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Abstract

In order for Romania to join the European single
market, the harmonized Euroclass system for
assessing the fire reaction performance of
construction products was adopted at national
level, in accordance with the Decision 94/611 / EC
implementing Article 20 of Directive 89 / 106 /
EEC on construction products in the field of fire
safety. The aim of this harmonization is to
facilitate trade of construction products between
EU member countries by eliminating trade
barriers created by the differences between test
methods and classification systems. Thus, to
determine the fire behaviour of construction
products thatare sold in Europe, the test method
"Single Burning Item (SBI)" is used, according to
the test method in standard EN 13823. The
performance classes regarding the reaction to fire
of the construction products, with the exception
of the floors and of the thermal insulation
products for the linear pipe, defined by the test
with the SBI equipment, are: A2, B, C, and D,
followed by the indications s1, s2 or s3 (for smoke
emission), respectively d0, d1 or d2 (for droplets
orburing particles).
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Key words. SBI, reaction to fire, test method,
FIGRA, smoke, classification.

1. Context

in vederea prevenirii introducerii pe piata
europeanZ a produselor de constructie
neconforme cu legislatia in vigoare privind
securitatea la incendiu, mare parte din aceste
produse trebuie testate cu metoda de testare
,Single  Burning Item (SBI)”, conform
standardului european armonizat SR EN
13823+A1 (ASRO, 2014). incadrarea in clase
de reactie la foc a produselor pentru
constructii pe plan european, este previzuts
ca o conditie obligatorie pentru indeplinirea
cerintei fundamentale securitatea la incendiu,
conform Regulamentului (UE) nr. 305/2011 de
stabilire a unor conditii armonizate in vederea
comercializ&rii produselor pentru constructii
(UE, 2011). Romania, ca &i majoritatea t&rilor
din Comunitatea European3, a adoptat
sistemul armonizat de stabilire a claselor de
performant de reactie la foc a produselor de
constructii, sistem bazat pe Decizia
94/611/CE a Comisiei de punere in aplicare a
articolului 20 din Directiva 89/106/CEE privind
produsele pentru constructii (CE, 1994) in
domeniul sigurantei la incendiu. In acest sens,
Comisia European a definit criteriile pentru
evaluarea produselor de constructie in clasele
de reactie lafoc de la Ala F. Cu toate c& sunt
necesare £i alte metode complementare de
testare la reactia la foc, testul cu
echipamentul SBI iese in evident® ca fiind
testul "cheie” pentru clasificarea produselor
de constructii in clasele de reactie la foc A2, B,
C ti D. Tn principiu, metoda de testare cu
echipamentul SBI, se bazeazi pe evaluarea
performantei la foc a produselor de
constructie, dup® scenariul aprinderii =i
dezvoltérii focului n coltul unei camere.
Performanta de reactie la foc a unui produs
pentru constructii vizeaz& contributia acestuia
la initierea si propagarea incendiului =i
fumului In camera focarului sau in zona
inconjurdtoare. Reactia la foc a unui produs
de constructie defineste comportarea unui
material care, prin propria sa descompunere
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alimenteaz& focul la care este expus, in
conditii specifice (MTCT, 2005).

Clasificarea reactiei la foc a unui produs de
constructie care este identificat in conditii de
utilizare final%, conform incer&rii cu un singur
obiect arzand (SBI), este prezentat&inTabelul 1.

Tabelul 1. Clasificarea reactiei la foc a unui produs
de constructie.

S EECE Exemple de produse
reactie lafoc
A2 Tencuiala decorativa
Panouri din spuma poliizocianurat
B (PIR) cu fete din folie de aluminiu,
sisteme ETICS
c Placi de polistiren extrudat,
Lambriuri PVC
D Lemn

2. Metoda de testare

incercarea cu un singur obiect arzand (SBI),
reprezint o metod:z relativ nouf de testare la
foc care a fost dezvoltats de cEtre specialistii
din  domeniul de cercetare aplicat: a
comportzrii la foc a materialelor de
constructie, pentru a r&spunde nevoii de
incadrare a acestora in clase de performante
la reactie la foc conform SR EN 13501-1+A1
(ASRO, 2010). Principiul de testare constZ in
determinarea performantei de reactie la foc a
produselor de constructie (cu exceptia
pardoselilor) atunci cand acestea sunt expuse
la actiunea termici generat: de un singur
element de ardere (un arzitor cu propan
acezat pe o cutie de nisip). In acest fel este
simulat un incendiu initiat intr-o camerZ, care
poate creste &i ajunge in cele din urmi la
flashover (Lehner, 2005).

in conformitate cu standardul de metod% de

incercare SR EN 13823+A1 (ASRO, 2014),

principalele componente ale echipamentului

SBI sunt alc&tuite din:

s IncEpere cu dimensiunile de 3 m lungime
x 3 m |&time x 2,4 m in&ltime in care este
dispusZaparatura defincercare (Fig. 1);
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Echipamentul de m&surare a degaj&rii de
zEldurE - termocupluri, analizor gaze 02 i
CO02, sistem de atenuare a luminii (Fig. 2);
Sistemul de achizitie a datelor rezultate in
urma testului (data logger);

Sistemul de exhaustare al fumului — hotz,
colector, tubulaturk si ventilator care au
rolul de captare =i evacuare a gazelor
arse;

DouZ arzitoare identice (principal gi
secundar), tdvite cu nisip, cutie de
comandZa gazului propan (Fig. 3 i Fig. 4);
Software de achizitie =i analiz& a datelor
(Fig. 5);

Erucior destinat pentru montarea gi
testareala foc a epruvetei;

Butelii de calibrare (N3 si CO,).

Aoty packr IF, T, £00 4

T R
Wor —
L o

—f '“.‘__ THR v Rodd

=4

- Ll D R T
[t T ey 5 2

Fig. 2. Rack cu echipament de masurare 5i
calibrare.
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Fig. 4. Sistem de distributie a gazuluipropan.

bk Bk I iy pogvemi Dl

Fig. 5. inregistrare date.

in vederea determinZrii reactiei la foc a
produsului dorit a fi testat gi a simulZrii in
conditii cat mai apropiate de realitate, atunci
cand se pregateste epruveta pentru testare,
trebuie s& se ia Tn considerare urmétoarele:
= tipul de substrat utilizat pentru produsul
de testat;
tipul de fixare a produsului;
= tipul de  utilizare finalE specifici
(substratul poate fi aer);
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® pozitionarea oricErei imbin&ri orizontale
sau verticale (dacE exist& rosturi in
practicg, in produs sau materialul de
sprijin, acestea se fincorporeazi in
epruveta de testare).

Epruveta este formatZ din douZ aripi verticale
imbinate in unghi drept si este montat& pe un
cErucior, dedesubtul unui sistem de evacuare
a gazelor.

Dimensiunile epruvetei testate sunt

urmétoarele (Fig. 6-7):

= aripa scurts: 1=(495+5) mm x L=(1500%5)
mm;

® aripa lungZ: |=(100045) mm x L=(1500%5)
mm;

® grosime maxim& d=<200 mm.

Fig. 7. Exemplu de epruveta testata.
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Performanta la foc a epruvetei este evaluaté
pe o perioadZ de expunere de 20 de minute
la flicZra arzitorului de = 30 kw. Reactia la
foc a epruvetei sub actiunea fl3cErii
arz&torului, este monitorizatZ instrumental
ti vizual. Parametrii de performanti la
reactie la foc FIGRA, THRgp0, SMOGRA,
TSPsos, sunt mé&surati instrumental, iar
caracteristicile fizice sunt evaluate in timpul
testului prin observarea directZ a producerii
de pic&turi si particule arzdnde; a propagérii
laterale a flZcZrii pe aripa lungZ; a aparitiei
unei inflam&ri pe suprafeta epruvetei; a
desprinderii unor p&rti din epruvets; a
formé&rii unei deschideri in colt precum si
aparitia unor deformiri sau chiar colapsul
epruvetei.

Parametrii care descriu reactia la foc a
produselor de constructie, conform metodei
de incercare SR EN 13823+A1 (ASRO, 2014)
£i conform standardului european de
clasificare Tn clase de reactie la foc, SR EN
13501-1+A1 (ASRO, 2010), sunt enumerati
in Tabelul 2.

Tabelul 2. Parametriicare descriu reactia la foca
produselor de constructie.

Criteriu de . Unitate de
_ Simbol - -
performanta n¥asura
Viteza de deZ\{oItare a FIGRA [W/s]
focului
+aldura totala
degajati THReo0s (MJ]
Propaga_re_a .Iaterala a LES [m]
flacarilor
Viteza de em|5|e a SMOGRA [mz/sz]
fumului
Emisia totald de fum TSP 6o0s Im?]

Metoda de testare la reactie la foc cu un
singur obiect arzand (SBI) conform SR EN
13823+A1 (ASRO, 2014), se utilizeazZ pentru
clasificarea materialelor de constructie in
Euroclasele A2, B, C 5i D. AceastZ metodZ,
este complementars urm&toarelor metode
de testare a reactiei la foc: metoda de
testare cu o singurs flacir conform SR EN
ISO 11925-2 (ASRO, 2011), determinarea

Institutul National de Cercetare-Dezvoltare in Construciii, Urbanism, }i Dezvoltare Teritorial & Durabild URBAN-INCERC

z&ldurii de ardere superioari conform SR EN
ISO 1716 (ASRO, 2018), determinarea
incombustibilitZtii conform SR EN 1SO 1182
(ASRO, 2010).

Pentru fncercarea cu un singur obiect
arzand (SBI), se au in vedere urmétoarele
cerinte de clasificare a materialelor de
constructie in clase de reactie la foc, inclusiv
clasificdrile suplimentare date de emisia de
fum =i de aparitia piciturilor/particulelor
arzande (Tabelele 3, 4 =i 5).

Tabe lul 3. Parametrii care descriu reactia la foca
produselor de constructlie.

A2 B C D

FIGRA, =120 =120 =250 =750

W/s

< < <
LFS marginea marginea marginea -
epruvetei epruvetei epruvetei

THReoos, . . .

M) =75 =75 =15

Tabe lul 4. Clasificare suplimentard pentru criteriile
de fum.

sl s2 s3
SMOGRA, m°/s* =30 =180 nici sl sau s2
TSP gp0s, M 250 =200 nicisl sau s2
Tabelul 5. Clasificare suplimentard pentru
picdturi/particule arzin de.

do di d2
Fen icéturFi? raarticu le ]
picaturi/particule P P

N . arzande care persista .
arzande inainte de mai mult de 10 s in nici

600 s di
600 s

Criteriul de performantZ FIGRA, conform
deciziei comisiei europene, st: la baza
clasifickrii europene pentru produsele
pentru constructii 5 are un rol esential Tn
determinarea timpului de producere a
flashoverului.

Clasificirile europene dups indicele FIGRA,
pentru produsele utilizate Tn domeniul
constructiilor, sunt redate in Tabelul 6.
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Tabelul 6. Clasific@ri europene dupd indicele FIGRA.

Clasa  FIGRA (kW/s)
Al mai putin de 0,15
A2 mai putin de 0,15
B mai putin de 0,5
C mai putin de 1,5
D mai putin de 7,5
E mai mult de 7,5

F

Timpde producere flashover

nu produce
nu produce
nu produce
dupi 10 minute
dupia 2 — 10 minute

fn mai putin de 2 minute

Fara performanta determinata

3. Concluzii

Prin metoda de testare ,Single Burning ltem
(SBI)” se determin& clasele de performantZ
areactiei la foc pentru produsele utilizate in
domeniul constructiilor. Acestea sunt clase
ale cerintei esentiale “securitatea la
incendiu” iar prin intermediul lor, se
exprimi nivelurile cerintelor de
performant3 pentru produsele de
constructii, din punct de vedere al
securit&tii la incendiu a constructiilor.
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SIGNIFICANT NATURAL
AND CULTURAL
LANDSCAPES ALONG
THE DANUBE FROM THE
SPRINGS TO THE SEA

Maria BOSTENARU DAN
“lon Mincu” University of Architecture and Urbanism

Abstract

This paper presents a guided tour of significant
natural and cultural landscapes along the
Danube from springs to the sea, including those
in Germany, Austria, Slovakia, Hungary, Romania
and Bulgaria. A cross view to Serbia is provided.
Methods included field work and photographic
survey, literature research not only in technical
papers but also in works of art. The paper
highlights which are the UNESCO World Heritage
Sites and which is otherwise the protection status
of the landscapes. In conclusion a variety of
lands cape typologies were analysed and set in
the context of the definition of the term..

Key words. Water, tour, Europe, protection,
photography.

1. Context

2017-2019 the INTERREG Danube Transnational
Programme project “DANUrB — A regional
network building through tourism and education
to strengthen the “Danube” cultural identity and
solidarity”  (https://www.danurb.eu/#/) was
funded. The goal of the project was to create a
Danube Urban Brand, by exploring less known
heritage of the Danube. Within this paper | try to
put in context of the broader research of the
project my own research, that on the natural
landscape in Romania with the larger Danube
landscape. Water is at the same time heritage
and danger, and a witness of this are floods.
However, exactly in the vicinity of Giurgiu, at the
twin cities Giurgiu and Ruse, bound through the
friendship bridge, at Brashlen on the Bulgarian

Institutul National de Cercetare-Dezvoltare in Construciii, Urbanism, }i Dezvoltare Teritorial & Durabild URBAN-INCERC

side, an innovative approach was followed, by
using floodplains as flood protection (Bostenaru
and Gheorghe, 2019). Floodplains are explored
as natural heritage also in other cities along the
Danube, sometimes building major natural
parks. As shown in Kristianova et al (2019),
literature and songs were dedicated to the
Danube, some of them considering also the
flood dimension (as in Mér Jokai’s novels). In this
paper we try to create a guided tour of
landscapes along the Danube, somehow related
to guided tours to cities or regions which were
created in the DANUrB project on the web and
on Pocketguide (2019).

2. Materials and Methods

The research involved field work to experience
the landscape, including photographic recording.
The landscape was mapped. Literature review
was performed to see the protection status of
the natural and cultural landscape. The
landscape types have been classified according
to their geographic typology. The term
landscape refers to both natural landscape and
cultural landscape. For the cultural landscape |
considered both significant urban areas (ex.
UNESCO) or significant buildings. For the natural
landscape | considered the geomorphology
(mountains, floodplain etc.). The term landscape
was introduced by Alexander von Humboldt
(Ellenberg, 1990) and then reached geography,
from where also today’s landscape architecture
developed. The definition of landscape in
geography went hand in hand with landscape
painting in the time of the Romantic style (first
half of the 19" century). Also the term “cultural
landscape” was shaped by a German (Otto
Schlitter) in geography (James and Martin,
1981) and later on UNESCO differentiated
cultural landscapes. In the DANUrB strategy,
landscape is classified into: “intact natural
landscape  without human interventions,
cultivated natural landscape without built
element, cultivated natural landscape with built
elements, cultivated built landscape dominated
by natural elements, cultivated built landscape
dominated by built elements, cultivated built
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landscape without natural elements (except the
Danube)” (Szabd etal, 2019).

3. Results and Discussion

An interactive map of the areas contained in
the tour presented in this paper can be seen
here https://arcg.is/9Tvm. The Danube
springs are situated in Donaueschingen,
Germany (Fig. 1). Brigach and Breg meet
there. The spring of the larger between them,
the Breg, in Furtwangen, is also counted as
such in a discussion where the Danube
springs. In Donaueschingen is the spring
under the earth surface of the Danube.

Natural park “Upper Danube”, between
Immedingen and Ertingen, Germany. The
landscape is attractive through breaking
through stones. Fig. 2 shows how the castle of
Sigmaringen, from where Romanian King
Carol | came, is built on these stones on the
Danube shore. This is one of the significant
buildings on the Danube shore in the course
through Germany.

Not only the Romanian king came from
Germany to Romania. 300 years ago the city
of Ulm was starting point for the Swabians to
settle in Banat and in Sathmar. They came
along the Danube with so-called Ulmer
Schachtel (a kind of boat). Fig. 3 shows the
monument of the emigrants, on the Danube
Swabian shore, where also remembrance
plates are put as well as such a boat in front
of the Danube Swabian museum. In Ulm
another significant building on the Danube
shoreis met, the Ulm Minster (cathedral).

Since 2006 Regensburg with its water heritage
belongs to UNESCO world heritage including
its old city. Fig. 4 shows the Danube seen from
the tower of the cathedral. Apart of the
significance of Regensburg as a whole, also
individual buildings, such as the cathedral or
the old bridge are significant. A landscape
architecture object, a park, has been also
surveyed for the DANUB database. In 1995 a
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Cross School Project has been held between
the FH Regensburg and the “lon Mincu”
University to design a passage between the
cathedral and the Danube (Fig. 4).

Natural protection zone Donauleiten (NSG-
00277.01) between Passau and Jochenstein,
on the northern part (Fig. 5), at the frontier
between Germany and Austria. Passau has
been strongly affected by the floods in 2013
(Bloschl et al, 2013), watermarks being
present in the city.

Bratislava is a city laying at the three country
corner of Slovakia with Austria and Hungary,
and this is marked by a museum on the
waters of the Danube. Fig. 6 shows a Danube
bridge in the city in 1984. The region of
Bratislava is subject of a DANUrB pocketguide
tour by the partners.

National park Donau-Auen (since 1996), one of
the largest floodplains in central Europe. The
park starts on the area of Vienna (Lobau, Fig. 7)
up to where March is reaching the Danube in
Austria, towards Slovakia. In Vienna in this
area, apart of leisure, a wind mill area is built.
The landscape was saved 1983/84 by citizen
initiatives from building a dam.

Duna-lpoly Nemzeti Park (national park
Danube-lpoly) including the  Visegrad
mountains (from where the image in Fig. 8 is
taken towards the Danube) is situated in
Hungary. To this national park belongs the
Szentendre island, a place for leisure for
Budapest. In this area the Danube changes
direction. DANUrB partners investigated the
Danube Bend area, including Budapest (Kdsa,
2019). The Danube separates Budapest in the
two former cities which gave birth to the
capital of Hungary: Buda and Pest. The water
as heritage here, like in Regensburg, gives
added value to the UNESCO world heritage
historical city Buda castle district with Danube
panorama since 1987. The panorama in Fig. 9
is from the Gellért mountain in Buda and a
view from the Danube towards Pest.
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Crossing the Carpathians there are two natural
parks, one in Serbia (Blerdap, in the vicinity of
Golubac) and the corresponding one the Iron
Gate natural park in Romania (Fig. 9). It is nature
protection area in Romania since 2000, with
national importance and since 2007 protection
area category V of IUCN. Since 2011 it enjoys
international importance through the Ramsar
Konvention. Both regions should be connected
as biosphaere reserve of the Euroregion Danube.
A workshop of the partners has been held in the
region in frame of the DANUIB project (Djukic et
al, 2019). The region is turisticaly valorified,
there are circuits in the natural park valorifying
also the heritage of the Swabians who settled
here (on the Romanian side the mountain part
corresponds to the Mountainous Banat). This is
also the place described by Mér Jékai in ,The
golden man” novel and sung by ,Danube waves”
Walzer by losif Ivanovici from the Banat region.
The regon is also subject of a DANUrB
pocketguide tour by the partners.

Giurgiu and Ruse, investigated in the DANUrB
project (Stan et al, 2019), also in frame of
student projects (Stan and Opris, 2019) are
twin cities situated on the Danube on the
Romanian and respectively Bulgarian side (Fig.
10). While heritage protection is stronger in
Ruse, none of the cities really uses the Danube
as heritage as seen in Regensburg and
Buda pest, mainly due to the frontier status. On
the Bulgarian shore recently endeavours were
met to re-ecologise the shore (Bostenaru and
Gheorghe, 2015) at Brashlen. Also for Giurgiu
and Ruse a cycling tour on pocket guide is
available from the DANUrB partners.

Apart of the major natural parks shown in this
article, there are smaller protected areas, such
as ,Balta Briilei” (the pond of Br&ila) on the
Briila large island, and the protected area as
wetland in the Vth category (national interest,
since 2001) of the small pond of Bréila (on the
small island). Fig. 11 shows a view from Br&ila
towards this natural area. Although not
extensivelly investigated in frame of the
DANUrB project, Briila built the case study for
several other European projects of the ,lon
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Mincu” University, such as the Culture 2007
project ,,Eau comme patrimoine” and the EEA
grants project ,Laborator Br&ila”. An urban plan
for the city and region has been elaborated
(Criciun, 2014).

The biosphaere reserve Danube Delta in
Romania (Fig. 12) is protected by UNESCO
since 1991 as World Heritage. Itis the largest
protected area in Europe, and after the Wolga
the largest delta in Europe. The Delta is also
subject of a pocketguide guided tour by the
partners.

4. Conclusions

The Danube crosses 10 countries and displays a
variety of natural and cultural landscapes from
the springs to the sea. Some of these have been
recognized with outstanding importance, while
there are also minor landscapes which should
be integrated in the main circuit.

The main landscape feature of all those
analysed is the presence of the Danube as a
river. As a typology there is plain (Giurgiu and
Ruse), mountain (Budapest)/mountain range
(Donaueschingen, Visegrad), cliff (Sigmaringen),
shrubland  (Budapest), forest (Passau),
woodland (Visegrdd), floodplain (Vienna), delta,
wetland (BrZila). In the DANUrB project several
guided tours are available for protected areas
on pocketguide App developed by the partners:
in Hungary (Esztergom walking tour, Rackeve
walking tour, Komarno-Komarom, DunaUjvaros,
Baja), in Austria (Diirnstein-Melk cycling tour -
Wachau valley), The Danube around Bratislava
in a 3 countries comer (Hungary, Austria and
Slovakia), on the Serbian-Croatian border (Backa
Palanka and llok), on the Serbian-Romanian
border (Iron Gates region), on the Romanian-
Bulgarian border (Vidin and Calafat, Giurgiu and
Ruse) and in Romania with borders to Moldavia
and Ucraine (Danube Delta). Other important
national parks were not visited. Among these
are the natural park KopaZki rit in Croatia and
the special natural reserve Deliblatska pesfara
in Serbia. In Bulgaria the biosphere reserve
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Srebarna was not visited. Apart of the natural
landscape of major importance which were
noted not to have been visited, those in
Moldova and the Ucraine weren’t either. The
work is to be continued within future projects.

The work presented both sides of water, hazard
and heritage, if we think of the flood marks in
Passau or the description in Mér Jokai novels.
However, the accent was on heritage. Also on
the side of heritage, the endagering of species is
to be highlighted, and this is why the natural
landscapes enjoy protection today.
Waterscapes are vulnerable from water and
from anthropic hazards. This duality was in line
with the research focus of the author. Water is
also a source of energy as we have seen, and
the  connection between  waterscapes
renewable energy and landscape has been
analysed by photographic means and discussed.
If in Vienna we’ve seen the windmills, they are
present also in Dobrogea on the way from Bréila
to the Danube Delta and also at the Iron Gates
in the region of Golubac as documented in the
DANUrB workshop. At the Iron Gates water is
sources of renewable energy also as
hydropower, which caused also loss of cultural
landscapes (Osaci-Costache and Armas, 2016).

4. Acknowledgements

Travel to the sites take place over numerous
years. Although the Danube days on the 29" of
June were usually celebrated by the project in
Esztergom and Sturovo, the author chose the
Danube spring in 2018 to celebrate. The visit to
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Sathmar Swabians, some of the Danube
Swabians, in Romania. A preceeding visit to UIm
was done in frame of archive research in
Karsruhe, funded by UEFISCDI mobility projects
in February 2018. In 2019 in frame of a seminar
for Germany alumni a cruise has been organized
on the river in the Donauleiten area. In frame of
the COST RELY ,Renewable energy and
landscape quality” participation at the annual
general assembly of the European Geosciences
Union in 2018 was funded, and the Donau-Auen
landscape investigated. A photo with the
windmill and the flyer of the COST action was
also winner of the respective photo competition.
The Danube landscape in Budapest was
experienced in frame of a DOMUS scholarship in
Hungary in 2014 at the Corvinus University
researching landscape. In 2008 the author visited
the lron Gates region in frame of a workshop of
the Romanian Ministry of Culture. In a further
work it is planned to see Chilia on the ucrainean
frontier, from where a resort has been included
in an exhibition curated by the author on
pioneer Romanian woman architects.

Research on the landscape typologies along
the Danube was done in frame of the DANUrB
project and was also incorporated in the
article in the DANUrB book and it is possible
to make here references to partner's work.

Fig. 1. Donaueschingen: the spring under the earth surface (left) the spring reaching the Breg (middle), the Breg
meeting the Brigach (right). Photos: M. Bostenaru.
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Fig. 4. Regensburg on the Danube: view (left) and passage project of M. Bostenaru, 1995 (right). Photo: M.
Bostenaru.
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Fig. 5. Passau: Donauleiten natural park (up left)and meeting of Danube, Inn and llz in the three rivers dty (up right),
flood marks in Passau on the Danube shore (bottom). Photos: M. Bostenaru.

Fig. 6. Bratislava bridge. Photo: Dumitru Bostenaru, used by permission.
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Fig. 7. Vienna: the Lobau (left) with wind mills, and the cherry trees on the Danube island (right), the later belong ing
to Vienna green belt (Stadt Wien, 2005). Photos: M. Bostenaru.

Fig. 8. Visegrad (left) and Budapest (right). Photos: M. Bostenaru.

Fig. 9. Danube at the Iron Gate: Bazia § (left) and view from Romania to Serbia (right). Photos: M. Bostenaru.
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Fig. 12. Danube Delta fauna and flora. Photos: M. Bostenaru.

REFERENCES

Balizs D., KissfazekasK., Palfy S., Varga I., Késa
E. (2019), D 4.1.1 - Research report on
regions Danube Bend (Dunakanyar)
microregion
http://www.urb.bme.hu/danurb2019
/02_municipal_reports/Danurb_Duna
kanyar_Regional_Report.pdf

Bloschl, G., Nester, T., Komma, J., Parajka, J.,
and Perdigdo, R. A. P. (2013), The June
2013 flood in the Upper Danube Basin,
and comparisons with the 2002, 1954
and 1899 floods, Hydrology and Earth
System Sciences 17(12): 5197-5212.

Bostenaru Dan M., Gheorghe D. (2015),
Workshop summary: "Floods, state,
dams and dykes in modern times:
Ecological and socio-economic
transformations of the rural world",
Web Ecology 15(1):29-31.

CrZciun C. (2014), The Vulnerability of Fragile
Landscape and Complex Hazards, in:
Bostenaru Dan M., Armas |., Goretti A.
(Editors), Earthquake Hazard Impact
and Urban  Planning, Springer,
Dordrecht, pp. 67-81.

DANU B (2019), DANUrB
Platform/Tours/PocketGuide  Travel
Guide http://www.interreg-

danube.eu/uploads/media/approved
project_output/0001/35/44786eb6d7
57075072cb38fe716856396dad6245.
pdf

Djukic A., Antonic B. (Editors) (2019), D 5.5.1:
Plans at the municipal/intermunicipal
level for the spatial organisation of
cultural heritage. Golubac & the Iron
Gates
http://www.urb.bme.hu/danurb2019
/01_strategy/D_03-
Golubac_Iron_Gates.pdf

Ellenberg H. (1990), Bauernhaus und

Landschaft - in O&kologischer und
historischer Sicht. Ulmer, Stuttgart, p.
12.

James P.E., Martin G. (1981), All Possible
Worlds: A History of Geographical
Ideas. John Wiley & Sons., New York,
p.177.

Késa E. (2019), Report: workshops on the
development of tourism at the
Danube Bend Micro-Region
http://www.urb.bme.hu/danurb201
9/01_strategy/D_02-
Dunakanyar.pdf

Kristianova K., Kaisheva M., Bostenaru Dan M.
(2019), 1-2 Natural landscapes, in:
Benko M., Pavel G., Vitkova L., Gasset
N. (Editors), Book on the Unexplored
Cultural Heritage in Communities by
the Danube, Prague, pp. 24-31.

Osaci-Costache G., Armas | (2016), Lost
Landscapes: In Search of Cartographic
Evidence, in: Bogtenaru Dan M.,
Criciun C. (Editors), Space and Time
Visualisation. Springer, Cham, pp. 35-
62.

Lucririle Conferiniei de Cercetare in Constructii,
Economia Constructiior, Urbanism, Amenajarea Teritoriului

COMSTREUCT, ARKITECTURA, LIREARNITH

Pagios 10



“HI_J_A:H Institutul National de Cercetare-Dezvoltare in Cons truciii, Urbanism, 3i Dezvoltare Teritorial & Durabild URBAN-INCERC

INCERG

Stan A. and the UAUIM DANUrB team (2019), of Architecture and Urbanism, ,lon
D 55.1: plans at the Mincu” University Publishing House,
municipal/intermunicipal level for the Bucharest.
spatial organization of cultural Stadt Wien (2005), www.05 100 Jahre Winer
heritage. Spatial planning strategy for Wald- und Wiesengiirtel, 1905-2005,
heritage development intermunicipal Vienna.
level Giurgiu - Ruse Szabd A., Kadar B., Orban A. Puczkd L. and
http://www.urb.bme.hu/danurb2019 partners (2019), DANUrB — Strategy:
/01 _strategy/D_05-Giurgiu_Ruse.pdf Bridgeheads of identity

Stan A., Opris A. (Editors) (2019), Catalogue of http://www.urb.bme.hu/danurb2019/0
Student Works — lon Mincu University 1_strategy/DANURrB_STRATEGY.pdf

Lucririle Conferiniei de Cercetare in Constructii,
Economia Constructiilor, Urbanism, Amenajarea Teritoriului

COMSTREUCT, ARKITECTURA, LIREARNITH

Pagios 3



""“_J_A:H Institutul National de Cercetare-Dezvoltare in Cons truciii, Urbanism, 3i Dezvoltare Teritorial & Durabild URBAN-INCERC

INCERG

ESSENTIAL ASPECTS
CONCERNING FIRE
RESISTANCE OF
CONSTRUCTION
ELEMENTS INTENDED
FOR PERSON
TRANSPORT

Horatiu Gabriel DRAGNE

Eng. CS, NIRD “URBAN-INCERC”, INCERCBucharest,
Laboratory “INCERC” of Applied Research and
Construction Tests, email : horatiudragne@yahoo.com

Claudiu MATEI

Dr. Eng., CS I, NIRD “URBAN-INCERC”, INCERC
Bucharest, Laboratory "INCERC” of Applied Research and
Construction Tests— email:
matei_daudiu2004@yahoo.com

Abstract

Understanding the fire behavior of different
construction products was the aim of fire
researchers since the beginning of this research in
all areas. Person transport has been developing in
the last years because of the technological
progress made in this area. The fire safety of
those must continue to develop with those
technological advancements. Fire resistance tests
are intended to assess the performance of
elements of construction for their load-bearing or
fire separating properties, usually termed their
fire resistance, for their requlated use in buildings.
The other main requirement for fire resistance is
in mass transportation, where typically each
industry has its own suite of tests. The
determination was made in accordance with SR
EN 45545-3: 2013 "Fire protection of vehicles on
rails”, with SR EN 4554-3: 2013 ‘“Railway
applications. Fire protection in railway vebhicles.
Part 3: Fire resistance requirements of fire
barriers ", with SR EN 1363-1: 2012" Fire
resistance tests. Part 1: General conditions ", with
SR EN 1634-1: 2014 "Fire resistance and smoke

tightness tests for doors, shutters, windows and
fittings" and with SR EN 1364-1: 2015 "Resistance
tests at fire of the unimportant elements. Part 1:
Walls”.

Key words. fire resistance, person transport,
train cabin fire, railway applications.

1. Context

Understanding the fire behavior of different
construction products was the aim of fire
researchers since the beginning of this
research in all areas. Person transport has
been developing in the last years because of
the technological progress made in this area.
The fire safety of those must continue to
develop with those technological
advancements.

To ensure fire safety, construction works must

be designed and executed such thatin case of

fire:

» the structure preserves its load-bearing
capacity for a certain period of time;

*» the evolution and propagation of fire and
smoke within the site is constrained;

» the propagation of fire to neighbouring
sites is constrained;

*» inhabitants can leave the site or can be
rescued in another way;

» there are measures for ensuring the
safety of rescue teams;

» there are measures for protecting third-
party properties.

In order for all those requirements to be met,
different construction elements must be
evaluated according to national and
international regulations. The fire behavior of
the construction elements that are used for a
unit design to transport persons must met all
requirementsthat are presented above.

The mass transport system must be
constructed so that people feel safe and secure
when travelling. A lack of confidence in the
system is devastating for both society and mass
transport companies. Knowledge of the
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consequences of a fire incident in this kind of
system is therefore of utmost importance.
Thereisa great need to improve the knowledge
in many different fields of fire safety and
security inmass transportation systems.

2. Matenrials and methods

Fire resistance tests are intended to assess
the performance of elements of construction
for their load-bearing or fire separating
properties, wusually termed their fire
resistance, for their regulated use in buildings
(Simion et al, 2018), Fire resistance of beams
(Egle et al, 2017), columns, doors, wall
sections, etc., is determined by their
performance in large furnaces (capable of
holding specimens of 3 m long or of area3 m
x 3 m) against a standard temperature-time
curve, typically rising from ambient to 850 °C,
over 20 minutes (Xin and Khan, 2007). These
tests are designed for concrete, brick or steel
(protected) elements and fire resistance is
usually measured in terms of %, 1, 2, 4, 8
hours integrity (Drysdale, 1998). Since fire
resistance is mostly required in static
structures such as buildings, which are
regulated by local jurisdictions, and in many
cases also by local building practices, there
are a large number of test specifications, and
little international agreement (Lalu et al,
2016). The other main requirement for fire
resistance is in mass transportation, where
typically each industry has its own suite of
tests. In the aerospace industry, where metal
is gradually being replaced by polymer
composites, new test methods are required,
dealing with both structural integrity and
flammability. For trains the focus has been on
fire properties of materials inside the
compartments.

In this paper, design fires for trains, busesand
similar vehicles have been studied. The focus
has been on pre-flashover design fires which
are used for design of egress capacities and
fire protection. Different methods for
determining design fires were employed. In
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order to develop, validate and compare the
different methods, a full scale experiment was
performed on a train compartment which was
used as a test case and reference scenario. In
addition, extensive small scale experiments
were performed in order to obtain material
properties needed by the methods for
determining design fire. Those small scale
reaction experiments are not the objective of
this paper.

There is a broad range of fire resistance tests,
many of which are designed to simulate
particular fire threats on structures (Hao and
Wei (2017). Widely used examples are pool
fire tests, burner tests, and furnace tests.
Taking the fumace test as a particular
example, structural samples are tested in the
form of panels, the side within the furnace
being subjected to a temperature profile that
follows one of the fire curves know in
literature (Babrauskas and Parker, 1987). The
fire resistance is measured by the time taken
for the cool face of the panels to reach a
temperature of 140°C. The form of fire curve
chosen is intended to represent the
characteristics of the fire threat in question,
while  acknowledging that there is
considerable variability between fires.

In this test, the fire curve chosen was the
Standard 1SO 834 curve, which is used for all
internal building fire applications. To those
specimens, fire might come from the exterior,
while high inflammability materials might
bum in applications that use oil base fuels.
This test subject is powered by electricity and
those curves are not needed in this
determination.

The determination was made in accordance
with SR EN 45545-3: 2013 "Fire protection of
vehicles on rails", with SR EN 4554-3: 2013
"Railway applications. Fire protection in
railway vehicles. Part 3: Fire resistance
requirements of fire barriers ", with SR EN
1363-1: 2012" Fire resistance tests. Part 1:
General conditions ", with SREN 1634-1:2014
"Fire resistance and smoke tightness tests for
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doors, shutters, windows and fittings" and
with SR EN 1364-1: 2015 "Resistance tests at
fire of the unimportant elements. Part 1:
Walls”.

The locomotive type wall system, ready for
testing, had an overall size of 2993 (L) x 1973
(H) mm and was integrated inside a 3273(L) x
2990 (H) mm exterior steel wall. According to
the technical documentation provided by the
manufacturer, the wall has a non-
homogeneous structure, being provided with
2 access doors with fire protection glass and
intumescent gaskets according to the
manufacturer's certificate. The wall has
several spaces for different functions, it has
different thicknesses throughout its length.
These are integrated into the metal structure
of the exterior wall by hot mechanical
connection. The constructive details of the
product are presented in the test report. The
test specimen was prepared using 30
thermocouples to determine the unexposed
temperature according to Fig. 1.

3. Results and discussions

During the fire test, in the early minutes (since
minute 2), smoke started to appear from the
doors because of the intumescent gaskets.
The smoke continued to appear and
disappear in the first 30 minutes from various
regions of the doors as it can be seenin Fig. 2.

Overall the test specimen was unaffected by
fire on the unexposed side, except some small
regionswhere burning droplets appeared.

The windows of the doors started to change
their colors from red into grey as time passed,
from minute 10 till minute 35 (Fig. 3 a,b).
After, the grey started to become a more
intense red which implies that the window
material was getting more and more
destroyed by the burn.

During the test, the researchers also observed
the temperature with a thermal camera,
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which was lower than 100 °C during the first
20 minutes, but it started to grow fast on
some areas of the test specimen after 30
minutes. As expected, some other areas
where very cold because of the specific
structure of the test specimen which is non-
homogeneous (Fig. 4). Therefore the difficulty
in determining the isolation criteria (I) of the
specimen. However, the overall spread on all
surfaces, especially the good spread for the
doors showed that the thermocouples where
positioned in good spots.

An unexpected evolution of the temperature
in the last minutes of the test (since minute
40) showed that the windows of the doors
where becoming very affected by the internal
fire. Even if many thermocouples dropped
because of the high temperature that
determined a low adhesion to the surface, the
ones that remained where critical and
registered temperatures higher than 150 °C
on both doors in the last 5 minutes of the test
(Fig. 5and 6). Checking the last thermal vision
photos, the researchers saw an increase of
temperature of 250 °C on the windows and
the additional gaskets dropped. Because of
the high risk involved by the fire the test was
stopped in minute 42.

After the fire, the test subject was removed
from the fire chamber and damage have
been evaluated on the fire side (Fig. 7). It
can be seen how fire affected different
surfaces.

The fire affected all the surface of the doors,
but because of the good materials and
manufacture, the doors did not lose their
integrity on hinges and on the doorknob (Fig.
8 a,b). How ever one layer of metal dropped
on the door on the, but the window on that
door resisted better, which was registered by
the equipments. The door on the left,
resisted better overall, and that layer of
metal was still on the test subject on the
lower part. But the fire affected this door
window more than the other door, which can
be seen in Fig. 8b.
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Fig. 1. Test specimen before the test.

Fig. 2. Test specimen during the test.

The fire affected the metal surface as
expected, most of the fire protection
applied on the test specimen exfoliated and
dropped, but some remained and can be

seen in Fig. 9. Also, in Fig. 9 it can be seen
some cracks on the metal surface which was
less protected by this fire protection layer
of paint.
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Fig.3a, b. Door window under fire action.
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Fig. 4. Thermal vision during the test.

4. Conclusions

This test conducted by the fire researchers
gave a lot of results that can be analyzed by
the manufacturer to increase the fire
protection of the test specimen. As expected,
the non-homogeneous structure of the
specimen offered various fire behavior. The
fire protection used, was essential for the
results obtained, as well as the good
manufacture of the entire test specimen,
especially the joint points which hold the

entire test. In this kind of tests, it is necessary
for the entire product to have a good quality,
not just to use parts that are fire resistant.

The test specimen resisted for more than 40
minutes on the action to fire simulated by the
internal fire curve I1SO 834, which was enough
to conclude that this product is fire resistant
in normal operating conditions according to El
30 class. The materials used, were also
analyzed from the point of view of reaction to
fire and the results were those expected.
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Fig. 5. Temperatures recorded during the test on the left side.
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Fig. 6. Temperatures recorded during the test on the right side.
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Fig. 8. Doors dafter the test (exposed side).
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Fig. 8. Burning detail after the test (exposed side).

The quality of the specimens used for person
transport must be at least the same as the one
in this test to offer safety in case of disasters.
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Abstract

The engine of urban transformation
involves different cycles of unitary
innovation and engineering that have
objectives, resources, deadlines and
priorities. The actors most often involved
are: local administrations - which set
priorities, challenges for competitiveness,
sustainability  and  social inclusion,
elaborate and implement urban
development policies and make urban
planning plans; research institutes and
companies in the technological field that
can offer technological solutions and
facilities for testing and experimenting
social innovations. The technological
dimension, representing a space with
multiple opportunities and within an
urban innovation ecosystem, requires
innovation environments, communities
and stakeholders within the urban value
system, who will play various roles. There
is an obvious need for cooperation with
citizen groups, local  government,
technology providers and other actors to
develop, make prototypes,
solutions that are truly in the interest of
citizens and the city. Particularly
important are the public-private
partnerships for the development of

validate
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projects aimed at urban develop ment, for
example in the field of social innovation,
job creation, environmental problems,
transport optimization, and many others.
Therefore, the discussion on the
development of the city should not be
limited to immediate solutions related to
infrastructure, social
prosperity, but should pay greater
attention to it’s built heritage, it’s
conservation and upgrading.

Key words. urban challenges, smart city
implementation, stakeholder's visions.

services or

1. Context

in ultimii ani, numeroase initiative au fost
dezvoltate sub eticheta ”“Smart City” in
scopul de a oferi un rZspuns la provocérile
moderne (calitatea scEzuté a aerului,
congestionarea traficului, schimbarile
demografice. etc.) cu care se confrunts
orasele de ast3zi. Ele implicZ, in primul
rand, un ansamblu de balante de interese a
ciror echilibrare nu se poate realiza decat
prin punerea in valoare a modului de
functionare a individualitiii complexe a
orasului respectiv. Tn acest context,
admitdnd faptul c& fiecare portiune de
teritoriu detine o individualitate complexZ,
adaptarea procesului nu se poate face decat
prin ponderarea balantelor de interese. Cu
toate acestea, competenta actualZ a acestei
administriri teritoriale se rezumi la o
coordonare prin norme generale, care se
aplicg in mod uniform si in orice moment. O
asemenea reprezentare este actualmente
falsi =i cu aplicabilitate redusZ deoarece
fiecare portiune de teritoriu este unics intr-
un anume cadru temporal al existentei sale,
avand caracteristici diferite in functie de
momentele de evolutie a acesteia, utilizand
anumite resurse Ei determinand impacte
proprii. Fiecare competentZ trebuie s&
poats fi exercitat® cu oarecare libertate,
pentru ca ea s& se poate adapta in functie
de interesele date de tendintele de evolutie
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demografick sau oportunititi economice.
(Minea, 2007).

Initiativele plasate la nivelul proiectului,
oferi astfel catalizatorul pentru ca diferitele
comunititi urbane sZ ofere eficiente
economice, mobilitate mai inteligents,
facilitéti de educatie, de mediu, cercetare,
securitate  publicE sporits  activitate
economicg nouZ =i locuri de muncE fin
secolul XXI. De asemenea, s-au dezvoltat =i
alte studii care se concentreazZ pe ciutarea
unor eventuali zoferi care s& potenteze
aceasts transformare. Principalele cercet&ri
pe acest subiect pot fi grupate Tn studii de
tehnologie =i guvernare, aceste doui
abordari fiind prezente in majoritatea
articolelor consultate.

AbordZrile legate de tehnologie, pe scurt,
vizeazZ Tmbunititirea eficientei serviciilor si
infrastructurii (de exemplu, comunicare,
transport, acces digital, etc.), Tn principal
legate de tehnologiile informatiei =i
comunicatiilor (TIC). Pe de altZ parte,
abordZrile legate de guvernant: se
concentreazi pe management Ei
interactiunile dintre  diferitele  pZrti
interesate din orag, conectand si dezvoltand
interactiuni socio-economice =i productive
intre retelele de actori urbane (Dinci et dl.,
2015).

Prin urmare, capacitatea initiativelor Smart
City de a oferi un r&spuns integrat =i
sistematic la provocirile urbane este inci
pusf sub semnul intrebZrii. Aceast:
concluzie reiese din faptul cZ, desi au fost
elaborate in prezent ghiduri =i strategii de
unificare a procesului Tn sine, acestea
constituie un material deschis ce poate fi
modificat =i completat ulterior, cu
participarea societitii civile, mediului de
afaceri s al reprezentantilor administratiei
publice, toate acestea luand Tn considerare
nevoile si cerintele caracteristice fiecErei
portiuni de teritoriu. Utilizarea pe scari
larg3 a noilor abordiZri in domeniul
dezvoltzrii urbane =i inovErii au rolul de a

Institutul National de Cercetare-Dezvoltare in Construciii, Urbanism, }i Dezvoltare Teritorial & Durabild URBAN-INCERC

stimula participarea cetitenilor in astfel de
initiative. Acest fapt poate accelera
experimentarea 5 utilizarea retelelor
sociale, a aplicatiilor din diverse domenii ale
vietii economice, sociale, culturale =i
politice. Provocarea pentru comunitate este
aceea de a se autodetermina ca un sistem
flexibil, care poate absorbi zocurile =i se
poate adapta la noile oportunitzti.

2. Proces dinamic multidimensional

Deci subiectul "Smart City” este acoperit pe
larg 5i sunt disponibile numeroase articole
sintetice, dar suficient de relevante ca &i
continut, =i includ astfel de actiuni de
planificare urbanZ se poate afirma ins&
faptul c& actiunea de adaptare &i aplicare a
acestuia se aflf astdzi inck in dificultate
practicZ, institutionalZ, procedural® =i
materialZ. Concluzia fireasci este aceea a

aparitiei  necesititii unei  coordon&ri
institutionale care se loveste adesea de
dificultati legate de fragmentarea
ansamblului teritorial  intre  diverse

colectivitdti, fiecare cu anumite competente

£, respectiv, fiecare competent3, cu

segmente specifice de atributii; conform

asertiunilor lui Moor (2006), ea poate viza:

w» Colaborarea colectivitétilor apartindnd
aceluiagi nivel £ actiuni de colaborare
in procesul aplicirii politicilor spatiale
(localizarea, construirea =i exploatarea
unei statii de epurare a apelor sau a
unui punct de tratare a deseurilor,
pentru exploatarea unei retele de
transport public)

= Raporturile dintre colectivititile de
nivele diferite & o bunZ sincronizare a
celor doud nivele, se realizeaz& prin
participarea reprezentatilor statului la
elaborarea planurilor colectivitétilor
inferioare atat pentru a se asigura c&
acestea respecti obiectivele sale, cat si
pentru a cunoagte mai bine problemele
colectivitstii;

= Colaborarea i coordonarea
protagonistilor apartindnd sectoarelor
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publice =i private = un cadru ce
integreazd interese complementare &i
eforturi comune ale sectorului public =i
sectorului privat cu scopul de a aborda
probleme ce afecteazZ comunitétile, de
reducere a izolZrii Tn care lucreazi
fiecare din sectoare si indeplinirea
obiectivelor publice L] private
divergente, ki au ca finalitate
dezvoltarea orasului.

La o prim analizZ, s-ar putea afirma despre
coordonare c& ar consta in facilitarea s&i
perfectionarea m ecanismului de
transmitere a informatiilor, de comunicare
intre diverxii actori ai vietii publice care ar
urma si-5i adapteze si sZ-gi armonizeze
comportamentele pe domeniul planificirii
urbane inteligente i, respectiv, al realiz&rii
obiectivelor de interes comun. in realitate,
ins%, fiecare parte interesat® igi p3zeste
atent gi prudent autonomia, neputandu-se
exclude posibilitatea identificirii  unui
comportament comun a celor care au
aceeasi sferZ de interes. O asemenea
conceptie ar putea induce o problems:
organizationalZ importantZ: interesele in joc
nu ar converge spre implementarea
proiectului insusi Tn conditiile Tn care fiecare
dintre actori si-ar promova propriul interes
— potrivit propriei strategii — care ar fi, f&r&
indoialZ, aceea a institutiei sau structurii
economice cZreia ii apartine (Bibri, 2018).

Cu toate acestea coordonarea reprezinti
mult mai mult decat o simpli circulatie a
informatiei: ea reprezintf o activitate
complex® care presupune o adaptare, din
mai multe perspective, a modului de
intelegere a realititii actuale in domeniul
amenajirii teritoriului i urbanismului, o
intelegere de facturi nouZ a moduluiin care
trebuie s& functioneze administratiile
publice, centrale 5i locale. Se poate vorbi
despre un demers de structurare a
modalititii de desfizurare a activit&tilor
publice: planificarea este o tint& socialists,
un exercitiu al puterii politice, iar noi tr&im
in orage unde exercitiul puterii este supus
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dreptului. Ara cum s-a prezentat anterior,
tehnicile care incearcs s& limiteze efectele
defavorabile Ei neintentionate ale
managementului dezvoltarii urbane
presupun intotdeauna o echilibrare atent3
si foarte dificilZ a unor nevoi &i scopuri
divergente.

in acest scop se pot identifica actiuni

integrate ce guverneaz: setarea noilor

obiective cu privire la adaptabilitatea =i

mentinerea unei sinergii reale fintre

resursele orasului, =i oportunititile din

mediul inconjuritor al acestuia precum

(Filip, 2019):

= pregitirea de cadre de specialitate si
cooperarea dintre expertii din diferite
domenii (care s& utilizeze cadrul
legislativ existent =i s& isi desfizoare
activitatea, avand drept scop
implementarea m&surilor);
transformarea directZ a cunostintelor
intr-o resursi de productie;

® participarea in proces a tuturor partilor
implicate (administratia publici localg,
proiectantii, constructorii) inclusiv a
populatiei;

®= stabilirea unei leg&turi solide fintre
cercetare =i practica Tn domeniul
urbanismului Ei al amenajarii
teritoriului;

= coordonarea actiunilor sectorului privat
cu cele ale sectorului de stat in
domeniul urbanismului 5 a amenajarii
teritoriului.

= dezvoltare inteligentZ cu orientarea
investitiilor cu prioritate citre inovare,
cercetare si educatie;

= crearea de locuri de muncE si reducerea
s&riciei.

Nivelul inovirii in domeniu va creste daci
este sustinut, fincurajat, recunoscut =&
recompensat de citre organizatiile publice.
Inovarea se poate dezvolta numai in
contextul unei culturi care fincurajeazs,
recunoaste s5i recompenseazi noile idei si
oferZ autoritate pentru a transpune aceste
idei Tn practici (Caragliu i Chiara, 2019).
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3. Planificarea urban& inteligenti intre
coerenta unitatii 5i gestionarea
diferentelor

Preocupirile in  domeniul configur&rii
spatiului  urban s-au cristalizat intr-o
activitate nou &, complex&, care se constituie
intr-o directie de studii s abordiri -
teoretice si practice — de o deosebits
importants, actualitate 5i amploare, peste
tot n lume. Activitatea legatd de
planificarea urbani modern se desfZzoari
intr-un stadiu de dezvoltare a omenirii in
care scopul planificZrii nu mai este acela de
a impune ordinea umanZ naturii, ci de a
impune — de o manier continu& si coerent
—ordine oragului Tnsusi.

Obiectivul major al planificirii inteligente
este identificarea unui cadru comun de
referintZ pentru cetiteni, autorititi locale,
ecologisti, investitori, antreprize de
constructii etc, prin raportare la care acesti
actori s& identifice moduri n care
dezvoltarea viitoare a centrelor urbane x5i a
periferiei lor s& fie posibilZ (Nilssen, 2019).

in esentZ, aceasti definitie, desi generals,
aduce in discutie nevoia de consens intre
actorii relevanti 5i propune integrarea a trei
dimensiuni aparent diferite ale procesului
de planificare 5i dezvoltare: cea economics,
cea legatd de mediul tnconjuritor si cea
socialz. Actualul model de organizare
urbani - costisitor din punct de vedere al
spatiului, echipamentelor publice s al
energiei, nu mai este posibil. De asemenea,
clidirile trebuie sZ fie din ce In ce mai
inteligente cu scopul de a facilita =i de a
imbunZtiti gestiunea energiei in directia
reducerii consumului. Pornind de la aceastz
idee, procesul de adaptare =i inovare a
oraselor inteligente are incindent® fin
urmztoarele  domenii principale de
activitate:

1. Cladiri construite inteligent. Se poate
spune c& sectorul constructiilor este unul
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dintre domeniile prioritare de actiune
pentru realizarea unei cresteri inteligente &i
o tranzitie citre o economie eficient® din
punctul de vedere al utilizZrii resurselor.

Clzdirile inteligente sau proiectate
inteligent nu reprezint2 doar o tendint&, ci o
necesitate real de a utiliza toate resursele
disponibile, pentru a imbunZt&ti
standardele de viatZ =i a contribui la crearea
£i mentinerea unui loc durabil pentru a tr&i.
(S2vulescu, 2015).

Ridicarea de clzdiri ih mod necontrolat, f&r&
respectarea unor reguli de conformare, de
economie eficient®, =i verificiri riguroase,
reprezintz in prezent una dintre cele mai
evidente probleme pe care le remarcdm in
mediul urban romanesc. Lipsa unor criterii gi
a unor studii am&nuntite realizate in timpul
procesului de proiectare conduc la rezultate
defavorabile din punctul de vedere al
imaginii urbane. De altfel, controlul asupra
mediului construit este oactiune care poate
porni in primul rand de la arhitect, Tnhainte
de a fi impus de autorit3ti. Atata timp cat
proiectantul dezvoltZ o anumitZ capacitate
de intelegere a proiectului 5i reuseste si
realizeze o analiz& detaliats a acestuia, el va
descoperi care sunt functiunile necesare ,
dar i forma finalZ pe care constructia va
trebui s& o aibZ. Arhitectii proiecteazs
viitorul in conditiile actuale de rapidZ =i
continus dezvoltare, de aceea,
adaptabilitatea si versatilitatea sunt vitale
atat pentru pentru arhitecti, cat =i pentru
proiectanti, iar aceste abilititi se formeazi
dintr-o  combinatie intre  experient:
profesional2 =i gadndire inovativi, aceasta ar
putea fi modalitatea prin care se creeazi o
arhitecturd inovativd 5i progresivi, pornind
de la triunghiul - profesionisti — tehnologii -
materiale sau cunoastere - TnvitZmant —
inovare. Arhitectura inovativi, impreun& cu
urbanismul inovativ, completeazZ cu succes
conceptul de oras inteligent. In contextul
actual al civilizatiei contemporane & al
schimb&rilor ce au loc cu o rapiditate
uimitoare, inovatia joacZ, poate, rolul cel
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mai important. AlZturi de creativitate,
inovatia reprezint® un factor important si
esential in obtinerea succesului unui demers
arhitectural contemporan. Tn domeniul
arhitecturii, noile tehnologii de construire,
materialele cu performante ce r&spund mai
multor cerinte deodaté — estetice,
structurale, eficient® energeticZ 5i nu numai
— imprim& un ritm alert de adaptare la
conditiile actualelor schimbari climatice,
atat din punct de vedere conceptual cat gi
carealizare practicZ (Crutescu, 2017).

Domeniul eficientei energetice, impune o
abordare holistic: alZturi de o echipi
pluridisciplinarz mult mai cuprinzZtoare
decat cea dasick Protejarea mediului,
reducerea amprentei de carbon a spatiului
construit, asigurarea unui confort optim =i
nu Tn ultimul rand factorul economic, staula
baza standardelor actuale de construire. A
intelege unde 5i cum se poate aplica in mod
adecvat =i creator inovatia, este mai mult ca
oricand, o parte vitald =i integrat: a
procesului de proiectare =i educatie
arhitecturalz  ce impune  depicirea
barierelor i adaptarea la o gandire
inovativi.

Fortele motrice pentru c&dirile inovative gi
inteligente sunt astfel, economia, energia &i
tehnologia. Economia, reprezint& ansamblul
activitétilor umane desfisurate in sfera
productiei, distributiei = consumului
bunurilor materiale si serviciilor. Aceasta
consumi considerabil mai putine resurse
materiale, drept care avem de-a face cu o
dematerializare a productiei si servidiilor,
ceea ce conduce la crearea unei economii
ucoare  care creste sustenabilitatea
ecologics.

in ceea ce priveste aspectul eficientei
energietice, asigurarea necesarului in
crestere  permanent: de energie a
populatiei intr-un mod durabil este un punct
slab pentru oraze. Conceptul de cas:
inteligent® apare ca r&spuns la progresul
tehnologic al surselor mici de energie &i la
progresul din domeniului tehnologiei
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informatiei si telecomunicatiilor, astfel
fncat, printr-un management eficient,
consumatorii pot contribui la eficientizarea
utilizZrii energiei electrice. Utilizarea unor
sisteme de management al energiei Tn casa
inteligentz va permite consumatorului s&
foloseasc: eficient energia electricg sau
termicg la cost redus (Eremia si Toma,
2012).

in domeniul energiei, orazele trebuie s& izi
consolideze actiunile 1n materie de
eficacitate energetics (dezvoltarea
iluminatului public cu consum redus) &i
trebuie s& implementeze sisteme de
producere localz de energie (panouri
solare, producerea de electricitate pornind
de la deseuri etc.). Exist in acest domeniu,
un cadru legislativ in proiectarea &i
implementarea de proiecte de eficients
energetics, si strategii adecvate care s3
monitorizeze performanta acestora. ISO
are peste 200 de standarde legate de
eficienta energeticZ =i de sursele
regenerabile de energie. I1SO 17742,
Standard de eficientZ energetic: =i
economics =i calculul pentru t&ri, regiuni si
orate, oferZ indicatori bazati 5i mé&surati
prin metode de calculare a energiei. Alt
standard relevant este 1SO 50001. ISO
50001 este un standard voluntar
international care oferZ organizatiilor de
orice m&rime o modalitate de a optimiza
sistematic performanta energetici in toate
procesele sale i de a promova un
management mai eficient al energiei, =i ISO
50006, care oferZ indruméri cu privire la
modul de stabilire, utilizarea i mentinerea
performantei energetice prin indicatori
(EnPI) =i energie (EnB) ca parte a
procesului de mé&surare a performantei
energetice.

2. Infrastructurd inteligentd =i inovativa -
Cand vorbim despre o infrastructuri
inovativd =i aplicabild pentru tara noastra,
trebuie luate Tn calcul toate elementele
legate de: infrastructura rutiers,
infrastructura de utilit3ti, de dezvoltare
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economics a zonei, de aspectele terenului,
de calitatea acestuia si a mediului. Multe
din necesititile t&rilor in curs de dezvoltare
se concentreaz& asupra furnizirii =i
intretinerii unei infrastructuri moderne care
trebuie s& includZ toate aceste elemente
(ex. drumuri, centrale electrice, statii de
tratare a apei, sisteme de canalizare,
sisteme de tranzit). Deoarece acest mediu
construit dureazZ mult timp, obtinerea
infrastructurii potrivite, formeaz& un oras
timp de decenii. Toate aceste schimbZri au
marcat trecerea la o noui etapi de
intelegere a procesului de planificare: ceea
ce fusese in trecut o chestiune de costuri
cat mai mici 5i o atragere de subventii
devine un proces sofisticat si profesional de
planificare cu valoare adZugatZ (Minea,
2007).

Apare =i aici conceptul de “planificare
strategic2” - ca i instrument al
managementului urban — care se defineste
ca fiind procesul managerial care are ca
scop dezvoltarea &£i mentinerea unei
corespondente reale fintre obiectivele,
resursele oraszului & oportunititile din
mediul Tnconjuritor al acestuia. Sistemul
adaptiv din acest cadru il reprezints
investitia intr-o infrastructurd fluidg, in
aeroport, autostrizi, piste de biciclete, dar
mai important, fncurajarea mobilitZtii
cetStenilor sii, atat economic-financiar,
cat £i geograficg. in construirea cadrului de
dezvoltare al oraselor inteligente,
planificarea unui oras cu o infrastructuri
inteligent®  (transport i mobilitate
inteligent2) const2 in integrarea diferitelor
modalititi de transport - sine, auto,
biciclete i mers pe jos - intr-un singur
sistem care s& fie in acelasi timp eficient,
usor accesibil, abordabil, sigur =i ecologic.
AceastZ integrare permite o amprents
redusd asupra mediului Tnconjuritor,
optimizeazZ utilizarea spatiului urban =i
oferZ cetitenilor o gam& variatd de solutii
de mobilitate, r&spunzand tuturor nevoilor
acestora. Pe de altZ parte, orasul de méine
va trebui s& implementeze ultimele
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tehnologii de transport Tn comun =i de
mobilitate electricz.

ExisZ =i in acest domeniu un punct de plecare
pentru planificarea unei infrastructuri
moderne inteligente. Acesta este alcZtuit
dintr-un cadrul legislativ, avand drept bazi
de referintd standardul ISO/TS 37151, care
trateazZ principiile i cerintele infrastructurii
urbane pentru a méisura performanta iar
ISO/TS 37152 defineste conceptul de retea
comunZ de dezvoltare =i operare a unei
infrastructuri de oras inteligent.

3. Mediul =i resursele naturale. A treia
components a unui oras inteligent ideal, =i
probabil cea mai putin apreciatd in spatiul
romanesc este o ecologie inteligent%. Noi
ca s5i populatie, dupZ revolutia industrial,
am trait intr-o economie linear (resursele
sunt abundente, disponibile, uzor accesibile
gi ieftin de eliminat), in care resursele
inglobate in materii prime =i produsele finit
sunt aruncate, mai devreme sau mai tarziu,
afectdnd tot mai mult mediul Tnconjuritor.
Ceea ce r2méne dupi folosirea acestora
este considerat deseu. Resursele naturale
sunt epuizate intr-un ritm alarmant.
Exploatarea stocurilor de petrol r&mase
inseamn& c& dioxidul de carbon si alte gaze
cu efect de ser vor continua s fie pompate
in atmosferZ. Deteriorarea atmosferei
pEmantului pe care aceste emisii le
provoac: a fost demonstratZ de volatilitatea
crescand: a modelelor meteorologice care
provoacé secetZ, inundatii, schimbiri de
temperaturg i variatii mari ale vitezei
vantului.

O modalitate de a rEspunde acestor
provociri presupune, responsabilizarea
factorilor implicati ca o conditie a
principiului , poluatorul pliteste” =i are ca
scop schimbarea responsabilititii fat: de
mediu a unui produs pe durata ciclului de
viatd complet, reintorcdndu-se inapoi citre
producitor. Designul ecologic se bazeazi pe
integrarea  aspectelor de mediu 1n
dezvoltarea produsului (fig.1), luand fn
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calcul cantitatea de energie consumats pe
durata vietii de citre acesta sau modul de
reciclare dupz utilizare (Arpi, 2015).

Dezvoltarea urbanZ durabilz a oraselor
inteligente poate fi abordat tindnd cont de
dous directii principale (Fig. 1).

Pe de alt parte, putem spune c&, deseurile
ti energia se transformZ intr-o veritabilZ
obligatie de rezultat intr-un timp foarte
scurt. Oraszele vor avea drept misiune
reducerea, respectiv evitarea producerii de
deseuri =i implementarea unor sisteme
eficiente de recuperare =i de valorificare a
deceurilor (procedeu prin care un deseu
material sau un produs inutil se transforma
intr-un nou material sau produs de o
calitate sau de o utilitate superioare). Tn
domeniul energiei, orasele trebuie s& fsi
consolideze actiunile 1n materie de
eficacitate energetics (dezvoltarea
iluminatului public cu consum redus) =i
trebuie s& implementeze sisteme de
producere locald de energie (panouri
solare amplasate pe acoperizurile
cldirilor, producerea de electricitate
pornind de la deseuri etc.).

Este Tn sarcina tuturor celor care lucreazi
in mediul construit s opreascZ aceasti
spiralZ a epuiz&rii resurselor si a productiei
de deseuri =i s& inceapi s& repare unele
daune. Printre actiunile cheie incluse fin
directiile principale de dezvoltare
ecologick se numazars (Miedzinski, et al.,
2012):
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Actiuni pentru reducerea de deseuri
alimentare, inclusiv o metodologie
comuni de mé&surare, 5i instrumente
pentru a satisface obiectivul global de
dezvoltare durabilg, astfel Tncat s&
injumititeasc: deseurile alimentare
pan in 2030;

Dezvoltarea standardelor de calitate
pentru materiale secundare brute
pentru a spori increderea agentilor in
cadrul pietei unice;

MEsuri Tn cadrul proiectZrii ecologice a
planului de lucru pentru 2020-2022
pentru a promova reparabilitatea,
durabilitatea gi reciclarea produselor,
in plus fatZ de eficienta energetics;

Un regulament revizuit  pentru
ingris&minte, pentru a facilita
recunoasterea ingrZsZmintelor
organice pe baz& de deseuri in piata
unici i a sprijini rolul bio-nutritivelor;
O strategie a materialelor plastice in
economia circularg, abordarea
problemelor de reciclare,
biodegradabilitate, prezenta
substantelor periculoase in materialele
plastice gi obiectivele de dezvoltare
durabilz tint% pentru a reduce in mod
semnificativ deseurile marine.
Proiectarea cl&dirilor gi cartierel or care
consumZ mai putine resurse sau
reutilizarea/reciclarea produselor
secundare de cildurZ =i reciclarea apei;
Introducerea surselor regenerabile de
energie (folosind tehnologia inteligents
pentru a crea cl&diri eficiente
energetic).

=*5%
=

1 polithcd de protectle a medinlul.

aplicatd teritoriulu urban: se msisd pe
strategiile 51 prograpele mumicpalitailor
de a reduce consmnul de resurse S mpactul
dezvalti asupra mediuhn con)urbior:

-3
Abordare ce cuprinde o componenia
ecologicd (s msisth pe sttategile de proteche
f oiedialud), s aspecte eCOomommice (ACIVITae

e desvollae).

Fig. 1. Directii de actiune in vederea controlului mediului const ruit 5 natural.
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in contextul tZrii noastre, punctul de
pornire a unei ecologii inteligente este
curitenia Tn spatiul public, ocrotirea
pZdurilor gi amenajarea spatiilor verzi
publice. Cu toate acestea, economia
ecologick sau circularZ prezintZ foarte
multe oportunit&ti de afaceri si finantarea
europeans este generoasd 1in acest
domeniu. O altZ abordare mai durabilz pot
firealizate prin adoptarea dezvoltZrii intr-o
manier: mai consecvent®. O astfel de
initiativd intitulatz "Mean Lean Green" fsi
propune s& producZ evolutii care reduc
cererea de resurse, si& ofere structuri
eficiente =i s& implementeze tehnologii
inovatoare. Pentru a fi pe deplin eficient,
orice astfel de abordare necesitZ mai mults
muncé intr-o serie de domenii-cheie care
=2 functioneze in cadrul acestuia. Mean -
reducerea cererii de materiale, energie,
api ci alte resurse, prin crearea de linii
directoare pentru designerii cl&dirilor
pentru a asigura c& cererea este scZzuti
inck de la inceput prin utilizarea unor
m&suri pasive, cum ar fi incZlzirea naturals,
iluminatul, ventilatia Ei umbrirea
exterioars. Lean - asigurarea faptului de
reducere a pierderilor de distributie a
energiei (sau a apei) intre generare &i
utilizare (Horman, 2004).

Acest lucru ar putea implica furnizarea de
zEldurg, ricire, energie i ap& de la o surss
la fata locului. Green - furnizarea oriciror
cerinte rEmase din surse regenerabile
pentru a minimiza emisiile reziduale de
carbon (ex. energia solari sau recoltarea
apei de ploaie).

.4. Societatea =i comunitatea. Construirea
unui oras inteligent face o planificare =i o
colaborare atentZ cu numeroase pari
interesate, inclusiv cu publicul larg. Trebuie
£3 existe un scop care s& incadreze fiecare
tehnologie =i program, iar acest scop ar
trebui s& aibZi legitur® cu obiective
specifice. Pe m&surd ce orasele inteligente
sunt un fenomen nou, vor exista provocEri
£i greceli. 5oferul principal pentru aceast
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"urbanizare" este oportunitatea
economics, finsd existd =i alti factori,
printre care:
= Dotarea cu dispozitive digitale ale
populatiei;
Accesibilitate digitals;
Competente digitale ale cet&tenilor;
= Competentele digitale ale aparatului
administratiei locale =i altor unit&ti
implicate in orasul inteligent;
= O maimare sigurants comunals.

Orasele trebuie s& aspire la extinderea
accesului la stilurile de viatZ care ofer& un
nivel comun de educatie, formare &i
ocupare a fortei de munci, pentru a
imbunititi  calitatea mediului si a
imbunt&ti astfel sinitatea =i bunistarea xi
pentru a asigura siguranta =i securitatea
(VEduvi, 2018).

De asemenea, este important s& se profite
de beneficiile vietii urbane, in care
dimensiunea si densitatea ar trebui s&
faciliteze progresul inteligent, bazat pe
tehnologie ti s& le TmpartZ cu comunitati
izolate. Tn domeniul educatiei, programele
gratuite in format open source Ei
tutorialele gratuite online oferZ deja o
predare de calitate mai largé a accesului si
ofers standarde mai fTnalte. Toate
schimbzrile din oras ar trebui initiate de
ci&tre locuitorii care, cu conditia s&
beneficieze de sprijin tehnic adecvat, pot
preveni consumul excesiv de energie =i
poluarea =i incercarea de a-si TmbunZtiti
calitatea vietii.

3. Concluzii

Scopul lucrZrii a fost atat de creare a unui
model conceptual integrativ si cuprinz&tor
pentru orasele inteligente, cét & s&
propung o metodologie de analizZ a
implementzrii orazelor inteligente pentru
extragerea de orientZri pentru validarea
initiativelor n domeniu. Modelul
conceptual, care s are partea
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fundamentat® inc& din prima parte a
studiului, s-a dovedit a fi util pentru a ar&ta
starea actualZ de punere in aplicare =i
opiniile / evaluZrile pZrtilor interesate ale
strategiei oraczului inteligent. Acesta
reuseste s& reprezinte péirtile interesate
din initiativd =i perceptiile pe care le
implics dar reuseste s& evidentiaze =i lipsa
de corespondentZ intre prioritizarea egal &
a provocErilor gi dezvoltarea dezechilibrats
a dimensiunilor.

in sfargit, ar trebui s& subliniem c& aceste
concluzii trebuie s& fie sustinute de date
analitico-statistice. Cercetrile viitoare ar
trebui s& se concentreze pe sistematizarea
conexiunii dintre modelul conceptual =i
analiza datelor pentru a permite utilizarea
lui pe scari largs. Departe de a se impune
ca reguli fixe, care nu admit conflicte intre
ele, valabile pretutindeni, independente
unele de altele, modelele conecetuale
trebuie Tntelese mai mult ca un ansamblu
de maxime directoare, a ciror efectivitate
nu poate fi cuantificatd decat in situatii
concrete, echilibrand balanta intereselor
puse in joc. De asemenea, strategiile de
dezvoltare  urbanZ trebuie s& fie
fundamentate pe inovare 1in domenii
multiple, care s& vizeze atat servidile si
tehnologia, cat =i inovarea socialE =i
institutionalZ, astfel incidt orazele de méine
t% fie diverse, coezive £i atractive.
Potentialul socio-economic si cel cultural,
trebuiesc exploatate la intreaga capacitate,
ca o sursZ de inovare, pentru dezvoltarea
unor orage ecologice =i sZnitoase cu o
economie puternickd & incluzivE &
beneficiind in tot acest demers de ajutorul
actorilor principali ce isi pun in valoare
capacititile creatoare, necesare aceastei
transformzri.
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Abstract

This article aims to present the results of a study
carried out in the field of determining the bearing
capacity of a historic Church type building,
restored with reversible materials, technologies
and consolidation methods. The Franciscan
Monastery in Arad fortress is an historical
building. The poor maintenance of this building
led to the severe degradation of its structural
resistance over the years. A nonlinear analysis
was made on the structure and it showed that
the building would have severe structural
degradation after an earthquake. Some
consolidation methods have been proposed for
the walls, arches, vaults, pillars, towers and
foundations. After a second nonlinear analysis
with the consolidation methods the structure
shows a 23 % increase of its bearing capacity.

Key words. masonry, consolidation, church,
monument, restauration.

1. Context

Acest articol doreste s prezinte rezultatele
unui studiu realizat in domeniul determin&rii
capacititii portante a unei d&diri istorice tip
BisericZ, restaurate cu materiale, tehnologii zi
metode de consolidare reversibile, efectuat in
cadrul lucr&rii de disertatie cu titlul “Solutii
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moderne de analiz& structural si consolidare
a Bisericii Franciscane din cetatea Aradului”
pentru finalizarea studiilor de master de la
sectia de “Restaurare &=  regenerare
patrimonialZ” din cadrul Facultiétii de
Arhitecturs de la Universitatea Politehnica din
Timizoara. Au fost luate in considerare studiile
efectuate asupra solutiei de arhitectur® a
MMZnSstirii Franciscane (Dinu, 2018) =i privind
istoricul cetZtii =i M&nSstiri  Franciscane
(Rosu, 2018). De asemenea s-au studiat Ei
articole din literatura de specialitate, Modena
et al., 2015, Mosoarcs =i Gioncu, 2013, privind
studii cu caracter similar.

2. Descrierea structurii 5i degradarilor acesteia

Structura de rezistentZ a  MZn&stirii
Franciscane (Fig. 1) este alcZtuitZ din zid&rie
de c&rémids care are ca liant mortar din var-
ciment. ClZdirea este alcZtuitZ din trei corpuri:
biserica m&n&stirii, care este separat: prin
rosturi de tasare de celelate douf corpuri
secundare, construite mai tarziu s care au
gZzduitchiliile cEluggrilor franciscani.

Biserica Franciscani are structura de
rezistentZ formatZ din pereti structurali,
stalpi, arce =i bolti din zidZrie de cZrimid.
Arcele Tmpreuns cu peretii portanti din zidZrie
lucreaz& ca un element structural in cadre.
Suprafata total% a bisericii este de aproximativ
450m’ iar inZltimea total% a bisericii la varful
turnurilor este de 28m.

Din cauza neintretinerii acestui monument
istoric, structura de rezistent: a acestuia a
fost grav afectat: de dou: cauze majore: 1)
tasarea fundatiilor, care a cauzat fisuri
verticale (Fig. 2) Tn arce i bolti, fisuri inclinate
la colturile cl&dirii i 2) infiltratii de ap&, care
au produs degradarea zidzriei, degradarea =i
cedarea boltilor (Fig. 3), desprinderea
tencuielii, coroziunea betonului = a
armzturilor (Fig. 4, Fig. 5). De asemenea, din
cauza lipsei lucrBrilor de mentenant3
adecvats, =arpanta (Fig. 6) =i invelitoarea
Bisericii sunt distruse aproape in intregime.

Lucririle Conferiniei de Cercetare in Constructii,
Economia Constructiilor, Urbanism, Amenajarea Teritoriului

COMSTREUCT, ARKITECTURA, LIREARNITH

Pagios 7



“HEA:H Institutul National de Cercetare-Dezvoltare in Cons truciii, Urbanism, 3i Dezvoltare Teritorial & Durabild URBAN-INCERC

MO

Fig. 1. Vedere fatadd prin dpald a Mardstirii
Frandscane.

Fig. 3. Cedarea botilor de ziddrie.

|
L 3
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Fig. 4. Coroziunea betonului 5i a armdturilor la arcul
de beton armat.

Fig. 5. Coroziune betonului la stdlpii de sustinere a
arcului de beton armat.

fi—& * e

Fig. 6. Sarpantd 5i invelitoare degradata

Fig. 7. Altar secundar degradat 5i creare.

Fig. 8. Perete de ziddrie cu elemente de gol de usd
nea utorizat de beton armat.

De asemenea, in vizita efectuatZ la fata
locului, s-a observat c& au fost ficute =i
interventii neautorizate la structuri, sub
form& de goluri de usE (Fig. 7) =i a unui perete
de zidzrie cu elemente de beton armat (Fig.
8).

3. Analiza spatiali a structurii neconsolidate
Asupra structurii de rezistent:z a Bisericii

Franciscane s-a efectuat o analiz& neliniar de
tip push over cu ajutorul programului

Lucririle Conferiniei de Cercetare in Constructii,
Economia Constructiior, Urbanism, Amenajarea Teritoriului

COMSTREUCT, ARKITECTURA, LIREARNITH

Pagios £



URBAN

incERG

TreMuri, pentru a determina eforturile
maxime ale structurii. Modelul 3D a structurii
este prezentat in Fig. 9.

in urma analizei neliniare a structurii Bisericii
Franciscane au rezultat modurile proprii de
vibrare =i rezultatele structurii la actiunea
seismic, atat pe axa x a structurii cat si pe axa
y. Acceleratia seismicZ pentru orasul Arad
este de 0.20g, parametru considerat in analiza
efectuats.

Primele trei moduri de vibrare ale structurii
sunt prezentate in Fig. 10, 11 =i 12. Modurile
de vibrare indicZ o solicitare predominantZ la
torsiune, fapt defavorabil pentru structurz.

Pe axa transversal& x a structurii Bisericii
Franciscane, dupZ cum se observid din
diagrama forts-deplasare (Fig. 13) deplasarea
maximZ a turnului este de 5,16cm si forta
tZietoare total2 la bazi este de 9401KN.

in Fig. 14 =i Fig. 15 sunt prezentate
degradirile structurale suferite de cétre
bisericE Tn ipoteza Tn care forta seismici
actioneazZ pe axa x a structurii. Pe fatada
principalZ se pot observa fisuri diagonale de
intindere-compresiune pe intreaga suprafats,
jar pe fatada lateral%, aceste fisuri pot fi
observate doar la partea superioarz.

Pe axa longitudinalZ y a structurii Bisericii
Franciscane, dupZ cum se observi din
diagrama fort3-deplasare prezentat: in Fig.
16, deplasarea maximZ a turnului este de
2,49cm =i forta tZietoare totalZ la bazi este
de 6461KN.

in Fig. 17 =i Fig. 18 sunt prezentate
degrad&rile structurale suferite de cétre
bisericE cand forta seismicZ actioneazi pe
axa y a structurii. Pe fatada principalz se pot
observa cedZri ductile la buiandrugii =i
parapetii de la geamuri. Fatada lateralZ
prezintZ la partea superioars cediri casante,
iar buiandrugul de la intrare este afectat de o
cedare ductilz.

Institutul National de Cercetare-Dezvoltare in Construciii, Urbanism, }i Dezvoltare Teritorial & Durabild URBAN-INCERC

Fig. 9. Mo delul 3D al Bisericii.

Fig. 10. Modul 1: Torsiune. Ts=0.424sec.

I
Fig. 11. Modul 2: Translatie. Ts=0.321sec.

Fig. 12. Modul 3: Torsiune. Ts=0.355sec.
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Fig. 13. Diagrama fortd-deplasare, considerdnd forta seismica actiondnd pe axa transversald x a structurii.
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Fig. 14. Degraddri fatadd principald pe axa x.

Fig. 15. Degraddri fatadd laterald pe axa x.

o

o F]
T —
Lt

i e
| =

FTETT

o

L

i

e
i -
bl

=n e - nr e [

FRE W MR =

Fig. 16. Diagrama fortd-deplasare considerdnd forta seismicd actiondnd pe axa longitudinaldy a struct urii.
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Fig. 14. Degradari fatada principaldpe axa y.

Fig. 15. Degradari fatada laterald pe axa y.
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4. Metode de consolidare propuse

DupZ ce s-au interpretat rezultatele analizei
neliniare s dup& ce s-au identificat
degradrile efective fin cadrul Vvizitei
efectuate la méin3stire, au fost propuse
metode de consolidare pentru diferitele
elemente ale structurii de rezistentz.

Pentru arce (Fig. 19) s-a propus
consolidarea pe intrados cu plase din otel
galvanizat, mortar pe baz& de var hidraulic
£i conectori.

La bolti (Fig. 20) metoda propusZ este
consolidarea cu retea de grinzi metalice pe
extradosul boltilor. Boltile vor fi prinse de
reteaua de grinzi metalice prin tije filetate
de inox. Aceast retea de grinzi are rolul de
a prelua incircirile de la sarpants =i de la
bolti =i a le transmite peretilor de zidZrie
portants pe care reazem&.

Consolidarea altarelor (Fig. 21) =i a absidei
altarului se va face punctual cu plase din
atel galvanizat si mortar pe bazi de var
hidraulic si conectori.

Pentru arcul de beton armat (Fig. 22) =i
stalpii de beton armat (Fig. 23) pe care
reazems arcul, s-a ales consolidarea cu
plase din otel galvanizat, conectori 5i mortar
pe bazE de var hidraulic.

Turnurile (Fig. 24) se vor consolida pe
interiorul acestora cu plse din otel hidrulic,
mortar pe baz& de var hidraulic &
conectori.

Fundatiile (Fig. 25) se vor subzidi pentu a

opri tasarea acestora =i fisurarea
structurii.
n ceea ce priveste interventiile

neautorizate, s-a optat pentru demolarea
pretelui din zidirie cu elemente de beton
armat, care desparte sala principalz de
absida altarului, =i rezidirea golurilor de usg,
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care au fost f&cute in peretii laterali ai
bisericii, pentru a se reface rezistenta
structurald a bisericii =i autenticitatea
acesteia.

Acoperisul =i sarpanta fiind aproape
complet distruse, s-a decis reconstruirea
unor elemente noi, identice cu cele
originale, cu utilizarea a cat mai multor

elemente originale sau materiale
echivalente ca proprietZti.
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Fig. 19. Consolidarea pe intrados a arcului.

Fig. 20. Consolidare bolti cu retea de grinzi metalice
pe extrados sectiune.
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Fig. 21. Consolidare altare.
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Fig. 22. Consolidarea arcului din beton armat. Fig. 23. Consolidarea stdlpior din betonarmat.
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Fig. 25. Subzidire fund atie.
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Fig. 26. Diagrama fortd-deplasare considerdnd forta seismicd actiondnd pe axa longitudinal@x a st i cturii consolidate.

Fig. 27.Degraddri fatada principald pe axa x dupd Fig. 28. Degraddri fatadd laterald pe axa x dupd
consolidare. consolidare.

Lucririle Conferiniei de Cercetare in Constructii,
Economia Constructiior, Urbanism, Amenajarea Teritoriului

COMSTREUCT, ARKITECTURA, LIREARNITH

Paios 44



URBAN
[Lo]He]

Institutul National de Cercetare-Dezvoltare in Cons truciii, Urbanism, 3i Dezvoltare Teritorial & Durabild URBAN-INCERC

ks [ 3 [ Lo b (L]

| o B o e WL P e

Fig. 29. Diagrama fortd-deplasare considerdnd forta seismicd actiondnd pe axa longitudinaldy a structurii
consolidate.

Fig. 27.Degraddri fatada principaldpe axay dupd

consolidare.

Fig. 28. Degraddri fatadd laterald pe axay dupd
consolidare.

Tabelul 1. Tabel comparativ intre rezultatele structurii consolidate 5i neconsolidate.

- Forta Forta Cre&ter? - Deplasarea Crestere
tdietoare de - comparativa .- Deplasarea . -
. tiietoare de maxim i o _ comparativa
baza inainte - - forte - maxini dupa
Axa bazidupa - inainte de . deplasare
de . tdietoare de . consolidare . -
. consolidare - consolidare maximd
consolidare [KN] baza il [cm] (%]
[KN] [%] 0
Tra "S‘)’(ersa'a 9401 11630 23,68 5,16 1,06 79,46
Lo "g't;’d Ll 6461 7988 23,63 2,49 1,36 45,38

5. Detemminarea eficientei solutiilor de
consolidare

Pentru determinarea eficientei solutiilor de
consolidare s-a efectuat o a doua analiz&
neliniar& a structurii Tn programul TreMuri,
pentru structura consolidatZ cu metodele
enumerate mai sus.

DupE cum se poate observa din imaginile
urmé&toare, rezistentele structurii pe ambele
directii x 5i y s-au mérit. De asemenea,
majoritatea degradZrilor structurii au disp&rut
dups consolidarea acesteia.

Pe axa transversalé x diagrama de rigiditate
(Fig. 26) indica faptul c& structura rezistz la o
fortz tZietore de baza mai mare, respectiv
11630KN, iar deplasarea la varf a turnului
scade la 1,06cm.

Pe fatada principal: (Fig. 27) dispare
majoritatea degradérilor structurale, se mai
pot observa fisuri diagonale doar la buiandrugii
£i parapetii de la goluri. Pentru fatada lateral
(Fig. 28) degradZrile dispar complet.

Pe axa longitudinals y diagrama de rigiditate
(Fig. 29) indics faptul c& structura rezisti la o
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fortZ tZietore de baza mai mare, 7988 KN, iar
deplasarea la varf aturnului scade la 1,36¢cm.

Pe fatada principals (Fig. 30) a cladirii nu mai
apar fisuri, iar pe fatada lateralZ (Fig. 31) a
cldirii mai apare o singur fisurg, la partea
superioars a peretelui.

Tabelul 1 reprezintd un studiu comparativ
intre rezultatele structurii neconsolidate &i
rezultatele structurii consolidate, obtinute din
programul de calcul TreMmuri.

5. Concluzii

Biserica FranciscanZ este parte a ansamblului
arhitectural Cetatea Aradului nominalizat Tn
lista Monumentelor Istorice de importants
nationalZ. SZn&tatea structurals a
constructiilor din acest ansamblu arhitectural,
intretinerea =i utilizarea corect&, fac posibilZ
actiunea de reinsertie socialz a tesutului
urban istoric. Analizele dinamice modeme
utilizate la diagnosticarea Bisericii Franciscane
au permis: identificarea capacititii portante a
clédirii Tnainte =i dupZ consolidare =i
identificarea solutiilor de consolidare care
permit restaurarea suprafetelor istorice de
arhitecturs. Prima analiz2 nelinearZ fin
programul TreMuri a indicat faptul c&
structura poate sZ sufere avarii structurale
semnificative dup® un cutremur care are
acceleratia seismicz cu valoarea de 0.20g =i
necesitZ consolid&ri structurale. Consolidérile
structurale se fac cu tehnologii moderne,
reversibile, care nu afecteazZ valoarea istorics
a d&dirii. Interventiile neautorizate trebuie
eliminate pentru a restabili rezistenta
structurald =i autenticitarea clZdirii. A doua
analiz& neliniarg indicg faptul cZ rezistenta
structural® a cl&dirii consolidate a crescut cu
aproximativ.  23% fatZ de varianta
neconsolidaté. De asemenea a doua analiz&

neliniar: ne indick faptul c& ariile zonelor
vulnerabile au fost reduse =i numézrul
mecanismelor de cedare casante ale zid&riilor
au fost reduse. Studiile trebuie continuate
prin realizarea unor incerciri in situ, pentru a
determina carcateristicile fizico-mecanice ale
elementelor din zid2ria portant.
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