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Rezumat

in acest articol am realizat o recenzie a stadiului cer-
cetarii in domeniu, inclusive cercetarea noastra de
pana acum, in ce priveste organizarea informatiei
unei cladiri care sa permit analiza multicriteriala cu
accent asupra aspectelor economice. In acest sens,
am lucrat cu abordari atat la scara cladirii cat si la sca-
rd urbana. Am pus accentul pe suportul computerizat
al organizarii informatiei, de la analiza adecvarii teo-
riei jocurilor pentru jocuri pe calculator, pana la ela-
borarea de ontologii si de transpunere a semanticii
asupra modelelor tridimensionale specifice acestor
scari. Propunem alternative abordadrii costurilor prin
devize abordarea bazata pe suprafete functionale,
care corespund spatiului, intr-o abordare container-
continut. In acest context sunt importante relatiile
topologice si tipologice dintre spatii, iar diferitele me-
tode care stau la baza aborddrii computerizate intra
in dialog prin conceptul nostru.

Cuvinte cheie: ontologie, costuri, analiza multicrite-
riala, partiu arhitectural

maria.bostenaru@iaim.ro

diana.mendes@iscte.pt

Abstract

In this paper we made a review of the research in the
field, including our own research up to now, in what
regards the organization of information on a building
which should permit the multi-criteria analysis with ac-
cent on economic aspects. In this sense we worked on
approaches on the scale of the building as well as on
urban scale. We put the accent on the software support
of the organization of information, from the analysis of
the suitability of game theory for computer games, up
to the work on ontology and on the transposition of se-
mantics to 3D models characteristic for these scales. We
propose alternatively to the approach to costs through
devices the approach based on functional surfaces,
which correspond to the space, in a container-contents
approach. In this context both the topological and ty-
pological relationships between spaces are important,
and the different methods which stay at the basis of the
computer based approach enter a dialog through our
concept.

Keywords: ontology, costs, multi-criteria analysis, ar-
chitectural layout
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1. Recenzia bibliografiei privind abordarea mul-
ticriteriala a eficientei economice a consolidarii
preventive

In demararea cercetarii am realizat o trecere in revis-
ta a bibliografiei privind reabilitarea centrelor istori-
ce. Cercetari in acest sens au fost intreprinse de Terje
Nypan (2003), Xavier Greffe (1990) si Donovan Rypke-
ma (2005). De asemenea, exista platforme europene
de promovare a cercetdrii si practicii de acest tip, cum
ar fi The Economic Value of Cultural Heritage (EVoCH)
sau ICOMOS ISCEC (Comitetul Stiintific International
al ICOMOS pentru economia conservarii).

Un alt palier pe care s-a realizat trecerea in revista
a bibliografiei este cel privind metodele de analizd
multicriteriala. In afard de arhitect/specialist in con-
servare si investitor (economist), dorim sa includem
si alti actori, cum ar fi specialisti in seisme (inginer,
seismolog) si persoanele afectate, printr-o abordare
participativd. Fata de metodele clasice cu arbore de-
cizional sau cele de balansare a criteriilor (analytical
hierarchy building) am analizat noi teorii in analiza
multicriteriala. O directie noud si promitatoare pen-
tru cercetarea in cadrul retelei COST este teoria jocu-
rilor. Am analizat jocuri ce se incadreaza in categoria
de management de constructii, dar la scara urbana,
asa numitele city building games, pornind de la Sim-
City. Aceste jocuri, implementate pe calculator, isi
au corespondentul in jocuri de societate. In cazul jo-
curilor de societate am luat in considerare jocuri ce
prevedeau spre deosebire de construirea unui oras
cea a unui obiect de arhitectura de mari dimensiuni,
si anume catedrala din romanele lui Ken Follett des-
pre Evul Mediu. Am privit transpunerea problemei de
management de constructie in roman, in transpune-
rea in film si in joc. Este 0 metoda de transpunere a
narativului, o metoda din stiintele umaniste. Jocurile
bazate pe romanele lui Ken Follett sunt jocuri coope-

1. Literature review regarding the multi-criteria
analysis of the economic efficiency of preventive
retrofit

In starting this research we considered an overview of
literature regarding the rehabilitation of historical cen-
tres. Research in this field has been done by Terje Nypan
(2003), Xavier Greffe (1990) and Donovan Rypkema
(2005). Also, there are European platforms for promo-
ting research and practice in this sense, such as The Eco-
nomic Value of Cultural Heritage (EVoCH) or ICOMOQOS
ISCEC (The International Scientific Committee for Eco-
nomics of Conservation of ICOMOQS).

Another layer on which we made the overview of li-
terature was the one regarding multi-criteria analysis
methods. Except of the architect/conservator-preserva-
tionist and the investor (economist) we wish to include
also other actors, such as the experts in earthquakes
(engineer, seismologist) as well as the affected people.
Compared to the classical methods with decision tree or
with those of balancing (analytical hierarchy building)
of criteria, we analysed new theories in multi-criteria
analysis. A new and promising direction for the research
in frame of the COST action is game theory. We ana-
lysed games which can be included in the category of
construction management, but at urban scale, the so-
called ,city building games’, starting at SimCity. These
games, implemented in a computer environment have
their correspondents in board games. In case of board
games we considered games which foresaw, other than
the building of the city, that of an architectural object
of significant dimensions, namely the cathedral in the
novels of Ken Follett about the Middle Ages. We looked
at the translation of the construction management in
the novel, in the film and in the game. It is a method of
translating the narrative, a method in the humanities.
Games based on the novels of Ken Follett are coopera-
tive games, where the players build together the cathe-
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rative, unde jucatorii construiesc impreuna catedrala,
fiind premiat cel cu contributia cea mai semnificativa.
Tn afard de aceasta, existd jocurile bazate pe conflict,
din care am luat in considerare jocul Habitat, in care
echipa de demolatori o concureaza pe cea de restau-
ratori. In ambele jocuri aspectul financiar joacd un rol
cheie in deciderea participantului care castiga jocul.
In stiintele economice teoria jocurilor urmeaza tot
aceste modele (conflict sau cooperativ), si se aplica
si pentru masuri de prevenire a dezastrelor (ex. con-
structia unui dig), dar intr-un mod simplificat, in care
accentul cade asupra metodelor matematice. Noi am
optat in cercetare pentru aceste jocuri mai complexe
si simularea actorilor din analiza multicriteriala in joc.
Fiecare criteriu din analiza poate fi reprezentat de un
actor in joc. Revenind la jocurile pe calculator, proiec-
tul european SIREN a dezvoltat jocuri pentru situatia
de conflict. Partea de element participativ, de inclu-
dere a populatiei afectate este un alt punct de legatu-
rd a cercetarii cu proiectul COST, si anume privind po-
liticile publice (populatiile Markov - Canbolat, 2013).
Un pas urmator in cercetare il constituie proiectarea
unui nou joc care sa transpund actorii considerati de
noi (cei 4) in cadrul problemei consolidarii cladirilor
pentru protectie preventiva. Cercetarea noastra eco-
nomica furnizeaza date privind resursele de reabilita-
re necesare (materiale si oameni) care pot fi transpuse
cu usurinta intr-un astfel de tip de joc, urmand mode-
lul din joc al extinderii unei cladiri publice existente
pentru a permite deservirea unei populatii mai am-
ple.

Tot din domeniul analizei multicriteriale face parte
analiza aplicabilitatii teoriei dramei. In locul balansa-
rii criteriilor ludm n considerare aceasta metoda de
rezolvare a unei situatii de conflict (ne aflam deci in
partea de joc de conflict). Exista un program de calcu-
lator pentru a facilita astfel de decizii in cazul schim-
barii climei, numit confrontation manager, si aceasta

dral, the prize being awarded to that with the most
significant contribution. Other than that there are the
conflict based games, from which we considered Habi-
tat, in which the team of demolishers competes with
the one of restorers. In both games the financial aspect
plays a key role in deciding the participant which wins
the game. In economic sciences game theory follows
also these models (conflict or cooperation) and is being
implemented for disaster prevention measures (ex. the
construction of a dam) but in a more simplified way, in
which the accent falls on the mathematical models. We
opted in research for these more complex games, and
to stimulate the actors from the multi-criteria analysis
in the game. Each criterion from the analysis can be
represented by an actor in the game. Returning to the
computer games, the European project SIREN devel-
oped games for the conflict situation. And the partici-
pative element part, of including the affected people,
is another link of the research with the COST action,
namely public policies (Markov populations — Canbolat,
2013). A next step in research will be the design of a new
game to transpose the actors we considered (the 4) and
the problem of retrofitting building for preventive pro-
tection. Our economic research delivers data about the
needed rehabilitation resources (materials and people)
which can be transposed easily into such a type of game
following the game model of extension of an existing
public building to permit serving a growing population
inagame.

Also from the field of multi-criteria analysis is the analy-
sis of applicability of drama theory. Instead of balan-
cing (pair wise comparison) of criteria we consider this
method of solution to a conflict situation (so we are in
the conflict game part). There is a computer software
to facilitate such decisions in case of climate change,
called confrontation manager, and this problem has to
be transposed to the repair after earthquake pair wise
compared to retrofit before earthquake.
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problema trebuie transpusa in procesul de compa-
rare al reparatiei de dupa cutremur cu consolidarea
dinainte de cutremur.

Abordari similare cu abordarea noastra, pe care o vom
prezenta in sectiunea urmatoare au fost realizate de
un grup de cercetatori de la Napoli (Caterino et al,
2009). Acestea au in vedere tot crearea unui abordari
decizionale de selectare a celor mai adecvate metode
de consolidare intr-o analiza multicriteriala, accentul
cazand pe aspectele structurale.

Cea mai mare parte a cercetarii noastre a fost realiza-
ta la scara unei cladiri, pentru care am avut simulari
structurale si calcule de costuri. Dar atat proiectul mai
amplu COST in cadrul caruia se inscrie cercetarea, cat
si comparatia cu modelele noastre cer o abordare la
scard urband. Intrucat tipologia adoptata este cea a
cladirilor interbelice din beton armat, am ales ca stu-
diu de caz bulevardul Magheru, caracterizat printr-
o mare densitate a cladirilor cu valoare culturala de
acest tip, deci relevante pentru punerea problemei.

1.1. Cercetarea noastra anterioara privind actori si
criterii

Intr-o prima abordare am creat arborele decizional al
criteriilor actorilor considerati (asa numita utility-va-
lue — valoarea de utilitate) (Fig. 1). A doua abordare
este de fapt adaptata din abordarea la scara urbana, a
lui Strassert (1995), privind decizii in amenajarea teri-
toriului. Prezentam in tabelul 1 balansarea pentru cei
4 actori.

Cladirile interbelice din beton armat s-au dovedit a fi
cele mai vulnerabile la cutremur, dar dupa o analiza a
tipologiilor istorice (ante 1989) din Bucuresti. Pentru
aceasta am intocmit fise ale acestor tipologii, urmand
chestionarul propus de World Housing Encyclopedia’.
Intr-o analiza ulterioara am aplicat criteriul actorilor

1 http://www.world-housing.net

Similar approaches to that of ours, which we will pre-
sent in the following section, were performed by a re-
search group in Napoli (Caterino et al, 2009). These take
into account also the creation of decisional approaches
to select the most suitable retrofit methods in a multi-
criteria analysis, the focus being on structural aspects.
The major part of our research has been performed
at the scale of the building, for which we conducted
structural simulations and cost computations. But the
COST’s action at large in the frame of which we do this
research, as well as the comparison of our models, re-
quire an approach at urban scale. Since the adopted
typology is that of interwar buildings with reinforced
concrete structure we chose as case study the Magheru
Boulevard, which features a high density of buildings
with cultural value of this type, so relevant for the way
the problem is posed.

1.1. Our previous research regarding actors and cri-
teria

In a first approach we created a decision tree of the cri-
teria of the considered actors (so-called utility-value)
(Fig. 1). The second approach is in fact adapted from the
urban scale approach of Strassert (1995), regarding de-
cisions in regional planning. We present in Table 1. the
pair wise comparison for the 4 actors.

Interwar buildings with reinforced concrete structure
proved to be most vulnerable for earthquakes, but fol-
lowing an analysis of historical typologies (before 1989)
in Bucharest. For this reason we filled forms for all these
typologies, following the questionnaire of the World
Housing Encyclopedia’. In a subsequent analysis we
applied the criterion of the actors in the classification
considered in the WHE, taking into account the same
actors. Fig. 3 shows how these criteria are fulfilled by an
interwar building.

1 http//www.world-housing.net
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Fig. 1.
Legatura dintre criterii si subcriterii ale actorilor considerati, criterii care se sustin conducand la madrirea
problemelor si a oportunitétilor in caz de (ne)satisfacere /
Connection between criteria and sub-criteria of the considered actors,
criteria which sustain each other leading so to the raise of problems as well as of opportunities in case of (not)fulfilment.
(Bostenaru, 2004, creative commons)
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Options

Criterions S2 S3 sS4 Zero-Option
Ig;m ) 87624 102960 55152 0
Kzuivalem Elements 345950 353700 411170 273885 376411
](Equnb er) 2000 2000 2000 2000 2000
K3

Architecture (Rank) E C D B A
K4

Project Management A% II v i I
(Rank)

Tabel 1/ Table 1.
Balansarea criteriilor principale corespunzand actorilor considerati /
Pair wise comparison of main criteria corresponding to the actors taken into account (Bostenaru, 2004, creative commons)

in clasificarea criteriilor considerate de WHE, conside-
rand aceiasi actori. Fig. 3 arata in ce mod aceste crite-
rii sunt satisfacute pentru o cladire interbelica.

In cadrul Global Earthquake Model a fost modelata
si ontologia structurii conform criteriilor WHE. Vom
dedica o parte importantd a cercetarii noastre acestui
sistem de traducere pentru programe de calculator,
al cdrui prim pas este crearea modelului relational
al ontologiei. Ea ajuta si la identificarea elementelor
pentru jocul de calculator.

A treia etapd in sistematizarea criteriilor o reprezinta
transpunerea acestora intr-un sistem apt de a fi tra-
dus intr-un program de calculator. Am creat o onto-
logie pentru criteriile actorilor in cazul unei probleme
de consolidare a unei cladiri istorice. Modul de trans-
formare a criteriilor in unitati de masura pentru me-
toda utility-value poate fi aplicat in acest caz pentru
a desemna proprietatile datelor din ontologie si tipul
acestora. Ontologia permite insa si utilizarea unui alt
tip de date decat,numarul”.

In frame of the Global Earthquake Model initiative the
ontology of structure was also modelled in conformity
with the WHE criteria. We will dedicate an important
part of our research to this system of translation for
computer software, the first step of which is the creation
of the relational model of ontology. This also helps in
identifying the elements for the computer game.

The third phase in systematisation of the criteria is their
translation in a system which can be understood by
computer software. Namely we created ontology for the
criteria of the actors in case of a retrofit problem of a his-
torical building. The way the criteria are transformed in
units of measure for the utility-value method can be ap-
plied in this case to name the features of the data in the
ontology and their type. The ontology allows also the
employment of another type of data than the ,number’.
All our studies reviewed so far have been published, and
the publications themselves analysed from the point of
view how far they reflect economic vulnerability, as part
of social vulnerability. The way in which publications are
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Fig. 2
Clasificarea criteriilor din WHE pentru cei 4 actori pe care i-am asumat si indeplinirea criteriilor
pentru o cladire interbelica (dupa un grafic in Bostenaru, 2006) /
Classification of the WHE criteria for the 4 assumed actors and the fulfilment of criteria for an
interwar building (after a graphic in Bostenaru, 2006).
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Toate studiile proprii enumerate au fost publicate iar
publicatiile sunt analizate din punctul de vedere al
vulnerabilitatii economice, parte a vulnerabilitatii so-
ciale. Modul in care publicatiile sunt clasificate reiese
prin introducerea lor in baza de date VUWIKI?, parte
integranta a proiectului Global Earthquake Model?,
care include si dezvoltarea taxonomiei pe baza WHE.

1.2. Programe de calculator utile pentru analiza
functiunii si relatiei acesteia cu costurile

Un urmator pas al recenziei a fost analizarea masurii
in care metodele analizate sunt sustinute prin pro-
grame de calculator, programul larg din care face
parte cercetarea avand o componenta ICT. Crearea
de ontologii pentru programe viitoare sau ideea unui
nou joc pot fi astfel mai bine puse in context.

Un program deja amintit este Confrontation mana-
ger, care foloseste abordarea ,what if” - o abordare
ciberneticd, comuna celei a lui Christopher Alexan-
der etal (1977) in pattern language. Aceasta abordare
este potrivita si pentru jocuri.

Intr-un proiect anterior, PIANO (,Innovation in the
current floor plan”) propuneam, similar ontologiei
deciziei, o ontologie a zonificarii. In acest fel, informa-
tia spatiala a unei cladiri putea fi sistematizata intr-
un mod relationat la sistemele de Building Informa-
tion Modelling. Propunem un dialog intre informatia
conectata la ,linie”, reprezentata de elemente solide
precum peretii, si informatia conectata la ,poligon’,
reprezentata de goluri definite de aceste elemente
solide, care sunt camerele. Analizand modul in care
sunt realizate modelele 3D, se poate observa o dife-
renta intre cityGML, care vede separat cele doua fete
ale peretelui si le leagd de spatiu, si BIM, care vede
cele doua fete legate de elementul solid si spatiul

2 http://www.vuwiki.org/
3 http://www.globalquakemodel.org

classified is clear in how they are introduced in the VU-
WIKI database?, integral part of the Global Earthquake
Model initiative® which includes also the development
of a WHE based taxonomy.

1.2. Computer software useful for the analysis of
the function and its relationship with costs

The next step of review has been how far the analysed
methods are sustained by computer software, the large
context of the COST action to which this research be-
longs having an ICT component. The creation of onto-
logy for future software, or the idea of a new game, can
be better put in context.

The already mentioned software is Confrontation ma-
nager which proposes the ,what if” cybernetic ap-
proach, common to the one of Christopher Alexander et
al (1977) in ,a pattern language”. This approach is suit-
able for games too.

In a former project, PIANO (“The innovation in the plan
of the current floor: Zoning in blocks of flats for the mid-
dle class in the first half of the 20th century”) we pro-
posed similarly to the ontology of decision ontology of
zoning. This way the spatial information of a building
could be systemised in a way related to the Building In-
formation Modelling systems. We propose a dialogue
between the information connected to the ,line’] re-
presented by solid elements such as walls, as well as
the information connected to ,polygons’, represented
by holes defined by these solid elements, which are the
rooms. Analysing the way in which 3D models are made
there is a difference between cityGML which sees sepa-
rately the two faces of the wall and connects them to the
space and BIM which sees the two faces connected to
the solid element and the space independently. The way
in which the ontology of zoning can be translated in

2 http://www.vuwiki.org
3 http//www.globalquakemodel.org
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independent. Modul in care ontologia zonificarii
se poate traduce in semn (Eco, 1997) si semantica
reprezinta un mod exploatabil de transpunere a re-
zultatelor acestei cercetari. Conectarea spatiului cu
functiunea este un mod de imbogatire semantica a
modelului 3D, dar si de transpunere a ideilor avangar-
dei privind Raumplan si conformarea dependenta de
functiune. Salvatore Liotta* propune un alt mod de
citire a semanticii, legat de scara urbana: limbajul din
conformarea spatiilor (exprimat prin trama stradala si
a spatiilor libere) este adaptat limbajului uman, fiind
diferit in Asia si Europa. Cercetdtori japonezi sustin
aceasta idee (prezentare Masayuki Kurokawa la Ro-
CAD 2013), conform careia si limbajul arhitectural
al casei denota aceastd diferenta in modul in care
elementele solide inchid spatiul sau nu. Vom reveni
asupra acestei relatii in paragraful urmator privind
SpaceSyntax. Aceasta ontologie a zonificarii poate fi
aplicata in domenii precum facility management. Alti
cercetatori care au abordat problema, de ex. James
O Donnel et al (2013), au propus asa numitele linked
data, tot un mod de transpunere a semanticii in do-
meniul tridimensional. Tn acest caz, spre deosebire de
analiza precedentd, se impune trecerea de la aborda-
rea la scara urbana la cea la scara cladirii. Imbogétirea
semantica a modelelor 3D urbane a fost tema unor
proiecte de cercetare, imbogatirea semantica a mo-
delelor cladirilor poate beneficia pe viitor de dialogul
dintre stiintele geo si Building Information Modelling.
Tn cercetarea lui O'Donnel (2013), consumul de ener-
gie depinde de functiune. Pentru cercetarea noastra
este relevanta dependenta costurilor de functiune,
avand in vedere ca in determinarea costurilor cladi-
rii noi/reconstruite am considerat metoda germana
prescrisa de HOAI. Aceastd metoda presupune studi-
erea unor obiecte realizate similare si luarea in consi-

4 http://prezi.com/efevuhwbegsm/untitled-prezi

sign (Eco, 1997) and the semantics build an exploitable
foreground of the results of the research in the project
PIANO. The connection of the space with the function is
a way of semantic enrichment of the 3D model, but also
of transposition of the ideas of the AvantGarde regar-
ding Raumplan and the shape depending on function.
This ontology of zoning can be applied in fields such
as facility management. Other researchers which ap-
proached the problems O’Donnel et al (2013) proposed
the so-called Linked data, also a way of transposing se-
mantics in the 3D model. Salvator-John Liotta* proposes
another way of reading semantics, namely connected
to the urban scale: the language from the shaping of
spaces (expressed in the street grid and the free spaces)
is adapted to the human language, being different in
Asia and in Europe. Japanese researchers sustain this
idea (Masayuki Kurokawa presentation at RoCAD 2013)
according to which also the architectural language of
the house expresses this difference in the way in which
solid elements close the space or not. We will return to
this relationship in the next paragraph, regarding Spac-
eSyntax. In this case, different from the former analysis,
the problem is how to go over from the urban scale to
the scale of the building. The semantic enrichment of ur-
ban 3D models was the topic of some research projects,
the semantic enrichment of building models can benefit
of the dialog between the geo sciences and Building
Information Modelling in the future. In the research of
O’Donnel (2013) the energy consumption depends on
the function. For our research it is relevant the fact that
the costs depend on the function, and this because in
the determination of the costs of new buildings/recon-
structed buildings we considered a German method
prescribed by HOAI. This method foresees the investiga-
tion of similar realised objects and consideration of the
mean of the costs of five such objects depending on the

4 http://prezi.com/efevuhwbegsm/untitled-prezi
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derare a mediei costurilor a cinci astfel de obiecte in
functie de tipul de suprafata utilizata. Metoda a fost
extinsa si pentru reabilitarea cladirilor. Totusi, baza
rdmane calcularea de devize, deci legata de elemen-
tele solide, transpusa si pentru restaurare in Building
Information Modelling in programe precum archiCAD.
Fig. 4 si 5 prezinta acest mod de calcul conform HOAI
cu ajutorul unor masti Excel (fig. 4 pentru introduce-
rea datelor, fig. 5 pentru analiza rezultatelor). Pentru
a realiza transpunerea modelului la un studiu de caz
din Romania am efectuat cercetare de arhiva privind
modul de calcul al reconstructiei dupa catastrofa in
cazul satului Corbeni, dupd inundatiile pe raul Arges
din 1940. Calculele lui Richard Bordenache urmau o
schema a devizului, pe care o vom analiza ulterior.

In cazul cercetérii noastre, calculul pe bazé de deviz
este posibil pentru elementele de consolidare. Date
privind numarul si dimensiunea sunt furnizate de
programul de calcul al solicitarii structurii la seism,
iar devizele au fost intocmite in functie de metoda de
consolidare sau de gradul de avariere (Fig. 6).

Un alt mod de analiza considerat si care continud
cercetarea noastra de ontologia zonificarii este abor-
darea SpaceSyntax dezvoltata la University College
London si care propune o gramatica de relationare a
spatiilor, considerate cuvinte in limbajul arhitectural
(in locul elementelor constructive din limbajul clasic).
Acest program poate fi vazut in relatie si cu abordarea
cibernetica a lui Christopher Alexander et al (1977), al
carui limbaj se baza insa pe patterns, pe situatii spa-
tio-constructive. In cazul SpaceSyntax, relatia dintre
spatii este topograficd si nu relationald ca la Chris-
topher Alexander. In cercetarea noastrd am conside-
rat relatia topografica pentru comunicarea costurilor,
dar si relatia tipologica ca la Alexander et al (1977),
ambele derivate din modul in care am construit onto-
logia zonificarii (a se vedea in continuare).

type of used surface. The method has been extended also
for the rehabilitation of buildings. Still, the base remains
the computation of devices, and as such connected to the
solid elements, translated also for restoration in Building
Information Modelling in software like archiCAD. Fig. 4
and 5 represent this computation way according to HOAI
employing an Excel mask (Fig. 4 for the introduction of
data, Fig. 5 for their analysis). To analyse the translation
of the model for a case study in Romania we performed
archive research regarding the computation of the recon-
struction after catastrophe for the village of Corbeni after
the flooding of river Arges in 1940. The computations of
Richard Bodernache followed a scheme of the device,
which will be later analysed.

In the case of our research the basis computation based on
devices is possible for retrofit elements. Data regarding the
number and the dimension are provided by the software
to compute the structural performance in earthquakes,
and the devices were done according to the retrofit meth-
ods or the damage degree (Fig. 6).

Another way of analysis we considered and which conti-
nues our research of the ontology of zoning is the ap-
proach by SpaceSyntax, developed at the University
College London, which proposes a grammar of the re-
lationships between spaces, considered as words in the
architectural language (instead of the building elements
in the classical architectural language). It can be seen in
relationship also with the cybernetic approach of Chris-
topher Alexander et al (1977), the language of whom was
however based on ,patterns’; on spatial-constructive situ-
ations. In case of SpaceSyntax the relationship between
the spaces is topographical, not relational, as in case of
Christopher Alexander et al (1977). In our research we
considered the topographic relationship, and not the re-
lational, as for Christopher Alexander et al (1977). In our
research we considered the topographical relationship to
communicate costs, but also the typological relationship
as at Alexander, both derived from the way we constructed
the ontology of zoning, as we will see.
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Fig. 4.

Calculul suprafetelor spatiilor, baza a calculului costului de constructie a unei cladiri noi. Cheia o reprezinta functiunea.
Grila de calcul ia in considerare si relatia cu alte spatii si functiunea acestora (dupa Bostenaru, 2006) /
The computation of the surfaces of spaces, basis of the computation of the construction cost of a new building.
The key is the function. The computation grid considers also the relationship with other spaces and

what function these have (after a graphic in Bostenaru, 2006).
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Fig. 5.
Calculul costului de constructie a unei cladiri noi in functie de functiunea cladirii (dupa Bostenaru, 2006) /
The computation of construction cost of a new building depending on the function in it (after a graphic in Bostenaru, 2006).
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SpaceSyntax propune o analiza a fluxurilor de circula-
tie, in mod evident determinata de functiunea spatii-
lor, mai precis de relatiile dintre spatii determinate de
elemente (de ex. usile). Ca si in cazul imbogatirii se-
mantice a modelelor 3D, si analiza de tip SpaceSyntax
porneste de la scara urbana. Cele mai multe modele
SpaceSyntax analizeaza fluxurile din piete publice, din
cladiri publice precum muzeele sau legate de structu-
ra stradala. Totusi, unele abordari s-au referit si la ana-
liza evolutiei partiului arhitectural al unor cladiri in-
terbelice (Vilard and Bafna, 2009). O astfel de analiza
se leagd de analiza zonificarii functionale propuse de
noi. Partea de analiza a sistemului strazilor propusa
de Space Syntax intra in dialog cu un alt sistem asistat
de calculator pe care I-am analizat, agent based mo-
delling. Acesta se aplicd la analiza performantei retelei
stradale in caz de interventie dupa o catastrofd, cum
este cazul analizei noastre, dar este utila si pentru mo-
delarea resurselor. Nu ne este insa de ajutor pentru
analiza performantei consolidarii preventive, intrucat
presupune o actiune lineara pentru care se face eva-
luarea. Partiul arhitectural poate fi insa modificat prin
interventia arhitecturala de modificare a functiunii
pentru reducerea vulnerabilitatii, in acest caz aplican-
du-se ambele analize.

Ontologia zonificarii (Fig. 7) presupune legarea spatii-
lorintre ele in functie de legaturile lor functionale (ex-
primate si in circulatii, conform Space Syntax) si repre-
zentarea spatiilor ca o entitate tip poligon, in vreme
ce legaturile functionale sunt reprezentate de linii pe
care sunt listate tipurile de legatura (de ex. un spatiu
deserveste alt spatiu: bucataria si locul de luat masa,
baia dormitorul etc.). Este un tip de relatie care poa-
te fi cartat si prin calculator cu programul COMOB®
care permite addugarea la fotografii specifice care
vor fi localizate in spatiu a unui text care le leagd de

5  http://www.comob.org.uk

SpaceSyntax proposes an analysis of the circulation
fluxes, evidently determined by the function of spaces,
more precisely by the relationships between spaces de-
termined by elements such as doors. As in the case of
semantic enrichment of 3D city models, also the Spac-
eSyntax type of analysis starts at urban scale. Most
SpaceSyntax models analyse the flux in public places
or in public buildings such as museums, or connected
to the street grid. Still, some of the approaches referred
also to the analysis of the evolution of the architectural
layout of interwar buildings (Vilard and Bafna, 2009).
Such an analysis is connected to the analysis of zoning
we are proposing. The analysis part of the street system
proposed by SpaceSyntax enters in a dialogue with
another computer aided system we analysed, namely
agent based modelling. This last system is applicable
for the analysis of the performance of the street network
in case of intervention after a catastrophe, as in case
of our analysis. But it is useful to model resources. It is
however not useful for the analysis of the performance
of preventive retrofit since it suppose a linear action for
which evaluation is done. The architectural layout can
be modified through the architectural intervention of
modification of the function to reduce vulnerability, and
in this case both analyses can be applied.

The ontology of zoning (Fig. 7) supposes the connection
of spaces between them according to their functional
relationships (expressed in circulations, according to
SpaceSyntax), and the representation of spaces as poly-
gon type entity, while the functional relationships are
represented as lines on which types of connection are
listed (ex. a space serves another space: the kitchen the
dining room, the bathroom the bedroom etc.). It is a
type of relationship which can also be mapped on the
computer, with help of the software COMOB?, which al-
lows the adding to typical photos which can be localised

5 http://www.comob.org.uk
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Dt Timee  rascres Em Mm1 MaI  Sran- swniD [vieid] orush [ seell [ oradiooe  orsokcover | slemen |
104500, cadk_cover bz 41 Unc Conc  QOOO40T 15 4 1 2 4 4jome21
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Log-file output imported in WS Excell WS Access query
COLUMN: CRUSH + spall + (vield) + crack No. | Work Price (€)
1. Breaking up masonry near column 52.41
2. Unloading the column (bolts) 108
3 Breaking up concrete with chipping | 900
hammer
4. Cleaning up the broken concrete 19
5. Cutting damaged zones of the 12
reinforcement
6. Laying new reinforcement 149.6
7. Air blasting of concrete and 46.08
reinforcement
1. old concrete, 2. damaged old concrete, 3. new concrete, 8. New stirrups and their fixing 147.4
4. buckled reinforcement, 5. new reinforcement, 6. new stirrups, - -
7. welded joint, 8. old stirrups, 9. old reinforcement, 10. formwark 9. Anchoring of the stirrups to the 90
Imaae of damage remforcer_nent barg _
Concrete is damaged until the middle of the 10. Roughenlngrfand air blasting of the | 72
column, reinforcement is buckled, but not yet concrete surface
fractured 11. | Setting up formwork 72
Formwork and support (scantling) 98.75/4
Reparation measure: 12. CaSting concrete 136
Replace concrete and reinforcement in the 13. | Removing formwork 72
damaged zone. 14. | Plastering (outside and inside) 225
PRICE 2126.18
(~2000)
Fig. 6.

Calculul costului elementelor de consolidare /
The computation of the costs of retrofit elements.
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Fig. 7. Ontologia zonificarii (din raportul la pro-
iectul PIANO). Date de colectat in fisele cladirilor
interbelice de comparat in cercetare / Ontology
of zoning (from the report of the project PIANO).
Data to be collected in the forms of interwar build-
ings to be compared by means of research

punctul central. Astfel ia nastere un alt tip de releveu.
Legand metodologia de cea de proiectare a cladirilor
noi, putem spune ca poligonul dedicat spatiului poa-
te lua orice forma adecvata functiunii (precum si in
realitate in Raumplan), sugerandu-se astfel care este
mai adecvat, cel rectangular sau cel liber, precum si o
indicatie privind dimensiunea. Astfel, o organizare a
informatiei pentru proiectare poate fi tradusa vizual
pentru implementarea in programe de calculator.

Topologia este introdusd, asa cum am aratat, in pro-
gramul de costuri. De remarcat faptul ca precum in
BIM, schimbarile in timp sunt luate in considerare,
precum si relatia container-continut si rolul circulati-
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in the space of a text which connects them to the central
point. This way another type of building survey is born.
However, connecting the method to the design method
of new buildings which can tell that the polygon dedi-
cated to the space can take any shape which should be
suitable to the function (as in reality in the Raumplan)
suggesting so if the rectangular or the free one are more
suitable, as well as an indication regarding the dimen-
sion. This way an organisation of the information for de-
sign can be visually translated for the implementation
in computer software.

The topology is introduced, as we have shown, in the
costs software. It is remarkable that like in BIM modifi-
cations in time are considered, as well as the relation-
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ilor. Acestea, desi pot fi reprezentate legand spatiile,
sunt considerate si ca element separat, fiind un factor
de cost si de proiectare.

Ontologia zonificdrii leaga cercetarea spatiala de una
privind tipologiile, care poate fi efectuata prin meto-
da Historical Network Research. Exista un program de
calculator ORA care permite compararea obiectelor
sau imaginilor de arhitectura in functie de autor, an,
resursd, locatie si alte criterii nenumerice pentru a
crea o retea de similitudini. Cladirile obiect al cerce-
tarii pot fi astfel comparate intre ele luand in conside-
rare similitudini intre criteriile exprimate in ontologia
zonificarii. In acest mod, se stabileste o similitudine
controlata a obiectelor de comparatie luate in consi-
derare pentru calculele de cost, independent de da-
tele numerice privind suprafetele afectate diferitelor
functiuni principale si secundare considerate in pro-
gramul Excel.

Prin modurile de organizare a informatiei propuse le-
gam releveul de managementul de proiect in care in-
tervin specialistii si de calculul costurilor. Elementele
de baza imbogatite semantic in faza de releveu, con-
tainer si continut, sunt elementele luate ca unitate in
managementul de proiect si sunt cele asupra carora
se fac calculele. Este vorba de o metoda de proiec-
tare integratd. Desi la inceputul cercetdrii noastre am
propus elementele de consolidare (Bostenaru, 2006)
in baza cdrora se face devizul ca fiind aceste module
care leaga modul de organizare a informatiei a diver-
silor specialisti si constituie astfel baza analizei mul-
ticriteriale, cercetarea de fata propune ca alternativa
spatiul si functiunea (continutul structurii create de
elementele de consolidare). In afara de cladirile inter-
belice cu structura din beton armat am analizat zonifi-
carea partiului si exprimarea functiunii in organizarea
spatiului, deseori ca Raumplan in proiectarea de con-
structii noi, post 1989, de tip vild, din Bucuresti. Daca
la inceputul abordarii se considera releveul, pentru

ship between container and contents as well as the role
of circulation. These, although they can be represented
connecting the spaces, are considered a separate ele-
ment, being a cost and design factor.

The ontology of zoning connects the spatial research to
one regarding typologies, which can be done by means
of Historical Network Research. A software called ORA
permits comparison of architecture objects orimages by
means of the author, year, resource, location and other
non numerical criteria in order to create a network of
similarities. The buildings object of the research can be
thus compared among them taking into account simi-
larities between the criteria expressed in the ontology
of zoning. This way a controlled similarity of the com-
parison objects considered for costs computations can
be done, independently of the numerical data regarding
the surfaces dedicated to each principal and secondary
function considered by the Excel software.

Through the ways proposed for the organisation of in-
formation we connect the building survey to project
management, in which experts interact, and to the
computation of costs. The basic elements which are
semantically enriched in the building survey phase,
container and contents, are the elements taken as man-
agement unit for the project and are those on which the
computations are done. It is about an integrated pro-
ject method. Although at the begin of our research we
proposed the retrofit elements (Bostenaru, 2006), on the
bases of which the device is being done, as being those
modules which connect the way of organising informa-
tion of different experts and thus basis for the multi-cri-
teria analysis, the current research proposes the space
and the function (the content of the structure created by
the retrofit elements) as alternative.

Apart of the interwar buildings with reinforced concrete
structure we analysed the zoning of a floor plan and the
expression of the function in organising the space, often
as Raumplan, in the design of new buildings, post 1989,
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acestea din urma putem lua in considerare planuri-
le de autorizatie de constructie, propunand o noud
abordare ca punct de plecare a studiului, cercetarea
de arhiva. Este ceea ce am facut pentru cladirile din
satul Corbeni, unde putem studia, in paralel cu costu-
rile, tipologiile constructiilor interbelice propuse.

2. Analize comparative ca
baza de discutie

Am realizat analize comparative intre metodele pre-
zentate in recenzia anterioara:

Agent based modelling — abordarea noastra multicri-
teriala — abordari noi (drama theory si game theory
privind conflictul)

Teoria noastra, sprijinitd pe BIM, este mai adecvata
pentru cutremur, in vreme ce GIS si celelalte teorii
sunt pentru actiuni liniare (de ex. inundatie, tsunami,
noroi rosu, pentru care avem studii de caz). n acelasi
timp, acest lucru reflecta scara la care am lucrat, a cla-
dirii in loc de cea urbana.

In prezent, culegem informatii despre cazuri reale de
aplicare a metodelor de consolidare (o parte, pentru
cladirile din piatra, deja publicate, cele despre cladiri-
le din beton armat vor fi culese) pentru a putea efec-
tua o analiza Monte-Carlo de calibrare.

3. Concluzii pentru o modelare viitoare

Cercetarea pentru modelare fiind efectuata la Lisabo-
na, am ales acest studiu de caz pe care l-am detaliat
in alte publicatii. Cercetarea trebuie sa fie utila pentru
a trage concluzii pentru situri centrale din Bucuresti
in zone protejate (bdul Magheru, centrul istoric, zona
Palatului Parlamentului).

Cercetarea prin indrumarea studentilor a condus la
lucrdri interesante in care dezastrul este vazut ca oca-
zie a unei (re)constructii, spatiul netezit de dezastru

ofvilla type, in Bucharest. If first we considered the build-
ing survey, for the later we can consider the construction
authorisation, proposing thus a new approach, that of
archive research, as starting point of the study. It is what
we have done for the buildings in Corbeni village, where
we can study the typologies of the proposed interwar
buildings parallel to their costs.

2. Comparative analysis as a
discussion basis

We performed comparative analyses between the
methods presented in the previous review:

Agent based modelling — our multi-criteria analysis -
new approaches (drama theory and game theory re-
garding conflict)

Our theory, supported by BIM, is more suitable in case
of the study of earthquake impact, while for the other
theories linear actions (ex. flood, tsunami, red slum, for
which we have case studies). In the same time this re-
flects the scale we worked at, of the building instead of
the urban one.

Currently we collect information about real cases of im-
plementation of retrofit methods (a part, for the stone
buildings, already published, and in course of investiga-
tion that regarding the reinforced concrete buildings) in
order to perform a Monte-Carlo calibration analysis.

3. Conclusions for future modelling

For modelling, since the research was performed in Lis-
bon, we selected this case study, which we detailed in
other publications. The research can be useful in order
to draw conclusions for central sites in Bucharest in pro-
tected zones (Magheru Boulevard, historical centre, the
zone of the Parliament Palace).

Research through advising students has led to interest-
ing works in which the disaster is seen as occasion for a

428

Universitatea de Arhitectura si Urbanism “lon Mincu” / “lon Mincu” University of Architecture and Urban Planning



putand fi din nou striat, daca luam in considerare me-
tafora lui Deleuze (1980). Prin aceasta ne intoarcem la
scara orasului si avem nevoie de modelul 3D urban.
Intre scara cladirii si scara urbana trebuie realizata o
regresie.

In cadrul unei scoli de vara am lucrat la realizarea unei
ontologii a reactiei la cutremur la nivel urban, pentru
a pune bazele modelului urban 3D cu imbogadtire se-
mantica (Fig. 8).

Ontologia deciziei trebuie adaptata de la modelarea
aspectelor de facility management/energie (in cerce-
tari preliminare de ontologie si in cele archiCAD BIM)
la cele structurale. In acest sens, poate fi utild modela-
rea ontologiei structurii din WHE, dar trebuie sa avem
in vedere ca aceasta considera containerul, elemente-
le solide, si nu spatiul, continutul. Am avut in vedere
intotdeauna acest dialog container-continut, spatiu-
structura, primul fiind asociat functiunii.

O cercetare viitoare se va referi la rolul spatiilor verzi
in reconstructie si aspectele economice ale unor ast-
fel de interventii. Spatiile verzi contribuie la spatiile de
securitate, in cazul reconfigurdrii urbane considerand
dezastrul ca ocazie de proiect. Woinaroschi (2011) a
condus studii de arhiva privind aspectele economice
ale prevederii de spatii verzi (care pot juca si un astfel
de rol, de spatiu pentru locuirea imediatd de urgenta)
care constituie un model pentru noi, avand in vedere
studiile de arhiva pentru comuna Corbeni. Si mode-
lul socio-economic al jocurilor ia in considerare acest
aspect: spatiile verzi ridica valoarea economica a te-
renurilor nvecinate si pot constitui o sursa de agri-
culturd urbana cand nu functioneaza ca elemente de
refugiu.

Un viitor joc ar putea cupla ideea constructiei bisericii
cu cea a satului din perioada medievala in reconstruc-
tia de azi, la Corbeni in Arges sau dupa noroiul rosu
de la catastrofa chimica din Ajka, Ungaria.

(re)construction, the space smoothed by the disaster can
be striated again, if we consider the metaphor of Deleuze
(1980). Through this we return to the scale of the city and
we need the urban 3D model. Between the scale of the
building and the urban scale a regression shall be done.
In frame of a training school we worked on doing the on-
tology of the reaction at urban level to an earthquake in
order to set the basis of a semantically enriched 3D city
model (Fig. 8).

The ontology of decision has to be adapted from the
modelling of the issues related to facility management/
energy (in preliminary research linked to ontology and to
archiCAD BIM) to the structural ones. In this regard the
modelling of the ontology of the structure in the WHE
can be useful, but we have to keep in mind that this one
considers the container, the solid elements, and not the
space, the contents. We have always considered this con-
tainer-contents dialogue, space-structure, the first being
associated to the function.

A future research will approach the role of the green
spaces in reconstruction and the economic aspects con-
nected to such an intervention. Green spaces contribute
to the creation of security spaces in case of urban recon-
figuration considering the disaster as project occasion.
Woinaroschi (2011) did archive studies regarding the
economical aspects of foreseeing green spaces (which
can play also such a role, of space for the immediate
emergency housing) which are model for us considering
the archive studies for the village of Corbeni. But also the
socio-economic model in games takes this aspect into
account: green spaces increase the economic value of
neighbouring land, and can be a source for urban agri-
culture when they do not work as shelter.

A future game could connect the idea of the construc-
tion of the church with that of the village in the Middle
Ages, with reconstruction today, in Corbeni, Arges or af-
ter the red slum after the chemical catastrophe in Ajka,
Hungary.
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Ontologia cutremurului / Ontology of the earthquake at urban scale.
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Spatiile verzi pot juca un rol si pentru spatiul interior
al locuintei, proiecte ale noastre incluzand pereti ver-
zi, propuse pentru reconstructie, putand fi compara-
te, prin mijloacele propuse, cu vilele contemporane
pe care le-am analizat. In cadrul cercetarii acestea au
fost depuse la concursul,Locuinta sustenabila Il” pen-
tru calculul estimativ al costurilor de constructie, un
criteriu de selectie.
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Aceasta cercetare a fost finantata in cadrul COST Ac-
tion IS1105 printr-o STSM la ISCTE-IUL, Lisabona, Por-
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Green spaces can play a role also for the interior space of
the house, our projects including green walls, proposed
for reconstruction, which can be compared, through
the proposed means, with the contemporary villas we
analysed. In frame of the research these were submit-
ted to the competition ,Sustainable housing Il” for the
computation of the estimation of construction costs, a
competition criterion.
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