45–53, 2013
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Fig. 2.GIS map of the areal investigated in SFB461, displaying the age of the buildings along the N-S Modernist boulevard.

In step 3 the focus was on the creation of information:

– Identification of 3-D information created (through the
processes) visualisation of the volumetric relationships
in the studied area, with possibilities the identification
of the vulnerability enhancement of the vicinity of dif-
ferent buildings and of identification of potential secu-
rity nodes (concept by Gociman, 2006), for location of
emergency services.

4 Discussion

There are no 3-D city models of Bucharest; such models,
as noticed in the COST action TU0801 “Semantic enrich-
ment of 3-D models for sustainable urban development”, are
sparse in Eastern Europe. Even Google Earth does not of-
fer oblique imagery and only a few buildings are modelled
based on the enthusiasm of individuals. Within the project
HERA “Multihazard and vulnerability in the seismic context

of the city of Bucharest”, the 2-D GIS data used for analysis
have been extruded to 3-D. This extrusion is only a small part
of the project, the aim of which is to identify procedures to
correlate the data needed by different actors in vulnerability
assessment. The socio-economic vulnerability component is
also considered. The GIS component permitted a number of
statistical operations and analyses as compared to traditional
urban plans.

The narrow study area is the historic centre of Bucharest,
which has not been affected in the earthquake impact and
post-earthquake reconstruction, featuring mainly low-rise
masonry buildings. The really vulnerable and affected part is
situated north of the historic centre, in the interwar develop-
ment, and that is where the extension of the methodology is
aimed to be focused next. The 3-D extrusion permits a better
visualisation in the vulnerability analysis with effects in elab-
orating the intervention strategy by decision makers and local
authorities, based on the relationship between built volumes
among themselves and with free spaces. Such elements of
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Table 1.Check list to establish the structure of the buildings in the surveyed area.

 10

Table 1: Check list to establish the structure of the buildings in the surveyed area 

Construction:   please check 

 open construction (isolated house)  existent soft storey 
 closed construction (row, block 
construction) 

Construction year: sure 
date:............................... 
  before 1850 
  1850 – 1880 
  1880 – 1920 
  1920 – 1945 
  1945 - 1977 
  1977 - 1990 
  after 1990 

Material of the load bearing structure 
  timber 
  reinforced concrete 
  reinforced concrete prefabricates 
  masonry 
  other
 ........................................... 
 Skeleton structure/frame structure 
with 
 Load bearing structure out of: 
     reinforced concrete 
     steel 
     light construction 
     frame construction 
           timber 
  infill out of: 
           masonry 
     clay brick 
     concrete brick 
     light/AAC brick 
    ........................ 
    reinforced concrete 
    not load bearing infill out 
of: 
 .................................. 
  cover out of: 
       ...................... 

plate construction  
(walls and floors out of reinforced concrete 
prefabricates) 
cell construction 
masonry construction 
  not reinforced 
  reinforced 
   timber/steel frames and 
columns 
   stiffening reinforced 
concrete – ring beam/columns 

Floor over 
  

NF 

* 
 

floor 
** 

Floors out of   

 reinforced concrete   
 cast in place   
 prefabricated   
 beams with infill   

 System floor (joists+bricks)   
 Massive construction (= reinforced 
concrete) 
  fagure 
     columns in soft storey 
  cell type 
     columns in soft storey 
  tube in tube 

 timber   
 vaults   
 over the whole floor   
 partially   

 mixed construction type 
(mixture of skeleton and massive 
construction) 
  stiff core 
  stiff perimetral walls 

*    majority floor type 
** possible: UF, GF, roof (RF) or UF Nr. 

 other construction type: 
 ........................................ 

 

Table 2: List of vulnerable architecturally significant buildings in Bucharest (risk category I) disasters management shall be contained in the master plans.
For further multi-criteria analysis different levels of detail of
the 3-D models would be required.

The extrusion algorithms have been developed by the ASE
partner and are applicable for any GIS depiction of an urban
area. However, there is no web interface for making it pub-
licly available. Similar conversions from 2-D to 3-D GIS can
be done with CityEngine (an ESRI product).

The GIS 3-D modelling was also put in the context of
the other analysed methods, and a new concept was devel-
oped (Bostenaru Dan and Panagopoulos, 2012). This con-
cept has now to be applied for Bucharest. Aim of the short
project at the Karlsruhe Institute of Technology was to intro-

duce the Romanian Modernist heritage by means of digital
methods (see report in Bostenaru Dan, 2011 and Bostenaru
Dan, 2013b). In 2000 when the applicant was working at the
host institution for this Short Visit Grant, a survey of an area
comprising 1500 buildings in the centre of Bucharest was
performed and the data introduced in a GIS system (Fig. 2).

A questionnaire (Table 1), was developed to collect data
on buildings vulnerable to earthquakes, information included
currently in the GIS database. For the view on the economic
efficiency envisaged for example in our methodology, other
data are needed, as detailed for emblematic buildings in Ta-
ble 2. The area surveyed includes the main N–S boulevard
of Bucharest, an unique section in Europe being built in the

www.adv-geosci.net/35/45/2013/ Adv. Geosci., 35, 45–53, 2013



50 M. Bostenaru-Dan et al.: The impact of hazards on the urban tissue

Table 2.List of vulnerable architecturally significant buildings in Bucharest (risk category I).

 
11 

No. 

Address 

Building year (Lungu) 

Project year 
(Machedon&Scoffham) 

Name 

Function 

Architect 

Upper floors (M&S) 

Set back? 

Balcoies? 

Halfbasement 
Commercial GF (soft 
storey) 
Storeys 

Number of housing units 

Surface (sqm) 

Damage in columns 

Damage in beams 

Damage in infill masonry 
Retrofit with column 
jacketing 
Retrofit with beam 
jacketing 

Reparation of masonry 

Epoxy resin injections 

Finishings 

Mortar injections 

*partial collapse in 1977 

SD 

Project 

Longitudinal earthquake 
capacity 

Lateral earthquake capacity 

Retrofit costs (lei) 

No. housing units/ floor 

surface/ housing unit 

surface/ floor 

costs/ housing unit 

Housing unit surface/  
mean surface 
Unit surface/ 
mean surface -1 

10 M
aria R

osetti 55 
1934

1934 
G

ogu G
rigore 

C
antacuzino 

H
ousing 

M
arcel Locar 4 - 6

Y
 

Y
 

J 
N

 
9.5

20
2209

L 
L 

E 
- 

- 
1

- 
- 

1
- 

36
- 

0.290
0.320

5 913 493
2.10

110
232 

295 675 0.79 
-0.20

11 M
agheru 27 

1935
1938 

- 
H

ousing 
Paul 
Sm

arandescu 
? 

? 
? 

? 
Y

 
9.5

36
6405

L 
- 

- 
1 - 

- 
- 

- 
- 

- 
14

- 
0.150

0.210
17 146 185

3.78
177

674 
476 283 1.27 

0.27

16 C
alea 

V
ictoriei 

128A
 

1935
1935 

V
ictoria 

housing, 
stores 

Leon H
irsch 

6 - 8
Y

 
Y

 
N

 
Y

 
9

22
6675

E 
E 

E 
1 

1
1

- 
- 

- 
- 

100
IPC

T 
0.15-
0.17 

0.12-
0.18 

17 868 975
2.44

303
741 

812 226 2.17 1.178

24 Stirbei V
oda 17 

1936
1936 

G
iurgea 

housing, 
shops 

D
uiliu M

arcu 5 - 6
Y

 
Y

 
N

 
Y

 
9

58
6140

M
 

M
 

L 
- 

- 
1

1
- 

- 
- 

43
- 

0.197
0.196

16 436 780
6.44

105
682 

283 393 0.76 
-0.23

27 C
alea V

ictoriei 208
1940

1938-39 Podgoreanu 
H

ousing 
Jean M

onda 
? 

? 
? 

? 
Y

 
8.5

44
5200

E 
M

 
E 

- 
1

1
1

- 
- 

- 
86

- 
0.194

0.159
13 920 400

5.17
118

611 
316 373 0.84 

-0.15

41 Poenaru B
ordea 16

1936
1934-35 Tulliu D

autte 
H

aus 
H

ousing 
G

heorghe 
Sim

otta 
? 

? 
? 

? 
N

 
8

30
3100

E 
L 

- 
- 

- 
- 

- 
- 

- 
- 

64
- 

0.220
0.248

8 298 700
3.75

103
387 

276 623 0.74 
-0.25

43 Lahovary 5A
 

1935
1933 

Prof. B
arbu 

D
im

itrescu 
housing, 
office 

H
oria C

reanga5 - 7
Y

 
Y

 
N

 
Y

 
8

18
2955

E 
E 

E 
X

 
X

 
1

1
- 

1
- 

100
IPB

 
0.180

0.180
7 910 535

2.25
164

369 
439 474 1.17 

0.17

45 N
icolae Iorga 22 

1939
1935-36 M

oscovici 
H

ousing

A
urel 

Focsanu E
m

il 
V

itanu 
5 - 6

Y
 

Y
 

Y
 

N
 

7.5
31

3140
E

 
L

 
E

 
1 

1
1

- 
- 

- 
- 

79
IPC

T
 

0.100
0.120

8 405 780
4.13

101
418 

271 154 0.72 
-0.27

49 Pitar M
os 29 

1936
1935 

- 
H

ousing 
D

em
 

Savulescu 
? 

? 
? 

? 
N

 
7.5

59
4639

E 
E 

- 
1) 

1
- 

- 
- 

- 
- 

86
- 

0.150
0.150

12 418 603
7.86

78
618 

210 485 0.56 
-0.43

57 Stelea Spatarul 17 
1937

1935 
Frida C

ohen 
H

ousing 
M

arcel Iancu 
5 - 7

Y
 

Y
 

Y
 

N
 

7
53

4125
E 

E 
M

 
1 

(4) 
1

(1)
1

- 
- 

- 
- 

93
- 

0.150
0.150

11 042 625
7.57

77
589 

208 351 0.55 
-0.44

61 B
alcescu 

25 
(W

ilson) 
1928

1933 
C

reditul R
ural housing, 

office, 
shops 

State B
alosin 

8 
–

12 
Y

 
Y

 
N

 
Y

 
12

93
12287

E 
E 

E 
1 

1
1

1
1

1
1

> 100 
IPB

 
0.160

0.160
32 892 299

7.75
132

1023 
353 681 0.94 

-0.05

91 C
alea V

ictoriei 25 
1936

1937 
- 

housing, 
shops 

G
eorge 

N
egoescu 

6 - 9
Y

 
N

 
N

 
Y

 
13

49
6078

E 
E 

E 
1 

(6) - 
- 

1
- 

- 
- 

100
TC

I 
0.360

0.360
16 270 806

3.76
124

467 
332 057 0.89 

-0.10

93 G
olescu N

icolae 5 
1938

1938-39 N
aum

 G
hica 

housing, 
shops 

M
arcel Iancu 

6 - 7
Y

 
Y

 
N

 
Y

 
10

21
1766

M
 

L/M
- 

- 
- 

- 
- 

- 
- 

- 
42.5

IPB
 

0.142
0.232

4 727 582
2.1

84
176 

225 123 0.60 
-0.39

96 M
ihai 

E
m

inescu 
17 

1937
1937-38 - 

housing, 
shops 

L
eopold 

M
edilanski 

6 (8) 
N

 
N

 
N

 
Y

 
8.5

40
6063

L
 

L
 

L
 

- 
- 

1
- 

- 
- 

- 
25

IPR
O

-
M

E
T

 
0.200

0.200
16 230 651

4.70
151

713 
405 766 1.08 

0.08

100 N
icolae B

alcescu 7
1933

1934-35 - 
housing, 
shops 

Jean M
onda 

5 - 7 
(9) 

Y
 

Y
 

N
 

Y
 

7
15

2730
L 

L 
E 

- 
- 

1
1

- 
- 

- 
36

IPB
-

1978 
0.196

0.111
7 308 210

2.14
182

390 
487 214 1.30 

0.30
102 Luchian 3 

1936
1935 

- 
H

ousing 
M

arcel Iancu 4 - 5
Y 

Y 
Y 

N
 

6.5
9

2067
M

/E
- 

E 
1 - 

1
- 

- 
- 

- 
70.5

- 
0.080

0.080
5 533 359

1.38
229

318 
614 818 1.64 

0.64

104 C
alea V

ictoriei 33-
35 

1930
1933 

Frascati 
housing, 
shops 

Jean M
onda 

? 
? 

? 
? 

Y
 

6.5
39

4800
M

 
M

 
M

 
1 - 

1
- 

- 
- 

- 
50

- 
0.240

0.240
12 849 600

6
123

738, 
329 477 0.88 

-0.11
 

M
EA

N
 V

A
LU

E 
  

  
  

  
  

  
  

  
  

  
8.64

37.5
4728

  
  

  
  

  
  

  
  

  
  

60.29
  

0.177
0.183

  
4.31

139
538 

372 834   
  

 
M

in 
  

  
  

  
  

  
  

  
  

  
6.5

9
1766

  
  

  
  

  
  

  
  

  
  

14
  

0.08
0.08

  
1.38

77
176 

208 351   
  

 
M

ax 
  

  
  

  
  

  
  

  
  

  
13

93
12287

  
  

  
  

  
  

  
  

  
  

100
  

0.36
0.36

  
7.86

303
1023 

812 226   
  

 
Sum

m
 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

9 
6

12
6

1
3

1
  

  
  

  
  

  
  

  
  

  
  

 
%

 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
8.25 5.50

11.00
5.50

0.91
2.75

0.91
  

  
  

  
  

  
  

  
  

  
  

L= light; M
= M

ean; E= Extrem
 

L = light; M = Mean; E = Extrem
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Table 3.List of monuments in the area comprised by the survey for the GIS database.
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interwar period. Today the boulevard is facing conservation
problems, in the context of thermal isolation and seismic
retrofit. A recent example to be analysed and altered is a mul-
tistory building by German architect Rudolf Fränkel, who
immigrated to Romania during this time.

Data on architect, monument value, and urban planning
protected zone value have to be introduced; the inclusion
of such elements in the architecture curricula is the fo-
cus of architecture training in Karlsruhe with regard to
the geo-innovation planning network (http://www.stqp.
uni-karlsruhe.de/index.php?option=comcontent&view=
section&layout=blog&id=25&Itemid=83), where it is
planned to later present the results. We also include the typol-
ogy into the digital taxonomy overview of the Global Earth-
quake Model, with corresponding glossary entries (public
testing of GEM taxonomy athttp://www.world-housing.
net/related-projects/share-your-knowledge-of-buildings/
building-taxonomy-summary-reports). Alternative database
applications for the photographic and textual data on
these buildings for the web (ex. for the DOCOMOMO
registries http://www.archi.fr/UIA/) will be consid-
ered. Selected architect’s biographies are to be in-
cluded in the Routledge Encyclopedia of Modernism
(http://remodernism.wikispaces.com/an encyclopedia being
understood as another form of thesaurus and ontology).

We detail here some results concerning the monument sta-
tus of emblematic buildings in the surveyed area. The list
of monuments of the typology with early reinforced con-
crete skeletons is too long to be completely included here,
and reference was made to those dealt with in Bostenaru
Dan (2013a, b). Table 3 shows a selection of those iden-
tified. Buildings affected by the 1977 earthquake, such as
the blocks “Turist”, “Podgoria”, “Wilson”, are not protected
individually, but as part of the protected zone and the ar-
chitecture monument assembly. Moreover, the remarkable
block of flats Elena Ottulescu by Horia Creangă, through its
Raumplan in multi-storey building is not listed as a mon-
ument (http://www.monumenteromania.ro/). With regard to
urban planning, the same zone of the “Modernist” boule-
vard Magheru is a protected zone: the protected zone no. 4,
with interwar buildings having the maximal degree of protec-
tion (see a map of the protected zone athttp://www.pmb.ro/
servicii/urbanism/zoneprotejate/docs/magheru.pdf), mainly
for the urban planning assembly (street pattern, continuous
fronts, height range).

Protected zones were defined in 1999 as an urban planning
instrument. Depending on the importance for the city, for
the urban tissue and the value of the built substance, 12 out
of the 94 protected zones have been detailed (2005–2007).
These are zones in which the urban image determined by the
natural frame, the historical zones, the typology of the built
substance and the function have to be conserved. Develop-
ment is not excluded, rather it is permitted and encouraged
in some conditions and determined by the specifics/identity
of the zone that emphasises its character; therefore keeping

the urban quality. The document defines the protection rela-
tionship: keeping, modifying, demolishing, depending on the
value attributed to the buildings. Retrofit interventions are
allowed. The parcels have to be kept unchanged. The zone
is larger than the one studied and spans to the Unirii Place.
The architecture assembly “Bd. General Gheorghe Magheru”
Bd. Magheru Gheorghe g-ral, between str. Pictor Verona and
str. C. A. Rosetti, is a historic monument as well (Cod LMI:
B-II-a-A-19113); furthermore, this the “Architecture assem-
bly ‘Bd. Nicolae B̆alcescu’ ” between str. C. A. Rosetti and
str. Batiştei is also a historical monument (Cod LMI: B-II-a-
B-18103). The protected constructed zone overlaps with the
one studied by SFB461 (Fig. 2).

5 Conclusions

The functional evolution of the city can be displayed for the
city as a whole at the level of 2-D plans, and for selected ar-
eas which are considered representative through 3-D models.
The 3-D model displayed the reflection of the function in the
urban morphology, since the function was based on the urban
activities which describe the urban life, while the spaces and
the buildings defining it served the urban frame. Each stage
in the existence of the city is a singular urban-existence, as
represented by the city plans. But the urban form and trans-
formation are also defining risk and vulnerability and of the
urban tissue (Florescu, 2006), which is why 3-D was em-
ployed as an instrument to study the morphology with the
aim of vulnerability and risk management studies. 3-D was
useful in this case, and used in research projects from the
field.
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