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PROCENA CVRSTOCE BETONA PRI PRITISKU, KORISCENJEM VESTACKIH
NEURONSKIH MREZA

ESTIMATION OF CONCRETE COMPRESSIVE STRENGTH USING ARTIFICIAL
NEURAL NETWORK

Srdan KOSTIC )
Dejan VASOVIC

1 UVOD

Analiza ¢vrstoce betona pri pritisku predstavlja jedan
od primarnih zadataka laboratorijskih ispitivanja za
razliCite potrebe inZenjerske prakse, pre svega u
zgradarstvu, tunelogradnji, putarstvu, pri izgradnji brana i
mostova, kao i pri izvodenju razli¢itih podzemnih i
povrsinskih konstrukcija u rudarstvu. Zavisno od zahteva
projekta, ispitivanje ¢vrsto¢e betona izvodi se za uzorke
razliCite starosti s promenljivim vodocementnim fakto-
rom, raznim tipovima i koli¢inom aditiva (lete¢i pepeo,
silikatna prasSina, metakaolin i mlevena granulisana
zgura iz visokih peci kao mineralni aditivi, odnosno
plastifikatori, razli¢iti akceleratori i retarderi, kao hemijski
aditivi), te u razli¢itim spoljasnjim uslovima ugradnje
betona (s naglaskom na otpornost betona pri izlaganju
mrazu). Pri tome, pouzdanost dobijenih rezultata
najéeS¢e predstavlja direktnu funkciju broja ispitanih
uzoraka, tj. veéi broj ispitanih uzoraka betona doprinosi
pouzdanijem odredivanju njegovih svojstava. Medutim,
sredstva predvidena programom istraZivanja, u najve-
¢em broju slu€ajeva, nisu dovoljna za analizu brojnih
uzoraka, ve¢ se najCeS¢e pristupa interpolaciji malog,
vrlo €esto i nedovoljnog broja podataka ispitivanja. U
tom smislu, modeli za procenu ¢&vrstoée betona pred-
stavljaju posebno vaznu tehniku koja omogucava utvrdi-
vanje relacije izmedu zrelosti betona i njegove &vrstoce,
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1 INTRODUCTION

Analysis of concrete compressive strength
represents one of the primary tasks in laboratory studies
for different needs of engineering praxis, including
architectural engineering, tunnelling, road engineering,
construction of dams and bridges, and for the purpose of
surface and underground mining activities. Depending
on the Project demand, concrete compressive strength
is examined for the specimens of different age and with
distinct w/c ratio, for different types and amounts of
additives (flying ash, silica fume, metakaolin and ground
granulated blast furnace slag, as mineral additives, and
plasticizers, different accelerators and retarders, as
chemical additives). In this case, reliability of the obtained
results regularly represents a direct function of the
number of examined concrete samples. In other words,
the larger the number of analyzed specimens, the more
precise their properties are determined. However, only a
small part of the project funding is used for laboratory
analyzes, which is often scarce for conducting the ana-
lysis of larger number of samples. Instead, the analysis
is often based on the approximation of small and
insufficient data. Therefore, existing models for esti-
mation of concrete compressive strength have valuable
importance, enabling us to determine the relation
between the maturity of concrete and its compressive
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odnosno ocenu razvoja ¢vrsto¢e betona s vremenom na
bazi relativno malog broja ispitanih uzoraka. Jedan od
prvih uspesdnih postupaka procene cvrstoce betona pri
pritisku dao je Plouman [1], koji je vezu izmedu Cvrstoée
i zrelosti po Solu izrazio u obliku logaritamske funkcije. S
druge strane, Bernhart [2] je pokazao da je brzina
razvoja relativne &vrsto¢e betona proporcionalna velicini
nehidratisanog dela betona, koju je uveo preko kon-
stante proporcije k. Karino [3] je takode predloZio ocenu
¢vrstoce pri pritisku uzoraka betona, pod pretpostavkom
da ocvrSéavanje betona pocinje tek nakon odredenog
vremena od ugradnje betona. Yi i dr. [4] u svoju
jednacinu za procenu ¢&vrstoée betona pri pritisku uveli
su efekat difuzione ljuske, konstantu brzine, grani¢nu
¢vrstocu i reakcioni koeficijent.

Uprkos ¢€injenici da ovi konvencionalni modeli daju
ocenu pritisne ¢vrstoce betona sa zadovoljavajuéom
tatno8¢u za potrebe inZenjerske prakse, razvoj novih
smesa betona, s razli¢itim tipovima i koli¢inom aditiva,
povecava broj sastavnih elemenata betona, Sto otezava
uspostavljanje jasnih veza izmedu razliitih kompone-
nata. Iz tog razloga, tokom poslednjih godina, sve ¢e$¢éa
je primena vestackih neuronskih mreza za potrebe
modelovanja razli€itih svojstava betona, poput skupljanja
pri isuSivanju [5], trajnosti betona [6], ¢vrsto¢e normal-
nog betona i betona visoke &vrstoce pri pritisku [7-12],
konsistencije betona s metakaolinom i lete¢im pepelom
[13-14], mehanickog ponaSanja betona na visokim
temperaturama [15], kao i dugotrajnog efekta leteceg
pepela i silikatne prasine na ¢vrsto¢u betona pri pritisku
[16]. Glavna prednost primene vestackih neuronskih
mreza u odnosu na standardne konvencionalne predik-
tore [1-4], lezi u mogucnosti analize &vrsto¢e velikog
broja uzoraka betona s razli¢itim vodocementnim fakto-
rom, ukljuCujuci i efekat izlaganja dejstvu mraza. Za
razliku od vestackih neuronskih mreza, konvencionalnim
prediktorima procenjuje se razvoj ¢vrstoce pri pritisku
uzoraka betona istog sastava (jednak vodocementni
faktor), koji su negovani u izotermalnim uslovima.

Pored navednih konvencionalnih modela i vestackih
neuronskih mreza, neretko se koriste i drugi modeli
procene ¢vrstoc¢e betona pri pritisku, koji se zasnivaju na
razmatranju efekta razli¢itih proporcija vode, cementa i
agregata [17-18], odnosno koji koriste sisteme na bazi
adaptivne mreze [19-21] ili fazi logike [22-24].

U ovom radu razvijen je model procene &vrstoce
betona pri pritisku na bazi vestackih neuronskih mreza,
koriS¢enjem rezultata eksperimentalnih ispitivanja, u
zavisnosti od Ccetiri kontrolna faktora: vodocementni
faktor, starost betona, broj ciklusa zamrzavanja/otkrav-
liivanja i koli¢ina superplastifikatora.

2 SVOJSTVA BETONA
2.1 Cement

Za pripremu uzoraka betona za ispitivanje koriS¢en
je CEM | normalni Portland cement (PC 42,5 N/mmz) sa

strength, providing, in that way, an evaluation of
compressive strength development with time on the
basis of relatively small number of examined samples.
One of the first successful prediction models was
provided by Plowman [1], who expressed the relation-
ship between strength and maturity by Saul as a natural
logarithmic function. Soon afterwards, Bernhardt [2]
showed that relative strength development ratio of
concrete is proportional to the size of unhydrated portion
of the concrete and introduced rate constant k. Carino
[3] also suggested the equation of prediction of concrete
compressive strength under the assumption that the
hardening of concrete starts at a certain time after the
concrete placement time. Yi et al. [4] incorporate the
effect of diffusion shell, rate constant, limiting strength
and reaction coefficient, as functions of curing
temperature, in the equation of concrete strength
prediction.

Despite the fact that previous conventional models
give reasonable prediction accuracy for engineering
purposes in reference to concrete compressive strength,
development of new concrete mixtures, with different
types and percentage of additives, increase the number
of concrete constituents, thus, making harder to obtain
reliable results among various concrete components.
Therefore, in recent years, artificial neural networks
(ANN) have been used for the purpose of modelling
different properties of concrete, such as drying shrinkage
[5], concrete durability [6], compressive strength of
normal concrete and high performance concrete [7-12],
workability of concrete with metakaolin and fly ash [13-
14], mechanical behaviour of concrete at high
temperatures [15] and long term effect of fly ash and
silica fume on compressive strength [16]. The main
advantage of ANN approach over the standard
conventional predictors [1-4] lies in the possibility to
examine the compressive strength of large number of
concrete specimens with different w/c ratio, including the
effect of exposure to various freeze/thaw cycles.
Opposite to the ANN approach, conventional predictors
estimate the development of compressive strength of
concrete specimens of the same properties (equal w/c
ratio) cured at isothermal conditions.

Besides conventional models and the ANN
approach, there are other types of models which are
frequently used for prediction of compressive strength.
The first of them is based on the combination of input
variables, water, cement and aggregates [17-18], while
the second approach is using adaptive network-based
fuzzy inference system [19-21] and fuzzy logic
techniques [22-24].

In present paper, the ANN model is developed for
estimation of concrete compressive strength based on
the results of a series of experiments. The present
research is focused on compressive strength of concrete
samples, depending on four main factors: w/c ratio, age,
number of freeze/thaw cycles and amount of
superplasticizer.

2 PROPERTIES OF MATERIALS
2.1 Cement

The examined concrete specimens were made of
CEM | normal Portland cement (PC 42.5 N/mmz) with
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specificnom teZzinom p=3,10 g/cm3. Pocetno i finalno specific gravity p=3.10 g/cm3. Initial and final setting

vreme vezivanja cementa bilo je 2" 30min i 3" 30min, times of the cement were 2" 30min and 3" 30min,
redom, dok je specificna povrSina po Blejnu iznosila res?ectively. Its Blaine specific surface area was 3450
3450 cm2/g. Fizicko-mehani¢ka svojstva cementa cm®/g. Physical and mechanical properties of cement
prikazana su u Tabeli 1, dok je njegov hemijski sastav are summarized in Table 1, while its chemical
dat u Tabeli 2. composition is given in Table 2.

Tabela 1. Fizicko-mehanicka svojstva Portland cementa
Table 1. Physical and mechanical properties of Portland cement

Svojstvo / Property Vrednost / Value
Specifi¢na tezina
Specific gravity 3,10
(glem’)
Specifi¢na povrsina
Specific surface 3450
(cm®/g)
Pocetno vreme vezivanja
Setting time initial 150
(min)
Finalno vreme vezivanja
Setting time final 210
(min)
Povecéanje zapremine
Volume exgansion 0,50
(mm”)
Cvrstoca na pritisak 2 dana/ days 28 dana / days
Compressive strength
(MPa) 15,1 49,5
Cvrstoca na savijanje 2 dana / days 28 dana / days
Flexural strength
(MPa) 3,5 8,7

Tabela 2. Hemijski sastav Portland cementa
Table 2. Chemical composition of Portland cement

Okeid si0, Al,05 Fe,0s Ca0 MgO SO; | CaO | NaO | K0
8eme“t 20.58 6.04 2.54 58.79 2.66 3.08 2.16 0.29 0.76
ement
2.2 Agregat 2.2 Aggregate
Kao agregat za betonske smeSe koricen je recni Natural river aggregate was used in concrete
Sljunak, s maksimalnom nominalnom veli¢inom do mixture. The gravel was 16 mm maximum nominal size
16mm, i s maksimalno 5% uces$ca vece frakcije. Upijanje with 5% of the oversize particles. The water absorption
vode iznosi 1,5%, dok je relativna gustina agregata was 1.5 % and its relative density at saturated surface
zasi¢enog vlagom i sa suvom vidnom povrSinom - 2.72 dry (SSD) condition was 2.72 g/cms. Grading of the
g/cm3. Granulometrijski sastav agregata prikazan je u mixed aggregate is shown in Table 3.
Tabeli 3.

Tabela 3. Granulometrijski sastav agregata
Table 3. Grading of the mixed aggregate

Veli¢ina sita
Sieve size 0,09 | 0,13 | 0,25 | 0,5 | 1 2 4 8 112 | 16 | 22,4
(mm)

0/4 (% proslih)
0/4 (% passed) 1 4 21 67 | 76 | 84 | 94 | 100 | 100 | 100 | 100
4/8 (% proslih)
4/8 (% passed) 0 0 0 0 0 1 (12| 97 100 | 100 | 100
8/16 (% proslih)
8/16 (% passed) 0 0 0 0 0 0 0 19 67 95 100
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2.3 Plastifikator

Superplastifikator (SP) tipa melamin kori§¢en je radi
odrzavanja konsistencije i sleganja sveZe betonske
smese. Koli¢ina dodatog superplastifikatora za razlicte
betonske smeSe data je u Tabeli 4. Dodavanjem
plastifikatora proporcionalno je smanjivana koli¢ina
vode.

2.3 Plasticizer

A mellamine-type superplasticizing admixture (SP)
was used at various amounts to maintain slump and
workability of fresh concrete mixture. The amount of SP
used in the different concrete mixtures is given in Table
4. The amount of water was decreased for the amount of
SP added.

Tabela 4. Proporcije sme$a betona i njihova konsistencija
Table 4. Concrete mixture proportions and consistency

Uzorak br. Sleganje Tecenje
Sample No. C (kg) A (kg) VC SP (%) Slump Vebe (s) Flow
(cm) (cm)
D1 350 1930 0,45 2,0 8 4 36
D2 350 1930 0,40 2,0 5 55 32
D3 350 1930 0,50 1,4 17 1,5 57
D4 350 1930 0,55 1,4 25,5 0 67
D5 350 1930 0,35 4,0 2 10 25

2.4 Priprema uzoraka

SmeSe betona pravljene su u laboratorijskom
mikseru tipa ,,Eirich”, s periodom mesSanja od tri minuta
za sve smeSe. Za testiranje su pripremljeni kockasti
uzorci betona (100x100mm). Livenje betona izvedeno je
na vibracionom stolu sve do potpune konsolidacije.
Konsistencija svezeg betona odredivana je pomodu
testa sleganja [25], testa po Vebeu [26] i testa teCenja
[27].

3 POSTUPAK TESTIRANJA

Nakon $to je beton izliven u metalne kalupe, uzorci
su ostavljeni na sobnoj temperaturi (+20°t2°C) sa 90 —
95% RH. Nakon 24,h uzorci su izvadeni iz kalupa i
potopljeni u vodu na istoj temperaturi (+20°C) sledeéih
Sest dana. Sedmog dana, Cetiri serije od osam serija
uzoraka betona izlagane su mrazu. Cvrstoéa pri pritisku
odredivana je nakon 50 i 100 ciklusa zamrzava-
nja/otkravljivanja (jedan ciklus podrazumeva izlaganje
uzorka mrazu u trajanju od 4" u komori na temperaturi —
20°+2°C, a potom se uzorak izlaze sobnoj temperaturi
od 20°+2°C u vodi u trajanju od 4“). Nakon toga,
izmerena vrednost Cvrstoe poredena je sa Cvrstocom
kontrolne grupe uzoraka (kc()}'i su neprekidno negovani u
vodi na temperaturi 20°+2°C) za ekvivalentnu starost
[28-29]. Cvrstoca na pritisak i nasipna gustina odredeni
su prema vaze¢im standardima [30-31]. Cvrstoéa pri
pritisku uzoraka betona odredivana je pomoc¢u ,,Amsler”
hidraulicke prese kapaciteta 2000 kN, pri brzini pritiska
od 0,4 MPal/s.

4 EKSPERIMENTALNI REZULTATI

Eksperimentalno dobijeni rezultati jasno ukazuju na
uticaj vodocementnog faktora na ¢vrsto¢u betona pri
pritisku (Tabela 5). Uzorci betona s nizim vodocement-
nim faktorom pokazuju mnogo vecu ¢Evrstoéu pri pritisku,
koja je odredena granulometrijskim sastavom agregata i

2.4 Preparation of specimens

Concrete was made in a laboratory counter-current
concrete mixer (type “Eirich”). Mixing period was 3
minutes for all mixtures. Cubic samples (100x100mm)
were made for testing. Casting was performed at
vibrating table until a complete consolidation was
achieved. Consistency of fresh concrete was measured
by applying the slump test [25], Vebe test [26] and flow
test [27].

3 TEST PROCEDURE

After the concrete was casted in metal moulds,
samples were left at ambient room temperature
(20°+2°C) with 90 — 95% RH. After 24 h the concrete
samples were demoulded and soaked in the water at the
same temperature (20°C) for the next six days. After
seven days, four out of eight series of the concrete
samples were exposed to freezing and thawing.
Compressive strength was determined after 50 and 100
cycles (one cycle lasted for 4" in environmental chamber
at —20°+2°C and 4" soaked in water at 20°i2OC).
Afterwards, measured strength was compared with the
strength of control group of specimens (continually cured
in water at 20°12°C) at the equivalent age [28-29]. The
compressive strength and bulk density of hardened
concrete were tested according to the existing standards
[30-31]. Compressive strength measurements were
carried out using “Amsler” hydraulic press with a
capacity of 2000 kN and 0.4 MPa/s loading rate.

4 EXPERIMENTAL RESULTS

The obtained results clearly indicate the impact of
w/c ratio on compressive strength of concrete (Table 5).
Samples of concrete with lower w/c ratio have higher
compressive strength which is determined by the
aggregate grading and amount of cement in the mixture.
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koli€inom cementa u betonskoj smesi. Dalje smanjivanje
vodocementnog faktora dovodi do smanjenja Cvrstoce
pri pritisku, s obzirom na to $to beton gubi konsistenciju.
S druge strane, izlozenost mrazu smanjuje cvrstocu
betona pri pritisku, naro€ito pri visokim vrednostima
vodocementnog faktora. Kada je re€¢ o aditivu, dodatak
superplastifikatora ne uti¢e negativno na pritisnu
gvrstoéu betona izloZenog dejstvu mraza. Stavide, uzorci
betona sa supreplastifikatorom izloZeni dejstvu mraza
pokazuju povecanje pritisne C&vrsto¢e ve¢ nakon 50
ciklusa, a sasvim jasno nakon 100 ciklusa zamrza-

Further decrease of w/c ratio also decreases compres-
sive strength due to the loss of workability. Moreover,
exposure to freeze/thawing cycles decreases the
concrete strength, especially at higher w/c ratios. When
it comes to effect of additives, addition of SP does not
influence compressive strength of the concrete exposed
to freezing. On the contrary, concrete samples with SP
exposed to freezing show increase in strength even after
50, and more clearly after 100 cycles.

vanja/otkravljivanja.

Tabela 5. Cvrstoéa betona na pritisak — eksperimentalni rezultati*
Table 5. Compressive strength of concrete — experimental results™

starost starost
Uzorak | VC SP (dani) | Z/O Op Uzorak VC SP (dani) Z/O Op
Sample | W/IC | (%) t FIT (MPa) | Sample wiC (%) t F/T | (MPa)
(days) (days)

D1-1 045 | 20 32 100 50,30 D3-9 0,50 1,4 32 0 43,40
D1-2 045 | 20 32 100 51,00 D4-7 0,55 1,4 32 0 36,40
D1-3 045 | 20 32 100 49,00 D4-8 0,55 1,4 32 0 37,20
D2-1 040 | 20 32 100 51,00 D4-9 0,55 1,4 32 0 39,40
D2-2 040 | 20 32 100 55,00 D5-7 0,35 4,0 32 0 55,00
D2-3 040 | 2,0 32 100 50,20 D5-8 0,35 4,0 32 0 56,50
D3-1 050 | 14 32 100 43,90 D5-9 0,35 4,0 32 0 51,00
D3-2 050 | 14 32 100 44,00 D1-10 0,45 2,0 20 0 42,70
D3-3 050 | 14 32 100 39,80 D1-11 0,45 2,0 20 0 48,90
D4-1 055 | 14 32 100 40,00 D1-12 0,45 2,0 20 0 48,50
D4-2 055 | 14 32 100 43,00 D2-10 0,40 2,0 20 0 51,00
D4-3 055 | 14 32 100 37,20 D2-11 0,40 2,0 20 0 49,30
D5-1 0,35 | 40 32 100 59,00 D2-12 0,40 2,0 20 0 47,70
D5-2 0,35 | 4,0 32 100 59,00 D3-10 0,50 1,4 20 0 40,40
D5-3 0,35 | 4,0 32 100 59,00 D3-11 0,50 1,4 20 0 40,10
D1-4 045 | 20 20 50 49,00 D3-12 0,50 1,4 20 0 39,50
D1-5 045 | 20 20 50 48,20 D4-10 0,55 1,4 20 0 30,20
D1-6 045 | 20 20 50 47,60 D4-11 0,55 1,4 20 0 31,80
D2-4 040 | 20 20 50 50,00 D4-12 0,55 1,4 20 0 31,00
D2-5 040 | 20 20 50 47,20 D5-10 0,35 4,0 20 0 51,00
D2-6 040 | 2,0 20 50 50,70 D5-11 0,35 4,0 20 0 49,80
D3-4 050 | 14 20 50 30,90 D5-12 0,35 4,0 20 0 49,80
D3-5 050 | 14 20 50 35,20 D1-13 0,45 20 7 0 39,80
D3-6 050 | 14 20 50 38,80 D1-14 0,45 20 7 0 20,80
D4-4 055 | 14 20 50 32,00 D1-15 0,45 20 7 0 38,70
D4-5 055 | 14 20 50 32,60 D2-13 0,40 2,0 7 0 36,80
D4-6 055 | 14 20 50 31,50 D2-14 0,40 2,0 7 0 43,40
D5-4 0,35 | 40 20 50 51,20 D2-15 0,40 20 7 0 43,40
D5-5 0,35 | 4,0 20 50 53,60 D3-13 0,50 1,4 7 0 25,90
D5-6 0,35 | 4,0 20 50 49,90 D3-14 0,50 1,4 7 0 26,00
D1-7 045 | 20 32 0 51,20 D3-15 0,50 1,4 7 0 26,60
D1-8 045 | 20 32 0 44,50 D4-13 0,55 1,4 7 0 24,40
D1-9 045 | 20 32 0 48,80 D4-14 0,55 1,4 7 0 24,60
D2-7 040 | 20 32 0 50,20 D4-15 0,55 1,4 7 0 23,80
D2-8 040 | 20 32 0 50,20 D5-13 0,35 4,0 7 0 46,00
D2-9 040 | 2,0 32 0 36,20 D5-14 0,35 4,0 7 0 44,80
D3-7 050 | 14 32 0 44,00 D5-15 0,35 4,0 7 0 35,80
D3-8 050 | 14 32 0 43,80

*V/C — vodocementni faktor, Z/O — broj ciklusa zamrzavanja/otkravljivanja, o, — ¢vrstoc¢a pri pritisku betona.
*t denotes the age of concrete, F/T — number of freeze/thaw cycles, o, — compressive strength of concrete.
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5 PROCENA CVRSTOCE PRI PRITISKU BETONA

U drugoj fazi istrazivanja, nakon eksperimentalnog
dela, pristupilo se razvoju modela na bazi vestackih
neuronskih mreza, s Cetiri ulazna podatka i samo jednim
izlaznim podatkom (Tabela 6). Slian pristup je vec
koriS¢en u prethodnim istrazivanjima [18, 21, 32-33].

5 ESTIMATION OF CONCRETE COMPRESSIVE
STRENGTH

In the second phase of the research, after performing
experimental tests, we turn to development of a neural
network model, with four input parameters and a single
output unit (Table 6). Similar approach was already used
in [18, 21, 32-33].

Tabela 6. Raspon vrednosti ulaznih i izlaznih podataka za obu¢avanje neuronske mreze
Table 6. Input-output parameters for the ANN training and their range

Podaci Parametar Raspon vrednosti
Type of data Parameter Range
vodocementni faktor (%)
w/c ratio (%) 0.35-0.55
starost (dani) 7_32
Ulazni age (days)
Inputs koli¢ina superplastifikatora (%) 14-4
amount of superplasticizer (%) '
broj ciklusa zamrzavanja/otkravljivanja 0-100
number of freeze/thaw cycles
Izlazni ¢vrstoc¢a na pritisak (MPa) 21.4-55
Output compressive strength (MPa) :

Na osnovu predloga Rumelharta i dr. [34], Lipmana
[35] i Sonmeza i dr. [36], analizirana je veStacka
neuronska mreza sa samo jednim skrivenim slojem, dok
je broj jedinica u skrivenom sloju odreden koris¢enjem
heuristickih obrazaca [36]. Kao 8to se u Tabeli 7 moze
videti, na osnovu broja ulaznih i izlaznih podataka, broj
jedinica u skrivenom sloju je u rasponu od 1 do 12. U
ovom slu€aju, pristupilo se ispitivanju vestackih
neuronskih mreza s jednom jedinicom, tri jedinice, te
osam i dvanaest jedinica u skrivenom sloju, radi
odredivanja modela s najpreciznijom procenom &vrstoce
pri pritisku betona.

Following the suggestion of Rumelhart et al. [34],
Lippmann [35] and Sonmez et al. [36] one hidden layer
was chosen in present study, while the number of hidden
neurons was determined using heuristics [36]. As it is
clear from Table 7, the number of neurons that may be
used in the hidden layer varies between 1 and 12. In
present study, the number of hidden neurons was
selected as 1, 3, 8 and 12 separately to establish the
most effective ANN architecture.

Tabela 7. Heuristicki obrasci za odredivanje broja jedinica u skrivenom sloju
(Ni: broj ulaznih jedinica, No: broj izlaznih jedinica)
Table 7. The heuristics used for the number of neurons in hidden layer
(Ni: number of input neurons, No: number of output neurons)

Heuristi¢ki obrazac Calculated number of
Heuristic neurons for this study
<2xN,+1 <9
3x N, 12
(N, +N,)I2 2,5 (3)
2+ Ny x N, +05N, x(N2+N,)-3 T
N, +N, ’
2N, /3 2,7 (3)
JIV, + Ny) 2,2(2)
2N, 8
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U svim ispitvanim slu€ajevima, razmatrani skup
podataka podeljen je na sledeéi nacin: 60% za treniranje
(45 podataka), 15% za validaciju (11 podataka) i 25% za
testiranje (19 podataka), $to odgovara predlogu Lunija
[37] od 25% podataka za testiranje, kao i preporukama
Nelsona i llingvorta [38] od 20-30% podataka za
testiranje.

Treniranje neuronskih mreza izvedeno je za razliciti
broj jedinica u skrivenom sloju, kako je vec¢ i prethodno
definisano u Tabeli 7. Imaju¢i u vidu da se kao
aktivaciona funkcija koristi sigmoidna funkcija, koja daje
izlazne vrednosti u intervalu od 0 do 1, a s obzirom na to
Sto ulazni i izlazni podaci imaju razli¢ite merne jedinice
prema Sl sistemu, neophodno je najpre izvrsiti skaliranje
podataka koristeéi sledecu relaciju:

In all the examined cases, the total data set has
been divided as following: 60% for training (45
recordings), 15% for validation (11 recordings) and 25%
for testing (19 recordings), which corresponds well with
the suggestion of Looney [37], who proposed 25% for
testing, and with recommendation made by Nelson and
lllingworth [38] who supported the idea of 20-30% of
data for testing.

The possible ANN architectures were trained by
using combinations of the number of hidden neurons
defined above. Concerning the fact that we use sigmoid
function as an activation function, which gives the output
values in the range [0,1], and since the input and output
data have different units according to IS system, scaling
the input and output parameters was necessary, and it
was performed in the following way:

maksimalna vrednost - neskalirana vrednost

skalirana vrednost =

maksimalna vrednost - minimalna vrednost

(1

max.value — unscaled value

scaled value =

max.value — min.value

Na ovaj nacdin, sve posmatrane vrednosti normalizo-
vane su u intervalu [0,1].

Da bismo odredili neuronsku mrezu s najpouzda-
nijom procenom ¢&vrstoce pri pritisku betona na osnovu
izmerenih vrednosti, koristili smo neuronsku mrezu s
prostiranjem signala unapred i s propagacijom greske
unazad. Obucavanje neuronskih mreza izvedeno je
koriS¢enjem Levenberg-Markart algoritma obuc&avanja,
kao najbrze metode za treniranje neuronskih mreza
srednje veli€ine [39], Sto predstavlja prvi izbor kada je u
pitanju nadgledano uéenje, kao u ovoj analizi. Prethodno
je ve¢ pomenuto da se kao aktivaciona funkcija koristi
sigmoidna funkcija, Sto je vrlo Cest izbor u prethodnim
istrazivanjima [36].

Razvijena su Cetiri razli¢ita modela neuronskih mre-
za, s jednom jedinicom, tri jedinice, te osam i dvanaest
jedinica u skrivenom sloju, radi odredivanja neuronske
mreze s najpouzdanijom procenom ¢vrstoée, i s naj-
boljim poklapanjem u odnosu na eksperimentalno dobi-
jene rezultate. Da bi neuronska mreza dala pouzdane
rezultate, najpre je potrebno iskljuciti mogucnost ,,pretre-
niranja”’, odnosno prividnog povecanja tacnosti procene
neuronskih mreza, kada se greska pri treniranju mreze
smanjuje, a istovremeno povecava pri validaciji i
testiranju. U ovom slucaju, kao 8to se moze videti sa
slike 1, srednja kvadratna greska (MSE) tezi konstantnoj
vrednosti s povecanjem broja iteracija za cikluse
treniranja, validacije i testiranja za sve ispitivane modele
neuronskih mreza, ¢ime se iskljuuje moguénost
,,pretreniranja”.

Vrednovanje preciznosti procene pritisne &vrstoce
pomocu neuronskih mreza s razli¢itim brojem jedinica u
skrivenom sloju, dato je na slici 2. Na osnovu vrednosti
koeficijenta korelacije (R=~0,97) i srednje kvadratne
greSke (0,005-0,007), ocevidno je da veStacka
neuronska mreza sa 12 jedinica u skrivenom sloju daje
najpreciznije rezultate u poredenju sa eksperimentalno
dobijenim vrednostima &vrstoce pri pritisku betona.

In that way, numerical values of the analyzed
parameter were normalized in the range of [0,1].

In this paper, in order to create an adequate ANN
model for estimation of concrete compressive strength,
based on the recorded data, a three-layer back
propagation artificial neural network is chosen using
Levenberg-Marquardt learning algorithms. This training
algorithm is commonly considered as the fastest method
for training moderate-sized feed-forward neural networks
[39], and it is the first choice for solving the problems of
supervised learning, which is the case in present
analysis. A sigmoid function was chosen for the
activation function, as the most common transfer
function implemented in the literature [36].

Four different ANN models with 1, 3, 8 and 12 hidden
neurons in a hidden layer were developed, in order to
create a model with most accurate response, i.e. a
response which is most comparable with experimental
results. In order to obtain reliable results, we firstly need
to exclude the possibility of overfitting, when the ANN
model only seemingly learn the data, which is implied by
the decrease of training error and the increase of
validation and testing error. In present study, as it can be
seen from Figure 1, mean squared error (MSE)
saturates with the increase of number of epochs for
training and validation data, for all four examined cases
with different number of hidden neurons, excluding in
that way the possibility of overfitting.

Estimation of the resulting neural network models
with scaled values for training, validation and testing set
are shown in Figure 2 for different number of hidden
nodes. It is clear that the ANN model with twelve hidden
nodes has the highest coefficient of correlation (R=0.97)
for testing set, approximately the same value of R for
training and validation set and with statistically small
value of MSE (0.005-0.007), indicating good
performance of the proposed network.
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skrivenom sloju: (a) 1, (b) 3, (c) 8i (d) 12
Figure 1. MSE versus the number of epochs for training, validation and testing data, with different number of hidden
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Slika 2. Poredenje skaliranih procenjenih i izmerenih vrednosti ¢vrstoce pri pritisku betona za podatke iz ciklusa
treniranja, validacije i testiranja, koris¢enjem neuronske mreZe s razli¢itim brojem jedinica u skrivenom sloju: (a) 1, (b) 3,
(c) 8i(d) 12
Figure 2. Comparison of the scaled estimated and measured values of concrete compressive strength showing training,
validation and testing set, for the following number of hidden nodes: (a) one, (b) three, (c) eight and (d) twelve

6 OCENA USPESNOSTI MODELA

Ocena preciznosti predlozenih modela vestackih
neuronskih mreza s razli¢itim brojem jedinica u
skrivenom sloju moZe dalje biti izvedena na osnovu
poredenja njihovih neskaliranih vrednosti (iz ciklusa
testiranja) sa eksperimentalnim rezultatima (slika 3).
Jasno je da se u svim ispitivanim slu¢ajevima vestackim
neuronskim mrezama daje pouzdana procena c&vrstoce
pri pritisku betona. Neophodno je naglasiti da se na slici
3 razliCiti uzorci koriste za testiranje u svakom od
ispitivanih  slu€ajeva s razlicitim brojem skrivenih
jedinica, zbog nasumiéno odabranih poc¢etnih uslova.

6 EVALUATION OF MODEL PERFORMANCE

On the basis of the proposed ANN model with
different number of hidden nodes, their precision of
estimation could be further evaluated by comparing the
unscaled predicted values (testing data) with
experimental results (Figure 3). It is clear that in most of
the examined cases, ANN gives reasonable value of
concrete compressive strength. One should note that
different samples are used for testing in each of the
examined cases with different number of hidden nodes,
due to random initial conditions.
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Slika 3. Poredenje neskaliranih procenjenih i izmerenih vrednosti ¢vrstoce na pritisak uzoraka betona, koriS¢enjem
neuronske mreZe s razlicitim brojem jedinica u skrivenom sloju: (a) 1; (b) 3; (c) 8 i (d) 12. Sivim su oznacene izmerene
vrednosti, a crnim procenjene vrednosti cvrstoce na pritisak betona. Razliciti uzorci koriste se za testiranje u svakom od

ispitivanih slucajeva s razlicitim brojem skrivenih jedinica, zbog nasumi¢no odabranih pocetnih uslova

Figure 3. Comparison of measured and estimated compressive strength of concrete specimens by using ANN models

with different number of hidden neurons: (a) 1, (b) 3; (c) 8 and (d) 12. Grey bars stand for the measured values; black

bars denote estimated values of compressive strength. Different samples are used for testing in each of the examined
cases with different number of hidden nodes, due to random initial conditions

Preciznost razvijenih modela s razli¢itim brojem Performances of the developed models with different
skrivenih jedinica moze se dalje oceniti izraCunavanjem number of hidden nodes could be further evaluated
vrednosti razli€itih standardnih statisti¢kih greSaka, datih using different standard statistical error criteria given in
u Tabeli 8 [40]. Table 8 [40].

Tabela 8. Pregled statistickih greSaka koris¢enih za ocenu uspes$nosti predlozenog modela*
Table 8. Preview of statistical error parameters used for models' evaluation™*

Statisticka greska Jednacina
Statistical parameter Equation
n
Srednja apsolutna greska (MAPE) _ i L—X
Mean Absolute Percentage Error (MAPE) MAPE = n X le t =100
i= i
, 2
Varijansa relativne vrednosti apsolutne greske (VARE) VARE = lx Z Li—X — mean L — X %100
Variance Accounted For (VAF) n =) ¢ ¢
1=, i i
_ Medijana (MEDAE) MEDAE = median(t, - x,)
MEDian Absolute Error (MEDAE)
SraCunata varijansa (VAF) VAF =|1— var (ti — xi) %100
Variance Absolute Relative Error (VARE) Val‘(t.)
1

*t; predstavlja izmerenu vrednost ¢vrstoce pri pritisku, a x; predstavlja procenjenu vrednost ¢vrstoce pri pritisku.
*t; represents measured value of compressive strength, while x; denotes predicted value of compressive
strength.
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IzraCunate statistiCke greSke za veStatke neuronske
mreze s razli¢itim brojem jedinica u skrivenom sloju date
su u Tabeli 9. Jasno je da veStaCka neuronska mreza sa
dvanaest jedinica u skrivenom sloju daje najmanje
vrednosti srednje apsolutne greske (MAPE), varijanse
relativne vrednosti apsolutne greske (VARE) i medijane
(MEDAE), a najvec¢u vrednost sraunate varijanse (VAF)
u odnosu na neuronske mreze s jednom jedinicom, tri
jedinice i osam jednica u skrivenom sloju.

Calculated values of statistical errors for neural
networks with different number of hidden nodes are
given in Table 9. It is clear that ANN model with twelve
hidden nodes has the lowest values of MAPE (Mean
Absolute Percentage Error), VARE (Variance Absolute
Relative Error) and MEDAE (MEDian Absolute Error),
and the highest value of VAF (Variance Accounted For),
in comparison to the ANN models with one, three or
eight hidden nodes.

Tabela 9. Statisticke greSke u proceni ¢vrstoce pri pritisku uzoraka betona koriS¢enjem neuronske mreze s razlicitim
brojem jedinica u skrivenom sloju
Table 9. Statistical errors of the ANN models with different number of hidden nodes for estimation of concrete
compressive strength

Vestacka neuronska mreza Statisticke greSke
ANN model Statistical errors

Broj jedinica u skrivenom sloju MAPE VARE MEDAE VAF

No. of hidden nodes

1 5,47 5,44 1,74 90,77

3 7,31 7,25 1,65 81,81

8 5,74 5,71 1,35 88,21

12 4,61 4,59 1,10 92,80

7 ZAKLJUCAK

U radu je predlozeno nekoliko modela vestackih
neuronskih mreza za procenu Cc&vrstoce pri pritisku
betona, koriS¢enjem rezultata opita na 75 uzoraka s
razli¢itim vodocementnim faktorom i koli€inom super-
plastifikatora. Uzorci betona izlagani su razli¢itom broju
ciklusa zamrzavanja i otkravljivanja, a njihova Cvrstoca
na pritisak odredivana je nakon 7, 20 i 32 dana.
Eksperimentalni rezultati ukazuju na to da sa smanje-
njem vodocementnog faktora, c&vrstoéa pri pritisku
betona raste do vrednosti koja je odredena granulo-
metrijskim sastavom agregata i koli¢inom cementa u
betonskoj smesSi. Dalje smanjenje vodocementnog
faktora dovodi do smanjenja pritisne ¢vrstoce, s obzirom
na to Sto betonska sme$a gubi konsistenciju. S druge
strane, smenjivanje ciklusa zamrzavanja i otkravljivanja
takode smanjuje C&vrstoc¢u pri pritisku, narocito pri
visokim vrednostima vodocementnog faktora. Uzorci
betona sa superplastifikatorom izlozeni zamrzavanju
pokazuju povecéanje Cvrstoce pri pritisku ¢ak nakon 50 i
100 ciklusa zamrzavanja/otkravljivanja.

Na bazi ovako dobijenih eksperimentalnih rezultata,
predloZzeno je nekoliko modela vestackih neuronskih
mreza, s razli¢itim brojem jedinica u skrivenom sloju,
odredenih na osnovu broja ulaznih i izlaznih jedinica. U
svim modelima primenjena je veStacka neuronska mreza
s prostiranjem signala unapred i s propagacijom greske
unazad, kori§¢enjem Levenberg-Markart algoritma obu-
¢avanja. Rezultati izvedenog istrazivanja pokazali su da
neuronska mreza sa 12 jedinica u skrivenom sloju daje
najprecizniju procenu pritisne ¢vrstoce betona, s najma-
njom vredno$¢u statistiCkihn greSaka MAPE, VARE i
MEDAE, i najve¢om vrednoS¢u sraCunate varijanse
(VAF).

7 CONCLUSIONS

In present paper, the ANN model for estimation of
concrete compressive strength is proposed using the
experimental results on 75 specimens with different w/c
ratio and different amount of superplasticizer. The
concrete samples were exposed to different number of
freeze/thaw cycles, while their compressive strength was
determined at different age (7, 20 and 32 days).
Experimental results indicate that by decreasing the w/c
ratio, the compressive strength increases up to some
level, which is determined by the aggregate grading and
amount of cement in the mixture. Further decrease of
w/c ratio also decreases compressive strength because
the concrete mixture is losing workability. On the other
hand, freezing and thawing cycles also decreases the
concrete strength, especially at higher w/c ratios.
Concrete samples with SP exposed to freezing show
increase in strength even after 50, and more clearly after
100 cycles.

On the basis of the obtained experimental results,
several ANN models were developed, using different
number of hidden nodes, which were determined
according to the number of input and output nodes. In all
the examined cases, a three layer feed-forward back-
propagation network with Levenberg-Marquardt learning
algorithm was used. The performed research showed
that the ANN model with twelve hidden nodes provides
the most accurate estimation of concrete compressive
strength, comparable to the experimental results. Further
analysis indicated that neural network with 12 hidden
nodes has the lowest values of MAPE, VARE and
MEDAE, and the highest value of VAF, confirming this
model as the most precise one for estimation of concrete
compressive strength.
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Medutim, uprkos visokoj preciznosti predlozene ves-
taCke neuronske mreze, jedno od glavnih ogranic¢enja
ove analize predstavija relativno jednostavan sastav
ispitivanih betonskih smeSa. Svakako bi vazno bilo da
se, u okviru budué¢ih analiza, u obzir uzmu i uzorci
betona s razli¢itim savremenim aditivima (leteci
pepeo,zeolit, topioni¢arska zgura i dr.), $to bi dovelo do
poboljSanja predlozenog modela neuronske mrezZe i
njegove vecée primenljivosti u svakodnevnoj praksi. Sa
stanoviSta konstrukcije vesStaCke neuronske mreze,
detaljnija analiza pouzdanosti modela s razli€itim
algoritmima ucenja i propagacije greske sigurno bi
doprinela boljem razumevanju moguc¢nosti primene ovih
metoda za procenu ¢vrsto¢e betona pri pritisku.
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REZIME

PROCENA CVRSTOCE BETONA PRI PRITISKU, _
KORISCENJEM VESTACKIH NEURONSKIH MREZA

Srdan KOSTIC
Dejan VASOVIC

U radu se daje procena &vrsto¢e betona pri pritisku,
primenom vestackih neuronskih mreza s prostiranjem
signala unapred i propagacijom greSke unazad. Obuca-
vanje mreze sprovodi se koriS¢enjem Levenberg-Markart
algoritma obu€avanja za Cetiri razliite arhitekture
neuronskih mreza, s jednom jedinicom, tri jedinice, te
osam i dvanaest jedinica u skrivenom sloju, radi odba-
civanja efekta ,,pretreniranja”. Treniranje, validacija i
testiranje neuronskih mreza izvodi se na osnovu rezul-
tata eksperimentalnog ispitivanja ¢vrstocée pri pritisku na
75 uzoraka betona, s razlicitim vodocementnim faktorom
i koli¢inom superplastifikatora tipa melamina. Ispitivani
uzorci betona izlagani su razli¢itim ciklusima zamrzava-
nja/otkravljivanja, a njihova &vrsto¢a pri pritisku odredi-
vana je nakon 7, 20 i 32 dana. Dobijeni rezultati ukazuju
na to da neuronska mreza s dvanaest jedinica u skri-
venom sloju daje ocenu &vrsto¢e zadovoljavajuée tacno-
sti u poredenju sa eksperimentalno dobijenim podacima
(R=0,97, MSE=0,005). Rezultati izvedene analize dodat-
no su potvrdeni sraCunavanjem vrednosti standardnih
statistickih greSaka: najmanjom vredno$cu srednje apso-
lutne greske (MAPE), varijanse relativhe vrednosti apso-
lutne greske (VARE) i medijane (MEDAE), kao i najve-
¢om vrednoSc¢u sraCunate varijanse (VAF) za izabranu
arhitekturu neuronske mreze.

Klju€ne reci: ¢vrsto¢a betona, vodocementni faktor,
superplastifikator, zamrzavanje/otkravljivanje, starost,
vestacka neuronska mreza

SUMMARY

ESTIMATION OF CONCRETE COMPRESSIVE
STRENGTH USING ARTIFICIAL NEURAL NETWORK

Srdan KOSTIC
Dejan VASOVIC

In present paper, concrete compressive strength is
evaluated using back propagation feed-forward artificial
neural network. Training of neural network is performed
using Levenberg-Marquardt learning algorithm for four
architectures of artificial neural networks, one, three,
eight and twelve nodes in a hidden layer in order to
avoid the occurrence of overfitting. Training, validation
and testing of neural network is conducted for 75
concrete samples with distinct w/c ratio and amount of
superplasticizer of melamine type. These specimens
were exposed to different number of freeze/thaw cycles
and their compressive strength was determined after 7,
20 and 32 days. The obtained results indicate that neural
network with one hidden layer and twelve hidden nodes
gives reasonable prediction accuracy in comparison to
experimental results (R=0.965, MSE=0.005). These
results of the performed analysis are further confirmed
by calculating the standard statistical errors: the chosen
architecture of neural network shows the smallest value
of mean absolute percentage error (MAPE=, variance
absolute relative error (VARE) and median absolute
error (MEDAE), and the highest value of variance
accounted for (VAF).

Keywords: concrete strength, w/c ratio,
superplasticizer, freezing/thawing, age, artificial neural
network
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EVALUATION OF STRUCTURAL RELIABILITY USING SIMULATION METHODS

Markel BABALLEKU
Brisid ISUFI

1 INTRODUCTION

Reliability is defined in EN 1990 (Eurocode 0 — Basis
of structural design, [1]) as “the ability of a structure or a
structural member to fulfill the specified requirements,
including the design working life, for which it has been
designed”. Reliability is usually expressed in probabilistic
terms and it covers safety, serviceability and durability of
a structure (see [1]). The following relation between the
“probability of failure” P; and the index of reliability B is
given in EN 1990, Annex C:

P, =®(-p) (1)

where ® is the cumulative distribution function of the
standardized Normal distribution. The probability of
failure can be expressed through a performance function
g (also referred to as “limit state function”, see [5], [6])
such that a structure is considered to survive if g>0 and
to fail if g=0. According to EN 1990, Pr and 8 are only
notional values that do not necessarily represent the
actual failure rates. They are used as operational values
for code calibration purposes and comparison of relia-
bility levels of structures. For structural elements of
Reliability Class RC2 (as defined in EN 1990, Annex B),
for the ultimate limit state, the recommended value of 8
is 3.8.

In general, a limit state function “g” as defined above
can be formulated for a given structure or structural
member, but the probability of this function being smaller
than zero or equal to zero, i.e. the probability of failure, is
not always easy to be assessed. This is mainly due to
the fact that the limit state function in general contains a
large number of variables, with different probability distri-
bution functions. Exact analytical integration, numerical
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integration, approximate analytical methods and
simulation methods are among the most used methods
of solving the probability of structural failure. Analytical
integration and approximate analytical methods such as
First Order Reliability Method (FORM) are limited to
simple models. Numerical integration can handle more
complex models, but however, the application is limited.
Simulation methods have been developed lately along
with the development of computers and practically, they
can lead to solution for very complex models.

Simulation methods are used in this paper for the
reliability analysis of a reinforced concrete bridge pier.
Using computer simulations has an important advantage
among the other methods; it allows a large number of
variables into analysis. The limit state function “g” can
contain several geometric variables (such as length of
elements, dimensions of cross sections, rebar diameters
etc.), resistance variables (concrete strength, steel yield
strength etc.) and action variables (self-weight of
materials, environmental actions and imposed loads).
Assessing the probability of a function “g” with many
independent variables being equal to or smaller than
zero would be almost impossible without simulations.

A Monte Carlo simulation is a mathematical
technique that involves a (usually) large number of
iterations with different random values of inputs, each of
which produces a different outcome. Monte Carlo
simulations make it possible to study very complex
problems and they suit the needs of reliability analysis of
structures. Reliability design concepts and techniques
are explained further in [5], [6] and [7].

2 RELIABILITY ANALYSIS
2.1 Description of the bridge pier
The transversal section of the bridge is shown in

Figure 1. The bridge has several piers in a distance of
20m (span length). For the analysis of the pier, the
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simplified cantilever model shown in Figure 1 was used,
with H=8m and concentrated mass “m”.

The study is focused on the seismic design situation.
The loads acting on the bridge pier are the axial forces
from self-weight and ftraffic (N), bending moment (M)
from eccentricity of traffic loads and the seismic forces.
The pier is considered to be adequately fixed at
basement. Geotechnical aspects are not considered
further in this paper for the reliability analysis of the pier.

The cross section of the bridge pier shown in Figure
1 has nominal dimensions h=3.4m, b=2.2m and R=1.1m.
The ground type according to Eurocode 8 (see [3]) is
considered of Type A.

2.2 Definition of variables

When a structure is designed or when an existing
structure is assessed, it is impossible to have perfect
knowledge for all the factors that influence the results of
calculations. Even for the simplest structures, several
uncertainties exist. As it is shown in Figure 2, for the
bridge pier, it cannot be sure if the cross section has the
required dimensions, if reinforcement bars are placed
perfectly correct, if their diameter is equal to the specified

traffic & pedestrians load

seismic o T AT
force

bridge pier

diameter or if the shape of the bars matches perfectly
with the design. Also, it cannot be sure if concrete
strength and vyield strength of steel will be higher or
lower than those specified. The same uncertainties apply
to permanent actions, seismic and traffic loads and even
the design model of the reinforced concrete section (e.g.
the stress block dimensions).

The pier can be either a new one or an existing one.
In the case of a new pier, the Probability Distribution
Functions (PDFs) of the variables would represent the
probable values. In case of existing bridges, if sufficient
tests are available these PDFs will represent the actual
distributions.

Recommendations from literature have been used in
this paper for the distribution functions of the variables
summarized in Table 1. For resistance and loads, the
distributions have been chosen with mean value and
coefficient of variation such that the characteristic fractile
corresponds to a predefined value (see the comments
column in Table 1). Model uncertainties have been
introduced as multiplicative stochastic variables in the
design equations (e.g. multiplying the other variables),
with mean value equal to 1. In Table 1 (F) denotes
actions, (R) resistances and (a) geometry variables.

N
M
seismic -1
force
e b —
1
R
H
h
! T

Figure 1. Section of the bridge showing the pier under analysis (left), structural model (middle) and cross section of pier

(right)
reinforcement Likin rebar diameter
sirength
iy,
} ‘rebar
conerete ~__ imperfections
imperfcctious)K

concrete strength ]

Figure 2. Some of the possible imperfections and uncertainties in the reinforced concrete pier
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Table 1. Definition of variables considered

Nr. Variable Distribution Mean Co_ef.l of Unit Comment
variation
1 Weight of reinforced Normal 25 10% kN/m® | Based on [9]
concrete (F)
LM1 with 5% probability of
2 Traffic loads (F) exceedance in 50 years,
see [2], [4]
ay=0.25g with 10%
3 Seismic action (F) probability of exceedance
in 50 years, [3]
Concrete compression Characteristic value 30MPa
4 P LogNormal 38 15% MPa (5% fractile), [1], [5], based
strength (R)
on [9]
Reinforcement vield Characteristic value
5 strength (R) y LogNormal 430 5% MPa 400MPa (5% fractile), [1],
g [5], based on [9]
. Multiplicative variable
0 ) )
6 Model uncertainty LogNormal 1 5% based on [9]
7 Concrete modulus of Normal 3.4x107 1% kN/m? | Assumption
elasticity (R)
8 Reinforcement modulus | 2.0x10° 0.6% kN/m? | Assumption
of elasticity (R)
9 Height of the pier (a) Normal 8.0 0.06% m Assumption
10 Span length (a) Normal 17.0 0.06% m Assumption
11 Deck section area (a) Normal 10.22 0.1% m? Assumption
12 Height of pier section (a) Normal 3.4 0.06% m Assumption
13 Pier rebar diameter (a) Normal 30 0.3% mm Assumption
14 Weight of road layers (F) | Normal 28 10% kN/m® Assumption, based on [9]
The seismic hazard for the bridge pier is represented Considering the seismic design situation, the

by a reference ground acceleration agz=0.25g with a
probability of exceedance equal to 10% in 50 years.
Assuming that the maximum ground acceleration is
inaccurately known, a random ground acceleration
(larger than 0.25g) multiplied by a Bernoulli variable with
mean value 0.1 (as shown in Figure 3) is assumed to
represent the “strong” seismic event. For earthquakes
with ground acceleration smaller than 0.25g, the bridge
pier was analyzed separately.

probability of simultaneous occurrence of maximum
values of seismic actions and traffic actions was
assumed to be 1%. Further studies are required for a
more accurate assessment of the probability of
simultaneous occurrence of these two actions.

The stress strain curves for concrete and steel were
also considered stochastic, based on the distribution
functions of concrete strength and steel yield strength.
For a random value of concrete strength and yield
strength of reinforcement, the stress strain curves are
shown in Figure 4.

1.000
L 4

0.000
1.0 +
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
o = o =

1.0 - -

0.6

Figure 3. PDF of the multiplicative Bernoulli variable representing the “strong” seismic event
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Random concrete stress-strain curve

o (compression only) o
(kN/m?) (kN/m?)
700,000
50,000
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40,000 N

/ \ 500,000
30,000 / 400,000
20,000 300,000

/ 200,000
10,000

100,000

&
0 0.001 0.002 0.003 0.004

Random steel stress-strain curve
(compression and tension)

&

0 0.01 0.02 0.03 0.04 0.05 0.06

Figure 4. Stress strain curves of concrete and reinforcement for a random sample

In total 14 independent variables were considered for
analysis. In general, more detailed and accurate
distribution functions can enter the analysis if sufficient
information is available (for example, from tests).

2.3 Description of the procedure

A worksheet in Microsoft Excel was built for the
analysis of the pier. The basic idea is to run the
procedure contained in the worksheet a large number of
times while giving random values to the input variables
and to collect and analyze the results. In other words,
the random process of structural failure or survival has
been modelled through a Monte Carlo simulation. In
order to perform this simulation, specialized software
Palisade @Risk was used. Figure 5 describes the whole
procedure using a schematic algorithm.

After the definition of the input variables, the next
step is “sampling”. For each of the input variables
defined in Table 1, samples are taken using the Monte
Carlo method, then the internal forces and

START )

PDFs for materials,
loads, geometry, number

of iterations
- is any failure event
SAMPLING ; observed?
Count number of
iterations performed

calculation of internal
forces and displacements

calculate resistance =

INPUT: ‘ count 1 failure }—

displacements are calculated through the worksheet and
the results are stored in Microsoft Excel to be further
processed. The procedure is repeated until a predefined
number of iterations are performed.

The number of iterations performed in a simulation is
important. The expected probability of failure is in the
range of 1x10™ or less, because for an index of reliability
[=3.8, the probability of failure will be:

P, = ®(~f5) = ®(~3.8) =0.00007235 @)

In other words, if only 10,000 iterations were
performed in a simulation, 0 or 1 failure event could have
been observed, which means that the possible error is
high. In order to reduce the uncertainty of the estimate of
probability, several simulations were performed, with
number of iterations per simulation ranging from 100,000
to 2,000,000 until a satisfactory convergence was
achieved. The estimated probability of failure at the end
of the simulation is calculated as:

count total failure
events observed

0

OUTPUT:
Probability of failure
and index of reliability

is max. number of
iterations reached?

END

Figure 5. General algorithm for the estimation of index of reliability through Monte Carlo simulation
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number of failures observed

" number of iterations performed

2.4 Limit state function

Rather than formulating a limit state function “g” as
the difference between the resistance and the action
effects, a logical function that takes only values “1” and
“0” was built (see the algorithm of Figure 5). If failure is
observed, the function “g” takes value “1”, otherwise its
value is “0”. So, the distribution function of “g” is a
Bernoulli function with its mean value equal to the
probability of encountering value “1”, i.e. equal to the
probability of failure.

In order to calculate the resisting bending moment
and axial force, the cross section was divided into layers
as described in Penelis and Kappos [8]. For each
iteration, the resisting axial force and the corresponding
moment were calculated from the equilibrium of forces
resulting from strain profile in Figure 6, with the
assumption that plane sections remain plane after
deformation.

In Figure 6, x is the depth of neutral axis and ¢
denotes the strain of concrete (where index “c” is used)

or steel (with index “s”) at any layer i. The following

H

Normal

equilibrium equations shall apply when 20 layers are
considered:

20 20
N = Z GciAci + Z O-siAsi
i=1 i=1

20 20
M = zo-ciAciyci + ZO-SiASini
i=1 i=1

The stresses o are calculated from the stress-strain
diagrams presented in paragraph 2.2 for a given strain €.
Because of the shape of the pier and the reinforcement
layout, the same number of layers was used for both
concrete and steel. The equilibrium in (2.3) is fulfilled for
a neutral axis depth x which is calculated through
iterations (see [8]).

Shear resistance of the pier was excluded in
reliability analysis. Further studies can consider shear
resistance and all the relevant failure modes, including
geotechnical aspects.

Action effects are calculated based on Figure 7.

The seismic force is calculated through the elastic
response spectrum for ground Type A as the product of
mass “m” with the spectral acceleration calculated using
Eurocode 8. The mass is calculated for each iteration of
the simulation, and it takes into consideration the self-
weight of the bridge superstructure and pier and the
traffic loads (if present).

Esk
Eek

M-

N+pier
weight

=M o
Bending
moment

Figure 7. Normal force and bending moment in the bridge pier
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Figure 8. PDF of mass of the deck and pier in tons

Table 2. Estimated probability of failure for different number of iterations performed

Number of iterations in a simulation
Description 100,000 500,000 1,000,000 2,000,000
Probability of failure of the pier 0.0000100 0.0000110 0.0000200 0.0000205
Index of reliability 8 4.26 4.24 4.11 4.10

No partial factor or combination factor was included
in the calculations presented above. The direct
comparison of resistances with action effects described
above leads to the result of g=1 or g=0 in an iteration.
The procedure then follows the algorithm of Figure 5.

3 RELIABILITY ANALYSIS RESULTS

As described in paragraph 2.2, the ground
acceleration during simulation exceeds 0.25g in roughly
10% of iterations. Figure 8 shows the PDF of the
concentrated mass “m” (see Figure 1). The variation of
mass is due to geometrical variables, self-weight
variables and the traffic variables. It is very important
because it has direct influence on the fundamental
period of the structure and the seismic force.

The analysis results are given in Table 2, for 100000,
500 000, 1000 000 and 2000 000 iterations per
simulation. The probability of failure and the
accompanying index of reliability are calculated in the
spreadsheet for each case and reported in the last row
of the table.

Trial simulations with more than 2 million iterations
showed that the probabilities estimated have
insignificant differences. As a conclusion, based on
Table 2, the bridge pier has a reliability level higher than
the target value of “3.8.

4 COMPARISON WITH PARTIAL FACTOR METHOD
OF EUROCODES

The already created spreadsheet was used for the
design of the reinforced concrete pier according to
Partial Factor Method of Eurocodes, considering the
seismic design situation. This time, the design values of
the variables were used in the design equations, taken
from the characteristic value, as defined in the
Eurocodes, multiplied or divided by the relevant partial

factors. The ftraffic loads LM1 were multiplied by the
factor w», 1=0.2 (see [1] to [5]).

In order to make the comparison possible, the design
of the reinforced concrete pier according to Eurocodes
using partial factors was done prior to the reliability
analysis presented in the previous paragraphs. So, the
area of reinforcement that resulted from the design
according to Eurocodes is the same as the area of steel
used for the reliability analysis. A design according to
Eurocodes should lead to a reliability index larger than
3.8 (see [1]). The exact value of the index is “invisible”
while designing using the partial factors.

On the other hand, the reliability analysis described
in this paper leads to an estimation of the index of
reliability. In our case, $=4.1.

5 CONCLUSION

Nowadays, computers offer a great tool for the
structural engineer to solve complicated tasks. This
paper presented in brief the procedure followed for the
assessment of structural reliability of a reinforced
concrete bridge pier. It was shown that simulation
models can be implemented in calculation spreadsheet
in order to solve complicated probability problems
related to structural engineering. Given sufficient data is
available, it is possible to actually design a structure or
to assess its resistance and capacity based on the target
reliability level. For the studied pier, the Eurocode Index
of Reliability estimated through simulations resulted
greater than the target index equal to 3.8. This means
that, with the given input data, a more economical
design could be possible. Especially for important
structures such as bridges, simulation methods can lead
to a realistic assessment of structural risk. The index of
reliability gives a more clear idea regarding the safety of
a structure. Especially for structures being designed with
a target index of reliability different from 3.8 (smaller or
larger), for which there are no explicitly recommended

22

GRABEVINSKI MATERIJALI | KONSTRUKCIJE 58 (2015) 1 (17-23)
BUILDING MATERIALS AND STRUCTURES 58 (2015) 1 (17-23)



partial factors in Eurocode, reliability analysis through
simulations can be useful to compare the level of
reliability with the target level.
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SUMMARY

EVALUATION OF STRUCTURAL RELIABILITY USING
SIMULATION METHODS

Markel BABALLEKU
Brisid ISUFI

Eurocode describes the “index of reliability” as a
measure of structural reliability, related to the “probability
of failure”. This paper is focused on the assessment of
this index for a reinforced concrete bridge pier. It is rare
to explicitly use reliability concepts for design of
structures, but the problems of structural engineering are
better known through them. Some of the main methods
for the estimation of the probability of failure are the
exact analytical integration, numerical integration,
approximate analytical methods and simulation methods.
Monte Carlo Simulation is used in this paper, because it
offers a very good tool for the estimation of probability in
multivariate functions. Complicated probability and
statistics problems are solved through computer aided
simulations of a large number of tests. The procedures
of structural reliability assessment for the bridge pier and
the comparison with the partial factor method of the
Eurocodes have been demonstrated in this paper.

Key words: structural reliability, index of reliability,
probability of failure, Monte Carlo simulation, bridge pier
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REZIME

VREDNOVANJE KONSTRUKIJCKE POUZDANOSTI
KORISCENJEM METODA SIMULACIJE

Markel BABALLEKU
Brisid ISUFI

U Evrokodu 0 opisan je ,indeks pouzdanosti“ kao
mera konstrukcijske pouzdanosti, koja se odnosi na
,verovatnoéu otkaza“. U ¢&lanku naglasak je na procenu
pomenutog indeksa za armiranobetonski stub mosta.
Nije uobiCajeno eksplicitno koriS¢enje  koncepta
pouzdanosti u projektovanju konstrukcija, ali se problem
konstrukcijskog inZzenjerstva bolje se razume preko nje.
Neke od najvaznijih metoda za procenu verovatnoce
otkaza su egzaktna analiticka integracija, numeri¢ka
integracija, aproksimativne analiticke metode i metode
simulacije. U ovom radu je kori8¢ena metoda Monte
Karlo simulacije, jer nudi veoma dobar alat za procenu
verovatno¢e u multivarijante funkcija. Komlikovana
verovatnoca i statistiCki problemi su reSeni pomocu
kompjutera koristec¢i simulacije velikog broja ispitivanja.
Procedure procene konstrukcijske pouzdanosti supca
most i uporedenje sa metodom parcijalnih faktora
Evrokodova su ilustrovane u ovom radu.

Kljuéne reéi: konstrukcijska pouzdanost, indeks
pouzdanosti, verovatnoée otkaza, Monte Karlo
simulacija, stubac mosta
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METODE ODREDIVANJA POTENCIJALA ZA REVITALIZACIJU GRADITELJSKOG
NASLEDA - Pouke grada Berna

METHODS FOR DETERMINATION OF REVITALIZATION POTENTIAL OF BUILT
HERITAGE - Lessons learned on the city of Bern

Goran STANISIC
Nada KURTOVIC FOLIC

1 UVOD

U novoj situaciji, nastaloj poslednjih decenija u
Centralnoj i Jugoistonoj Evropi, kada je re¢ o
graditeliskom nasledu i njegovoj ulozi u buduénosti
grada, korisno je obaviti uporedno prou€avanje raznih
alternativnih pristupa reSavanju problema. Osnovno
pitanje koje se moze postaviti jeste kakve su moguc¢nosti
prenosa iskustva iz sredina s trziSnom ekonomijom i na
koji naCin se mogu primeniti u drustvu koje je u
dugoro¢noj, iscrpljuju¢oj tranziciji, kao Sto je srpsko
drustvo.

Evropski stavovi o politici upotrebe nasleda uglav-
nom su usmereni ka politici revitalizacije istorijskih
centara zbog sledecih razloga:

— U istorijskim gradovima revitalizacija centra je
bitha komponenta urbanog menadZzmenta. To je ,alatka”
za formulisanje politike i implementaciju, te deluje kao
klju€ni faktor za uspeh revitalizacije gradskog centra.

— Mnogi gradovi u Centralnoj i Jugoistoénoj Evropi
nemaju jasnu politiku revitalizacije, odnosno regenera.
cije istorijskih centara. Dramatiéne promene u ovim
delovima Evrope, koje su samo povrsinski stiSane,
zahtevaju novi pristup odnosu prema nasledu i nove
instrumente za upravljanje ovim tipom urbanih promena.

— Postepeno propadanje grada i proces njegove
regeneracije treba interpretirati u Sirem kontekstu urbane
dinamike. Ovi procesi su veoma nejasni i rasplinuti.
Uporedna analiza moze pomoéi da se brze dode do
objasnjenja, koristeci iskustva onih zemalja u kojima su
pojedini problemi uspesno savladani.
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1 INTRODUCTION

In the new circumstances created in the Central and
Southeast Europe in the recent decades, when the built
heritage and its role in the future of the cities are con-
cerned, it is useful to undertake a comparative study of
various alternative approaches to the problem solution.
The fundamental question which can be posed is what is
the potential for transferring the experiences from the
environments with market economies, and in what way
they can be implemented in a society in a long-running,
exhausting transition, such as the Serbian one.

The European position on the policy of heritage
treatment is mostly directed towards the policy of
revitalization of historical centres because:

— In the historical cities, revitalization of the centre is
an important component of urban management. It is a
“tool” for policy formulation and acts implementation as a
key factor for success of city centre revitalization.

— Many cities in Central and Southeast Europe have
unclear revitalization policy, i.e. regeneration policy of
historical centres. Dramatic changes in these parts of
Europe, which only superficially abated, demand a new
approach in the attitude towards the heritage and new
instruments for management of this type of urban
changes.

— Gradual deterioration of the city and the process
of its regeneration should be interpreted in a wider
context of urban dynamics. These processes are very
vague and divergent. A comparative analysis can help to

Goran Stanisic, MSc, dipl.ing.arch. FAB & Partner
Immobilien, Bern, Switzerland, stanisic.family@gmail.com
Nadja Kurtovic Folic, Professor, Faculty of technical
sciences University of Novi Sad, Trg D.Obradovi¢a 6; Novi
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— Pojedina reSenja u domenu primene instrumenata
odredene politike prema nasledu mogu se prihvatiti iz
primera zapadne demokratije, ali uz izuzetno paZljivo
prilagodavanje lokalnom kontekstu. U suprothom,
rezultati mogu biti pogubni.

Upravo zbog opasnosti koja postoji kada je re€ o
prinvatanju iskustva, postavlja se pitanje konteksta.
Instrumenti politike moraju biti kompatibilni s lokalnim
kontekstom koji je odreden stavom okruzenja i kulture, te
politickim i ekonomskim promenama. Procenjuje se da
¢e prilagodavanje politika promenjivom kontekstu biti,
ipak, dug i sloZen proces, uz niz pokuSaja i greSaka.
Razumevanje razlika i sli€nosti u transformaciji gradova
koji su postigli odredene pozitivne rezultate moze
pomo¢i da se definiSu specificne karakteristike
odredenih lokalnih sredina i da se, shodno tome,
modifikuju instrumentacijska resenja.

Iz niza sredstva kojima se zapadna demokratija
koristi u svojoj politici uredenja gradskih jezgara, mogu
se izdvojiti ona koja mogu iskustveno posluziti u nasoj
sredini. Klju€ni faktori za politiku revitalizacije jesu:

— postavljanje odrzivih i realno ostvarivih ciljeva;

— kombinovanje razli€itih klasiénih i inovativnih
instrumenata za formulisanje i implementaciju;

— stvaranje snazne Vvizije (putem projekta) i
utvrdivanje jasnih pravila javno-privatne kooperacije.

Na osnovu stranih iskustava, odmah se moze
zakljuciti da je to umetnost postizanja kompromisa u
okviru kulturno odrzive ekonomske revitalizacije
gradskog jezgra. Upravljanje konfliktnim ciljevima i
pristupima jeste sustina prostorne politike. Ovo opste
zapazanje dobija posebno znafenje kada je re¢ o
planiranju u istorijskim gradovima, gde su osnovni urbani
sukobi izmedu ekonomskog razvoja i kulturnih vrednosti
nesumnijivo najdramaticniji.

Tabela 1. Lista ciljeva politike regeneracije gradskog
istorijskog centra sastavijena na osnovu suprotstavijenih
pristupa [2]

Pristup razmene vrednost
I trziSna vrednost

Pristup upotrebne
vrednosti

- promovisanje promene - odrzavanje stabilnosti,
zastita postojecih

vrednosti

- stimulisanje ekonomskog
razvoja

- zastita postojec¢ih
aktivnosti, fizicke i
drustvene strukture

- podsticanje novih,
ekonomski isplativih
aktivnosti i - shodno
tome - promene
zemljiSne politike

- intenziviranje i
koncentrisanje aktivnosti
i novi razvoj radi
pokrivanja trosSkova
maksimalizacije
zemljiSne rente i
povecanja poreske
osnovice

- ogranicenje intenziteta
koris¢enja i gustine
razvoja; decentraliza-
cija pojedinih servisnih
funkcija iz istorijskih
podrucja, kako bi se
izbeglo pretrpavanje
kapaciteta podrucja;
povecanije finansijske
pomodi i drugih oblika
drustvene potrosnje
koji ohrabruju vlasnike
da Cuvaju istorijske
strukture

reach the explanation sooner, using experience of those
countries where certain issues have been overcome.

— Certain solutions in the domain of implementation
of instruments of a certain policy towards the heritage
can be accepted from the examples of western
democracy, but with extremely careful adaptations to
local contexts. Otherwise, the results can be
devastating.

Exactly because of a certain risk inherent in ac-
cepting the experiences, the issue of context is
emphasized. The policy instruments should be compa-
tible with the local context which is determined by the
attitude of the environment and the culture, and political
and economic changes. It is estimated that the
adaptation of policies to the variable contexts will be a
long and complex process, with a series of trials and
errors. Understanding differences and similarities in
transformation of the cities which achieved certain
positive goals can help in defining specific
characteristics of local environments and accordingly
modify instrumentation solutions.

Out of the number of instruments used by the
western democracies in their policy of arrangement of
city cores, those which can be empirically used in our
practice are singled out. The key factors for revitalization
policy are:

— Setting of sustainable and realistically attainable
goals

— Combining various classical and innovative
instruments for formulation, and

— Creating a powerful vision (through a design) and
establishment of clear rules of public-private cooperation.

From the foreign experience it can be concluded that
it is an art of compromise and negotiations within cultu-
rally sustainable economic revitalization of the city is the

Table 1. List of goals of the policy of regeneration of
historical city centre composed based on the conflicting
approaches [2]

Exchange approach
value/market value

Approach usable
value

Change promotion

Maintaining stability,
protection of existing
values

Stimulation of economic
development

Protection of existing
activities, physical and
social structure

Stimulation of new,
economically more
profitable activities, and
accordingly, changes of
land policy

Intensification and
concentration of activities
and new development for
the purpose of covering
the costs of maximization
of land fee and increase
of taxable value

Limitation of intensity of
usage and density of
development; decen-
tralization of certain
service functions from
the historical areas in
order to avoid
overloading of the area
capacity; increase of
financial aid and other
forms of social spending
which encourage the
owners to preserve
historical structures.
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- povecanje
konkurentnosti istorijskog
jezgra kao investicione
lokacije; privlatenje
novih ,unutrasnjih”
ulaganja putem
pojacanog marketinga
istorijskog jezgra i
upotrebom raznih
logistickih podr§aka

- podrska odnosno
pomo¢ postojecem
lokalnom biznisu i
zastita stanovnika s
malim primanjima;
izbegavanje izmesta-
nja stanovnika; promo-
visanje svesti o
zajednistvu i identitetu,
kao i osnivanje pokreta
~Samopomoci”

modernizacija urbane
strukture i promovisanje
marketin8kih smernica za
nove arhitektonske forme
koje su znacajno slobod-
nije, fleksibilnije i odgo-
varajuce trzistu

zastita i ouvanje
starih struktura i stilova
kroz strogu kontrolu
prostornih promena i
estetskih standarda

stvaranje novih i snaznih
vizija o istorijskom jezgru
grada, kao simbolu
ekonomske i politicke
modi koris¢enjem novog
jezika urbanih formi i
stvaranjem nove skale
vrednosti

- Cuvanje prostorne slike
istorijskog jezgra kao
simbola duhovnih i
kulturnih vrednosti;
¢uvanje postojecih
urbanih odnosa i
semiotike gradske
slike

Increase of competiti-
veness of historical core
as an investment location;
attraction of new “internal”
investment using
intensified marketing of
the historical core and
using diverse logistical
support.

Support, i.e. aid to the
existing local business
and protection of popu-
lation with low income;
avoiding population
displacement;
promotion of community
awareness and identity
and founding of the
“self-support” movement

Modernization of the
urbane structure and
promotion of marketing
guidelines for new archi-
tectonic forms which are
considerably freer, more
flexible and more appro-
priate for the market.

Protection and
preservation of old
structures and styles
through the strict control
of spatial changes and
aesthetic standards.

Creation of new and
powerful visions on the
historical core of the city,
as a symbol of economic
and political power, using
new language of urban
forms, and creating a new
scale of values

Preservation of the
spatial image of a
historical core as a
symbol of spiritual and
cultural values; preser-
vation of existing urban
relationships and semi-
otics of urban image

Nakon uolavanja razlika, moZe se postaviti pitanje
da li se ekonomski razvoj i kulturne vrednosti uzajamno
isklju€uju. Niz veoma uspesno reSenih primera
revitalizacije istorijskih gradskih jezgara u Evropi, pa i u
Americi, pokazuje da se ovi konflikti mogu ublaziti, pa
Cak i potrti. Urbana politika je umetnost kompromisa.
Zato se regeneracija gradskog jezgra definiSe kao niz
programa i planiranih akcija, osmisljenih tako da ucine
odrzivim i unaprede postoje¢e urbano tkivo, ali i da
uvedu nove aktivnosti koje mogu da unaprede
ekonomsku bazu grada.

U medunarodnom iskustvu ovaj pristup naziva se
kulturno odrZiva ekonomska revitalizacija istorijskog
gradskog jezgra [14]. U izvesnom smislu, ovaj termin
nastao je pod uticajem ideje o odrzivom razvoju, ali
pored toga, sadrzi u sebi i prihvata jo$ neke pristupe kao
8to su: istorijska zastita, integrativna konzervacija; ,meka
ili oprezna obnova”; koncept ,zdravog grada”; stavovi
pokreta ,stvaranje zivotnog grada”, i druge. Osnovna
ideja jeste da se pozitivno posreduje u konfliktu izmedu
ekonomskih interesa, zastite nasleda i unapredivanja
okruzenja. Kao primer veoma povoljno primenjene
kulturno odrzive ekonomske revitalizacije istorijskog
gradskog jezgra, izdvaja se primer grada Berna u
Svajcarskoj, koji ¢ée u ovom radu biti analiti¢ki obraden, s
namerom da se izvuku odredene pouke pogodne za
reSavanje brojnih problema u gradovima Srbije.

essence of spatial policy. This general observation gains
a special meaning when planning in historical cities is
concerned, where the fundamental urban conflicts
between the economic development and cultural values
are undoubtedly most dramatic.

After observing differences, one may pose a
question whether economic development and cultural
values are mutually exclusive? A number of successfully
solved examples of revitalization historical city cores in
Europe and America indicate that these conflicts can be
attenuated, and even annulled. Urban policy is the art of
compromise. For that reason regeneration of city core is
defined as number of programmes and planned actions
conceived so as to make the existing city fabric sus-
tainable and improve it, but also to introduce new activi-
ties which can improve the economic basis of the city.

In the international practice, this approach is called
“culturally sustainable economic revitalization of the city
core "[14]. In a sense, this term was created under the
influence of the idea of sustainable development, but
contains and endorses some other approaches such as:
historical protection, integrative conservation; “soft or
careful renovation”; "healthy city" concept; positions of
the movement "creation of a vital city”, and others. The
basic idea is to be positive intermediary in the conflict
between the economic interests, protection of heritage
and improvement of the environment. The example of
the city of Bern, Switzerland, stands out as an example
of a very favourably implemented “culturally sustainable
economic revitalization of the city core", and it will be
analytically treated in this paper, with the intention to
draw certain lessons suitable for solving problems which
piled up in the cities of Serbia.
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2 PRISTUP PROCESU REVITALIZACIJE

Zasticene zgrade su osnovni oblik naseg kulturnog
pejzaza. Oni su vodilja u razvoju jednog mesta u kome
se nalaze u smislu ,korporativne arhitekture”, odnosno
kako pojedinacnog, tako i zajedni¢kog interesa. Korist od
.Korporativnhe arhitekture” samih objekata ima, pre
svega, kompanija koja je taj objekat obnovila, odnosno
koja ga je obnovljenog stavila u funkciju. Bududi
korisnici, medutim, trebalo bi da budu svesni vrednosti
istorijskog i ekonomskog karaktera takvih zasti¢enih
objekata.

U isto vreme, postoje mnogi istorijski zasti¢eni objekti
kojima preti propadanje i ruSenje usled nekoriSéenja.
Ozivljavanjem takvih objekata moze biti spasen ne samo
izuzetan objekat, veC se moze oziveti i cela gradska
sredina u kojoj se taj objekat, odnosno ti objekti nalaze.
No, to zahteva primenu novih ideja i metoda za procenu
upotrebljivosti objekata kada je re¢ o potencijalnim
korisnicima.

Karakteristika strukturd praznih spomenika kulture
jeste da su smesteni u postojec¢im ,luksuzima praznine”.
Pravi primeri za buduce koriS¢enje ovih zasti¢enih
objekata jesu oni objekti koji su revitalizovani i na kojima
su sve potrebne mere kompenzacije izvedene. Mere
kompenzacije su procenjene prema podobnosti
zasticenog spomenika kulture koji se revitalizuje.

Ovaj rad zasnovan je na polazi$tu da su u zastiéenim
spomenicima kulture utemeljene i imanentne poruke
jedne epohe. Istovremeno, analizirajuci istorijske objekte
i zgrade u vezi sa ovim procesom, mogu se identifikovati
potencijali njihovih potreba i njihovog oCuvanja.

Nakon analize ovog procesa, koji se odnosi na
potrebu oCuvanja istorijskih objekata i zgrada, sledeci
postupak jeste usmereni pristup zasticenim objektima.

Istrazivacki proces koristi odgovaraju¢e analize i
kreativne metode za postizanje odrzivog razvoja,
odnosno odrzive Kkoristi, Sto ima za posledicu
regeneraciju zasticenih objekata.

Zato je osnovni cilj ove metode da se otkriju
potencijali revitalizacije da bi se povecala konkurentnost
objekta u urbanom tkivu.

Pristup revitalizaciji zasticenih spomenika kulture, u
svrhu buduceg koriS¢enja, moze se podeliti u Cetiri
modula.

Modul 1 Ukljuéenje zgrade u savremeni Zivot na
osnovu koriS¢éenja istorijskih procesa i njenih samih
karakteristicnih parametara. Nove ideje se generiSu i
koriste u slede¢em modulu.

Modul 2 Utvrdivanje koristi od istrazivackih kreativnih
radionica, koje ocenjuju bududi korisnici.

Modul 3 Uporedivanje zahteva za budu¢i zivot, u
pogledu upotrebe i funkcije postojece zgrade. Kao
rezultat toga, proizlaze mere kompenzacije kojima se
raspolaze.

Modul 4 Ispitivanje podobnosti oCuvanja objekta iz
perspektive korisnika. UspeSnost opisane metodologije
proverena je na primerima analiziranim u gradu Bernu.
Na osnhovu analiziranog procesa primene metode,
zaklju€eno je da se ona moze, uz prilagodavanje naSem
zakonodavstvu, primenjivati u nasoj sredini.

2 APPROACH TO REVITALIZATION PROCESS

Listed buildings are the basic form of our cultural
landscape. They are guiding principles in development
of a place where they are situated in a capacity of
“corporative architecture”, i.e. as both individual and
common interest. The “corporative architecture” of the
buildings themselves is useful primarily for companies
which renovated the building or put it working order after
renovation. The future users should, however be aware
of the historic and economic value of such protected
buildings.

Simultaneously, there are a large number of histori-
cally protected buildings which are in danger of dilapi-
dation and collapse due to the disuse. Revitalization of
such structures, may not only salvage a remarkable
building, but can revitalize the entire city neighbourhood
where such building or buildings are situated. This calls
for application of new ideas and methods for evaluation
of usability of structures for the potential users.

The characteristic of the structures of abandoned
(empty) cultural monuments is that they are situated in
the existing “luxury voids”. True examples for the future
usage of protected buildings are those buildings which
were revitalized on which all the compensation methods
were performed. The compensation methods are
assessed according to the suitability of the protected
cultural monument being revitalized.

This paper is based on the viewpoint that the listed
cultural monuments embody immanent messages of an
epoch. By analysing historical buildings related to this
process, the potential of their needs and their
preservation can be identified.

After analysing this process, which refers to the need
for preservation of historical buildings and structures, the
following procedure is the process of directed approach
to the protected structures.

The research process utilises adequate analyses
and creative methods for achieving sustainable develop-
ment, i.e., sustainable usefulness, which results in
regeneration of the protected buildings.

For that reason the basic goal of this method is to
discover the potential for revitalization in order to
increase competitiveness of the structures in the urban
fabric.

The approach to the revitalization process of
protected cultural monuments for the purpose of the
future use can be divide into four modules.

Module 1 Inclusion of the building into contemporary
life, based on the utilisation of historical processes and
characteristic parameters. New ideas are generated and
used in the next module.

Module 2 Determination of usefulness of research
creative workshops, as assessed by the future users.

Module 3 Comparison of the demands for the future
life, which are related to the use and function of the
existing building. The result is the compensation
measures available.

Module 4 Testing the structure of preservation
suitability from the users’ perspective.

The capability of the described methodology was
verified on the examples analysed in the city of Bern.
Based on the analysed process of method application, it
is concluded that it can be implemented in our practice
after being adapted to our legislation.
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2.1 Teoretski okvir definisanja metode revitalizacije

Teoretski okvir predstavlja istrazivanje nastanka i
razvoja predlozene metodologije i proveravanje
potencijala unapredenih nacina koriStenja nekretnina.
Analiza koristenja istorijskih objekata formulisana je kao
odnos ,istorijskog koriS¢enja” i izgradene strukture.
Osamdesetih godina proslog veka doslo je do
oonovnog otkrica” starih kuca u starim delovima
gradova, kao izvor materijanih kulturnih resursa, koje je
bilo prekinuto. Sada se u strategijama postavijaju principi
kao $to su ,,0¢uvanje materijalnog” i ,opreznost u zastiti*
koji su u osnovi bitni za dalju analizu. Daljom analizom
ova dva principa pomenutim strategijjama najverovatnije
daju svoju sledecu dimenziju — ,dimenziju trajnosti”’.[2]

Mogu se postaviti pitanja na koje gradevine bi se
ovaj princip mogao odnositi, te koji su to prostori koji su
napusteni i prazni i kako bi se mogao organizovati i
aktivirati zivot u njima. Na ta pitanja odgovori se mogu
dobiti  poznavanjem fizicke strukture, odnosno
primenjenih materijala, kao i angaZovanjem eksperata
koji imaju transdisciplinarno znanje u oblasti
revitalizacije. Pored struénog, tehni¢kog znanja, to
obuhvata i saznanje o jasnoj predstavi celokupnog
socijalnog zivotnog ciklusa gradevine. Ogcigledno je da
postoji potreba da se osmisle nove ideje kojima bi se
istorijski proces koriS§¢enja zgrade nastavio primenom
elemenata realne =zastite koja mozZze da regeneriSe
strukturu zgrade. Da bi se to ostvarilo, potrebno je prvo
preispitati dosada$nji pristup problemu revitalizacije
objekata u kojima viSse nema aktivne funkcije.
Inventarisanjem objekata i prilagodavanjem metoda rada
moze se generisati nova upotreba, a taj proces je bolje
prilagoden fizickoj strukturi objekata nego u
konvencionalnim metodama odlucivanja prilikom izbora
budu¢e namene objekta. Potencijalnim korisnicima, koji
se uvode u proces, nudi se da sami procene da li
karakteristike gradevine zadovoljavau njihove
individualne funkcionalne zahteve, za Sta je potrebna
dodatna akcija. Ta akcija zasniva se na razvijanju
metode kojom se analizira i vrednuje ekonomska
isplativost istovremene zastite i korisnosti objekta.

Postojeci objekti gradeni su u uslovima i na osnovu
principa koji su postojali u vreme njihove gradnje. Posto
se zahtevi korisnika stalno menjaju, onda se i namena
zgrada veoma Cesto prilagodavala tim zahtevima, o
¢emu svedocCe brojni primeri kroz istoriju. Zato je veoma
vazno da se koncept i svojstva postojeée gradevine
mogu optimalno prilagoditi zahtevima buduéeg korisnika,
bez bitnijih izmena fizicke strukture. Uvodenjem
strategije upravljanja objektom u veoma ranoj fazi rada
na revitalizaciji, moguce je objekat prilagoditi uslovima
buduc¢ih korisnika, poStujuéi ogranienja koja se
postavljaju kada je re€¢ o zastiCenim gradevinama.
Izrazito ograni€avajuci faktor jeste zastita vlasnistva nad
istorijskim objektima, koju treba poStovati, istovremeno
prilagodavaju¢i  gradevinu novim potrebama. U
Svajcarskoj se primenjuje tradicionalni stav da je ,vazno
oCuvanje slikovitog izgleda”, kao i to da ,u procesu
planiranja buduée upotrebe objekta i njegove
prenamene treba i dalje nastaviti sa vidljivim originalnim
osobenostima objekta”. [3]

PredloZzena metodologija proverena je na podrucju
Starog dela grada Berna, glavnog grada Svajcarske, koji
je 1983. godine zastitio UNESCO, te se nalazi na Listi

2.1 Theoretical framework for defining the
revitalization method

The theoretical framework is the research of the
emergence and development of the proposed
methodology and checking of potential of the improved
ways of usage of real property. The analysis of the
process of usage of historical buildings is defined as a
relationship of “historical use” and constructed structure.
.In the eighties of the previous century there was a
“rediscovery” of old houses in the old parts of cities, as a
source of material cultural resources, which was already
forgotten. Now the strategies have the principles such as
“preservation of the fabric” and “cautious protection” set,
which are fundamentally important for the further
analysis. Further analysis of these two principles
provides a new dimension, i.e. the dimension of
sustainability. 2]

A question might be posed, to which buildings this
principle could apply, and what spaces which are
deserted and empty could be organized and life in them
activated. This question can be answered by knowing
physical structure, that is, applied materials, and by
engaging experts who have trans-disciplinary knowledge
in the area of revitalization. Apart from the technical
expertise, this includes a clear concept of the entire
social life cycle of buildings. It is obvious that there is a
need to invent new ideas which would ensure
continuation of the historical process of building usage
by means of implementation of the real protection
elements which can regenerate the building structure. In
order to realize that it is first necessary to question the
current approach to the issue of revitalization of
structures which function inactively. New use can be
generated through entering the structures into an
inventory and adaptation of the operating method. This
process is better suited to the physical structure of the
buildings, than in the conventional decision-making
methods in selection of the future use of the buildings.
The potential users which are introduced into the
process are offered to assess whether the
characteristics of the building meet their individual
functional requirements, and that it requires additional
action. This action is based on the development of the
method analyzing and evaluating economic profitability
of simultaneous protection and usefulness of the
building.

The existing buildings are constructed in the
conditions and on the basis of the principles which
existed in time when they were built. Since the
requirements of the users constantly change, the use of
the buildings was often adapted to those requirements,
which is attested by numerous historical examples. That
is why it is very important that the concept and
properties of the existing building can be optimally
adapted to the conditions of future users, without
considerable changes of its physical structure. By
introducing the strategy of building management in the
early phase of revitalization work, it is possible to adapt
the building to the conditions of future users, observing
the limitations set when the protected buildings are
concerned. An extremely limiting factor is protection of
ownership over the historical buildings, which should be
observed, simultaneously adapting the building to the
new requirements. In Switzerland, a traditional attitude is
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svetske bastine.[20] S obzirom na to Sto su pojedinacna
reSenja dala veoma pozitivne rezultate, smatra se
korisnim da se naSa sredina upozna sa specificnom
metodologijom revitalizacije koja je omogucila te
rezultate. Da bi se $to bolje definisala metodologija rada
tokom revitalizacije gradevina, prvo su postavljena
pitanja koja se mogu formulisati na sledeéi nacin:

1. Da li se nove ideje generiSu kontinualno, pocevsi
od istrazivanja istorijskog procesa nastanka i razvoja
objekata, pa do koris¢enja postojecih objekata?

2. Kako bi investitor mogao da pronade buducu
funkciju objekata zasticenih kao spomenici kulture, a
koja bi bila pogodna za buduce korisnike i vlasnike?

3. Koje su osnovne karakteristike (svojstva)
zasticenog spomenika kulture i koja ograni¢enja iz toga
proizlaze za njegovo buduée koristenje?

4. Kako bi donoSenje odluka o odrzivoj zastiti moglo
postati pristupacnije za revitalizaciju i koriStenje
zasticenih objekata?

5. Kojim se fizickim merama mogu nadoknaditi ili
popraviti razni nedostaci?

6. Koje zahteve moraju da uvaze nadlezne sluzbe
koje se bave =zasStitom u gradu Bernu da bi se
investitorima nadoknadila odredena ograni¢enja koja
treba da poStuju?

2.2 Metode proucavanja postojeceg stanja nasleda

Istrazivanjem  metodom  terenskog  snimanja
postojeéeg stanja beleze se sacuvani objekti, koji su
uvrsteni u vredne primere arhitektonskog stvaralastva, u
ovom slu€aju u gradu Bernu. Prilikom snimanja stanja,
po pravilu, konstatuje se da su mnogi objekti promenili
svoj izvorni izgled i da je potrebno istraZivanje originalnih
dokumenata da bi se utvrdili autenti€na struktura i
autenti¢ni oblik.

Istorijskom metodom se pronalazi i proucava
dostupna arhivska grada, autenti¢ne fotografije i drugi
pisani materijal. U istorijskoj metodi, koriste se primarni
izvori, odnosno originalna istorijska dokumenta, kao i
sekundarni, nastali posredno.

Metodom teorijske analize prou€avaju se pisani
izvori koji se odnose na nastanak i razvoj svih
arhitektonskih oblika u blizem okruzenju. Ova metoda
sluzi da se stekne Sire znanje o gradevini i njenom
statusu u Sirem kontekstu gradskog tkiva Berna.

Intervju sa delom relevantnih subjekata kao metod
istrazivanja ima ograni¢enu verodostojnost, ali se ipak
radi, jer se smatra da je dobro uporediti dobijene
podatke s nekim od pisanih izvora.

Druga faza istrazivanja je ona u kojoj se, na osnovu
navedenih ulaznih podataka, definiSe reSenje za
revitalizaciju pojedina¢nih gradevina, odnosno utvrdili
procesni modeli, u zavisnosti od formulisanih kriterijuma
i parametara.

implemented: “It is important to preserve the picturesque
appearance”, as well as that “in the process of planning
of the future use of the building and its conversion, the
visible original properties of the structure should be
perpetuated®. [3]

Verification of the proposed methodology was
performed in the area of the Old city of Bern, the capital
of Switzerland, which is inscribed in the World Heritage
List since 1983. Since the individual solutions yielded
very positive results, it is considered useful to introduce
our public to the specific methodology of revitalization
process which produced those results. In order to define
the methodology of work during building revitalization,
questions were asked which can be formulated in the
following way:

1. Are new ideas generated continually, starting from
the research of the historical process of emergence and
development of buildings, to the utilization of the existing
buildings?

2. How could an investor find a future function of the
buildings listed as the cultural monuments, and which
would be suitable for the future users and owners?

3. What are the basic characteristics (properties) of
the listed cultural monuments and what are the resulting
limitations to its future utilization?

4. How could the decision making process on the
sustainable protection become more accessible to
revitalization and utilization of listed buildings?

5. What physical measures can compensate for or
mend various deficiencies?

6. What demands should be recognized by the
competent protection services in the city of Bern in order
to recompense certain limitations that the investors are
obliged to observe?

2.2 Methods of the study of the existing heritage
status

The research employing field appraisal of the current
status enables recording of the preserved buildings
which are listed as valuable examples of architecture
practice, in this case in the city of Bern. On the occasion
of the status appraisal, as a rule, it is found that many
structures changed their original appearance, and that it
is necessary to investigate the original documents to
determine their authentic structure and form.

The historical method finds and studies available
archive documents, authentic photographs and other
written material. When using historical method, the
primary sources are used, i.e. original historical
documents, as well as the secondary ones, created
indirectly.

The theoretical analysis method studies the written
records, related to the emergence and development of
all architecture forms in the immediate environment. This
method is used to acquire broader knowledge of a
building and its status in the wider context of the city
fabric of the city of Bern.

Interviews with the part of relevant subjects as a
research method has a limited reliability, but is still
performed, since it is considered that it is desirable to
compare the obtained data with some written sources.

In the second stage, based on the input data, a solution
for revitalization of individual buildings is defined, i.e.
process models are determined, depending on the
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Komparativha analiza i sinteza sluze za izvodenje
konacnih rezultata. Kriterijumi izbora svode broj objekata
na najvrednije i najreprezentativnije predstavnike Fonda
kulturne bastine, za koje se definiSu reSenja i izvode
preporuke za primenjivost i standardizaciju tih reSenja u
Srbiji. Sama metodologija predstavlja prakti¢no sredstvo
za ,analizu kori8¢enja” u slu€aju upotrebe praznih
istorijskih zgrada u kreativnhom smislu.

Nacin sprovodenja analize potencijala postojecih
objekata jeste takav da se dobijaju rezultati koji su
optimalni za primenu neophodnih kompenzacionih mera.
Ove mere treba da budu kontrolisane tako Sto se
utvrduje korist koju one donose buduéim korisnicima, te
se na osnovu njih daju predlozi za preventivnu zastitu.
Primenom ove analize kori§¢enja, buduci korisnici i
investitori dobijaju moguénost da provere rezultate
podobnosti i dobijaju instrument pogodan za dovodenje
navedenih nekretnina na Zeljeni, upotrebni nivo.

2.3 Definisanje primenjenih principa, terminologije i
metoda rada

Na temu revitalizacije, kada su u pitanju prazni
istorijski objekti, u literaturi se mogu pronaci uglavnom
osnovne informacije. Prakticno dejstvo revitalizacije
iskazuje se u delu izrade projekta. Koncept je
prvenstveno namenjen za revitalizaciju unutrasnjih
delova onih delova zgrade koji su prazni odnosno
napusteni. Zadovoljavanje uslova korisnika i investitora
zasticenih spomenika kulture samo je pocetna tacka u
postavljanju ciljeva. Kori§¢enje i odrzivost objekata je
pitanje o kojem se u oblasti zastite i ocuvanja
graditeljskog nasleda nije puno diskutovalo.[9]

Vecina savremenih zakona o zastiti nasleda sadrzi
zahteve za ,odrzivu zastitu” i upotrebu, ali sam postupak
nije precizno definisan. Moderna interpretacija zastite
istorijskih objekata, za koju se u ovom radu zalaze,
zasnovana je na otvorenosti upotrebe spomenika
kulture. Proces orijentisanog pristupa, koji se temelji na
polazistima ovog rada, nalazi svoje osnove u ponovnom
upravljanju objektom (Facility Management). Kreativne
metode su na veoma jasan nacin opisane u brojnoj
literaturi. Postoji, medutim, neslaganje u odredivanju i
postizanju ciljeva svake metode pojedinaéno.

Sistematizacija zahteva, odnosno tipa novih potreba,
koje se razlikuju od izvornih, ne postoji. Bilo bi veoma
efikasno kada bi se na osnovu zelja potencijalnih
korisnika mogli odmah praviti i odgovaraju¢i projekti.
Jedinstvenu klasifikaciju, medutim, komplikuju specifi¢ni
zahtevi buducih korisnika, kao i njihova neodlu¢nost i
potreba da se stalno unose promene u zahteve. Izuzetak
su jedino sluéajevi kada su u pitanju Svajcarske drzavne
norme (SIA).[17]

Test i metode za ispitivanje koriS¢enja dobrih i
sigurnih spomenika kulture mogu se primeniti na taj
nacin. Za opis kompenzacionih mera nudi se struktura
izrazena prema Normi SIA 480, ,troSkovi u
gradevinarstvu”. [18]

Predmet istraZzivanja su zaS$ticene slobodne,
odnosno nenaseljene zgrade koje su spomenici kulture.
Fokusiranje na zasticene objekte ucinjeno je iz dva

formulated criteria and parameters.

Comparative analysis and synthesis are used for
production of the final results. The Selection criteria
bring down the number of buildings to the most valuable
and most representative examples of the Cultural
Heritage Fund, for which the solutions are defined and
recommendations are made for feasibility and
standardization of such solutions in Serbia. The
methodology itself represents a practical instrument for
“utilization analysis” in case when abandoned historical
buildings are used in a creative manner.

The method of conducting the analysis of potential of
existing structures is such that the results optimal for
implementation of necessary compensation measures
are obtained. These measures should be controlled by
determining the benefit for their future users and on
whose basis the proposals for preventive protection are
given. By implementing this utilization analysis, the
future users and investors obtain the possibility to check
the suitability results and obtain an instrument
convenient for bringing the mentioned real property to a
desirable, usability level.

2.3 Definition of applied principles, terminology
and working method

Regarding revitalization, when it comes to the
abandoned historical buildings only basic information
can be found in references. Practical effects of revita-
lization are manifest in the design production phase. The
concept is primarily intended for revitalization of internal
parts of those parts of the building which are empty, i.e.
abandoned. Meeting the conditions of users and
investors of the listed cultural monuments is only an
initial point in goal setting. Utilization and sustainability of
structures is an issue which has never been extensively
discussed in the field of protection and preservation of
built heritage. [9]

Majority of contemporary regulations on the heritage
protection contains the demands for “sustainable
protection” and usage, but the procedure itself is not
precisely defined. Contemporary interpretation of
historical building protection, which is advocated in this
paper, is based on the openness of the cultural
monument to usage. The process of oriented approach
of this paper is based on the reintroduced Facility
Management. The creative methods are in a very clear
way described in the literature. There is, however,
disagreement in setting and achievement of the goals of
each individual method.

Systematization of requirements, i.e. type of new
demands which differ from the original ones, does not
exist. It would be very efficient if adequate designs were
immediately created based on the wishes of potential
users. A uniform classification, however, is complicated
by the specific requirements of the future users, as well
as their indecisiveness and need to continually alter the
requirements. The exceptions are only those cases
when Swiss state standards are concerned, (SIA). [17]

The test and testing methods for good and safe
cultural monuments can be implemented in this way. For
description of compensation measures, the structure
expressed according to Norm SIA 480 is offered, ,Costs
in civil engineering”. [18]

The subject of the research are listed vacant, that is,
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razloga:

1. Prvi razlog je to Sto postoje znac¢ajna ograni€enja
kada je u pitanju adaptacija zgrada, odredena modernim
zahtevima Kkorisnika. Svaka mera koja se preduzima
mora biti koordinirana sa stavovima drzavne sluzbe
zastite. Za nenaseljene zgrade koje nisu spomenici
kulture, znatno brze se donose odluke da se sruse, iako
se i one mogu prilagoditi savremenim zahtevima.

2. Drugi razlog jeste to Sto spomenici kulture
poseduju odredena svojstva koja ograni¢avaju potpunu
slobodu odabira nove upotrebe objekta. Izvorna
upotreba objekata i prenamena kroz istoriju mogu se
pronaéi u arhivama pod nazivom ,Inventar’ Agencije za
zadtitu spomenika Svajcarske i veoma su dobro
dokumentovani.

Falk definiSe termin ,revitalizirati” na sledeéi nacin:
,Pod revitalizacijom i rekonstrukcijom se podrazumeva
prilagodavanje opreme i kvaliteta vlasniStva promenjivim
trziSnim uslovima, dok u isto vreme =zadrzavaju
postojeéu  upotrebu.”[7]  RazgraniCenje  koncepta
adaptacije, uz zadrzavanje postoje¢e upotrebe objekta,
takode je definisano i obradeno u ovom radu.

,Revitalizacija”, direktno prevedena, znaci da nesto
treba da ,0Zivi", bez obzira na to $to ée objekat mozda
dobiti novu namenu. U tom smislu, konverzija je subjekt
revitalizacije. [13]

Istrazivanje i formiranje reSenja obavljaju se u
nekoliko koraka:

1) Analiticko-opisni deo

U analizi se polazi od &injenice da istorijske zgrade
imaju  specificne karakteristike, prema kojima se
prvobitna upotreba i druge prethodne upotrebe objekta
mogu jasno definisati. Sigurnost identifikacije originalne
namene veca je kada je re€ o velikim objektima. Drugo
ispitivanje se odnosi na utvrdivanje toga da li je i koliko
je moguce odrediti obuhvat odrZive zasStite za ove
slu¢ajeve. Problem mnogih slobodnih, praznih, istorijskih
spomenika jeste pronalazenje odgovaraju¢e namene,
zbog ograni€enja koja su nametnuta pravnom zastitom,
odnosno strozim uslovima promena fizicke strukture.
Zbog toga je razvien metod, na osnovama istorijske
upotrebe objekata, i generiSu se potencijalne
mogucnosti savremene upotrebe.

Drugom analizom treba utvrditi odgovarajuéi metod
kojim se odreduje kvalitet vlasniSstva u odnosu na
koriStenje, odnosno stanje i sigurnost tog kvaliteta.
Ovom analizom ispituje se i tenzija koja postoji izmedu
istorijskog razvoja same nekretnine, uprave nadlezne za
objekat i konzervacije.

Na osnovu nalaza ovih analiza, formira se reSenje,
takode podeljeno na dve faze:

e Faza 1: Formiranje metoda za identifikaciju
korisnika;

e Faza 2: Formiranje metodologije za procenu
uticanja zahteva korisnika na svojstva postojecéih
objekata.

Za formiranje metoda za identifikaciju buduceg
korisnika (Faza 1) ispituju se odgovaraju¢e mere. Bitno
je da se cilj moze prilagoditi moguénostima pronalaZzenja
buduéeg korisnika zgrade. Tokom formiranja metode,

uninhabited buildings which are cultural monuments.
There were two reasons for focusing on the listed
buildings:

1. The first reason is that there are considerable
limitations related to building adaptation, determined by
the contemporary demands of the users. Each measure
taken must be coordinated with the principles of national
protection service. In the case of the abandoned buil-
dings which are not cultural monuments, the decisions to
demolish them are more quickly made, even though they
can be adapted to contemporary demands as well.

2. The second reason is that the cultural monuments
possess certain properties which limit the freedom in
selection of a new use of the building. The original
function of the buildings and conversion through history
can be found in the archives under ,Inventory“ of the
Agency for monument protection of Switzerland, and
they are very well documented.

Falk defines the term ,revitalize” in the following
manner: ,Under revitalization and reconstruction is
comprised: adaptation of equipment and quality of
ownership to the changeable market conditions, while
simultaneously retaining the existing use.”[7] The
disambiguation of the adaptation concept, while retaining
the existing use of the building, is also defined and
treated in this paper.

,Revitalization”, in direct translation means that
something should “come to existence” regardless of the
fact that the structure might obtain a new use. In that
sense, conversion is the subject of revitalization. [13]
Research and solution generation is performed in
several steps:

1) Analytical-descriptive part

The analysis starts from the fact that historical
buildings have specific characteristics, which allow to
clearly define the original and other preceding uses of
the building. Positive identification of the original use is
higher when the large structures are in question. The
second research refers to determination whether and to
what extent it is possible to determine the scope of
sustainable protection of these cases. The problem of
many free, abandoned historical monuments is finding
the adequate use, because of the limitations imposed by
the legal protection, that is, because of more strict
conditions for change of the physical form. Therefore, on
the basis of the buildings historical use a method is
developed, and a potential for contemporary use is
generated.

The second analysis should determine the adequate
method for specifying the quality of ownership in respect
to the use, that is, condition and safety of the quality.
This analysis investigates the tension between the
historical development of the real property, authority
competent for the structure and conservation.

Based on the findings of these analyses, a solution is
formed, which is also divided into two phases:

e Phase 1: Formation of the method for users
identification;

e Phase 2: Formation of the methodology for users
influence assessment on the characteristics of the
existing buildings.

Appropriate measures are tested due to establish the
method for future users identification (Phase 1). It is
important to adapt the goal to the potential of finding the
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mogu se uociti dve alternative, definisane na slededi
nacin:

e Alternativa 1: Poredenje svojstva zgrade sa
zahtevima raznih buduc¢ih korisnika da bi se izbegle
neprikladne namene koris¢enjem regulativnih
kriterijuma, a istovremeno identifikovao i ogranicio broj
pogodnih (odgovarajucih) namena.

Prednost ove alternative je to Sto proces moze biti
razvijan kao instrument za ocenjivanje, zasnovan na
nau¢noj osnovi; mana je to $to su moguée namene vec¢
zadate. U tom slucaju, izostaje kreativni momenat, a i
osobenosti pojedinacnih objekata su smanjene i ne
mogu se uzimati u obzir.

e Alternativa 2: U okviru neke ustanove, biroa ili
studija ostvaruje se uspeSan odabir potencijalnog
korisnika, putem specificnog, kreativnog procesa,
problemski postavljenog.

Prednost ove alternative jeste Cinjenica da je
moguce pronaci nova i netradicionalna reSenja koja su
uspeSna. Potencijal objekta sagledava se putem
procesa koji se kasnije moze iskoristiti za marketing.
Mana ovog metoda je to Sto nije nau¢no zasnovan.
Rezultati zavise od dobre pripreme i kvalitetno uradenog
posla arhitekata i drugih zaposlenih.

Uporedivanjem prednosti i mana navedenih
alternativa, moze se zakljuciti da Alternativa 2 pruza
viSe mogucnosti za uspeSan prakti¢ni rad. Kreativne
ideje se dalje preispituju i proveravaju.

2) Predlog za akciju i opis metodologije

Objekat je ispitan imaju¢i u vidu moguénost
objektivhog adekvatnog koriséenja, bez saznanja da li je
implementacija koriStenja nekog konkretnog korisnika
moguca. Ovakvo ispitivanje omogucava neku vrstu
standardne ponude za razliCite namene, bez obzira na
korisnika.

Posto ne postoji popis zahteva za razliite upotrebe,
stvara se opsta lista — s jedne strane, parametara
zgrade; s druge strane, zahteva korisnika za procenu
uspesnog koristenja uz odrzivost zastite. Obim procene
ispitan je radi ocenjivanja prakti¢nosti i tatnosti dobijenih
rezultata. Konacni rezultat dobijen je u vidu jedne vrste
agende s listom moguéih namena, koja stoji na
raspolaganju svima zaineresovanima.

Na primeru praznih, nenaseljenih, a zasticenih
zgrada, koje su bile u vlasnistvu Kantona Bern,
Menadzment i Direkcija za zastitu objekata grada Berna
ispitali su ovu razvojnu metodu i primenili je u praksi na
nacin prikazan u Tabeli 2.

UcCeS¢e Svajcarske drzave u ukupnom finansiranju
UNESCO-a izrazeno je u procentima ekonomske modi,
a iznosi 1,22% ili, pretvoreno u brojke — oko 5,2 miliona
$vajcarskih franaka. Svajcarska je na &etrnaestom
mestu po finansiranju UNESCO-a. Imajuéi u vidu velici-
nu drzave i broj stanovnika, iznos koji je Svajcarska
izdvojila veoma je velik. Ovoliko izdvajanje, kao ni
znatno manje, Republika Srbija ne mozZe da realizuje,
Sto moze otezati primenu modela zastite i revitalizacije
spomenika kulture na listi Svetske bastine u Srbiji.

future user of the building. In the course of method
formation, two alternatives can be noticed, and they are
defined in the following way:

o Alternative 1: Comparison of the building properties
with the requirements of various future users in order to
avoid the improper uses applying regulatory criteria, and
to simultaneously avoid and identify the number of
suitable (appropriate) uses.

The advantage of this alternative is that the process
can be developed as an instrument for assessment,
based on the scientific grounds. The drawback is that
the potential use is already set. In this case, there is no
creativity, and the characteristics of individual buildings
are reduced, and cannot be taken into consideration.

e Alternative 2: In an institution or bureau the
successful selection of a potential user is performed,
through a specific problem oriented creative process.

The advantage of this alternative is the fact that it is
possible to find new and non-traditional solutions which
are successful. The potential of the building is viewed
through the process which later can be used in
marketing process. The disadvantage of this method is
that it is not scientifically based. The results depend on
the good implementation and the quality performance of
the architects and other participants...

By comparing the advantages and disadvantages of
these two mentioned alternatives, it can be concluded
that the Alternative 2 provides more potential for
successful practical work. The creative ideas are further
questioned and verified.

2) Action proposal and methodology description

The building is tested for the potential of objectively
adequate use, with no knowledge whether the imple-
mentation of the use of some concrete user is possible.
Such testing enables some kind of a standard offer for
different uses, irrespective of the uses.

Since there is no list of requirements for different
uses, a general list is generated: on one hand the
building parameters are listed, and on the other, the
requirements of the users for the assessment of
successful use with sustainable protection. The scope of
the assessment was tested for the purpose of appraising
the practicality and accuracy of the obtained results. The
end result obtained was in the form of an agenda with
the list of possible uses, which is at disposal of all the
interested parties.

The Management and authorities for protection of the
buildings in the city of Bern tested this development
method and put it in practice in the way displayed in the
Table 2, on the example of abandoned, uninhabited, and
listed buildings which were owned by the Bern canton.

The share of the Swiss state in the total financing of
UNESCO is expressed in the percentage of economic
power, and it amounts to 1, 22% or, converted to
numbers, around 5, 2 million of Swiss Francs.
Switzerland is ranked 14" in terms of financing. The
Swiss contribution of 5.2 million Swiss francs is very high
for a state of its size and number of inhabitants. The
Republic of Serbia cannot realize such a high (nor even
considerably lower) contribution, which may complicate
implementation of the protection and revitalization model
of the World Heritage monuments in Serbia.
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Tabela 2. Prikaz razvojne metode za nenaseljene zasticene zgrade
Table 2. Development method for inhabited protected houses

SADRZAJ | CONTENTS

METODA / METHOD

Analiticko-deskriptivni

deo
Analytical descriptive

part

Pregled izmedu istrazivackih
projekata i menadzmenta zastite
Overview of research projects and
protection management

Izazovi rada i problematika
Working challenges and
problems

4

Fokusiranje na prazne zasticene
objekte (imobilije)
Focusing on abandoned listed
buildings

Specificiranje tema
Specification of topics

4

Predlog rada i dogovora/Opis metodologije
Work and agreement proposal/description of methodology

Izvodljivost i metodologija
iskoris¢enosti
Feasibility and degree use
methodology

Istrazivanje i pregled razlicitih
kreativnih metoda
Research and overview of
various creative methods

!

lzvodljivost metodologije za
ispitivanje odrzivog koristenja
Feasibility of methodology for testing
of sustainable use

Pregled i kategorizacija zahteva
za potraznju i iskoristenost
Overview and categorization of
requirements for demand and
degree of use

4

lzvodljivost i neophodne
kompezacione mere

Feasibility and necessary

compensation measures

Pregled i kategroizacija
neophodnih kompenzacionih
mera
Overview and categorization of
necessary compensation
measures.

Ispitivanje zastitnih mera
Testing protective measures

Pregled razli¢itih metoda za
testiranje
Overview of various testing
methods

Pregled primera u praksi
Overview of examples in practice

Lo Ispitivanje, provera metoda i

"E’ g- provodenje u praksi

=l Testing and verification of methods
) and practical implementation

T = L L

57z Rezultati i zaklju&ci

Ne Results and conclusions

© X

Kvalitetni pregled rezultata i
pogled na dalja istraZzivanja
Quality overview of results and
perspective of future research
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2.4 O staroj gradnji i njenoj zastiti u Bernu

Objekti koji su zasti¢eni kao spomenici kulture dokazi
su drustvenog zivota proslih vremena. Oni su deo
kulture jednog drustva i svedoCe o nacinu Zivota stanov-
nistva na jednom podrudju.

Razumevanje objekta zavisi od Sto tacnijeg pozna-
vanja vremena kada je izgraden i svih promena koje su
na njemu nastale tokom upotrebe. Prikupljene informa-
cije o istorijskom zivotu zgrade i njene okoline omoguca-
vaju uspeSnu sveobuhvatnu obnovu, rekonstrukciju i
buduce koriStenje koje ¢e produZiti Zivot zgrade kao
spomenika kulture.

Svi prikupljeni podaci, zajedno s tehnickom doku-
mentacijom i fotodokumentacijom, sluze kao podloga za
formiranje smernica u pogledu toga kako sa zgradom
postupati u budu¢nosti, koje su intervencije moguce, a
koje nisu, te kakve su moguénosti za promenu namene,
ukoliko je to reSenje da se gradevina sacuva i ukljuci u
savremeni Zivot grada. Na taj nacin, stvara se baza
podataka, odnosno inventar kulturnih dobara koji sluzba
zastite spomenika kultre i kancelarija kantona koriste za
razne svrhe. S obzirom na broj i preciznost prikupljenih
podataka, na osnovu tog inventara moguce je definisati
celovit plan delovanja, kao i finansijsku strukturu trosko-
va za svaku potencijalnu, pojedinacnu intervenciju, kao
Sto su konzervacija, sanacija, prenamena funkcije i
revitalizacija kao oblik za$tite gradevine u njegovoj
fizickoj i duhovnoj celovitosti.

Kada je u pitanju revitalizacija, postoji veoma &vrsto
utemeljen uslov da — bez obzira na druge intervencije —
spoljni izgled objekta mora da zadrzi postojeéi izgled.
Nikakve intervencije na fasadama u drugim materijalima
nisu dozvoljene, osim s kamenom, i to boje koja je
karakteristiéha za Stari grad Bern. Sto se ti¢e izmena u
unutrasnjosti objekata, to je regulisano Pravilnikom o
zastiti, tj. nova namena nekog objekta mozZe se ostvariti
samo ukoliko se sprovedu sve mere savremene zastite,
uz poStovanje koncepta buduéeg korisnika. Zato je u
interesu gradske vlasti da, ukoliko je potrebno izvesti
prenamenu prostorija ili celog zaSticenog objekta s
ciliem njegovog opstanka, u Sto kra¢em periodu pronade
novog korisnika i u saradnji s njim odredi buduéu
namenu. Ovaj postupak podrazumeva to da se nova
namena, koja ¢e se uvesti u objekat, nalazi u registru
delatnosti za koje je prethodno utvrdeno da su adekvat-
ne prostoru i mestu u istorijskom, zastiéenom starom
gradu. U zavisnosti od vrste nove funkcije, moguce je da
su potrebne samo preventivne, jednostavne popravke
manjeg obima i one se veoma uspes$no obavljaju. Kada
nova namena zahteva znacajnije promene u unutras-
njem tkivu gradevine, onda su Cesto potrebna i nova,
savremena reSenja koja ¢e omoguditi revitalizaciju
enterijera. Primenjeni materijali za buduce intervencije
na objektima ne smeju biti Stetni i zagadujuéi za ljude i
okolinu. Obavezan zahtev je da se ovakve intervencije i
eventualno dodatno gradenje mora obaviti primenom
konvencionalnog nacina gradnje i ekoloski orijentisane
konstrukcije.

U tom slucaju, zahtevi novih korisnika ve¢ su na neki
nacin unapred sagledani u inventaru moguc¢ih namena,
te nailaze na spremnu i ekspeditivhu gradsku sluzbu po
svim pitanjima zastite i revitalizacije.

2.4 On the old building stock and its protection in Bern

The structures which are listed as cultural monu-
ments are evidence of social life of past times. They are
a part of the culture of one society and testify the lifestyle
of population in certain area.

Building comprehension depends on the accurate
knowledge about the time when it was built and the
changes it experienced during the long service. The
collected information about the historical life of a building
and its environment allow a successful comprehensive
renovation, reconstruction and future usage which will
extend the life of the building as a cultural monument.

All the collected data, along with the technical and
photo documents serve as a basis for formation of
guidelines of how to treat the building in the future, for
finding which interventions are possible, and which are
not, and what the potential for function conversion is, if
the solution comprises preservation of the building and
inclusion in contemporary life of the city. Data basis is
created in this way, i.e. inventory of cultural assets which
are used by the Cultural monuments protection service
and the canton Chancellery office for various purposes.
Regarding the number and accuracy of collected data,
on the basis of the Inventory, it is possible to define an
integral action plan and a financial structure of the costs
for each potential, individual intervention such as
conservation, rehabilitation, function conversion and
revitalization as a form of protection of a building in its
physical and spiritual entirety.

When the revitalization is concerned there is a firmly
founded condition that, regardless of other interventions,
the external appearance of the building should retain the
existing appearance. No interventions using different
materials on the facades are allowed except with stone,
in the colour characteristic of the Old city of Bern. As for
the changes inside the buildings, it is regulated by the
Code on protection, i.e. new function of a structure can
be realized only if all the measures of the contemporary
protection are conducted with observation of the concept
of the future users. Therefore, it is in the interest of the
city authorities to convert the rooms or entire listed
building if necessary, so it may survive, and to find a
new user as soon as possible as well as to determine
the future use in cooperation with him. This procedure
comprises the new use which will the building in the
register be introduced in of the activities which were
previously approved to be adequate for the space and
location in the historical, protected old town. Depending
on the type of the new function, it is possible that only
preventive, simple non-extensive repairs are required,
and they are very successfully performed. When a new
use calls for considerable repairs in the interior fabric of
the building, then frequently, new contemporary solu-
tions are required which will enable revitalization of the
interior. The implemented materials in future intervention
on the structures should be harmless and unpolluted.
The basic requirement is that such interventions and
potential building extensions should be performed
applying conventional method of construction and
environmentally oriented structures.

In this case, requirements of new users are, in a
way, anticipated through the Inventory of potential uses,
and the city service is ready and efficient for all the
issues of protection and revitalization.
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2.5 Odrzavanje graditeljskog nasleda grada Berna

,Odrzavajte svoje spomenike i ne¢ete imati nikakve
probleme i razmisljanja u vezi s tim, ako treba da ih
popravite, vi ih popravite. Popravke na krovu izvrSite,
granje i jesenje liS¢e na vreme pokupite i ocistite,
zastitite krov, kao i fasade od oStecenja. Odrzavajte
staru zgradu s velikom paznjom. Brojite svoje kamenje
kao da su dragulji ili drago kamenje, postavite straze za
odrzavanje kao u palatama ili na kapijama velikih
gradova. Poduprite zidove sa Zeleznim stubovima gde
pocinju pucati, poduprite stubovima gde poc€inju da se
naginju. Bolje je nesto imati u ruci, pa makar i Stake,
nego izgubljenu zemlju za gradnju; poslednji dan objektu
¢e sigurno dodi, ali ga odugovlacite i onda ga sami
odredite.” Ovu misao je izrekao Dzon Raskin, veliki
engleski mislilac, koji je jo$ sredinom devetnaestog veka
bio svestan znacaja kontinuiranog odrzavanja gradevina,
narocito spomenika kulture. [16]

Raskin je imao pravo. S malim naporima, moze se
postoje¢e stanje zgrade zastititi, a rekonstrukcija i
obnova mogu doneti ustedu, ukoliko se sve redovno
odrzava. Apsurdno je da se jedan spomenik kulture
potpuno zanemari, a da se onda preduzimaju mere
zaStite. Obim i vrste mera zaStite za tako drasticno
zapustene sluCajeve mnogo kostaju. Nemaran odnos
prema vrednim spomenicima kulture c¢eS$éi je medu
vlasnicima privatnih poseda, pa se u praksi dogada da
se jedan isti objekat mora potpuno obnavljati u
vremenskom razmaku od dve generacije. Radovi na
zastiti i obnovi spomenika kulture u privatnom vlasnistvu
obavljaju se nakon dogovora izmedu vlasnika objekta i
Komisije za zastitu spomenika kulture, $to moze potrajati
dok se obezbede finansije, a objekat u meduvremenu i
dalje propada. Komisija za zastitu spomenika kulture zna
da takav pristup odrZzavanja objekata nije dobar, jer
uzrokuje propadanje objekata, kao i velike, neplanirane
troSkove buduceg renoviranja, ali nije uvek u stanju da to
spreci.

Institucije i pojedinci, odnosno oni koji su odgovorni
za zastitu i revitalizaciju objekata, ranije su preduzimali
tzv. jednostavne mere preventivne zastite, koje daju
rezultate na duzi period. U meduvremenu, primenjuju se
jo§ mnoge mere preventivne zastite, kojima je sacuvan
veéi broj spomenika kulture, Sto je i omogucilo da
zastiéeni grad Bern dospe na listu Svetske bastine
UNESCO-a. Mehanicka vrsta zastite pokazala se veoma
efikasnom. To je, u sustini, veoma prakti¢na mera kojom
se spomenik moze popravitii ili prepraviti poStujuci
princip reverzibilnosti. Ova vrsta zastite dolazi do
izrazaja kada je primenjuju vlasnici privatnih objekata
koji su pod zastitom, jer se s malim troSkovima postize
veci u€inak zastite. Na primer, jedna od tehnika koja se
koristi u svrhu preventivne zastite jeste océvrS¢avanje
kamena peS¢ara, od koga je grad Bern sazidan, jednom
vrstom cementa pomeSanog s krupnijim frakcijama
mlevenog kamena. Taj materijal koristi se s jednom
vrstom lepka, Cija je receptura specijalno napravljena za
potrebe konzerviranja starog grada. Materijal je
kompozitan i nov, sastavljen na preporuku Zavoda za
zastitu spomenika, da bi se sprecio i reSio viSevekovni
problem s vodom. Vlaga i kapilarno penjanje vode kroz
materijale od kojih je napravljen Stari grad (sivi kamen
pescar) predstavljali su ogroman problem u zastiti grada.
Da bi se izbegle kompletna rekonstrukcija i obnova,

2.5 Care and maintenance of the built heritage of
the city of Bern

»1ake proper care of your monuments and you will
not need to restore them. A few sheets of lead put in
time upon the roof, a few dead leaves and sticks swept
in time out of a water-course, will save both roof and
walls from ruin. Watch an old building with an anxious
care. Count its stones as you would jewels of a crown;
set watches about it as if at the gates of a besieged city;
bind it together with iron where it loosens; stay it with
timber where it declines. Better a crutch than a lost limb.
Its evil day must come at last; but let it come declaredly
and openly. “ This is a thought of John Ruskin, great
English thinker, who was as early as by the mid of
nineteen century aware of the importance of continuing
maintenance of buildings, especially of cultural
monuments. [16]

Ruskin was right. With small efforts, one can
preserve the condition of a building and postpone
reconstruction and renovation, and save considerable
finances if everything is regularly maintained. It is absurd
to completely neglect a cultural monument, and only
then undertake a protective measure. The scope and
type of protective measures for so drastically neglected
cases require considerable financial resources. Neglect
for the valuable cultural monuments is more frequently
present among private property owners, thus, in
practice, one and the same building should be fully
renovated in a short time span of two generations. The
protection and renovation works of the privately owned
cultural monuments are performed after agreement
between the property owner and the Historical Protection
Commission, which may be a prolonged process until
finances are provided, while the structure is exposed to
further dilapidation in this period. The Historical Protec-
tion Commission is aware that such approach to building
maintenance is inadequate, since it causes dilapidation
of buildings and high unscheduled cost of future
renovation, but is unable to prevent it in all the cases.

Institutions and individuals, i.e. those who are
responsible for protection and revitalization of buildings
undertook in the past the so called “simple” preventive
protection measures and those measures have long
term effects. In the interim period, a large number of
additional preventive protection measures were
implemented and thus, preserved lots of cultural
monuments that enabled the protected city of Bern to be
added to the List of UNESCO World heritage. The
mechanical protection proved to be very efficient. It is, in
essence, a very practical measure, which can repair or
change the monument; the principle of reversibility is
observed in the process. This protection measure is
significant in the cases when the private owners possess
the listed buildings, because little expenditure provides
high protection effects. For instance, one of the
techniques used for preventive protection is hardening of
sandstone, which was used for building the city of Bern,
using a sort of cement mixed with coarse fractions of
ground stone. This material is used along with an
adhesive whose mix was specially designed for the
purposes of conservation of the old town. It is a new
composited  material, designed  following  the
recommendation of the Monument protection Institute, in
order to solve a several centuries lasting problem with
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mora se primeniti preventivna zastita koja ima isti znacaj
kao i redovna zastita koja se uobi¢ajeno primenjuje na
spomenike kulture. Preventivna zastita, u ovom slucaju
znadi ,sprovoditi redovnu obnovu i kontrolu”.

U Bernu, Komisija za odrzavanje spomenika, nakon
izrade zavr$nog racuna i uradene evidencije obavljenih
preventivnih mera, oba izveStaja $Salje vlasnicima
zasticenih objekata da budu u toku s delatnoS¢u u toku
jedne godine. U istom izvestaju nalaze se i predlozi za
periodi€ne kontrole spomenika kulture. Vlasnicima se
nudi da se, na primer, svake dve godine obave kontrole
krovova i da se konstatuje njihovo stanje, o ¢emu bi
vlasnici bili obavesteni. Dalje, u popisu predloga nalaze
se i izvestaji o podovima u unutrasnjim prostorijama, kao
i saveti o tome kako se najbolje odrzavaju. Ove stavke,
koje govore o tome kako bi nesto trebalo da izgleda u
prostoru, mogu se navesti i u glavhom ugovoru koji se
sklapa izmedu Komisije za istorijsku zastitu (odgovara
Zavodu za zastitu spomenika kulture u Srbiji) i vlasnika
zasticenog objekata.

Mnogi objekti u gradu Bernu su javnog sadrzaja i u
privatnom su vlasnistvu, tako da je i na njih primenjen
Zakon o zastiti. Za otvorene (objekti javnih i poslovnih
sadrzaja) javne objekte dogovoreno je da se, u odgova-
rajué¢im periodima od nekoliko godina, sazivaju sastanci
predstavnika Komisije i organizacija ili firmi koje su u
objektima privatnog vlasniStva, na kojima ¢e se
dogovarati o daljim aktivnostima. Ti sastanci su nesum-
njivo veoma znacajni, jer se na njima dogovori postizu
veoma brzo, posebno ukoliko se konstatuje da nisu
potrebna velika ulaganja.

Na primer, ukoliko se uole manja oStecenja na
fasadnom platnu, jer su fuge na fasadi popustile, ili ako
su oStecene stepenice, ako se ogulila boja na ulaznim
vratima ili su vidljiva i neka druga osetljiva, ali minimalna
oStecenja na zgradi, Komisija moze reagovati veoma
brzo. Ona predlaze zakljuenje jednog kontrolnog
ugovora s firmom koju ¢e izabrati na pozivhom
konkursu. Firme iz te oblasti poznate su Komisiji i od njih
nekoliko, obi¢no su tri do Cetiri renomirane za potrebnu
vrstu posla.

Po pozivu, firme daju svoje ponude, a komisija je ta
koja odreduje ko ¢e da dobije posao odrzavanja odre-
denog objekta. Ugovor se prosleduje vlasniku javnog
objekta koji daje ili ne daje pristanak na to. Ako vlasnik
pristane, potpisan ugovor vra¢a se u Zavod, koji poziva
izabranu firmu da zapocne obavljanje zastite. Preli-
minarni ugovor koji je potpisan s firmom za odrzavanje
ima dejstvo dve godine, s moguénoSéu raskida posle
godinu dana. Firma koja odrzava objekat podnosi izves-
taj u kome mora biti navedeno: Sta je kontrolisano i u
kakvom je stanju, da li su potrebne neke mere zastite,
obnove ili rekonstrukcije. Time je obezbedeno da mala
ostecenja budu na vreme otkrivena i ako je potrebno,
sanirana.

Navedenim merama spreCava se pojava velikih
oStecenja, jer se, s obzirom na kontrolu, ne mogu razviti.
Svi izvestaji o uradenim kontrolama moraju se blago-
vremeno dostaviti i niSta se ne sme zanemariti. Sluzbe
koje su nadlezne za tu vrstu posla moraju biti do detalja
informisane o tome kako ¢e se sve popravke obaviti ili
kako ¢e se objekat zastititi, koliko vremena treba da se
to uradi i koliko ¢e koSati. Svi detalji moraju objektivno
biti predstavljeni i trajno dokumentovani.

U Bernu je bilo velikih propusta u zastiti istorijskog

water. Moisture and capillary rise of water through the
materials used for building of the Old town (which is
build of the grey sandstone), were a huge issue in
protection of the city.

In order to avoid the process of a total repair and
protection (reconstruction and renovation) preventive
protection should be implemented and it is equally
important as the regular protection which is usually used
for cultural monuments. Preventive protection, in this
case means “performing regular renovation and control”.
After the final balance has been done and after
registering all the performed preventive measures, the
Historical Preservation Commission of Bern sends both
reports to the owners of the listed buildings so they can
keep the record of the activities within a year. In the
same report, there are proposals for periodical controls
of cultural monuments. The owners are offered that, for
example, every two years roof controls are performed
and their condition established. The owners are informed
of the findings. Further, in the list of proposals, there are
reports about floors in interior rooms, and the advice
about how to maintain them in the best manner. These
items, describing how something should look like in
space, can also be included in the main contract signed
by the Historical Preservation Commission and the
owner of the listed building.

Many buildings in the city of Bern have public use but
are privately owned, so the Law on protection applies to
them as well. It is agreed that the open public buildings
(buildings with public and business uses), will be a
subject matter of the meetings between the
representatives of the Commission and the organization
and companies, in the appropriate several years
intervals, where the further activities will be discussed.
Those meetings are, undoubtedly, of great significance
and they proved to be important, because agreements
can be reached very quickly if it is established that no
major investment is required.

For instance, the Commission can react very quickly
if small damage are observed on the facade walls
because the pointing joints cracked, or stairways are
damaged, or the paint on the entrance doors peeled off
or some other sensitive but minimum damage is visible
on the building. They propose making a control contract
with a company to be selected at an invitation to bid. The
companies dealing in this field are known to the
Commission, and out of several of them, usually 3-4 are
specialized for this type of works.

After the invitation, the companies give their offers,
and the Commission decides on whom to entrust the
maintenance of a certain building. The contract is
forwarded to the owner of the public building, which he
may or may not give consent for. If the consent is given,
the signed contract is returned to the Commission, which
invites the selected company to start with the protection
works execution. The preliminary contract which is
signed with the maintenance company has a validity of
two years, with the provision for termination after a year.
The company maintaining the building submits a report
which should include: what was controlled and in what
condition it is, and if some protective, renovation or
reconstruction measures are required. This provides
early discovery and potential repair of small damage.

These measures prevent the onset of a major
damage, which cannot develop due to the control. All the
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nasleda pre Drugog svetskog rata, ali navedene mere,
uvedene pre sedam do osam decenija, tu situaciju su
zna€ajno promenile. Ta promena se manifestuje, pre
svega, u postupnom, ali stalnom posmatranju spomeni-
ka, te blagovremenim popravkama, kako se ti propusti
ne bi ponovili.

2.6 Inventarisanje spomenika kulture kao
preventivna zastita

Veoma dugo su u Bernu samo neke javne i sakralne
gradevine bile oznaCene kao spomenici kulture. Na
primer, Gradska palata, jedna od najstarijih palata istorij-
skog dela Berna, od vlasnika i u politickim krugovima
oznacena kao bitan objekat u memoriji grada Berna, kao
i Katedrala (Miinster), zapoCeta 1421. godine, najvisa u
Svajcarskoj. Broj spomenika kulture se paZljivo i
postepeno prosirivao.

S velikom paznjom i brigom, Komisija za odrzavanje
spomenika kulture priprema i sastavlja izvestaje tako da
budu razumljivi i ljudima koji nisu stru¢njaci, da bi svi bili
upoznati s radovima koji ¢e se izvoditi na spomenicima
kulture. Ipak, ti spiskovi nisu uvek ispunjavali sve uslove
i zato se poslednjih dvadesetak godina intenzivno radi
na vrednovanju graditeljskog nasleda da bi ono moglo
da se S$to kvalitetnije inventariSe. Istovremeno, ovaj
inventar se digitalizuje u centralnoj bazi podataka, u
kojoj se, prilikom popisa, ispunjavaju svi drzavni, kanto-
nalni i gradski zakoni zastite objekata. Od pocetka rada,
Komisija se veoma trudila da ono $to radi naide na
razmevanje i prihvatanje gradana Berna, jer upravo
gradani putem raznih poreskih oblika placaju rad
Komisije. Pre nekoliko godina, ustanove gradanske
inicijative uspele su da se izbore za pravo odlucivanja i
uticaja na odlugivanje prilikom upisa zasti¢enih zgrada u
spisak Inventara.

Oblici gradanske inicijative dobili su ,zeleno svetlo” u
ministarstvima Kantona Bern i pravo odlucivanja sta-
novnika grada podignuta su na visi nivo. Sistem u praksi
funkcioniSe tako S$to Komisija popisuje objekte,
klasifikuje ih, odreduje kategoriju zastite, ali ukoliko, na
osnovu struénih istrazivanja, Komisija odlu¢i da se
spomenik kulture mora srusiti ili zna¢ajno renovirati, bez
obzira na to sto ¢e to skupo kostati poreske obveznike,
tada gradani istupaju sa svojom inicijativom. Gradanska
inicijativa je mehanizam koji se u Svajcarskoj, pa tako i u
Bernu, maksimalno koristi. Cim gradani konstatuju da
treba da reaguju, oni prikupljaju potpise i raspisuje se
referendum o tom problemu, o tome da li treba da se
prihvati odluka Komisije ili ne.

Rezultati referenduma obavezuju¢i su za sve
ucesnike tog procesa. S tim mehanizmom odlucivanja,
procesi se odvijaju na obostranu korist. Na taj nacin,
procenjuje se, odnosno prihvata ili kritikuje rad Komisije.
Komisija za zastitu objekata uvek je pod lupom javnosti,
njen rad je potpuno transparentan. Javnost i transpa-
rentnost glavna su obelezja u radu ove institucije.
Osnovni pristup u radu jeste da se problemi reSavaju na

reports of performed controls should be timely submitted
and nothing neglected. The services competent for that
sort of the work should be informed in detail about how
the repairs or protection will be performed, what time is
needed and how much it will cost. All the details should
be objectively presented and permanently documented.

In Bern, there were large failures in protection of the
historical heritage before the WWII, but the mentioned
measures, introduced seven to eight decades ago,
considerably changed this situation. This change is
manifested primarily in gradual but continuous moni-
toring of the monuments, timely repairs so that the
failures are unlikely to happen again.

2.6. Making an inventory of the cultural monuments
as a preventive protection measure

For very long time, only some public and sacral
buildings were listed and marked as cultural monuments
in Bern. The examples are the Town Palace, which is
one of the oldest palaces of the historical part of Bern,
which was by the owner and in certain political circles
marked as an important structure in the memory of the
city of Bern, as well as the Cathedral (Miinster) whose
construction began in 1421 as the tallest cathedral in
Switzerland. The number of cultural monuments
carefully and gradually expanded.

The Historical Protection Commission with great care
and attention prepares and composes the reports, so
that they are readily understandable to the people who
are not experts, so that they will be acquainted with the
works to be executed on the cultural monuments. Yet,
these lists sometimes fail to meet all the requirements
and therefore, there has been an intensive effort in the
past twenty years to evaluate the building heritage, so
that it could be entered in an inventory. Simultaneously,
this inventory is digitalized in the central data bank,
according to all federal, cantonal and city laws. Since the
beginning of work, the Commission endeavoured to
have its activities accepted and understood by the
citizens of Bern, since the citizens pay for the operation
of the Commission, through various forms of taxes.
Several years ago, the citizens’ initiatives establishments
succeeded in gaining right to decide and affect decision
making on the occasion of including listed buildings in
the Inventory list.

The forms of citizens’ initiatives got the green light in
the ministries of the Bern Canton and the citizens
decision making rights were brought to a higher level. In
practice, the system work comprises the Committee
making a list of the buildings, classifying them,
determining the protection category; but if the
Committee, based on the professional expertise, decides
to demolish the cultural monument, or to extensively
renovate it, regardless of the high cost for the tax
payers, then the citizens come forth with their initiative.
The citizens’ initiative is mechanism that is used to the
maximum in Switzerland and thus in Bern. As soon as
the citizens conclude that they should react they gather
signatures and put the issue on a referendum whether to
accept the Committee decision or not.

The referendum results are binding for all the
participants of the process. With this decision-making
mechanism, the processes are beneficial for both sites.
In this way the work of the Committee is assessed, i.e.
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samom pocetku, i to dijalogom i dogovaranjem, da posle
ne bi doSlo do konfliktnih situacija, jer tada svi gradani
snose posledice. Zato se sve opcije rada na spome-
nicima kulture predstavljaju odmah na pocetku, iznose
se na javnu raspravu, organizuje se skupstina gradana i
donose se zakljucci.

2.7 Preventivna zastita koju nalazu zakonski
propisi

Ukoliko se pojavi problem, odnosno ako treba da se
donese odluka o tome da li ée se neki objekat rusiti ili
obnavljati, treba obaviti odredena istrazivanja po
fazama. Iskustvo je pokazalo da prvo treba odrediti vrstu
namene parcele, zatim namenu objekta na toj parceli, a
potom napraviti predlog na koji nagin se moze spasti
objekat, odnosno mora li se srusiti.

Obim radova unapred je odreden, pa je zato veoma
vazno da Komisija za odrzavanje objekata unapred
dobije kompletna uputstva u vezi s postoje¢im objektom.
Zakon grada Berna sadrzi sve $to je potrebno u vezi s
gradnjom i za8titom osetljivih objekata, kako u samom
gradu, tako i u Kantonu Bern. Zakoni su potpuno odre-
deni, naroCito deo zakonskih odredaba koje se odnose
na zasticeni istorijski deo, poznat kao Stari Bern. Ova
stavka nije ba$ povoljna za buduée investitore koji bi
zeleli da ulazu u okviru Starog grada, bilo da je re€ o
stambenim ili javnim objektima. Zakonske odredbe su
jasne i ne mogu se drugacije tumaciti osim onako kako
su u zakonu propisane i svi u€esnici, ukljuujuéi i sve
stanovnike Berna, saglasavaju se s tim. U Gradskom
gradevinskom zakonu grada Berna iz 1979. godine u
Clanu 75, paragraf 3, piSe: ,Zgrada, grupa zgrada, blo-
kovi i delovi istorijske arhitekture imaju ulogu u
specijalnoj zastiti, i podrazumeva se da se neprihvatljivi
poslovi na zgradama ne obavljaju, jer bi to moglo da
izazove sukob s javnim mnjenjem. Opisane su granice,
razdaljine medu zgradama, Mehrlangenzuschlage,
rastojanja od gradevinske linije i visine zgrada koje se
moraju odrzavati. U slu¢aju katastrofe, stari zasticeni
objekti treba da se izgrade na originalnim mestima, sa
identi¢nim fasadama, atrijima i karakterom koji treba da
se sacuva. Celokupni karakter se ne moze promeniti
renoviranjem i dogradnjama na zgradama.” Dodatak br.
4 glasi: ,Nove gradevine kao ni dogradnje u Starom
gradu ne smeju da promene gradsku perspektivu.
lzuzeci za gradnju viSespratnih dodataka neée biti
prihvaceni.”[20]

Ovaj zakon, s jasno definisanim odrednicama o
zastiti, vaZzi samo za Stari grad Bern [25] koji je zadrZzao
originalan izgled [23]; izvan granica tog podrucja, zakon
nema tako striktno dejstvo. Na teritoriji Starog grada
zadaci Komisije za odrzavanje spomenika kulture
zasnivaju se na Kantonalnim zakonima. Na delovima
gradske teritorije koja nije pod zastitom drZzave veoma je
vazno kako Ce se planirati zastita i revitalizacija. Tokom
rada u toj oblasti, Komisija je istovremeno izlozena
kontroli javnosti i stanovnika grada Berna kao neposred-

accepted or criticized. The Cultural monument protection
Committee is always in view of the vigilant public; its
work is fully transparent. Public character and trans-
parency are the main traits of the operation of this
institution. The basic approach to the work is to solve the
problems at the very outset, through a dialogue and
agreement in order to avoid the conflicting situations,
because all the citizens have to bear the consequences
resulting from the problematic situation. Therefore, all
the options of the work on the cultural monuments are
presented at the beginning, taken to public discussion,
an assembly of the citizens is organized and conclusions
are drawn.

2.7 Preventive protection prescribed by the legal
regulations

Certain research is performed in phases if a problem
occurs; that means a decision is made on whether a
building will be demolished or restored. The experience
has shown that the use of the building lot should be
determined first, then the use of the building on the lot
and then to make a proposal in what way the building
can be salvaged or it should be pulled down.

The scope and amount of work is determined in
advance, so, therefore, it is very important that the
Commission for building maintenance receives the
complete instructions related to the existing building in
advance. The law of the city of Bern comprises all
necessary details concerning construction and protection
of sensitive buildings, both in the city itself and in the
Bern Canton. The regulations are entirely determined,
especially the part relating to the listed historical part
known as the Old Bern. This fact is beneficial for the
future investors who would like to invest, within the Old
city, regardless of whether those are housing or public
buildings. The legal regulations are clear and
inaccessible to a different interpretation except as laid
down by law, and all the participants, including all the
citizens of Bern, agree with that. In the City building
regulations, Bern 1979, Article 75, paragraph 3 is
quoted: “A building, group of buildings, blocks and parts
of historical architecture have the role in special
protection, and it is comprised that the unacceptable
interventions on the buildings are not carried out, which
could create conflict with the public opinion. The city
inventory explains the parts of the cantonal law (article
8/19 Bau, article 12 Bau V). Bordering lines, distances
between buildings, distances from the frontage line and
heights of the buildings which should be maintained are
described. In the case of a catastrophe, the old listed
buildings should be constructed in their original places
with identical facades, atria, and character which must
be preserved. The overall character must not be
changed with renovations or extensions on buildings.”
Addition no. 4 defines that: “new buildings nor
extensions in the Old city must not change the
cityscape”. The exceptions for construction of multi-
storey extensions will not be accepted.”[20]

This law, with clearly defined protection provisions, is
valid only for the Old city of Bern [25], which retained its
original appearance, [23] while outside this area the law
is leniently enforced. In the territory of the OId city, the
tasks of the Historical Protection Commission are based
on the Canton regulations. It is very important to plan
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nih korisnika graditeljskog nasleda.

Jedno od vaznih pravila za gradnju u Bernu jeste da
su izgradnja i namena objekta na svakoj parceli jasno
precizirani: duzina gradenja (okvirno), dubina iskopa,
visina spratnosti, koeficijenti izgradenosti, minimalan broj
parking mesta, izgradnja sklonista i drugo. Detaljno
odredenje pomenutih parametara propisuje Gradska
kancelarija za planiranje po planu o izgradnji grada iz
1987. godine, i ona se, takode, brine o tome da tradi-
cionalni stambeni blokovi pruzaju visok stambeni komfor,
kao i da se odrze dizajn, jedinstvo i Cisto¢a tih delova
grada. Planirani koeficijent novih zgrada je odreden u
skladu s postoje¢im oCuvanim objektima. Dozvoljena je
gradnja na mestima gde je moguce razviti urbani prostor
ili gde se oc€ekuje intenzivniji razvoj ekonomskih
aktivnosti. Plan o izgradnji grada nije izriCito povezan s
planom zasticenih spomenika kulture. Plan ne objas-
njava to da li se prostor koji je potreban za Zivot stano-
vnika mora obezbediti s postoje¢éim zgradama ili je
potrebno graditi nove zgrade. Ipak, ovako definisan, plan
je u vecini sluajeva eliminisao pretnju da ¢e mnogi
postojeéi objekti biti sruSeni usled zahteva javnosti za
novim prostorima. U veéini slu¢ajeva nema finansijskog
opravdanja da se zgrada srusi i da se gradi nova. U tom
smislu, Bauklassenplan grada Berna imao je znacajnu
ulogu. To je posebno uodljivo kada je re€ o gradevinskoj
klasi E (ocena postojece konstrukcije), jer se u okruzenju
moze graditi samo u skladu sa zasticenom zgradom. [2]
U planu za izgradnju u gradevinskoj klasi E ne navodi se
konkretno da li se specificna zgrada treba odrzavati ili
ne. Medutim, ukoliko se novi objekat gradi na mestu
starog, koji je oznacen kao klasa E, onda novi objekat
mora da zadrzi plan volumena i visinu stare zgrade.
Dogradnja je jedna od moguénosti da se poboljSaju
uslovi stanovanja, ali samo ukoliko taj dodatak zadrzi
istorijske odlike postoje¢e gradevine. Tim merama plan
spreCava nepotrebna ruSenja postoje¢ih zgrada, kao i
spomenika kulture, §to se pre dono$enja plana Cesto
dogadalo.

3 PROSTORNII URBANISTICKI PLANOVI KAO VID
ZASTITNE MERE

Ukoliko se u nekim delovima grada stvore nezado-
voljavajuci uslovi, onda se rade specijalni planovi za
buduéi razvoj tog podrudja.[2] U Bernu, kao i u celoj
Evropi, planiranje dalje buducénosti neke gradske
strukture moze uzrokovati zabrinutost javnosti ukoliko se
predlazu neprimerena reSenja. Ovo uklju€uje i problem
vlasnistva istorijskih zgrada koje imaju specijane planove
u pogledu revitalizacije. Tradicionalno, one su poznate
kao za$ticeno privatno vlasnistvo, zasticena ili privatna
svojina. Planiranjem se privatni i javni problemi
uglavnom podjednako razmatraju. Zabrinutost za znacaj-

protection and revitalization of those areas of city
territory which is not under the federal protection. During
the work in this area, the Commission is simultaneously
subject to control of the mentioned public and citizens of
the city Bern, as direct beneficiaries of the building
heritage.

One of the important construction rules in the city of
Bern is that construction and use of buildings on each lot
are clearly defined: the construction duration
(approximately), depth of excavation, number of floors,
floor area ratio, minimum number of parking space,
construction of shelters etc. A detailed determination of
the mentioned parameters is prescribed by the City
planning office according to the city building plan of
1987, and it also takes care that the traditional housing
blocks offer high living comfort as well as to maintain
design, unity and cleanliness of these parts of the city.
The planned coefficient of the new buildings is
determined in agreement with the already existing
preserved buildings. The construction is permitted at the
locations where it is possible to develop the urban space
or where an intensive development of economic
activities is expected.

The city building plan is indirectly connected with the
plan of listed cultural monuments. The plan fails to
explain whether the space required for the life of the
citizens should be provided with the existing buildings, or
if it is necessary to build the new ones. Yet, the plan thus
defined in most cases eliminated the threat that many
existing buildings will be demolished due to the public
demand for new areas. In majority of the cases, there is
no financial justification to demolish a building and to
build a new one. In this sense, Bauklassenplan of the
city of Bern played an important role. It is especially
noticeable when it comes to the building class E
(evaluation of the existing structures), since in the given
environment, it is permitted to build only in harmony with
the listed buildings. [2]

In the construction plan for the building class E there
are no concrete guidelines whether the specific building
needs maintenance or not. However, if the new building
is constructed in place of the old one, which was
designated as class E, than the new building should
retain the layout and height of the old building. Extension
is one of the possibilities to improve the living conditions,
but only if this extension retains the historical charac-
teristics of the existing building. These measures of plan
prevent the unnecessary demolition of the existing
buildings, as well as the cultural monuments, which was
often the case prior to enactment of the plan.

3 SPATIAL AND URBAN PLANS AS A PROTECTIVE
MEASURE

If unsatisfactory conditions are created in some parts
of the city, then the special plans are produced for the
future development of that area.[2] In Bern, as well as in
all of Europe, planning of distant future of a city structure
may lead to the raised concern of the public, if the
unsuitable solution are proposed. This entails the
problem of ownership of historical buildings which have
special plans related to revitalization. Traditionally, they
are known as “protected private property” or ,private
property“. By planning, both private and public problems
are mostly equally considered. Concern for the cultural
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ne spomenike kulture samo je jedan od mnogih faktora.
Moze se dogoditi da interesi politickih vlasti i glasaca
mogu vredeti manje od ekonomskih interesa i da se
zastita spomenika kulture moze odbiti.

Svaki potencijalni sukob u planskom procesu treba
da se izbegne ili da se odlozi za neko vreme, da bi se o
tome raspravljalo na nekim kasnijim sastancima. Iz
perspektive zastite, veoma je vazno da se sacini spisak
zgrada koje nisu od izuzetne istorijske vrednosti. Ipak,
prilikom buduceg koriS¢enja tih objekata vodi se briga ne
samo o finansijskoj isplativosti, nego i o kvalitetu zastite
njihovih istorijskih osobina. Primer za to jeste provizija
koja se dobija po zavrSetku zadatka. Kad je re¢ o
najvrednijim spomenicima i njihovim vrednostima, kon-
senzus o dugorocnoj zastiti treba da bude obezbeden.
Efektivni nacini preventivhe konzervacije su u Bernu,
nazalost, ograniceni.

Kao deo Naredbe o izgradnji, vlasnici finansija ce
uzivati korist kada se odredena zgrada ne koristi, pa se
restaurira i dobije novu namenu. U Uredbi Zavoda za
izgradnju grada za koristenje javnog zemljiSta na kojem
se nalaze spomenici kulture stoji da polovinu tro$kova
placaju poreski obveznici, a ta sredstva se Koriste za
restauraciju zgrada, te se tako izbegava dodatno
finansiranje iz budzeta gradana.

Preventivha konzervacija predstavlja reakciju koja je
proizasla iz specificnih okolnosti. Istorijska konzervacija
ima mnogo nivoa i mnogo alata za preventivne mere
zastite. Tokom poslednjih dvadeset godina, poku$ava-
ju¢i da se zastiti, grad Bern je usvojio mnoge od tih
metoda i sproveo ih u praksu. Deo procesa je zavrsen,
ali konacan cilj jo$ nije dostignut.

3.1 Idiliéna zastita okoline u gradu Bernu

Grad Bern je 1979. godine formirao posebnu
gradsku Agenciju za istorijsku zastitu. To je bio odgovor
na zabrinutost drzave i Bernskog kantonalnog konzer-
vatora, pogotovo zbog ubedenja gradske vlasti i gradana
u to da je stari grad Bern, kao celina, bastina medu-
narodne vrednosti i da je intenzivha zaStita preko
potrebna. Medutim, ve¢ od pocetka, rad agencije nije bio
ograni¢en samo na Stari grad, ukljuCene su takode i
vazne istorijske zgrade u predgradu, a kasnije i vredne
gradevine modernog doba. Podela odgovornosti i rada
odredena je geografskom podelom, a za sve poslove
kona¢no je nadlezna Gradska stru¢na komisija, bez
obzira na kategorizaciju objekata.

Bliska saradnja s kantonalnom sluzbom za
preventivnu zastitu umnogome je doprinela boljoj brizi za
naslede. S ciliem da bude S$to manje nepravilnosti,
doneta je odluka da Gradska konzervatorska komisija
bude jedina odgovorna za sve finansijske kredite
buducih projekata u oblasti zastite. Na taj nacin, jednom
peticijom, odnosno prigovorom, mogucée je prijaviti
nepravilnosti u radu i kontroli transparentnosti rada ove
komisije. Jasno definisanom metodom obracuna servis-
nih usluga od strane Udruzenja Svajcarskih zastitara,
omoguceno je da se izracuna Ccist, transparentno vidljiv
doprinos koji mora da se obezbedi.[20] Pod vodstvom
razli¢itih kreditnih agencija, doprinosi su poceli da se
uplaéuju. Doprinosi su jedan od elemenata na kojima se
bazira rad Agencije za zastitu grada Berna, iako je ona,

monuments of outstanding value is only one of many
factors. It may occur that the interest of political
authorities and voters may be outweighed by the
economic interest, and that protection of cultural
monuments is rejected.

Every potential conflict in the planning process
should be avoided or postponed for a certain time, so
that it could be discussed in some later meetings. From
the perspective of protection, it is very important to make
a list of buildings which are not of special historical
value. Yet, in the future use of these buildings, care is
taken not only about the financial profitability but also
about the quality of protection of their historical
characteristics. An example for that is the fee obtained
upon completion of the task. When the most valuable
monuments are concerned, the consensus on the long-
term protection should be provided. The efficient
methods of preventive conservation in Bern are,
unfortunately, limited.

As a part of the Building order, the financers can
make profit in cases when a certain building is disused
and is then restored and put to a new use. The decree of
the City building Agency prescribes that half of the costs
of the land occupied by the cultural monuments is borne
by the tax payers, and those resources are used for
buildings restoration, and thus the additional financing
from the citizens’ budget is avoided. Preventive
conservation represents a reaction resulting from the
specific circumstances. Historical conservation has
multiple levels and tools for preventive protection
measures. During the last twenty years, in an attempt to
protect itself, the city of Bern adopted many methods
and put them in practice. A part of the process is
completed, but the final goal has not yet been achieved.

3.1 Idyllically protection of the environment in the
city of Bern

The city of Bern established a special city protection
agency in 1979. It was a response caused by the
concern of the state and the cantonal conservationist of
Bern, but also by the deep conviction of the city
authorities and citizens that the old town of Bern as a
whole was a heritage of an international importance and
that the intensive protection was required. However,
from the outset, the work of the agency was unlimited to
the old town, included were many important historical
buildings in the suburbs, and in the later period some
valuable modern age building. The division of
competences and work is determined by the geographic
division, and the Professional city Committee is
ultimately competent for all the works irrespective of the
building categorization.

Close cooperation with the cantonal service for
preventive protection largely contributed to a better level
of care about of the built heritage. A decision was made
to make the city's Historical Protection Commission be
solely responsible for all the financial credits of the future
protection projects. Thus, by only one petition, i.e.
objection, it is possible to report the irregularities in the
work and control of the work of this Commission. Due to
the clearly defined method of billing of services by the
Swiss Agency for the Protection of Cultural Property it is
possible to calculate a clear and transparent contribution
which should be provided. [20] Under guidance of

GRABEVINSKI MATERIJALI | KONSTRUKCIJE 58 (2015) 1 (25-57)
BUILDING MATERIALS AND STRUCTURES 58 (2015) 1 (25-57)

41



uglavnom, nadzorno i savetodavno telo.

Agencija, takode, nadgleda projekte za glavne
poslove, kao Sto je formiranje inventara spomenika
kulture. Predsedavajuci u ovoj agenciji je konzervator iz
Komisije za istorijsku zastitu. Ova komisija svake dve
godine dodeljuje nagradu dr Jost-Hartmann, za ,najbolje
revitalizovanu i zastiéenu kuéu u Starom Bernu”.[22]

Nagraduju se osobe koje su, preduzimajuci resta-
uraciju, sledile principe zastite i o€uvale integritet vredne
gradevinske strukture. Nagrade se dodeljuju arhitektima
i gradevinskim koncernima, inZzenjerima i restauratorima,
zanatlijama, ali i zasluznim politi¢arima. Clanovi Agencije
godinama se ne menjaju, da bi se oCuvali ustanovljeni
kriterijumi. Imajuci u vidu broj spomenika kulture koji su
pod njihovom brigom, njihovi uslovi za delovanje su
skromni. Poslednje cetiri godine izvori finansija su se
smanijili, uglavnom za pratec¢u administraciju.[22]

3.2 Cetiri izvestaja o preventivnoj zastiti grada
Berna

U petom setu &etvorogodisnjih izveStaja o preven-
tivnoj zastiti, koji pokriva period od 1997. do 2000.
godine, uoCavaju se mogucnosti da se rad Agencije
predstavi Siroj javnosti, da bi se opisali glavni doprinosi,
uslovi, kao i razne poteSkocée s kojima se ¢lanovi u radu
susrecu.[24] Dugoro¢ni planovi i trendovi takode su
ukljuceni u izvestaje. Ovaj Cetvorogodisnji izvestaj
objavljuje se u ,Bernskom magazinu istorije i lokalne
istorije”. Prikazani primeri, odnosno zaSti¢ene zgrade
predstavnici su svih funkcionalnih oblika i sluze kao uzori
za mnogobrojne potonje restauracije, u kojima se javljaju
sli¢ni problemi.

Pomocu tih primera uspesnih restauracija i konzerva-
cija, uspostavljaju se opsteprihvaéene smernice za
istorijsku konzervaciju. Pojedinacni autori, vlasnici zgra-
da i arhitekte, obrazlaZzu svoje licne primere angazova-
nja. Vecina tekstova odnosi se na odredivanje vrednosti
spomenika kulture. UoCava se i uce8ce onih koji nisu
neposredno vezani li€nim interesom za neki spomenik
kulture, ali osecaju moralnu ili profesionalnu obavezu da
skrenu paznju na vrednosti koje zapazaju. [5] U arhivima
se Cuva i obiman materijal, ne samo o spomenicima
kulture, ve¢ i dokumentacija o restauratorskim radovima
koji su na njima do sada obavljeni. Ova dokumentacija je
svima dostupna, a njen dodatak predstavlja i zvaniéni
detaljni interni izveStaj. U tom izveStaju navedeni su
nereSeni problemi u pogledu istorijata zgrada, njenog
nastanka i promena tokom zivotnog veka, kao i posebni
problemi koji su uo€eni tokom restauracije. U godisSnjim
izveStajima grada Berna nalaze se, takode, lista
objekata na kojima su izvrSeni restauratorski radovi, ali i
lista projekata koji su odbac&eni. Najdramati€niji dogadaj
iz perioda koji pokrivaju ovi izvestaji jeste nesrec¢a u ulici
Randbjunkerngasse, poCetkom 1997. godine, kada se
nekoliko kuéa srusilo. Velike Stete utvrdene su na pet

various credit agencies, the contributions began to pay
off. The contributions are one of the elements on which
the operation of the Agency for Protection of the City of
Bern is based, even though it is mostly concerned with
supervision and consulting.

The Agency also supervises the projects of the major
tasks, such as establishing the cultural monuments
inventory. The chairman of the Agency is a
conservationist belonging to the Historical Protection
Commission, and the other members are respectable
professionals in fields relevant for the cultural property
protection. The Commission biannually awards the dr
Jost-Hartmann prize, for the best revitalized and
protected house in Old Bern”. [22]

The prizes are awarded to the individuals who,
undertaking restoration, followed the protection princi-
ples and preserved the integrity of a valuable building
structure. The buildings are awarded to architects and
contracting concerns, engineers and restorers, craft-
smen and politicians. The members of the Commission
remain the same for years, in order to retain the
established criteria. In comparison to the number of
cultural monuments in their care, their working
conditions are modest. In the last four years, the
financial resources were reduced, mostly for the
accompanying administration. [22]

3.2 Four reports on the preventive protection of the
city of Bern

In the fifth set of four-year reports on preventive
protection, covering the period 1997-2000, there is
potential to present the work of the Agency to the wide
public, in order to describe the main contributions,
conditions and various difficulties the members
encounter in their work.[24] The long-term plans and
trends are also included in the reports. This four year
report is published in the “Bern journal of history and
local history”. The presented examples, i.e. the protected
buildings are representatives of all the functional forms
and they serve as models for numerous subsequent
restorations that feature similar problems.

With the aid of these examples of successful
restorations and conservations, generally accepted
guidelines for historical conservation are established.
Individual authors, such as the building owners and
architects explain their personal actions. The most of the
texts refer to the determination of the values of the
cultural monuments. Also notable is the participation of
those who are not personally involved with a cultural
monument, but who feel the moral or professional
obligation to draw the public attention to the values they
perceive.[5] Extensive material is being kept in the
archives, concerning not only cultural monuments, but
documents on the restoration works performed on them
up to now. These documents are widely available. An
official detailed internal report is an addition to these
documents. The report lists the unsolved problems
concerning the historical background of the buildings,
their construction and changes they underwent during
their life time, as well as special problems detected
during the restoration. The yearly reports of the city of
Bern also comprise the list of buildings which underwent
the restoration works, but also the list of rejected
designs. The most dramatic event from the period
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vrednih istorijskih zgrada. Pozar, koji je ovu Stetu
izazvao, naveo je gradane Berna da u narednim
mesecima reaguju u smislu donoSenja vaznih odluka o
zastiti nasleda.

Iskazana je velika zabrinutost za Stari grad. Projekti
restauracija, preduzeti nakon ove nesrece, obuhvatili su i
dodatne mere zastite i predstavljali su nov izazov za
struénjake. [24]

3.3 Spomenik kulture kao vlasnistvo

Zasti¢eni spomenici kulture dugo nisu bili atraktivni
za poslovanje nekretninama. Uzrok za to bio je
ograni€enje u izboru namene, kao i dizajna koji se moze
primeniti na neku zaStiCenu istorijsku gradevinu.
Poslednjih decenija doSlo je do znacajnih promena u
pristupu ovim problemima i njihovom re$avanju. Zasti-
¢ene gradevine danas imaju trziSnu vrednost i visoko se
kotiraju kada je u pitanju prodaja, ali i iznajmljivanje,
zbog njihove upotrebne vrednosti.

Zasti¢ene gradevine imaju period dugog koriSéenja i
naj¢eSce se nazivaju gradenim slojem prve klase. Za
mnoge takve gradevine pojavljuje se problem daljeg
opstanka. Razlozi za to su razni: makroekonomske
promene, migracija stanovnistva, kao i promene u okru-
zenju, a sve to uzrokuje nezeljene efekate devastacije
gradevinskog tkiva. Naj¢esS¢i uzrok propadanja jeste
prevazidena originalna, izvorna, funkcija tih gradevina,
8to je ljude koji su u njima stanovali ili radili navodilo da
ih napuste. Logi¢an zaklju¢ak jeste da u tom slu€aju
treba promeniti namenu gradevine. To je, medutim,
veoma teSko kada su u pitanju zasticeni spomenici
kulture, jer promene fizicke strukture koje, po pravilu,
treba obaviti tako da se ocCuvaju spomenicka svojstva
zbog kojih je zgrada zasti¢ena, iziskuju veliku paznju i
senzibilitet arhitekata, a i mnogo kostaju. Buduéa dobit
od investicije u prenamenu istorijske gradevine zavisi od
nekoliko faktora: faktora ograni€enja u buducoj nameni,
faktora prate¢ih troSkova u fazi daljeg zZivotnog veka
gradevine i faktora povecanja investicija zbog zahteva
maksimalnog o€uvanja originalnih svojstava objekta.

Metode zastite i promena namene gradevine treba
da budu potpuno usaglasene. Odredeni stepen toleran-
cije pri izgradnji novih zgrada ne postoji kada se
obavljaju radovi na zasticenim istorijskim spomenicima.
Zato buduéi korisnik postavlja pitanja da li ¢e uspesno
moéi da se ispune svi postavljeni zahtevi, a da se
prilikom investiranja u zgradu smanji ulozeni kapital radi
Sto veceg profita.

Ovaj proces, putem kog se moraju reSavati problemi
funkcije i potencijala u savremenim uslovima zasti¢enih
spomenika kulture, u punom smislu reci jeste
revitalizacija - ,ponovno vraéanje u Zivot”.

3.4 Definicija graditeljskog nasleda po Svajcarskim
zakonima

Graditeljsko naslede predstavlja naslede koje nije
vazno samo za jedan deo Svajcarske teritorije, odnosno

covered by these reports is the disaster in Randbjun-
kerngasse Street, at the beginning of 1997, when
several houses collapsed, and when extensive damage
was caused on five historical buildings. The fire which
broke out and caused this damage, led the citizens of
Bern to react in the ensuing months, in terms of making
some decisions related to the heritage protection.

A high concern was expressed for the Old town. The
restoration designs following the disaster included the
additional protection measures and represented a new
challenge for all the experts. [24]

3.3 Cultural monuments as property

Listed cultural monuments were not attractive to real
estate business for a long time. The main reason was
the limitation concerning the use and design which can
be adopted for a listed historical building. In the recent
decades, there have been considerable changes in the
approach to solving these issues. The listed buildings
nowadays have market value, and they rank high both in
terms of sales and in renting, due to their practical value.

The listed buildings have been used for a long time,
and they are most often called the built layer of the first
class. The further existence of many of them was
threatened. There were diverse reasons for this: macro-
economic changes, population migration, environment
changes, all leading to the undesirable effects of urban
fabric devastation. The most common cause of
dilapidation was the outdated function of the building
which led people who were residing or working in it to
abandon it. The logical conclusion is that the use of the
building ought to be changed in such situations.
However, this is very difficult when it comes to the listed
cultural monuments, since the changes of the physical
structure, which, as a rule, must be performed so as to
preserve the monumental properties for which the
building was listed in the first place, require considerable
attention and sensibility from the architects, as well as
considerable financial resources. The future profit
resulting from the investment in the conversion of a
historical building depends on several factors: the
limiting factors of the future use, factor of running costs
in the future phase of the building service life, and the
factor of increase of investment due to the requirement
of preservation of the original building properties.

Protection methods and conversion of the building
must be in full agreement. A certain degree of tolerance
which is normal in construction of new buildings cannot
be implemented when it comes to the works on the listed
historical monuments. For this reason, the future user
wants to know whether all the requirements will be
successfully met, while keeping the investment in the
process at the lowest possible level in order to maximize
the profit margin.

This process, through which the issues of function
and potential of contemporary listed cultural monuments
must be solved, is a fully fledged revitalization, “bringing
back to life”.

3.4 Definition of the built heritage according to the
Swiss legislation

The built heritage is the heritage which is not only
important for a part of Swiss territory, or belongs to
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koje je vlasnistvo pojedinca, ve¢ je bitno za opste i javno
dobro celokupnog drustva u celini. Ono se identifikuje,
prou¢ava i prenosi na buduce generacije tako Sto se
belezi, evidentira, Stiti i ostavlja za dobrobit celokupnom
Svajcarskom drustvu i celom svetu.

Graditeljsko naslede odrazava regionalnost, razlicite
tipove gradevina i tradicije uop$te. Ono moze da
obuhvata: od farme do velikog grada, nadogradnju,
komercijalne industrijske komplekse, radni¢ka naselja,
zamkove, kao i arheoloSka nalazi§ta. Spomenici kulture
nisu samo arhitektonski objekti iznad prosecnog
kvaliteta, ve¢ to mogu biti i jednostavni, ali za drustvo
vazni istorijski subjekti koji doprinose uravnotezenju
danasnje slike gradova. Graditeljsko naslede podrazu-
meva sve §to je u proSlosti sagradeno, a ima spome-
nicke vrednosti. Sve Sto je proglaSeno graditeljskim
nasledem mora biti zasti¢eno, a ako je zasti¢eno, onda
mora biti sacuvano.[21]

4 FAKTORI KOJI UTICU NA PROCES
REVITALIZACIJE

Revitalizacija nekori§éenih istorijskih spomenika jeste
proces u koji je uklju€éeno nekoliko odlu€ujuéih faktora. Ti
faktori su konstante i uticu na pojedine faze revitalizacije.
Sama revitalizacija nije jednozna¢no odredena, posto se
spomenici kulture razlikuju po svojim karakteristikama i
lokacijama. Ipak, mogu se postaviti odredene smernice —
kao svojevrsni akcioni vodi¢ koji se, potom, prilagodava
pojedinaénim slucajevima.

Faktori koji utiCu na proces revitalizacije nekoris-
¢enih, odnosno napustenih, spomenika kulture i njihove
medusobne veze prikazani su na Shemi 1.

individuals, but is important public and general resource
of the entire society. It is identified, studied and passed
on to the future generations, by being recorded, listed
and left to the benefit of the entire Swiss society and the
world.

The built heritage reflects regional traits, various
types of buildings and tradition in general. It can include:
farms and big cities, extended buildings, commercial
industrial complexes, working people districts, castles
and archeological sites. The cultural monuments are not
only exceptional quality architecture, but those can be
simple, but socially important historical subjects which
characterize and contribute to the balancing of the
contemporary image of the cities. The built heritage
comprises everything built in the past, possessing the
monumental value. Every item declared building heritage
must be listed, and if listed, it must be preserved. [21]

4 FACTORS INFLUENCING THE PROCESS OF
REVITALIZATION

Revitalization of disused historical monuments is a
process which includes several decisive factors. Those
factors are constantly present and they affect individual
phases of revitalization. The process itself is not
universal, since the cultural monuments differ in terms of
their characteristics and locations. Yet, certain guidelines
can be provided as certain action guide, which is,
subsequently adapted to the individual cases.

The factors affecting the revitalization process of
unused, i.e. abandoned cultural monuments and their
mutual relations are displayed in Scheme 1.

Zasti¢eno stanje

imobilija Prodaja i
Protected status of marketing
immobile property Sales and

marketing

Koncept koristenja
Utilization concept

PROCES REVITALIZACIJE
REVITALIZATION PROCESS

Trziste i lokalni
Gradevinski faktori
zakoni i propisi Market and local
Building factors
regulations

l

Starost lokacije
Location age

I

T

Finansiranje
Financing

lzrada projekta
Production of the
design

|

Zastita
Protection

Zainteresovanost
uéesnika
Level of interest of
the participants

Shema 1. Faktori koji uticu na proces revitalizacije
Scheme 1. Factors influencing the revitalization process

Faktori, osim Sto su stalno prisutni, pomazu i u
pojedinacnim fazama rada. Zbog toga se veze izmedu
faktora na grafikonu mogu Koristiti kao preporuka
prilikom prakticnog rada. Neke faktore, do odredenog
stepena, mogu Kontrolisati razni ucesnici. Pojedini,
medutim, moraju se usvojiti takvi kakvi jesu. To su,

The factors, apart from being ever present, help in
the individual work phases. For that reason, the relations
between the factors in the chart can be used as a
recommendation in the practical work. Some factors can
be controlled to a certain degree by the various
participants. Some of them, however, should be adopted
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uglavnom, faktori trzista i lokacije. Na druge faktore, kao,
na primer, postojece stanje nekretnina, moze se uticati.
Pri revitalizaciji, mora se voditi rauna o vodec¢im
taCkama u procesu i ograni¢enjima koje treba postovati.
Shema 2. prikazuje preporuke, u obliku akcionog plana,
koje znacajno unapreduju kvalitet revitalizacije.

Prethodno zadati faktori

- Prodaja i faktori lokacije
- Gradevinski propisi
- Zastita

Previously set factors

— Sales and location factors
- Building regulations
- Protection

as they are. Those are, prevalently, the market and
location factors. The other factors, such as, for instance,
the current status of the real estates, can be affected.
While performing revitalization, one should take care
about the major points of the process and of the
limitations to be observed. The following scheme
displays the recommendations, in the form of an action
plan, which considerably improves the revitalization
process quality.

Modifikovani faktori
- Prethodna oranicenja

- Zainteresovanost ucesnika
- Stanje u kojem se objekat nalazi

Modified factors

- Previous limitations

- Level of interest of the
participants

- Current status of the building

Marketing
- Finansiranje
- lzrada projekta
Koncept koriséenja

Marketing
- Financing
- Production of the design
Utilization concept

PROCES REVITALIZACIJE / REVITALIZATION PROCESS

Shema 2. Preporuke za uspe$an proces revitalizacije [21]

Scheme 2. Recommendations of successful revitalization process [21]

Akcioni  plan  prvenstveno  ukljuCuje  aktivne
dizajnerske faktore. Za odrzivost projekta bitna je
ujednaCenost svih faktora koji najvise utiCu na
revitalizaciju. Zbog toga je veoma vazno prepoznavanje
i pronalazenje novih ideja prilikom dodeljivanja nove
namene objekata.

4.1 Interesi u procesu revitalizacije i akcionari

Analiza mogu¢e namene praznih, napustenih istorij-
skih gradevina jedna je od najvaznijih faza revitalizacije.

Pocletak izrade projektnog plana zasniva se na
pretpostavkama da se u procesu revitalizacije originalna,
izvorna namena i struktura zgrade mogu donekle izme-
niti, u zavisnosti od njene procenjene istorijske, estetske,
arhitektonske i konstruktivne, te druStvene vrednosti.
Kada se utvrdi taj obim mogucéih izmena, nadalje o tim
ograni¢enjima nadleznost preuzima menadzer objekta.
U zavisnosti od veliCine gradevine i razloga za njenu

The action plan primarily involves the active
designing factors. The project sustainability requires
balance and uniformity of all the factures which mostly
affect the process. For that reason, recognition and
finding new ideas when converting the buildings is very
important.

4.1 Diverse interests in the revitalization process
and shareholders

An analysis of the potential use of the empty,
abandoned historical buildings is one of the most
important phases of revitalization.

The onset of production of the project plan is based
on the assumptions that in the revitalization process, the
original function and structure of the building can be
changed to a certain degree, depending on its assessed
historical, esthetic, architectonic and structural, as well
as social value. When the scope of potential changes
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revitalizaciju, cilj revitalizacije moze se ostvariti uz
pomoc¢ specijalizovanog graditelja ili arhitekte, ukoliko je
re€ o manjim objektima. Preporuke i sugestije za
formiranje veza u razli€itim razvojnim fazama revitali-
zacije prikazane su na Shemi 3.

Revitalizacija se u ovoj shemi definiSe kao deo
koncepta, ali deo koji se odnosi na neiskoriS¢enost same
gradevine moze biti dodatno od pomoéi.

Uglavnom, cilj je da se izradi analiza namene i da se
koordiniraju akcionari, odnosno deonicari koji u€estvuju
u revitalizaciji. Namera zainteresovanih strana jeste da
se projekat izlozi njihovim pretpostavljenima, menadze-
rima projekta ili planerima. Primena ove analize omo-
gucava pokretanja projekta.

Interes vlasnika napustenog, praznog objekta, jeste
da ga Sto bolje proda, odnosno, ukoliko ga zadrZi u
svom vlasnistvu, da ga iznajmi na Sto duZzi period.

Interes izvodaca radova i investitora jeste sticanje
profita, Sto projektom revitalizacije, odnosno uvodenjem
nove, odgovaraju¢e namene, moze da se ostvari. U
izboru odgovaraju¢e, najprimerenije namene mogu da
uCestvuju sve zainteresovane strane. Prilikom izbora,
mora se voditi raCuna o tome da se ostvari harmonija
izmedu postojecih karakteristika objekta koje cine
njegovu vrednost, i zahteva koje postavlja buduéa
namena objekta.

Dobro poznavanje prednosti revitalizacije lezi u
prethodnom poznavanju dve vrste parametara - onih
kojima se odreduju dodatni poslovi i onih u pogledu
ograni¢enja usled zasti¢enih vrednosti gradevine, koji
mogu biti preovladujuci faktor pri odluci da se investira u
projekat revitalizacije.

Za korisnike objekta vazno je da znaju koja su
ograni¢enja objekta prilikom odabira buduée namene.
Ograni¢enja koja utiCu na novu namenu Kkorisnicima
saopStava menadzer objekta. Prethodno, on moze da
koristi analize o nameni i strategijskom planiranju, te da
to uklju¢i u planiranje, koje obuhvata i strategijsko
upravljanje objektom. Za arhitektu-konzervatora, koji je
predstavnik javnog interesa, glavna prednost koju ima
od analiza jeste to Sto, pomocu njih, minimalizuje
gubitke, zbog razli¢itih svojstava istorijske zgrade, tokom
prilagodavanja objekta buduéoj nameni.

has been determined, in the further process the
manager of the building is competent for these
limitations. Depending on the size of the building, and
reasons for its revitalization, the goal of the revitalization
can be achieved with the aid of the specialized builder or
architect, if small size buildings are concerned. The
recommendations and suggestions for formation of
relations in various phases of revitalization development
are displayed in scheme 3.

Revitalization is in this scheme defined as a part of
the concept, but the part referring to the unused capacity
of the building itself can be of additional help.

The goal is, prevalently, to make an analysis of the
use, and coordinate the shareholders taking part in the
revitalization. The intention of the stakeholders is to
display the project to their superiors, project managers
or planners. The application of this analysis makes it
possible to start the project.

The interest of the owner of an abandoned, i.e.
empty building is to sell it with the best profit, or, if the
ownership over the building is retained, to attempt to rent
it for as long period as possible.

The interest of the contractor and investor is to make
profit, which can be achieved through the revitalization
project, i.e. through introduction of a new, appropriate
use. All the stakeholders can participate in the choice of
the most appropriate use. When making a choice one
should take care to create harmony between the current
characteristics of the building, which constitute its value,
on one hand, and the requirements posed by the future
use of the building, on the other hand.

Good knowledge of the advantages of revitalization
comprises previous knowledge of two types of
parameters, one type determining the additional works,
and the other related to the limitations due to the
protected values of the building, which can be a
prevailing factor when making a decision to invest in the
revitalization project.

When choosing the future use, it is important for the
users of the building to know what the limitations of the
building are. The users are informed about the
limitations affecting the new use from the building
manager. He can previously utilize the analyses of the
use and strategic planning, and include it in the planning
process, which comprises the strategic management of
the building. For and architect-conservationist, who
represents the public interest, the main advantage of the
analyses is that, using them, he can minimize the losses
related to the various properties of the historical
buildings, in the process of adapting the building to the
future use.
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Plan rada u zivotnom ciklusu / Work plan in the life cycle
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Shema 3. Linearna shema plana rada u ciklusima revitalizacije, sa Zivotnim fazama
(FM-Facility Manangement sa glavnim procesima) [21]
Sheme 3. Linear diagram of the working plan in the revitalization cycles, with life stages
(FM-Facility Management with the main processes) [21]
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Vlasnik objekta
Investitor Korisnik
Building owner User
Investor
REVITALIZACIJA /| REVITALIZATION Organizacija i
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Architect Organization
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Arhitekta
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Utilization
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Razvojni projekat
Developmental project

Plan rada
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| Objekat pod zastitom /

Listed building

T

Otvorenost
Openness

Shema 4. Ucesnici u procesu revitalizacije i njihove veze [21]
Sheme 4. Participants in the revitalization process and their relations [21]

4.2 Promene na trziStu — ponovno otkrivanje
istorijskih vrednosti objekata — odnos korisnika
i investitora

Na trziS$tu nekretnina, rokovi za izradu projekata
veoma su kratki i nikada nema dovoljno vremena da se
0 njima ozbiljno promisli. Umesto ,proizvoda — (rezultata)
razmiSljanja” [4] na poCetku revitalizacije na gradilistima
nisu postojali nikakvi istaknuti podaci kojima se,
atraktivnim reklamama, privlae potencijalni korisnici,
odnosno investitori.

Tradicionalno teski faktori, koji se, po pravilu,
povezuju s lokacijom, odnosno s dobiti uslovljenom
infrastrukturom, bili bi pod znakom pitanja, a
formulisanje novih mekih kriterijuma lokacije, na prvi
pogled, manje atraktivnih, bili bi u drugim slu€ajevima
zanemareni.”[4]

Osnovni principi kojima se rukovode moderni grade-
vinski projekt jesu veéa orijentacija prema korisnicima
(trziSna orijentacija), te veca osetljivost u pogledu
situacije (orijentacija prema okruzenju). [4] Kada su
zasticene zgrade u pitanju, one imaju koristi od ovih
principa, jer se, u njihovom slucaju, primenjuju mekani
faktori.

U ,Spomenickoj studiji Berna” izneti su podaci
ankete u kojoj su korisnici i investitori ispitani o njihovom

4.2 Changes in the market — rediscovery of the
historical values of the buildings — relations of
the users and investors

In the real estate market, the deadlines for
production of projects are very short, and there is never
sufficient time to dwell upon them. Instead of “the
product — (result) of deep thinking” at the beginning of
revitalization, there were no displayed data on the
construction sites, which could, as an attractive
advertisement, attract potential users, i.e. investors.

»The traditional heavy factors, which are, as a rule,
related to the location, that is, to the profits related to the
infrastructure, would be questioned, and formulation of
new soft criteria of the location, which are, at first sight,
less attractive, would be neglected.”[4]

The basic principles of contemporary construction
projects are increased orientation towards the users
(market oriented projects), and an increased sensitivity
in respect to the situation (environment oriented
projects). [4] When the listed buildings are concerned,
they can benefit from these principles, since in their
case, the soft factors are implemented.

In “The Monumental study of Bern” the data from the
survey in which the users and the investors were que-
stioned about their experience in revitalization and the
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iskustvu s revitalizacijom i izborom novih namena
zasticenih objekata obuhvaéenih ovom studijom.[9]

Prednosti i koristi istorijskih zgrada, koje su bile
navedene u tom istrazivanju, jesu sledece:

e prednost lokacije: istorijske zgrade obi¢no su
smestene u samom centru grada;

o istorijske zgrade se stalno odrzavaju;

o kvalitet opremljenosti objekata infrastrukturom;

e dobra ocena servisnih usluga, kuhinja i sanitarnih
prostorija;

e prirodna ventilacija;

o atraktivnost okruzenja.

Nedostaci, zabeleZeni u ovom istraZivanju, jesu:

e nedovoljna fleksibilnost namene: previSe zastitnih
ogranienja u prostornoj organizaciji i procesu
koriscenja;

e upotreba samo odredenih, odabranih materijala,
koji su pogodni za okruzenje;

* nedovoljno prirodno osvetljenje.

Podatak koji je iznenaduju¢ jeste teznja da se ostvari
viSe kancelarijskog prostora po zaposlenom radniku. ,Na
kraju ankete, preko 21% ispitanika ocenilo je da je
prostor u istorijskim zgradama previSe skucen, kada se
poredi s prose¢nim standardom, u odnosu na savremeni
prostor od 17.2 m? po zaposlenom (napomena autora).
Ipak, uopsteno posmatrano, u rezultatima ankete naslu-
¢uje se da kompanije sa uvazavanjem procenjuju situa-
ciju i ostavljaju viSe prostora pojedina¢nim radnicima.”[9]
Ove promene pocele su da utiCu na upravljanje
prostorom kada je re¢ o zastiéenim zgradama. Konsta-
tovano je da vrednost spoljasnjeg i unutrasnjeg izgleda
zgrade, kao i zadovoljstvo zaposlenih njihovim radnim
prostorom, uti€u viSe nego Cistoekonomska efikasnost.

Uz pozitivnu procenu zadovoljstva zaposlenih, ide i
podatak da ljudi provode u ovim objektima viSe od Sest
godina na radnom mestu. U nastavku ove analize, kao
ostali mekani faktori koji su bili pozitivno ocenjeni, jesu:

e izgled gradevine;

o istorijska arhitektura;

o prepoznatljivost zgrade u okruzenju;

e pobolj$anje radne atmosfere;

e moderan ukus;

e poznata, prepoznatljiva adresa;

o korporativna arhitektura: identitet  vlasnika
(kompanije, na primer) povezuje se s prepoznatljivim
spoljasnjim izgledom zgrade.

Za stanove, na primer, koji se nalaze u
prepoznatljivim, istorijskim objektima moze se odrediti i
dobiti viSa stanarina, jer su takvi objekti atraktivniji kao
investicija. Ipak, zakonski, istorijske gradevine mogu biti
teret za klijenta, odnosno vlasnika, jer i pored navedenih
pozitivnih ocena, mogu i dalje postojati zahtevi da se
takve zgrade odrzavaju na specifi€an nacin, kao i to $to
su propisane obavezne redovne popravke.[7] Uslovi
preventivne zastite mogu, takode, biti povezani sa
znaCajnim ograniCenjima kojih se korisnik mora
pridrzavati.

Preventivna zastita obuhvata:

1. Fleksibilnost: Istorijski objekat ima ograni¢enja u
prostornoj organizaciji. To, medutim, uglavhom ne uti¢e
na vecinu korisnika. MoZe se zapaziti da postoji sukob
izmedu ukupnog zahteva za fleksibilnoS¢u i pojedinacne
procene fleksibilnosti prostora u zasti¢enim objektima.

choice of new uses of the listed buildings which were
included in the study were published. [9]

Advantages and uses of the historical building which
were listed in that research are as follows:

o Advantage of the location: historical buildings are
usually located in the centers of the cities;

¢ Historical buildings are continuously maintained;

e The buildings are well-equipped in terms of
infrastructure;

e Good assessment of services, kitchens and
sanitary facilities;

e Natural ventilation;

o Attractive environment.

The deficiencies, recorded in this research, are:

o Insufficient flexibility of use: too many protective
limitations in the spatial organization and process of
usage;

e The use of certain, selected materials which are
fitting for the environment;

« Insufficient natural lighting.

A surprising piece of data is the tendency to provide
additional office area per an employee. ,Eventually, the
survey showed that over 21% of the questioned people
evaluated that the space in the historical buildings is
excessively cramped, in comparison to the average
contemporary standard of 17.2 m? per an employee,
(author’s note). Yet, in general terms, the survey results
suggest that the companies appreciate the situation and
leave additional space for individual employees.”[9]
These changes started to affect the space management
when it comes to the listed buildings. It is concluded that
the value of the external and internal appearance of the
building, as well as the satisfaction of the employees
with their working space, have more impact that the
purely material efficiency.

The positive assessment of the employees’
satisfaction is accompanied by the data that people
spend more than six years working in these buildings.
Further in the analysis, the other positively assessed soft
factors were:

o Appearance;

e Historical architecture;

e Recognizability of the building in its environment;

o Improvement of the working atmosphere;

e Modern taste;

e Known, recognizable address;

e Corporate architecture: owner’s identity (company,
for instance) is related to the recognizable external
appearance of the building.

For instance, the flats located in the recognizable,
historical buildings, can be rented at a higher cost since
such buildings are more attractive as an investment. Yet,
in legal terms, the historical buildings may be a burden
for the client, i.e. owner, because apart from the
mentioned positive assessments, there can still exist
requirements to maintain the buildings in a specific way,
and to repair the building in regular and prescribed
intervals. [7] The preventive protection conditions can
also be related to considerable limitations which should
be adhered to by the user.

Preventive protection comprises:

1. Flexibility: A historical building has limitations in
spatial organization. This, however, does not affect the
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Ispitivanje istorijskih zgrada u Bernu pokazuje da, bez
obzira na to ograni€enje, postoji specifi€no interesovanje
korisnika za spomenicke nekretnine.[9]

2. Upravijanje energijom: Popravka i osavremenja-
vanje izolacije u spoljas$njim zidovima istorijskih zgrada
nisu tako jednostavni kao kod ostalih zgrada, zato $to se
tim intervencijama Cesto ne moZe izbeli promena
izgleda zgrade.

4.3 Vrednosti spomenika kulture - razliciti stavovi
u javnosti

Cilj preventivne zastite jeste da se zastite istorijski
vazne zgrade u interesu javnosti: ,Preventivna zastita i
konzervacija imaju zadatak da zastite kulturne spome-
nike, da ih odrzavaju i nadgledaju njihovo stanje, a
narocito da spre€avaju nedozvoljene radnje, promovisu
otkrivanje kulturnih spomenika, te da ih registruju i
struéno ispituju.”[11]

Kulturni spomenici smatraju se ,vrednim poklonom”
zbog njihovog dugoro&nog postojanja, a njihovo vred-
novanje izrazava se kulturnim poStovanjem.[15] Javni
interes za konzervaciju graditeljskog nasleda, u formi
zastitnih zakona, ima prednost ispred interesa nad
vlasnistvom. Zbog toga su spomenici kulture uvek u
centru sukoba interesa javnosti i investitora koji Zele
profit. Da bi se ta dva interesa harmonizovala, treba da
se uoCi razlika izmedu — ,prakti€ne koristi koju spomenik
kulture ima sam po sebi i prisutne vrednosti spomenika”,
kao i ,duhovne vrednosti koja je vezana za proslost
zgrade”.[6]

Prakti¢na korist i duhovna vrednost odrazavaju se na
ukupnu vrednost koja se moze pripisati spomeniku:[8]

e Korisnost zavisi od Zeljenih cilieva. TrziSna
vrednost odnosi se na trenutnu korisnost koja se moze
samo delimi¢no uoCiti kod istorijskih objekata. Razvojne
vrednosti predstavljaju polaziste, a ugradene su u
trenutne i buduée zahteve. Iz ekonomskig aspekta,
korisnost je subjektivha vrednost, odnosno, za zgrade je
korisno da nastave da postoje kao fizicka struktura. Ovo
se razlikuje od trziSne vrednosti, a rezultira od prodaje
vlasnistva u zavisnosti od ,vrednosti koja je obavezujuca
za sve”.[12]

o [storijska vrednost strukture zgrade smatra se
objektivnim istorijskim dokumentom i povezana je s
materijalnim postojanjem strukture.

e Vrednost se¢anja ukazuje na interes javnosti za
proSlost, Sto je povezano sa istorijskim objektom.
Ukoliko je re¢ samo o sentimentalnoj vrednosti, to Cesto
moze usmeriti radove ka rekonstrukciji, ¢ime se samo
delimi¢ni delovi istorije ,vra¢aju nazad u zZivot”.

* VVrednost predstavlja i razli€itost istorijskih struktura
u poredenju sa sadasnjim formama. Iskustvom koje se
povezuje sa istorijskim zgradama, istorija postaje bliza
ljudima. Zbog toga je javni interes veoma izrazen.

Svaka gradevina ima odredenu strukturu, koja se
manifestuje putem: funkcije, forme, materijala i kon-
strukcije.

most of the users. It can be seen that there is a conflict
between the overall requirement for flexibility and
individual assessments of the flexibility of space in the
listed buildings. The examination of the historical
buildings in Bern indicates that, regardless of the
limitations, there is a specific interest of the users for the
monumental property.[9]

2. Energy management. Repair and updating of
insulation in the external walls of the historical buildings
is not as simple as in the case of other buildings,
because this intervention often changes the external
appearance of the buildings.

4.3 The value of historical monuments - various
attitudes of the public

The goal of preventive protection is to list the
historically important buildings, in the best interest of the
public: ,Preventive protection and conservation have a
task to protect the cultural monuments, to maintain them
and monitor their status, and in particular to prevent the
unsanctioned alterations, to promote the discovery of
cultural monuments, to register them and examine them
in a professional way.”[11]

Cultural monuments are considered a “valuable gift”
because of their longevity, and they are valued through
the cultural respect for them. [15] The public interest for
conservation of the built heritage, in the form of
protective legislation takes precedence over the
ownership interest. For that reason the cultural
monuments are always in the focus of the public interest
and the profit seeking investors. In order to harmonize
these two interests, one must differ between — “the
practical use the monument itself possesses, and the
inherent value of the monument” as well as “the spiritual
value related to the building’s past”. [6]

The practical utility and spiritual value are reflected in
the total value which can be ascribed to the monument.
8]

o Utility depends on the desired goals. The market
value refers to the current utility which can be only
partially recognized in historical buildings. The
developmental values represent a starting point, and
they are a part of the current and future requirements. In
economical perspective, utility is a subjective parameter,
that is, it is useful for the building to continue to exist as
a physical structure. This differs from the market value
and it is a result of the sale of the property depending on
the "obligatory value”.[12]

¢ The historical value of the building is considered an
objective historical document and it is related to the
material existence of the structure.

e The value of the memory indicates the public
interest for the past, which is related to the historical
building. If it is only a sentimental value, this can often
direct the reconstruction works, which bring back to life
only certain parts of history.

e The value is also constituted in the diversity of
historical ~ structures in  comparison with  the
contemporary forms. People become more intimate with
the history through the experience of the historical
buildings. For this reason the public interest is very
pronounced.
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Materijali i konstrukcija ukazuju na to kako je zgrada
gradena i na vreme u kojem je gradena. Ovo se odnosi
kako na celokupni objekat, tako i na njegove
pojedinaéne komponente. Funkcija odreduje prakti¢nu
vrednost objekta, odnosno njegovu mogucu savremenu
upotrebljivost. Ovakav pristup dovodi nas do teze da
procesi na gradevini, ukoliko se promisljeno sprovode,
odnosno ukoliko se pravilno sagleda i vrednuje
prilagodljivost oblika, konstrukcije, materijala i prostorne
organizacije, do mere koja ne ugrozava spomenicku
vrednost, mogu da generiSu novu namenu i nastavak
zivota devastirane gradevine.

4.4 Korisne namene zasti¢enih objekata

Odnos izmedu investitora i konzervatora uvek je bio
zategnut, kada se imaju u vidu i vrednosti nekretnina i
spomenicka vrednost kulturnog nasleda. S jedne strane,
subjektivni stavovi investitora koji Zele da imaju visok
povracaj profita, a s druge strane odrzavanje istorijske
vrednosti spomenika kulture — stalno su u sukobu.
Naj¢esS¢i sukobi oko oCuvanja spomenika kulture jesu,
na primer:[10]

o Kratkoro¢ni ekonomski modeli, koji nisu zasnovani
na principima spomenicke korisnosti, nisu pogodni za
oCuvanje istorijskih zgrada (brz profit na uloZene
investicije koriS¢enjem vlasnistva);

e Zakoni i standardi zasnovani su na principima
izgradnje i eksploatacije novih, savremenih zgrada.
Kada su spomenici kulture u pitanju, mnogi od zakona i
standarda ne mogu da se slede da se ne bi
prouzrokovala Steta u procesu rehabilitacije spomenika;

e Preobimno koriS¢enje zgrade, kada se, na primer,
preterano preoblikuje potkrovlje, d&esto znacajno
naruSava originalnost objekta.

Jedino interesi korisnika istorijskih objekata mogu da
dovedu do promene u trzi§tu nekretnina. Svajcarske
publikacije kao $to su ,Spomenik kao vlasnistvo” [9] ili
~Spomenik kao investicija’[1] ukazuju na sporo
uskladivanje i povezivanje upotrebe spomenika kulture
kao nekretnine i njegovog istorijskog o€uvanja. Da bi se
naglasio znaclaj istorijskog spomenika, koji ne treba
posmatrati kao praznu Skoljku, sada je uveden izraz
Lupravljanje istorijskim spomenicima”. Pored toga, treba
imati stalno na umu da vrednost spomenika kulture nije
samo u njegovom spoljasnjem izgledu, $to ponekad
zanemaruju i struénjaci koji se neposredno bave
zastitom kulturne bastine.[10]

4.5 Moguénosti i rizici revitalizacije istorijskih
zgrada

Na osnovu iznetog, moze se zakljuciti da korisnici i
investitori, ipak, pozitivno prihvataju koriS¢enje istorijskih,
zasticenih, gradevina. U daljem razvoju projekta
revitalizacije, medutim, postoje odredeni rizici. Na
primer:[3]

* L okacije istorijskih objekata dobro su
dokumentovane i odredene, ali skupa infrastruktura, koja

Every building has a certain structure, manifested
through: function, form, material and structure.

Materials and structure reflect the building process of
the time in which it was built. This refers both to the
entire buildings and its individual components. Function
determines the practical value of the building, that is, its
potential contemporary serviceability. Such approach
promotes a thesis that the processes on the building can
generate a new use and continuation of life of a
dilapidated building, if it is conducted in a well-conceived
manner, i.e. if the adaptability of forms, structure,
materials and spatial organization is appropriately
considered and valued, so as not to endanger the
monumental value.

4.4 Practical uses of listed buildings

There has always been a tense relationship between
the investors and conservationists when the ratio of the
property value and monumental value of the cultural
heritage is considered. Subjective attitudes of the inves-
tors who want to have a high profit return on one hand,
and conservation of the historical value of the cultural
monument, on the other, are in permanent conflict. The
most common conflicts regarding the preservation of
cultural monuments are, for instance: [10]

e Short term economical models which are not based
on the principles of monumental utility, are not suitable
for preservation of historical buildings (fast profit from the
invested finances, through utilization of ownership);

e The laws and standards are based on the
principles of construction and usage of new,
contemporary buildings. When this concerns the cultural
monuments, many of the laws and standards cannot be
observed since they will cause damage in the process of
monument rehabilitation;

e Excessive usage of the building, for example, when
the attic is excessively altered often causes considerable
loss of building originality.

Only the interests of the users of historical buildings
can bring about change in the real estate market. The
Swiss publications, such a “Monuments as a property”
[9] or ,Monument as an investment” [1] indicate a slow
harmonization and linking of the cultural monument use,
as an immobile property, with its historical preservation.
In order to emphasize the importance of the historical
movement, which should not be viewed as an empty
shell, the term “historical monument management” has
been introduced. After that, one should constantly bear
in mind that the value of the cultural monuments is not in
their external appearance, which is at times overseen
even by the professional engaging directly in the cultural
heritage protection. [10]

4.5 Potential and risks of historical building
revitalization

On the basis of the discussion, one can conclude
that, usage of historical, listed buildings has been
positively accepted by the users and investors. In the
further development of revitalization project, however,
there are certain risks, such as, for instance: [3]

e Locations of historical buildings are well
documented and determined, but the expensive
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nedostaje, moze znac¢ajno da utiCe na ove projekte;

e Spomenici kulture ve¢ imaju stvorenu pozitivhu
sliku, 8to je polaziste u sluzbi trZista, ali preterano
ambiciozna promena namene moze da izazove
odredenu odbojnost;

e Spomenici kulture, po pravilu, smesteni su na
istaknutim gradskim lokacijama i to doprinosi ogromnom
potencijalu vrednosti, koja se neadekvatnom namenom
moze degradirati;

e Zbog istaknute lokacije, a na osnovu istraZzivanja
koja se prave pri planiranju gradskih prostora, unapred
je poznat broj korisnika i prolaznika koji ¢e registrovati
objekat, a neatraktivha namena tu privlatnost moze da
negira;

o TrZidte, konkurenti i njihovi odnosi mogu da se
prognoziraju, ali su delikatni i uvek postoje faktori
iznenadenja.

Postojanje strategije i planova zastite za istorijska
podrucja, kao i pojedinacne zgrade, omoguc¢ava razma-
tranje ponudenih namena za odredene prostore
istorijskog objekta, koje mogu da pokrenu revitalizaciju i
vide slobodnih, napustenih ili loSe koris¢enih objekata,
koji nisu do sada razmatrani zbog uvreZenih oseéanja
nepromenjivosti zasticenih objekata kao i raznih pravila
u vezi sa istorijskim zgradama. lako su zahtevi prilikom
revitalizacije zasti¢enih objekata veoma visoki, za razliku
od projektovanja nove gradnje, ovaj proces je moguce
sprovesti i na taj nacin sacuvati istorijsku gradevinu i
omoguciti joj dalji zivot prilagoden savremenim uslovima.
Tokom revitalizacije, medutim, pojavljuje se nekoliko
vrsta rizika koji su ovde definisani:[3]

e Rizik namene: KoriS¢enje istorijskih zgrada
ograni¢eno je izborom namene koja zavisi od
karakteristika i svojstava samog objekta. Fleksibilnost
namene omoguéava se namenskim finansiranjem od
strane banaka i odgovaraju¢im zahtevima koje prilikom
revitalizacije treba ispuniti. Ovaj rizik bi trebalo da bude
sveden na minimum ranim upravljanjem rizicima u
procesu revitalizacije.

e Rizik zgrade: Rehabilitacija postojecih istorijskih
objekata moze uvek da neugodno iznenadi i da bude
skupa, ukoliko se do detalja ne prouci stanje u kojem se
zgrada nalazi. Finansiranje moze da bude opterec¢eno i
zagadenim zemljiStem, povrSinskim zagadenjem lokacije
i drugim zagadiva¢ima, kao negativnim faktorima koji
nisu blagovremeno sagledani. Ukoliko se ovi rizici
registruju u pocetnoj fazi zate€enog stanja, mogu se
znacajno umanijiti.

e Tehni¢ki rizik: Ekonomski zZivot postojeceg
istorijskog objekta mora da bude usaglaSen sa
zahtevima njegove zastite. Naknadna ogranienja i
drustveni rizik, kao $to je neodgovarajuce isticanje vec
utvrdenih vrednosti, lo$ i/ili neodgovarajuci izgled nastao
tokom novih intervencija, mogu da budu izbegnuti
sprovodenjem detaljnih analiza i scenarija u toku
projekta.

Postoje, takode, i drugi opsti rizici koji su povezani s
projektom revitalizacije, ali koji postoje i pri projektima
savremenih gradevina:[19]

e rizik odobravanja projektnog procesa i konacnog
reSenja;

o rizik geomehanickih karakteristika tla;

o finansijski rizik ulaganja u revitalizaciju;

e rizik koStanja projekta i izvodenja radova, usled
nepredvidivih aktivnosti;

infrastructure, which is missing, may have a significant
impact on these projects;

e The cultural monuments have an already created
positive image, which is a starting point serving for the
market purposes, but an excessively ambitious
conversion can cause a certain repulsion;

e The cultural monuments, are, as a rule, situated on
the prominent urban locations, and this contributes to the
immense potential of value, which can be degraded
through an inadequate use;

e The number of users and passers-by who will
notice the buildings due to their prominent locations, and
on the basis of the researches created during the
planning of urban area is known in advance; an
unattractive use can negate this attractiveness;

e The market, competitors and their relations can be
predicted, but they are delicate, and there are always
possible surprise elements.

The existence of strategy and plans of protection of
historical areas, as well of individual buildings, facilitates
consideration of the offered uses for certain areas of a
historical building, which can trigger revitalization of free,
abandoned or poorly used buildings, which have not
been taken into consideration because of the deep-
seated feelings of unchangeable character of the listed
buildings, and because of various regulations related to
the historical buildings. Even though the requirements
during revitalizations of the listed buildings are very high,
as opposed to the design of the new buildings, this
process can be accomplished, and in this way a
historical building can be preserved and a new life
adapted to the contemporary conditions can be
provided. During revitalization, there are several types of
risk which are defined here: [3]

e Use risk: Utilization of historical buildings is limited
by the choice of the use which depends on the
characteristics and attributes of the building itself. The
flexibility of use is facilitated by the targeted financing by
the banks and by observing the appropriate
requirements which must be met in the course of
revitalization.  This risk should be reduced to the
minimum by the early risks management in the
revitalization process.

¢ Building risk: Rehabilitation of the existing historical
buildings can always be an unpleasant and expensive
surprise, unless the condition of the building is not
examined in detail. Financing can be encumbered by the
polluted soil, superficial location pollution or other
polluters, as well as by other factors which were not
observed in good time. If these risks are registered in the
initial phase of the analysis of “as is” building condition,
they can be considerably reduced.

e Technical risk: The economical life of an existing
historical building must be harmonized with the
requirements for its protection. Subsequent limitations,
and social risk, such as the poor and/or inadequate
appearance formed in the course of new interventions,
can be avoided by implementation of detailed analyses
and scenarios during the project.

There are also other general risks related to the
revitalization project but which are present in the
contemporary buildings projects: [19]

¢ Risk of approval of the project process and of final
design;

¢ Risk of geomechanical soil characteristics;
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e rizik vremena, odnosno prognoziranje trajanja
revitalizacije;
o rizik razvoja.

5 ZAKLJUCNA RAZMATRANJA | PREPORUKE

Najvazniji rezultati uspe$ne revitalizacije, prema
ovom Svajcarskom istrazivanju i iskustvu, jesu sledeci:

— Proces revitalizacije treba proucavati u kontekstu
ciklusa zivotnog veka zastiéenog spomenika kulture.
Postojec¢i koncept revitalizacije proSiren je na intenzivno
uvodenje novih namena u napustene istorijske objekte,
sa idejom da se ponovno koriste, a ne da se uklanjaju.

— Faktori uticaja odredeni su kao privremeni, ali su
ukljueni u analize koje su dalje razvijane i na osnovu
kojih su preporuceni pravci implementacije revitalizacije
na zasticenim spomenicima kulture.

— Rezultati revitalizacije zavise od uvodenja
nekoliko analiza, koje nisu uobi¢ajene prilikom
ustaljenog procesa obnove istorijskih spomenika kulture.
Jedna od takvih analiza jeste analiza kori§¢enja koja se
ukljuéuje u koncept analize celokupne revitalizacije
zasticenih spomenika kulture, a zavisi od istorijske
metode vrednovanja spomenika u samom procesu.

Ova analiza osmiSljena je da se primeni prvenstveno
za nekretnine — spomenike kulture, koji zbog istorijske
upotrebe i bez specijalnih prilagodavanja, veoma tesSko
mogu da budu predmet interesovanja potencijalnih
korisnika, bilo da je re€ o iznajmljivanju ili kupovini, te
usled toga sve viSe propadaju.

— Za istorijske objekte koji zadrzavaju svoju name-
nu, na sadasnjem trziStu nekretnina veoma je tesko da
nadu potencijalnog novog korisnika. Analiza namene,
naroCito za stambene objekte, dosta je skupa. Kao
primer moZe posluZiti bivda Zenska bolnica u Bernu, za
¢iju zgradu je analizom namene otkriven veliki upotrebni
potencijal, pa je prostorna organizacija prilagodena
potrebama Univerziteta u Bernu, koji je tako dobio
znacajno prosirenje u neposrednoj blizini ve¢ postojeéih
kapaciteta.

Analiza namene za ovaj primer veoma uspesno je
sprovedena u dve faze, sukcesivno izvedene:

Faza 1 obuhvatila je trenutnu moguénost vliasnika da
identifikacijom potencijalne namene objekta cilia na
specificnu grupu moguc¢ih korisnika. Zbog toga je
primena marketinga u ovoj fazi izuzetno znacajna.
Identifikacija budu¢e namene napustenih istorijskih
gradevina jeste sistematski proces, zasnovan na metodi
otvorenog pristupa, odnosno kreativnoj metodi
brainstorm, tokom koje svi zainteresovani saraduju i
razmenjuju ideje. U svojevrsnoj kreativnoj radionici
poStuju se neki parametri koji imaju u vidu istorijsku
vrednost gradevine i delovanje razli€itih uticaja na
objekat. Delovanje ovih parametara mora da bude
fleksibilno, to jest da u okviru odredenih granica mogu
da se prilagodavaju. Moderator mora da omogudi
uCesnicima da stvore realnu sliku o istorijskim
karakteristikama objekta (npr. arhitektonskim, konstruk-
tiénim, stilskim). Ovi parametri sluZze da se zgrada dobro
proceni u svojoj ukupnosti i obradi u skladu sa anali-
zama predvidenim u procesu revitalizacije.

e Financial risk of investment in revitalization;

e Project cost and works execution risk, due to the
unpredictable activities;

e Risk of time, that is predictions of revitalization
duration;

o Development risk

5 CONCLUSION REMARKS AND
RECOMMENDATIONS

The most important results of a successful
revitalization according to this Swiss research and
experience are as follows:

— revitalization process should be studied in the
context of the life cycle of a listed cultural monument.
The existing concept of revitalization is extended to the
intensive introduction of new uses into the abandoned
historical buildings, following the idea to use them again,
and not to remove them.

— the influence factors are defined as temporary, but
involved in the analyses which are further developed and
which served as a basis for making the recom-
mendations about directions of implementation of
revitalization of the listed cultural monuments.

— the revitalization results depend on the
introduction of several analyses which are not common
in the regular process of revitalization of historical
cultural monuments. One of such analyses is the
analysis of utilization, which becomes a part of the
concept of analysis of entire revitalization of the
protected cultural monuments, and which depends on
the historical method of assessment of monuments in
the process itself.

This analysis is conceived so as to be implemented
for the immovable property, historical monuments, which
through historical use and without special adaptations
can hardly be interesting for potential users, either in
terms of renting or purchasing, and which consequently
continue to deteriorate further.

— It is very difficult to find a potential new user for
the historical buildings which retain their use. The
analysis of use, especially for the housing buildings, is
fairly expensive. Such an example is former Women'’s
Hospital of Bern, a building for which the use analysis
yielded high potential for utilization, so the spatial
organization is adapted according to the needs of the
University of Bern, which thus obtained a significant
extension in the vicinity of already existing premises.

The analysis of use for this example is very
successfully conducted through two phases, which are
separately realized:

Phase 1 included the current option of the owner to
target the specific group of potential users through
identification of potential use of the building. Therefore,
the application of marketing in this phase is extremely
important. Identification of the future use of derelict
historical buildings is a systematic process, based on the
open approach method, that is, the brainstorm creative
method, where all the interested parties cooperate and
exchange ideas. Within a creative workshop of kind,
some parameters relating to the historical value of the
building and action of various impacts on the building are
observed. The impact of these parameters must be
flexible, that is, they can be adapted within certain limits.
A moderator must facilitate creation of a realistic picture
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ANALIZA KORISNIKA | USER

Provera Zastita -
prethodnih spomenika Zaét:t;':k
obaveza / I: definicija SPOHI‘I'_E"' "
dugovanja "Spomenik oce:na
Verification of kao Analiza strebisih
previous Ambasada” trzista i Koncant P ioEa
liabilities/debt lokacije o AP,
Monument iskoristenosti M t
protection I: Market and T T SMmen
Pregled definition Fvcition Utilization protection
gradevinskih monument analysis level concept i
propisa i Sl evaluation
zakona embassy &l the
Review of necessary
building protective
regulations measdies
Stanje i Y l
objekta FAZA 1: Pronalazenje FAZA 2: Provera
Building potencijalnog korisnika potencijalnih korisnika
condition Phase 1: Finding of Phase 2: Verification of
potential users potential users

IANALYSIS

Marketing / zainteresovanost
novih korisnika

Marketing and level of interest of
new users

Finansiranje / Financing

Interesi stranaka

Stakeholder’s interests

projects

Upravljanje projektima / razvojni projekti
Project management/developmental

PROCES REVITALIZACIJE / REVITALIZATION PROCESS

Shema 5. Predlozeni pravci delovanja u procesu revitalizacije
Scheme 5. Proposed courses for action in the revitalization process

Faza 2 nadovezuje se na fazu 1, ispitivanjem upo-
trebe objekta prvobitnog i zate€enog stanja i neophodnih
mera prilagodavanja. Uspostavlja se veza izmedu
postojeéih karakteristika zgrade i buducih zahteva
korisnika.

Analiza namene ne moze da zameni analizu trzista i
gradiliSta. Sve tri analize moraju biti sprovedene i veoma
su vazne pri odredivanju nove funcije. Analiza namene
je koristan dodatak analizama trziSta i lokacije za tzv.
kuce - spomenike kulture. Prenosnom definicijom Spo-
menik kao ambasada (tumaci se kao zastupnik vrednosti
jednog vremena), mnogi sukobi izmedu sluzbe zastite,
investitora i buduceg korisnika, u pogledu tretmana
zastite spomenika kulture, mogu da se izbegnu. Problem
nastaje kada administrativne vlasti koje se bave zastitom
ne zele da uloze dodatni trud da bi opravdale i potvrdile
sopstvenu procenu da je objekat vredan spomenik
kulture. To je neophodno obaviti da bi se mere
kompenzacije mogle utvrditi od strane gradske vlasti, i to

of the historical characteristics (architectonic, structural,
style) of the buildings for the participants. These
parameters serve to well assess the buildings in their
entirety, according to the analyses proscribed in the
revitalization process.

Phase 2 is a continuation of Phase 1 through the
investigation of the original and current building uses
and the necessary adaptation measures. A connection
between the existing building characteristics and future
user requirements is established.

The use analysis cannot replace the analysis of the
market and construction sites. All three must be con-
ducted, and they are very important in determination of
the new function. The use analysis is a valuable addition
to the market and location analyses for the so-called
“houses as cultural monuments”. Using the definition
“Monument as an embassy”, (shall be construed as
representative values of a time) many conflicts between
the protection office, investors and future users in terms
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onog nhjenog segmenta kojem je primarni cilj zastita
istorijskog jezgra grada. Kompenzacija, na primer,
nedovoljnog prostora za novu namenu, moze da
obuhvati nadogradnju, adaptaciju unutradnjosti bez vecih
ruSenja pregradnih zidova, koriS§¢enje podrumskog
prostora, povecéanje iskoriS¢enosti unutrasnjeg prostora
objedinjavanjem u vece prostorne jedinice, izgradnju
novog segmenta gradevine koji se integriSe u postojeci
objekat i sli¢no. Povecanje mera kompenzacije pra¢eno
je utvrdivanjem neophodnih troSkova koji povecéavaju
cenu revitalizacije, ali zato d¢ine istorijski objekat
atraktivnijim za trziste.

U celokupnom procesu revitalizacije napustenih,
neiskori$¢enih, zasti¢enih gradevina u istorijskom jezgru
Berna uoc€avaju se dva problema koja jo$ nisu dovoljno
razreSena. Prvi je nedovoljno jako uporiste u nau¢nom
pristupu zastiti graditeljskog nasleda, jer je uodljiva
subjektivnost individualnih ocena i procena. Posto su
zahtevi korisnika uvek subjektivne prirode, doza arbitrar-
nosti svakako postoji.

Analiza trziSta na kojem se nalaze i istorijski objekti
nije stabilna. Razlog jeste to Sto je Svajcarsko trziste
veoma liberalizovano i izuzetno atraktivho zbog velike
kupovne moéi stanovniStva. Bez obzira na to da li je re€
o kupovini istorijskog objekta ili samo o njegovom
zakupu, moguénost revitalizacije ili €ak i rekonstrukcije,
dostupna je kako pojedincima, tako i raznim pravnim
licima, na primer, velikim robnim lancima, $to najceS¢e
podrazumeva obuhvat nekoliko povezanih istorijskih
zgrada i predstavlja sloZen i zahtevan poduhvat.

Preispitivanje finansijskog opterecenja svih etapa
revitalizacije nije bilo predmet ovog rada, s obzirom na to
Sto zavisi od niza faktora, pre svega od veli¢ine samog
istorijskog objekata, a zatim i od obima intervencija u
procesu revitalizacije.

Ovaj uspeSni metod odredivanja potencijala za
revitalizaciju graditeljskog nasleda, kao Svajcarsko
iskustvo, moze naci svoju primenu u Srbiji, budu¢i da
ekonomska, odnosno trziSna vrednost graditeljskog
nasleda ovde jo§ uvek nije prihvacena kao osnova
velikog potencijala koje naslede moze da ugradi u razvoj
privrede i kulture drustva. Da bi se to ostvarilo, pored
razvijanja druStvene svesti o koristi takvog pristupa,
neophodna je i izmena ili dopuna Citavog niza zakona,
koji u ovom obliku nisu kompatibilni i ne mogu da podrze
navedene aktivnosti. Prvi korak bi trebalo da bude
uskladivanje odavno prevazidenih, zastarelih zakona u
pogledu zastite kulturnih dobara, sa zakonodavstvom
Evropske zajednice. Svajcarska drzava je svoje zako-
nodavstvo prvo uskladila s medunarodnim zakono-
davstvom, pa je tek onda pocela da razvija navedenu
strategiju revitalizacije.

Najveéi izazov s kojim se susrecu svi akteri prilikom
revitalizacije jeste to da svojim umeéem doprinesu da
kvalitetno odabrana nova namena, putem kreativho
osmisljene ideje revitalizacije, doprinese produzZenju
Zivotnog veka istorijske gradevine i da unapredi njene
ve¢ utvrdene vrednosti.

of treatment of the protection status of the cultural
monument can be avoided. The problem occurs when
administrative authorities engaged in protection do not
wish to put more effort in justifying and confirming their
own assessment that a building is a valuable cultural
monument. This is necessary to accomplish in order to
determine the compensation measures by the city
authorities, particularly the segment dealing with the
primary goal of protection of historical core of the town.
The compensation, for instance, of the insufficient space
for the new use can include extension, interior adap-
tation without demolishing of partition walls, usage of
basement space, and increase of utilization of interior
space by unifying it into large spatial units, construction
a new segment of the building, which is integrated in the
existing building etc. The increase of the compensation
measures is followed by determination of the necessary
costs increasing the revitalization costs, but which
render the historical building more attractive for the
market.

The entire process of revitalization of abandoned,
disused, listed buildings in the historical core of Bern
features two problems which have not been properly
resolved. The first problem is insufficiently strong scienti-
fic foundations of the approach to protection of the
building heritage, because there are a lot of individual
assessments and evaluations. Since the demands of the
users are always subjective in nature, some arbitrariness
is surely present.

The analysis of the market which includes historical
buildings is unstable. The reason for that is that the
Swiss market is much liberalized and extremely
attractive because of the high economic power of the
population. Regardless of whether a historical building is
purchased or rented, the potential for revitalization or
even reconstruction is available both to the individuals
and various legal entities, for instance large department
store chains, which most frequently comprises inclusion
of several adjacent historical buildings, and represents a
complex and demanding undertaking.

Analysis of the financial load of all the stages of
revitalization was not the subject of this paper, con-
sidering that it depends on a number of factors, primarily
on the size of the historical building itself, and on the
scope of interventions in the revitalization process.

Yet, the method of determination of potential for revi-
talization of historical heritage, as a Swiss experience,
can be implemented in Serbia, regarding that the
economy, that is, market value of the built heritage has
not been accepted locally as basis of a high potential for
development of the economy and culture of the society.
In order to accomplish that, in addition to the develop-
ment of the social awareness of the benefits of such
approach, it is necessary to change or amend a number
of regulations which are not compatible with these goals
and cannot support the mentioned activities. The first
step should be the harmonization of the Serbian
(outdated) legal regulations referring to the protection of
the cultural assets with the EU regulations. The Swiss
state firstly harmonized their regulations with the
international ones, and only then started to develop the
mentioned revitalization strategy.

The biggest challenge encountered by all the parti-
cipants in the revitalization process is how to implement
their skill to contribute so that the well-chosen new use
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REZIME

METODE ODREDIVANJA POTENCIJALA ZA
REVITALIZACIJU GRADITELJSKOG NASLEDA -
POUKE GRADA BERNA

Goran STANISIC
Nada KURTOVIC FOLIC

Srpski konzervatori mogu nauciti mnogo iz primera
revitalizacije Starog grada Berna. Analize pokazuju da
ovaj primer nacina revitalizacije i zastite napustenih,
nenaseljenih spomenika kulture zavisi od njihovog
buduceg kori¢enja. Analiza buduc¢e namene nasleda
nije dovoljna da se koristiti kao postupak za njegovu
revitalizaciju. Primena novih ideja na osnovu istorijskog
znacaja zasticenog objekta generiSe njegovu strukturu.
Razli¢itim analizama testiran je pristup revitalizaciji
putem strukturiranja spomenika kulture i njihovog
prilagodavanja za novu namenu. Utvrdeno je da se
budu¢a namena spomenika kulture ne moze utvrditi
samo definisanjem metoda revitalizacije koji je odredio
neki javni organ, ve¢ da buduéi vlasnik zgrade mora
aktivno ucestvovati u svemu tome. Date su i preporuke
za prenos ove metodologije pri reSavanju problema
srpskog graditeljskog nasleda.

Kljuéne reci: metode revitalizacija, graditeljsko
nasledje, ekonomski potencijal, funkcionalna
iskoriS¢enost, grad Bern.

SUMMARY

METHODS FOR DETERMINATION OF
REVITALIZATION POTENTIAL OF BUILT HERITAGE
— LESSONS LEARNED ON THE CITY OF BERN

Goran STANISIC
Nadja KURTOVIC FOLIC

Serbian conservationists could learn a lot from the
revitalization example of the Old city of Bern. Analyses
of this example show that the method of revitalization
and protection of listed, but abandoned and inhabited,
buildings depends on its future use. Alone analyses of
future purpose of built heritage cannot be used as a
method for its revitalization. The use of new ideas based
on historical importance of the protected building
generates the building’s structures. The approach of
revitalization through the process of building structuring
and adaptation to new purpose has been tested through
different analyses. It was found that the future purpose
of building cannot be determined only by defining the
revitalization method, set by public body, but in this
process the future owner of building should actively
participate. The recommendations for transferring this
methodology in solving Serbian built heritage problems
are given.

Key words: methods of revitalization, architectural
heritage, economic potential, functional utilization, city of
Bern.
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PRIMENA SLOJEVITIH KONACNIH ELEMENATA U NUMERICKOJ ANALIZI
LAMINATNIH KOMPOZITNIH | SENDVIC-PLOCA | LJUSKI S DELAMINACIJAMA

APPLICATION OF LAYERED FINITE ELEMENTS IN THE NUMERICAL ANALYSIS OF
LAMINATED COMPOSITE AND SANDWICH STRUCTURES WITH DELAMINATIONS

Dorde VUKSANOVIC )
Miroslav MARJANOVIC

1 UVOD

Laminatni kompoziti su moderni materijali koji se
Siroko primenjuju u razli¢itim granama industrije, a
najviSse u masinstvu i gradevinarstvu. Ovi materijali, kao
Sto su ugljeni€na vlakna, staklena vlakna ili polimeri
ojaCani vlaknima, imaju izuzetno visoku c&vrstocu i
krutost, uz relativnu malu sopstvenu tezinu. Na primer,
konstrukcije koje se primenjuju u avio i svemirskoj
industriji izgradene su od tankozidnih kompozitnih
cilindriénih ili sfericnih delova [1], koji imaju odli¢nu
otpornost na zamor ili koroziju. Zbog velikog potencijala
za razliCite primene, laminatni kompoziti neprekidno
priviate paznju mnogih istrazivata [2-4]. Drugi tip
materijala koji se mogu analizirati primenom
predlozenog numeri¢kog modela jesu sendvi¢-paneli s
mekim jezgrom, koji se zbog male tezine primenjuju u
gradevinarstvu u vidu lakih krovnih i fasadnih
termoizolacionih panela.

Osnovni faktor koji skracuje Zivotni vek laminatnih
kompozitnih konstrukcija jeste prisustvo delaminacije
koja nastaje kao posledica greSaka pri spajanju lamina u
fabrickoj proizvodniji. U slu€aju sendvi¢-panela veoma je
bitho da idealna veza izmedu obloge panela i mekog
jezgra ne bude narusena, kako bi se panel ponaSao u
skladu s projektovanim zahtevima. Autori su ranije
pokazali da prisustvo delaminacije ozbiljno utiCe na
mehanicke Kkarakteristike laminatnih kompozitnih i
sendvi¢-plo¢a [5-6].

Prof. dr Borde Vuksanovi¢, Univerzitet u Beogradu -
Gradevinski fakultet, Bulevar kralja Aleksandra 73, 11000
Beograd, Srbija, e-mail: george@grf.bg.ac.rs

Miroslav Marjanovi¢, Univerzitet u Beogradu - Gradevinski
fakultet, Bulevar kralja Aleksandra 73, 11000 Beograd,
Srbija, e-mail: mmarjanovic@grf.bg.ac.rs

ORIGINALNI NAUCNI RAD
ORIGINAL SCIENTIFIC PAPER
UDK:624.011.1.073/.074

DOI: 10.5937/grmk1501059V

1 INTRODUCTION

Laminar composites are modern engineering
materials applied widely in different industries, mostly in
the mechanical and civil engineering. These materials,
such as carbon-fiber, glass-fiber or fiber-reinforced
polymers allow for high strength and stiffness at a
relatively low weight. For example, the aerospace
structures are generally made of thin-walled composite
cylindrical or spherical shell components [1], which have
an excellent fatigue and corrosion resistance properties.
Because of a great potential for the structural
applications, laminar composites continuously attract the
attention of many researchers [2, 3, 4]. Another type of
plate structures relevant for the considered numerical
model is a soft-core sandwich panel, which low weight
property makes them applicable in civil engineering as
light roof and wall panels to provide the thermal isolation
of buildings.

A major limiting factor for the lifetime of laminated
composite structures is the presence of embedded
delamination, resulting from the different fabrication-
induced faults in the joining of laminas. In the case of
sandwich panels it is important that the perfect bond
between the face sheets and the soft-core remain intact
for the panel to perform on the designed level. Authors
have already shown that the presence of embedded
delamination seriously influences the mechanical proper-
ties of laminated composite and sandwich plates [5, 6].
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Odgovor tankih laminatnih konstrukcija moze se
precizno sracunati primenom dvodimenzionalnih teorija
ploéa i ljuski. Globalni odgovor moze se odrediti
primenom relativno jednostavnih Equivalent Single Layer
(ESL) teorija, koje ipak nisu potpuno adekvatne iz dva
razloga: (1) smicuée deformacije su izrazenije kod
laminatnih kompozita u poredenju sa izotropnim
plo¢ama i (2) ESL teorije daju previse krut odgovor zbog
uproscenja koja se odnose na klasi¢nu kinematiku plo¢a
i ljuski [7-9]. Klasi¢na teorija ljuski bazirana na Kirchhoff-
Love-ovim pretpostavkama potcenjuje vrednosti ugiba i
precenjuje veliCine sopstvenih frekvencija [10]. U
smicucoj teoriji plo¢a prvog reda (FSDT) efekti smicuce
deformacije uzimaju se u obzir primenom smicucéih
korekcionih faktora. Reddy je primenjivao konacni
element baziran na FSDT za analizu savijanja laminatnh
kompozitnih ljuski [11] kao i za geometrijski nelinearnu
analizu neoste¢enih laminatnih kompozita [12]. U radu
[13] konacni element baziran na FSDT podeljen je na
oStecene i neostecene delove pri proraunu sopstvenih
frekvencija i tonova oscilovanja laminatnih kompozitnih
plo¢a s delaminacijom. Kako bi se preciznije uzelo u
obzir krivljenje popre€nog preseka, Reddy [14] je razvio
smicucu teoriju plo¢a viseg reda (HSDT), gde je polje
pomeranja po visini popre€nog preseka aproksimirano
kubnom funkcijom koordinate u pravcu debljine ploce. U
prethodnim radovima [15], Vuksanovi¢ je koristio
kona¢ne elemente bazirane na jednoslojnom modelu
plo¢a viseg reda za proracun statickog i dinamickog
odgovora neostec¢enih  kompozitnih plo¢a. Pored
primene u analizi laminatnih kompozitnih plo¢a, konaéni
elementi bazirani na HSDT primenjeni su i u analizi
kompozitnih sendvi¢-panela, u radovima [16-17]. Metod
diferencijalne kvadrature (DQ) kao i opsti metod
diferencijalne kvadrature (GDQ) takode su primenjeni za
proracun sopstvenih frekvencija laminatnih kompozita
[18—22], uz neka analiticka reSenja [23-27].

Ograni¢enja u ESL teorijama motivisala su
istrazivaCe da razviju slozene (slojevite) teorije ploc¢a i
ljuski, koje svaki materijalni sloj razmatraju posebno,
pretpostavljajuéi jedinstveno polje pomeranja po debljini
svakog sloja. Reddy-eva opsta laminatna teorija plo¢a
(GLPT) [28], koju su kasnije unapredili Barbero i Reddy
[29], postala je osnova za razvoj familije slojevitih
kona¢nih elemenata koji imaju moguc¢nost da opisSu
nezavisno kretanje svakog sloja posebno. Cetkovié i
Vuksanovi¢ su razvili analitiCko i numeri¢ko slojevito
reSenje opSte laminatne teorije plo€a za analizu
laminatnih kompozitnih i sendvi¢-plo€a bez osteéenja
[30] i verifikovali su model primenom postojeéih
eksperimentalnih i numerickih rezultata [31-34]. Alnefaie
[35] je koristio potpuni slojeviti numeric¢ki model baziran
na MKE za prorac¢un dinamickih karakteristika laminatnih
plo€a uz uzimanje u obzir oste¢enja izmedu slojeva.
Kontakt izmedu slojeva tokom fenomena ,disanja”
delaminacije kod ,pametnih” kompozitnih plo¢a uveden
je u radovima [36-37]. KoriS¢en je slojeviti model plo¢e
za ispitivanje linearnih i nelinearnih odgovora ,pametnih”
kompozitnih plo¢a s delaminacijom.

IstrazivaCi se uglavnom fokusiraju na analizu
laminatnih  kompozitnih plo¢a primenom slojevitih
kona¢nih elemenata, dok jo$ uvek postoji mali broj
istrazivanja moguc¢nosti primene slojevitih konacénih
elemenata u analizi laminatnih kompozitnih ljuski s
delaminacijama. Basar sa saradnicima [38—39] razvio je

The structural response of thin laminated structures
can be accurately determined by the use of the two-
dimensional plate and shell theories. The global
structural response can be determined by the use of
relatively simple Equivalent Single Layer (ESL) laminate
theories, which are partially inadequate for two reasons:
(1) the transverse shear deformations for composite
laminates are more pronounced compared to those of
isotropic structures and (2) ESL theories give too stiff
response because of the simplifications associated with
the classical plate and shell kinematics [7-9]. The
classical shell theory based on Kirchhoff-Love’s assump-
tions underpredicts the deflections and overpredicts the
natural frequencies [10]. In the First-Order Shear Defor-
mation Theory (FSDT) transverse shear effects are
taken into account by means of the shear correction
factors. Reddy used the shear deformable finite element
based on the FSDT for the bending analysis of
laminated composite shells [11] and also for the geo-
metrically nonlinear analysis of intact laminated compo-
sites [12]. Ju et al. [13] divided the FSDT finite element
into delaminated and intact segments and calculated the
natural frequencies and mode shapes of delaminated
composite plates. In order to account for more accurate
cross-sectional warping Reddy [14] developed a Higher-
Order Shear Deformation laminate theory (HSDT) where
displacement expansion through the plate thickness was
approximated using the cubic series expansion of
thickness coordinates. In previous works [15],
Vuksanovi¢ has used finite elements based on the single
layer models of higher order for the calculation of the
static and dynamic response of intact composite plates.
Beside the application to the analysis of laminated
composite plates, finite elements based on the Higher-
Order Shear Deformation Theory were applied in the
analysis of composite sandwich plates, in works of
Nayak et al. [16-17]. The method of differential
quadrature as well as Generalized Differential Quadra-
ture Method (GDQ) was also used for the calculation of
natural frequencies of laminated composite structures
[18-22], along with some analytical solutions [23-27].

The limitations of the ESL theories motivated the
researchers to derive refined (layerwise) plate and shell
theories, which consider each material layer separately
by assuming the unique displacement field through the
thickness of each layer. The Generalized Layerwise
Plate Theory (GLPT) proposed by Reddy [28] and
further improved by Barbero and Reddy [29] became the
basis for the development of family of layered finite
elements capable to describe the independent motion of
each layer separately. Cetkovié and Vuksanovi¢ have
derived both the analytical and numerical layerwise
solution of the GLPT for the analysis of intact laminated
composite and sandwich plates [30] and verified the
model using the existing experimental and numerical
results [31-34]. Alnefaie [35] used a full layerwise finite
element model, for calculation of the fundamental
dynamic characteristics of laminated plates considering
interlaminar damage. Ghoshal et al. [36-37] incorporated
interlaminar contact during the "breathing" phenomena
in the delaminated zone of smart composite plates. They
have used a layered plate model to investigate linear
and nonlinear responses of smart composite structures
with delamination.

While researchers mostly focused their attention on
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familiju slojevitih elemenata ljuske za proracun slobodnih
vibracija  laminatnih  kompozitnih  cilindricnih i
hiperboli¢nih  ljuski, bez razmatranja delaminacija.
Botello je sa saradnicima [40] razvio trougaoni slojeviti
konacni element baziran na Reddy-evoj GLP Teoriji, za
analizu neoste¢enih kompozitnih plo¢a i ljuski. Oni su
takode wuveli i tehniku podstruktura tokom procesa
formiranja karakteristiénih globalnih matrica, kako bi
eliminisali stepene slobode u ravni ploce.

U ovom radu prikazani su odredeni moderni pristupi
u numeri¢koj analizi oSte¢enih kompozitnih i sendvic-
ploéa primenom slojevitih konaénih elemenata. Na
poCetku je dato poredenje izmedu dinamickih
karakteristika laminatnih kompozitnih i sendvi¢-plo¢a
razliCitih oblika, s prisustvom ili bez prisustva
delaminacije. Slojeviti konaéni element prikazan u ovom
radu primenjen je u uporednim numeri¢kim proracunima
slobodnih vibracija laminatnih kompozitnih ploa s
delaminacijama. Nakon toga predlozeni model je
primenjen u dinamiCkoj analizi oSte¢enih kompozitnih i
sendvi¢-panela. Zatim je model plo¢e proSiren na
numeri¢ku analizu laminatnih kompozitnih ljuski s
delaminacijama. Primenjena je Reddy-eva GLP Teorija,
u kojoj je pretpostavljena nezavisna interpolacija
komponenata pomeranja u ravni plo€e i upravno na
ravan, kao i moguénost pojave diskontinuiteta na
granicama susednih slojeva. U obzir je uzeta linearna
promena pomeranja u ravni od sloja do sloja, kao i
konstantan ugib po visini plo¢e. Laminatne kompozitne
ljuske modelirane su kao skup malih trougaonih
plogastih konacnih elemenata [41]. Krivljenje poprecnog
preseka uzeto je u obzir slojevitim razvojem pomeranja
po visini laminata. Konzistentna matrica masa uvedena
je integracijom odgovarajucih inercionih ¢lanova po visini
laminata. Konacni elementi implementirani su u
originalni ragunarski program napisan u MATLAB®-u. Za
generisanje modela i ocitavanje rezultata koriS¢en je
GID® Pre/Post Processing program [42] razvijen u
CIMNE-u, Barselona.

2 FORMULACIJA TEORIJE
2.1 Osnovne pretpostavke

U ovom radu razmatra¢emo laminatne kompozitne i
sendvi¢-ploce i ljuske konstantne debljine, sacinjene od
n ortotropnih slojeva (Slika 1). Globalni koordinatni
sistem je Dekartov koordinatni sistem, oznacen sa xyz,
kao na Slici 1. Orijentacija vlakana svakog sloja definiSe
lokalnu x-osu materijalnih koordinata. Ugao izmedu
globalne x-ose i lokalne materijalne x-ose definiSe
orijentaciju vlakana svakog sloja koja ¢e biti od znacaja
pri odredivanju matrica transformacije. N predstavlja broj
dodirnih povrsina izmedu materijalnih slojeva (ukljucujuci
i spoljne) u kojima se nalaze &vorovi po debljini laminata
(obiéno se usvaja N=n+7), dok ND predstavija broj
spojeva u kojima postoji delaminacija. Ukupna debljina
laminata oznaCava se sa h, dok se debljina k-tog sloja

the analysis of laminated composite plate structures
using the layered finite elements there is still a lack of
investigations regarding the applicability of layered finite
elements for the analysis of laminated composite shells
with delaminations. Basar et al. [38-39] developed a
family of layered shell elements to calculate the free
vibration response of laminated composite cylindrical
and hyperboloid shells, without considering delamina-
tion. Botello et al. [40] derived the triangular layered
finite element based on the Reddy’s GLPT for the
analysis of intact composite plate and shell structures,
and also presented the substructuring technique to
eliminate the in-plane degrees of freedom during the
assembly process.

In this paper some recent advances in the numerical
analysis of delaminated composite and sandwich plates
using layered finite elements are presented. At first, the
comparison between fundamental dynamic characte-
ristics of laminated composite and sandwich plates of
different shapes, with or without the presence of embed-
ded delamination, is investigated numerically. The
layered finite element developed in this paper is used to
perform the comparative numerical calculation of free
vibrations of laminated composite plates with embedded
delaminations. After that the proposed model is used to
perform the transient analysis of delaminated composite
and sandwich plates. The plate model is then extended
for the numerical analysis of laminated composite shells
with embedded delaminations. Reddy’'s GLP Theory is
used, which assumes independent interpolation of in-
plane and out-of-plane displacement components, as
well as possible discontinuities along the interfaces
between adjacent layers. Piece-wise linear variation of
in-plane displacement components and constant trans-
verse displacement through the thickness are imposed.
The laminated composite shells are modelled as the
assembly of small triangular flat elements [41]. Cross-
sectional warping is taken into account using the
layerwise expansion of the displacements. A consistent
mass matrix is employed by the integration of inertia
terms through the thickness of the laminate. The finite
elements have been implemented into the original
program coded in MATLAB. The GiD® Pre/Post Proces-
sing software [42] developed in CIMNE, Barcelona is
employed for generation of models and results of
numerical examples.

2 FORMULATION OF THE THEORY
2.1 Basic assumptions

In this work we will consider laminated composite
and sandwich plates and shells of constant height,
composed of n orthotropic laminas (Figure 1). The global
coordinate system is Cartesian coordinate system,
denoted as xyz, as shown in Figure 1. The fiber direction
of each lamina coincides with the local x-axis of material
coordinates. The angle between the global x-axis and
the local material x-axis defines the fiber direction of
each lamina, which will serve for the calculation of the
transformation matrices. N is the number of interfaces
between the material layers (including the outer sur-
faces) in which nodes through the thickness are located
(usually adopted as N=n+1), while ND represents the
number of delaminated numerical layers. The overall
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oznacava sa hy.

/// ///,

laminate thickness is denoted as h, while the thickness
of the K lamina is denoted as hi.

DEL2
z h
| X
DEL 2
z DEL 1 DEL 1 k=1

Slika 1. Kompozitna sendvi¢-ploca (levo) i laminatna kompozitna ljuska (desno) s delaminacijama, u globalnom
koordinatnom sistemu xyz
Figure 1. Composite sandwich plate (left) and laminated composite shell (right) with embedded delaminations, in the
global coordinate system xyz

ProSireni oblik opSte laminatne teorije plo¢a [28]
zasnovan je na slede¢im pretpostavkama:

1. Svi slojevi su medusobno idealno spojeni, osim u
prethodno definisanoj zoni delaminacije, gde se mogu
javiti skokovi u polju pomeranja u tri ortogonalna pravca.

2. Materijal je linearno elasti€an i poseduje tri ravni
simetrije. Svi slojevi su homogeni, bez mogucnosti
pojave poprecnih prslina.

3. Prethodno definisana zona delaminacije je
konstantna tokom mehani¢kih procesa. Spre€eno je
medusobno prodiranje sloja u sloj (overlapping).

4. Primenjene su nelinearne Von Karman-ove
kinematicke relacije kako bi se u obzir uzele umerene
rotacije i male dilatacije.

5. Uzeta je u obzir neistegljivost linijskog elementa
upravnog na srednju ravan plo€e pre deformacije.

2.2 Polje pomeranja

Komponente pomeranja (uy,uz,us) u proizvoljnoj tacki
laminata (x,y,z) i proizvoljnom trenutku vremena t mogu
se napisati kao:

M=z

u(x,y,z,t)=u(x,y,t)+

—
Il
N

UZ(X,y,Z,t)ZV(ny,t)+

M=

—
Il
N

V(xy.t)0! (2)+ SV (x,y. ! (2)

The GLP Theory [28] in its extended version is based
on the following assumptions:

1. All layers are perfectly bonded together, except in
the previously imposed delaminated area, where the
jump discontinuities in three orthogonal directions may
occur.

2. The material is linearly elastic and has three
planes of material symmetry. All layers are considered
as homogeneous materials, without the possibility of
transverse cracking.

3. The previously imposed delaminated zone is kept
constant during the mechanical process. The
overlapping of layers is prevented.

4. Nonlinear kinematics according to von Karman is
incorporated to account for moderately large rotations
and small strains.

5. Inextensibility of the transverse normal is imposed.

2.2 Displacement field
The displacement components (us,upus) at an

arbitrary point (x,y,z) of the laminate and arbitrary time
instant t can be written as:

U (x,y, 00! (2)+ 3 U (x,y.t)H!(2)
1=1

1=1

Uy, .2t = WX o) + S W (x,y.H (2)

1=1

U jednagini (1), (u,v,w) su apsolutne komponente
pomeranja u srednjoj ravni laminata, (4',V/) su relativne
vrednosti pomeranja u /-tom numeri¢kom sloju u odnosu
na pomeranja srednje ravni, (U’, V, W’) su skokovi u polju
pomeranja u /-tom sloju gde postoji delaminacija.
Promenljiva w predstavlja otvaranje delaminacije (mod
I) u I-tom sloju gde postoji delaminacija. Kako bi se
sprecilo prodiranje sloja u sloj u dinamickoj analizi
usvojen je uslov W= 0. Front delaminacije uvodi se
zadavanjem graniénih uslova po pomeranjima
U=V=W=0 na granici I-te delaminacie. @(z) su

In Eq. (1), (u,v,w) are the absolute displacement
components in the middle plane of the laminate, (V)
are the relative displacements in the /" numerical layer
in relation to the mid-plane displacements, (U’, V, W’) are
jump discontinuities in the displacement field in the /M
delaminated layer. The variable represents
delamination opening (mode 1) in the /" delaminated
interface. The condition W>0 is adopted in the transient
analysis to provide the non-penetration condition for
delaminated surfaces within the [ interface. The
delamination front is represented by setting the essential
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linearne funkcije z-koordinate, kontinualne od sloja do
sloja, kOJIma se interpoliraju komponente pomeranja u
ravni. H(z) su Heaviside-ove funkcije koje opisuju
kinematiku delaminacije u /-tom sloju gde postoji
ostecenje [5, 6, 8, 29]. Predlozenim modelom ploce
moguce je razmatrati proizvoljan broj delamlnacua
primenom odgovaraju¢eg broja dodatnih funkcija H'(z) u
polju pomeranja.

2.3 Kinematicke relacije

Kinemati¢ke relacije kojima se pretpostavljaju male
dilatacije i umereno male rotacije u skladu sa Von
Karman-ovim pretpostavkama definiSu polje deformacija,
koje se moze podeliti na linearan (L) i geometrijski
nelinearan (NL) deo:

boundary conditions U=V=W=0 on the ™ crack
boundary. @(z) are linear layerwise continuous functions
of the z-coordinate for |nterpolat|on of in-plane
displacement components. H' are Heaviside step
functions to describe the delamination kinematics in /"

delaminated layer [5, 6, 8, 29]. The proposed plate
model allows for the consideration of an arbitrary
number of delaminations by using an arbitrary number of
additional delamination expansions in the displacement
field. In-plane displacements are piece-wise continuous
through the thickness of the laminate in the intact region
with discontinuities at the delaminated interfaces.

2.3 Kinematic relations

Kinematic relations assuming the small strains and
moderately large rotations according to von Karman'’s
assumptions define the strain field which can be divided
into a linear (L) and geometrically nonlinear (NL) part:

L_ou N ou! ND@U’
— @ +
&x T X ,Z%ﬁx 121:8
= av N o/ oV
> Y H
121"5}/ an
N ND / /
yf( =@+a_v+z ou' 6v @ s y 8V H
Y oy ox 1o ay X oy ox @)
L 8W qu)/ ND@W’ /
= H
Ve =5k ;u dz +,Z;‘ ox
L ow ;do’ NDaW’
Vyp=—+ —
2oy E dz ,Z;ay
2 D A/ NDND J
gytzl(a_wj L owRwW' 1Z W W
2\ ox 8x,18X [1J16X 194
gNLzl[a—Wj a_w'\faW’ 1'§A£aw’ Wy
Y 20oy) oyim oy 2i35 oy oy (3)
Lza_Wa_W+NDND5WI aWJH,HJ awzaw’ a_wNDaW’H/
Yooxoy 134 0x oy oX 15 oy oy i3 oX

2.4 Konstitutivne relacije pojedinaénog sloja

U ovom radu je usvojen konstitutivni model koji
pretpostavlja ravno stanje napona u plodi, jer je u slu€aju
tankih plo¢a 3D konstitutivni model numericki nestabilan
[5, 6]. Uz pretpostavku Hooke-ovog zakona linearne
elastiCnosti, konstitutivne relacije k-tog sloja za ravno
stanje napona, u globalnom koordinathom sistemu,
mogu se prikazati kao:

2.4 Constitutive relations of the individual layer

A plane stress constitutive model is adopted because
thin plates 3D constitutive model suffer the numerical
instabilities [5, 6]. The constitutive equations of the k"
orthotropic lamina for the plane stress state that follows
linear elastic Hooke’s law, in the global coordinate
system, can be written as:
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(o}

U jednagini (4), [Q]

je redukovana matrica

= (4)

[Q] (k) {g}(k)

~7(k)
In Eq. (4), [Q] is the matrix of reduced stiffness

krutosti k-tog sloja u globalnom koordlnatnom S|stemu components of the K" lamina in the global coordinate
dobijena iz matridne  jednagine  ([T]%-matrica system, derived using the matrix relation ([T]*-
transformacije): transformation matrix):
~7(k) (k)-1 (k) (k)
Q" =[r]"" [ [7] 5)

2.5 Princip virtualnog rada

Princip virtualnog rada za dinamicki optereéene

konstrukcije u vremenskom intervalu [0, T] izveden
primenom Hamilton-ovog principa:

{J

%

T

]

0

U jednacini (6) g predstavlja popre¢no raspodeljeno
U je vektor
ubrzanja, O je gustina i V je zapremina razmatranog

domena. Ukoliko uvedemo presecne sile kao integrale
komponentalnih napona po visini plo¢e dobijamo princip

optere¢enje u srednjoj ravni plocCe,

virtualnog rada u slede¢em obliku:

}(§UL +0UMN: +6V - 5K ct =0

[O',j&‘j —q(x,y.t)— p(USu, + UySus, + lizSUsy )]dV}dt =0

oou 6§v

2.5 Virtual work statement

The virtual work statement for dynamically loaded
structures within the time interval [0, T] is derived using
Hamilton’s principle:

je

(6)

In Eq. (6) g denotes the transverse mid-plane

loading, U denotes the acceleration vector, O is the

mass density and V is the volume of the considered
domain. If we introduce the stress resultants as the
integrals of the componential stresses through the plate
thickness we obtain the following form of the virtual work
principle:
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U jednacinama (7),

Nx’NlexyiQxiQy su
presecne sile u srednjoj ravni ploce,
NI I Al ; : .
N,,N,,N,,.Q,,Q, su relativne vrednosti presecnih
sila u I-tom
— — —I - =
NXyN,V:NXy1Qx1QySU
razdvojene ¢vorove u zoni delaminacije u /-toj ravni drze

numeri¢kom sloju,
preseCne sile koje

=-IJ ~IJ
sastavljenim i IO,/I,/IJ,/ .| su faktori inercije dobijeni

integracijom gustine materijala po visini ploce. Presecne
sile i faktori inercije su dati u [29]. Konstitutivhe matrice
laminata dobijene su integracijom linearno elasti¢nih
ortotropnih konstitutivnih matrica svakog pojedinacnog
sloja. One se oznacavaju sa [A], (81, [E], [D"], IL™), [F"],
LY, [F™M, [F"*"1i date su u radu [29].

3 NUMERICKI MODEL MKE
3.1 Polje pomeranja

Posle odredivanja ,weak” forme, numeric¢ki model je
dobijen prostornom i vremenskom diskretizacijom
opisanom u ovom poglavlju. Slojeviti numeri¢ki model
konacnog elementa baziran na prethodnim
razmatranjima sastoji se od srednje ravni, N dodirnih
povrSi izmedu materijalnih slojeva po visini laminata
(osim srednje ravni, ukljuCujuéi i spoljne povrsi) i
konaéno ND numeri¢kih slojeva u kojima se nalazi
delaminacija. PredloZzena teorija omoguéava da se za
generalisana pomeranja u ¢&vorovima usvoje samo
translacije u tri ortogonalna pravca. Promenljive u
¢vorovima (stepeni slobode) komponente su pomeranja
(u,v,w) u srednjoj ravni, relativna pomeranja (u,V) u I-
tom numeriCkom sloju i skokovi u polju pomeranja
(U’,\/,W) u /tom numeriCkom sloju gde postoji
delaminacija. Prirodni koordinatni sistem pojedinaénog
elementa &7 nalazi se u teziStu elementa, Slika 2.

S obzirom na to $to se proizvoljna geometrija ljuske
ne moze potpuno diskretizovati primenom
Cetvorougaonih elemenata, primenjuju se trougaoni
elementi. Interpolacione funkcije definiSu se u prirodnom
koordinatnom sistemu (na master elementu), jer se
primenjuju trougaoni elementi proizvoljnog oblika i
veli¢ine. Prirodne koordinate & za proizvoljnu materijalnu
taCku trougla (x,y,z) predstavljaju povrSine parcijalnih
trouglova A, dobijenih povezivanjem tacke (x,y,z) sa
uglovima trougla, kao na Slici 2. Zato vaze sledeci
uslovi:

+ZZ(7“(U’5U" +\7’é\/")+7‘” (U’du" +\7'§VJ))+227’J (U’5UJ +VIisv! +W’é1/|/")

ND ND

1=1J=

In Egs. (7), N,,N,,N,,,Q,,Q, are mid-plane

]
xy’
values of the stress resultants in the /™ numerical layer,

N’X,ﬁ/y,ﬁﬁ(y,ai,(?; are the forces to hold the

stress resultants, N)’(,N}’,,N Q)’(,Q}’,are relative

delaminated nodes together in the " delaminated

=1 =1
interface and IO,I’,/“,I .|~ are inertia terms derived

by the integration of mass density through the plate
thickness. The force resultants as well as inertia terms
can be found in [29]. The constitutive matrices of the
laminated plate are obtained by the integration of the
linear elastic orthotropic matrices over all layers. They
are denoted as [A], [B], [E], [D"], [L"], [F"], L"), [F",
[F”KL] and can be found in [29].

3 FINITE ELEMENT MODEL
3.1 Displacement field

After the derivation of the weak form, the numerical
model is obtained by the spatial and temporal
discretization described in this section. The layered
numerical model of the single element, based on the
previous considerations, consists of the middle plane, N
interfaces between the laminas through the plate
thickness (except the middle plane, including the outer
surfaces), and finally ND interfaces in which
delamination is present. The proposed theory allows
adopting only translation components in three orthogonal
directions as generalized displacements in the nodes.
Nodal variables (degrees of freedom) are the
displacement components (u,v,w) in the mid-plane,
relative displacements (u’,v’) in [ numerical layer and
displacement jumps (U’,\/,W) in /" delaminated
numerical layer. The natural coordinate system of the
single FE is located at its centroid, as shown in Figure 2.

Since the arbitrary shell geometry cannot be fully
discretized using quadrilateral elements, triangular
layered finite elements are used in this case. The shape
functions are formulated in the natural coordinate system
(on a master or unit triangle) because we are dealing
with the triangular elements of arbitrary shape and size.
The natural coordinates & for an arbitrary material point
(x,y,z) of the triangle are the areas of partial triangles A;,
created by connecting the point (x,y,z) with triangle
corners, as shown in Figure 2. Since there exist the
following conditions:
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Slika 2. Lagrange-ov Cetvorougaoni konacni element sa devet ¢vorova (levo) i trougaoni slojeviti konacni elementi sa tri
¢vora (desno) u prirodnom (&-n7) i globalnom (xyz) koordinatnom sistemu ( X Y Z - lokalni koordinatni sistem trougaonog

elementa)
Figure 2. Lagrange 9-node quadrilateral (left) and 3-node triangular (right) layered finite elements in natural (&-n) and

global (xyz) coordinate systems (X }72 - local coordinate system of the triangular element)

Mreza konacnih elemenata generiSe se u 2D ravni, a
usvojene interpolacione funkcije po visini ploCe se
koriste za interpolaciju nepoznatih upravno na ravan
laminata (Cime se iz proracuna eliminiSe z-koordinata).
Ova pretpostavka omogucava da se interpolacija
nepoznatih u ravni i upravno na ravan laminata vrsi
nezavisno. Nepoznate komponente pomeranja
interpoliraju se u lokalnoj ravni pojedina¢nog konacnog
elementa, definisanoj s tri ugla trougla, dok lokalna x-osa
povezuje ¢vorove 1-2. Lokalna y-osa nalazi se u ravni
elementa i upravna je na x-osu, dok je lokalna z-osa
upravna na ravan elementa | formira Dekartov
koordinatni sistem (X y Z ) lociran u &voru 1. Radi

jednostavnosti, za sva generalisana pomeranja Koriste
se iste interpolacione funkcije:

m
21:“/‘”/
j=

vy (=[#1(8), 1%

Il
N

Wy,

s

1l
N

U jednaginama (9), {A}, {A"} i {Z/} predstavljaju

vektore pomeranja u srednjoj ravni, /-tom numeri¢kom
sloju /tom numerickom sloju u kome postoji
delaminacija, respektivno. Indeks m oznacava broj
¢vorova konacnog elementa. Primenjeni su pravougaoni
Lagrange-ovi konacni elementi sa Cetiri ili devet ¢vorova,

kao i trougaoni slojeviti konacni elementi s tri ¢vora. [!I’]
i [55] su matrice Lagrange-ovih interpolacionih

funkcija:

" m
I
m | Z Uy,
e

=1 |
Z;‘Vi‘//i
j=

The FE mesh is generated in the 2D plane, and the
adopted interpolation functions through the plate
thickness are used for out-of-plane interpolation of the
unknown variables (which eliminates the z-coordinate
from the calculation). This assumption allows
interpolating the unknown field variables independently
for the in-plane and out-of-plane distribution. The
unknown displacement components are interpolated in
the local plane of the single finite element, defined by
three corner nodes, while the local x-axis connects
nodes 1-2. The local y-axis is positioned in the element
plane and it is perpendicular to the local x-axis, while the
local z-axis is perpendicular to the element plane and
forms the local Cartesian orthogonal coordinate system

(X Yy Z), located in the node 1. For the sake of

simplicity, the same interpolation functions are used for
the interpolation of all generalized displacements:

iuill//i
U i=1
Pl (V= S )
w =

Wy,

1

-

In Egs. (9), {A}, {A"} and {Z' } denote displacement

vectors in the middle plane, the ™ numerical layer and
the /" delaminated layer, respectively. Index m denotes
the number of nodes per element. Four- and nine-node
Lagrange quadrilateral, as well as three-node triangular

layered finite elements are derived. [S”] and [¥7] are

matrices of Lagrangian interpolation functions:
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3.2 Jednaéine kretanja

Zamenom interpolacije komponenata pomeranja iz
jednacine (9) u princip virtualnih pomeranja (jednacine
(7)), dobijamo potpuno diskretizovan numeri¢ki model
MKE [5, 6, 29]. Na ovaj nacin dobijamo sistem jednacina
kretanja na nivou konstrukcije:
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3.2 Equations of motion

When substituting the interpolation of displacement
components from Eq. (9) into the principle of virtual
displacements (Eqgs. (7)), the fully discretized finite
element model [5, 6, 29] has been obtained. This leads
to the system of equations of motion on the structural
level:

[M]{d}+[C]{d}+[KL+KNL}{d}:{F} (11)

Matrica masa [M], matrica prigusenja [C], linearne i
nelinearne matrice krutosti [KL] i [KNL] i globalni vektor
sila {F} dobijaju se sabiranjem odgovarajuc¢ih ¢lanova u
karakteristicnim matricama i vektorima pojedinaénih
elemenata.

Sve matrice dobijene su primenom Gauss-Legendre-
ove integracije na domenu pojedinacnog konacnog
elementa, oznagenog sa (F. Kako bi se iz proraduna
eliminisala nepostoje¢a smicuc¢a krutost (fenomen ,shear
locking, primenjena je selektivna integracija. Gauss-
Legendre-ova integracija na trougaonom domenu
sradunava se prema izrazu:

1-&

O t— 0

[ F(x.y)d0® =

U jednacini (12), F je funkcija koju treba numericki
sraCunati, [J] je Jacobi-eva matrica, n, je broj

integracionih  tataka, &£',p'su  koordinate  i-te

integracione tatke i W, je odgovarajuéi tezinski
koeficijent [43]. Submatrice matrica krutosti i masa
pojedinatnog konacnog elementa date su u [29].
Sledece jednaline opisuju dva problema koji su
razmatrani u ovom radu:

1. Linearne slobodne vibracije ([K L:| 2 [M ]){d} -0

2. Geometrijski nelinearna dinami¢ka analiza

[M]{d} +[C]{d} +[KL + K“L}{d} =(F)

3.3 Transformacija u globalne koordinate i
formiranje matrica sistema

Kada se proizvoljna lijuska deli na trougaone
elemente, svaki element ima proizvoljnu orijentaciju u
globalnom koordinatnom sistemu, pa je iz tog razloga od
znaCaja da pogodno definiSemo matrice tranformacije
svakog konaCnog elementa — potrebno je definisati
kosinuse uglova koje lokalne ose zaklapaju s globalnim
osama. Uzimajuéi u obzir ranija razmatranja, broj ¢vornih
stepeni slobode u lokalnom koordinathom sistemu je:
nporroca. = 3+2xN+3xND. Ove lokalne komponente
pomeranja transformiSu se primenom matrice transfor-
macije konac¢nog elementa [—f} u globalne komponente

The mass matrix [M], the damping matrix [C], the
linear and nonlinear structural stiffness matrices [K"] and
[KM] and the global force vector {F} are obtained from
the assembly of the respective element matrices and
element load vector.

All element matrices are derived using Gauss-
Legendre quadrature over single finite element domain,
denoted as (F. Selective integration is used for the
elimination of spurious shear stiffness from calculation
(shear locking phenomenon). The Gauss-Legendre
quadrature for triangular domain is written as:

[ Fle.maedy-det[d]= Y WHE ') (12)

In Eq. (12), F is the function to be calculated
numerically, [J] is the Jacobi matrix, n, is the number of
integration points, &',77" are the coordinates of the /"
integration point and W; is the corresponding weighting
factor [43]. The submatrices of the element stiffness and
mass matrices are derived in [29]. Two problems
investigated in this paper are described using the
following equations:

1. Linear free vibrations ([ K LJ - w?[M ]){d} =0
2. Geometrically nonlinear ftransient analysis

[M] {d} +[C]{d} +[KL + K’ﬂ{d} ={F}

3.3 Transformation to global coordinates and
assembly procedure

When the arbitrary shell is divided into triangular
elements, each element has an arbitrary orientation in
the global coordinate system, so it is now important to
conveniently define the transformation matrices for each
element - we need to define the cosines of each finite
element. Following the preceding considerations, the
number of nodal degrees of freedom in the local
coordinate system is: nporrocar = 3+2xN+3xND. These
local displacement components are transformed using
the element transformation matrix [-f]into the global
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pomeranja - &vorne stepene slobode u globalnom koor-
dinatnom sistemu npor.crosar = 3+3xN+3xND. Matrice
krutosti ili masa pojedinatnog konacnog elementa u
globalnom koordinatnom sistemu sracunavaju se kao:

4 RESENJE VREMENSKOG PROBLEMA |
KONTAKTNI ALGORITAM

Za integraciju u vremenu je primenjena Newmark-
ova implicitna integraciona Sema [8]. Ubrzanja i brzine
su aproksimirani primenom redukovanih Taylor-ovih
redova. Pomeranja i brzine odredeni su primenom
rekurentnih formula [8], a pocetni grani¢ni uslovi su
homogeni. S obzirom na to 3to je matrica [K""] funkcija
nepoznatog pomeranja {d}y+1, sistem uslovnih jednacina
sistema mora se reSavati iterativno sve dok kriterijum
konvergencije ne bude zadovoljen. Picard-ov metod [8]
primenjuje se sve dok greSka ne bude manja ili jednaka
vrednosti neke unapred usvojene tolerancije (recimo ¢ <
1%). Prigu$enje je zanemareno.

Tokom dinami¢kog odgovora laminatnih kompozitnih
ili sendvi¢-plo¢a s delaminacijom, moze se formirati mali
meduprostor izmedu susednih slojeva u  zoni
delaminacije. Nakon toga razdvojeni slojevi tokom
kretanja mogu ponovo da dodu u kontakt i na taj nacin
zatvore postojeéi meduprostor. Ovaj fenomen se u
literaturi naziva ,disanje” delaminacije [36-37], koje se
moze modelirati primenom kontaktnih uslova izmedu
¢vorova, bez uzimanja u obzir trenja [6]. Kontaktni
algoritam uspesno spreCava medusobno prodiranje sloja
u sloj tokom dinamic¢kog odgovora kompozitnih plo¢a s
delaminacijom. Ovo vazi i za linearnu i za geometrijski
nelinearnu analizu.

5 NUMERICKI PRIMERI | DISKUSIJA

U ranijim radovima [5, 6, 15, 30] autori su dokazali
da ESL teorije precenjuju vrednosti sopstvenih
frekvencija i potcenjuju  vrednosti ugiba kod
pravougaonih  kompozitnih i sendvi¢-ploa bez
oSte¢enja. U ovom radu su proSirene mogucnosti
primene modela na analizu slobodnih vibracija kruznih
kompozitnih plo¢a s delaminacijama.

5.1 Analiza linearnih slobodnih vibracija

Primer 5.1.1. U prvom primeru [44] razmatra se
neoSte¢ena ukljeStena (CC) c&etvoroslojna kruzna
kompozitna plo€a simetri¢ne (6/-6/-6/0) Seme laminacije.
Precnik plo¢e oznalen je sa a, a ukupna debljina plo¢e
sa h. Svi slojevi su jednake debljine hy. Za sve slojeve su
pretpostavljeni ortotropni konstitutivni modeli sa slede-
¢im materijalnim karakteristikama: E//E, = 40, G/E; =
= G13/ E2 = 0.6, ng/Ez = 0.5, D12 = D13 = L23 = 0.25,
p = const. Grani¢ni u slovi su zadati na ukljeStenim

I =[T] M][T]

displacement components — nodal degrees of freedom in
global coordinate system nporcrosar = 3+3xN+3xND.
The global stiffness/mass matrices of the triangular finite
element can be calculated as follows:

| —

(13)

4 SOLUTION OF THE TIME DEPENDENT PROBLEM
AND CONTACT ALGORITHM

For integration in time, an implicit Newmark’'s
integration scheme is employed [8]. The accelerations
and velocities are approximated using truncated Taylor's
series. Displacements and velocities are approximated
using recursive formulae [8], while the homogenous
initial conditions are prescribed. The assembled
equation must be solved iteratively until the convergence
criterion is satisfied since the matrix [KNL] is the function
of displacements {d},+s. The Picard method [8] is
employed until the error is less than or equal to some
prescribed tolerance (say ¢ < 1%). The structural
damping is neglected.

During the transient response of delaminated
composite or sandwich structures, a small gap may be
formed between the adjacent layers in delaminated
zones of the plate. After that the separated layers may
unload and again contact each other at that delaminated
interface. This phenomenon is referred to as "breathing"
of a delamination [36-37], which can be modelled using
the node-to-node frictionless contact conditions [6]. The
contact algorithm successfully "corrects" the interlaminar
penetration during the ftransient response of the
delaminated composite plate both in the linear and
geometrically nonlinear analysis.

5 NUMERICAL EXAMPLES AND DISCUSSION

In previous works [5, 6, 15, 30], authors have proven
that ESL theories overestimate the fundamental
frequencies and underestimate the transverse
deflections of rectangular intact composite and sandwich
plates. The applicability of the model is extended here
for the free vibrations analysis of circular composite
plates with delaminations.

5.1 Linear free vibrations analysis

Example 5.1.1. The first benchmark example [44] is
concerned with an intact 4-layer clamped (CC) circular
composite plate with symmetric (0/-6/-6/6) stacking
sequence. Plate diameter is denoted as a, while the
overall plate thickness is denoted as h. All laminas are of
equal thickness hx. The following material parameters
are assumed for orthotropic constitutive models of all
laminas: E1/E2 = 40, G12/E2 = G13/E2 = 0.6, G23/E2 = 0.5,
v12 =v13 = L23 = 0.25, p = const. The boundary conditions

68

GRABEVINSKI MATERIJALI | KONSTRUKCIJE 58 (2015) 1 (59-76)
BUILDING MATERIALS AND STRUCTURES 58 (2015) 1 (59-76)



ivicama spre€avanjem svih generalisanih pomeranja u
¢vorovima. U ovom proradunu su zanemareni Clanovi
koji odgovaraju velikim rotacijama. Rezultati su dobijeni
primenom nestrukturirane mreze sa 931 slojevitim
konacnim elementom sa devet ¢vorova, s redukovanom
integracijom (broj &vorova je 3849). SraCunate su
bezdimenzionalne sopstvene frekvencije neostecenih
kruznih laminatnih kompozitnih plo¢a prema izrazu 2 =
o - an(plE2)" i izvréeno je poredenje s rezultatima
dobijenim primenom razli¢itih ESL teorija: smicuce
teorije ploCa [44] i smiCucCe teorije ploCa prvog reda [45].
Rezultati su objedinjeni u Tabeli 1.

are prescribed along clamped boundaries by
constraining all generalized displacements in edge
nodes. The terms related to the large rotations in the
kinematic equations are omitted in this calculation. The
results are obtained using the unstructured FE mesh of
931 9-node layered elements with reduced integration
(number of nodes is 3849). The nondimenzionalized
fundamental frequencies 2 = wa’/h(p/E2)"? of intact
circular laminated composite plates is calculated and
compared with results obtained using different ESL
theories: transverse shear deformation theory [44] and
First-Order Shear Deformation Theory [45]. The results
are elaborated in Table 1.

Tabela 1. Bezdimenzionalne sopstvene frekvencije ¢etvoroslojne ukljeStene kruzne
kompozitne ploc¢e simetriéne angle-ply (6/-6/-6/6) Seme laminacije

Table 1. The nondimenzionalized fundamental frequencies of the 4-layer clamped circular
laminated composite plates with symmetric (&/-&/-&/0) angle-ply stacking sequence

Numerical model 0=0 0=30 0 =45
SDT [36] 23.130 24.063 24.557
FSDT [37] 22.211 24.071 24.752
GLPT, Present 22.913 25.107 25.684

Na osnovu Tabele 1 ocigledno je da je predlozeni
model u stanju da predvidi sopstvene frekvencije kruznih
laminatnih kompozitnih plo¢a, €ak i uz koriS¢enje
Cetvorougaonih elemenata za modeliranje kruzne
geometrije. Za sve Seme laminacije dobijen je nesto
kruc¢i odgovor (2—4%). Sopstvene frekvencije o€igledno
rastu s poveéanjem nivoa ortotropije.

Primer 5.1.2. U drugom primeru [13] razmatra se
kvadratna kompozitna plo¢a sa osam slojeva, simetricne
(0/90/45/90)s Seme laminacije. lvice plo¢e imaju duzinu a
= 250mm, dok je ukupna visina plo¢e h = 2.12mm. Svi
slojevi su jednake debljine. Za ortotropni konstitutivni
model svih slojeva pretpostavljeni su sledeci parametri
materiala: E; = 132GPa, E> = 5.35GPa, G2 = Gy3 =
2.796Pa, V12 = UL13 = 0.291, L23 = 0.300, p =
1446.2kg/m3. Kvadratna delaminacija, stranice aqe = a/2
ranije je ubacena u srednjoj ravni (izmedu slojeva 4 i 5),
u centru plo€e. Grani¢ni uslovi zadati su duz ivica plo¢e
na sledeéi nacin:

— slobodno oslonjene (SSy) ivice: zax=0ix=a: v
=w=V=0,

— slobodno oslonjene (SSy) ivice:zay=0iy=b:u
=w=u'= 0,

— ukljestene (CC) ivice:u=v=w= u=V=o.

Ploca je analizirana kako bi se ispitao uticaj grani¢nih
uslova na sopstvene frekvencije kompozitnih ploca s
prethodno  ubadenom delaminacijom konstantne
povrSine. Plo¢a je diskretizovana pomoéu mreze od 6x6
slojevitih  konacnih elemenata s devet c&vorova, s
redukovanom integracijom. SraCunate su sopstvene
frekvencije za prva Cetiri tona oscilovanja neostecenih i
ostecenih plo¢a i uporedene su s rezultatima iz [13] u
Tabeli 2.

From Table 1 it is obvious that the proposed model is
capable to predict the fundamental frequencies of
circular laminated composite plates, even by using the
quadrilateral FE to describe the circular plate geometry.
A slightly stiffer response (2-4%) is obtained for all
stacking sequences. Natural frequencies obviously
increase with the level of orthotropy.

Example 5.1.2. The second benchmark example
[13] is concerned with an 8-layer square composite plate
with symmetric (0/90/45/90)s stacking sequence. Side
length of the plate is a = 250mm, while overall plate
thickness is h = 2.12mm. All laminas are of equal
thickness. The following material parameters are
assumed for orthotropic constitutive models of all
laminas: E; = 132GPa, E> = 5.35GPa, G2 = Gy3 =
2.7QGP6, D12 = UL13 = 0.291, U2z = 0.300, p =
1446.2kg/m*. Square delamination of side age = a/2 is
prescribed in the mid-plane (between layers 4 and 5) in
the centre of the plate. The boundary conditions are
prescribed along boundary edges as follows:

— simply supported (SSx) edges: at x =0 and x = a:
v=w=v=0,

— simply supported (SSy) edges: at y =0 and y = b:
u=w=u'= 0,

— clamped (CC) edges: u=v=w=u' =V =0.

The plate is analyzed to check the influence of
boundary conditions on fundamental frequencies of
composite plates with previously imposed delaminated
zone of constant area. The plate is discretized by 6x6 9-
node layered finite elements with reduced integration.
Natural frequencies for first 4 modes for intact and
delaminated plates are calculated and compared with
the results from [13] in Table 2.
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Tabela 2. Sopstvene frekvencije (Hz) neoStecenih i oStecenih (0/90/45/90)s kompozitnih ploca s razlicitim uslovima
oslanjanja, za prva Cetiri tona oscilovanja
Table 2. Natural frequencies (Hz) for intact and delaminated (0/90/45/90)s composite plates with different boundary
conditions for first four modes

Model State 1 2 3 4
S Intact 164.37 404.38 492.29 658.40
Simply FSDT
Damaged 161.58 348.27 371.19 637.48
Supported
Plate P Intact 169.81 409.78 504.22 672.69
resent
Damaged 167.04 347.88 374.62 611.08
FSDT Intact 346.59 651.51 781.06 1017.20
Clamped Damaged 334.67 579.43 653.25 851.27
Plate
Present Intact 346.81 643.44 777.93 982.16
Damaged 316.88 529.34 554.81 783.80

Rezultati prikazani u Tabeli 2 potvrduju da je
predlozeni model u stanju da precizno predvidi
sopstvene  frekvencije  neoste¢enih i  oStecenih
kompozitnih plo¢a. Redukcija sopstvene frekvencije
usled prisustva delaminacija ve¢a je u slu€aju visih
tonova oscilovanja, za oba razmatrana slucaja.

Primer 5.1.3. U treéem primeru razmatraju se
cilindricne cross-ply laminatne kompozitne ljuske
ukljeStene na oba kraja. Duzina razmatranih ljuski je
L=12m, a polupre¢nik R=3m. Ljuske su sacinjene od tri
ortotropna sloja, pojedinacne debljine h,=0.02m, tako da
je  ukupna debljina ljuske  h=0.06m (odnos
duzina/poluprecnik je L/R=4, a odnos
debljina/polupreénik je h/R=0.02, §to odgovara tankim i
umereno dugim ljuskama). Za sve slojeve su
pretpostavljeni materijalni parametri koji odgovaraju
grafit-epoksidu [27]: E; = 138 GPa, E> = E3= 8.96 GPa,
G12 = G13 =71 GPa, Gz3 = 3.45 GPa, D12 = 0.30, P =
1645 kg/m3. Primenjeni su slojeviti trougaoni konacni
elementi s tri C&vora. Ljuska je diskretizovana
strukturiranom mrezom s dve razli¢ite gustine (Mreza 1 —
800 elemenata i Mreza 2 — 3200 elemenata, videti Sliku
3). Grani¢ni uslovi su zadati duz ukljestenih ivica
spreCavanjem svih  generalisanih pomeranja u
¢vorovima. Vrednosti bezdimenzionalnih frekvencija 2 =
W - 100R(/J/E2)1/2 dobijene u analizama poredene su s
rezultatima iz [46] dobijenim primenom 2D prstenastih
konacénih elemenata, kao i s rezultatima iz [27] dobijenim
primenom kontinualnih elemenata baziranih na
dinami¢koj matrici  krutosti. Vrednosti sopstvenih
frekvencija graficki su prikazane na Slici 4, za razliCite
Seme laminacije.

Ovaj primer jasno pokazuje da se progu$éenjem
mreze dobijaju nize vrednosti sopstvenih frekvencija
(konvergencija ka tacnom reSenju). Za 0/90/0 Semu
laminacije dobijeno je odlicno poklapanje u svim
tonovima oscilovanja. Za 90/90/90 Semu laminacije
dobijene su nesto nize vrednosti sopstvenih frekvencija
u svim tonovima, zbog uticaja deformacije smicanja i
idealizacija geometrije  ljuske. Uzimanjem ovih
napomena u obzir, predloZzeni model je u stanju da
potpuno ta¢no predvidi sopstvene frekvencije laminatnih
kompozitnih ljuski bez ostec¢enja.

The results presented in Table 2 confirm that the
proposed model is capable to accurately predict the
fundamental frequencies of intact and delaminated
composite plates. The reduction of the fundamental
frequency caused by the presence of the delaminated
zone is more pronounced for higher modes, for both
examined cases.

Example 5.1.3. The third benchmark example is
concerned with the cylindrical cross-ply laminated
composite shells clamped at both ends. The length of
the analyzed shells is L=12m, and the shell radius is
R=3m. The shells are composed from three orthotropic
layers, each of thickness hx=0.02m, so the total shell
thickness is h=0.06m (length-to-radius ratio L/R=4 and
thickness-to-radius ratio h/R=0.02, which is related to
thin and moderately long shells). The material
parameters (Graphite-Epoxy) for all layers are assumed
as [27]: E;= 138 GPa, E; = E3=8.96 GPa, G12= Gy3=
7.1 GPa, Gy; = 3.45 GPa, v, = 0.30, p = 1645 kg/m°.
Layered triangular 3-node elements are used. The shell
is discretized using the structured mesh of two different
densities (Mesh 1 — 800 elements and Mesh 2 - 3200
elements, see Figure 3). The boundary conditions are
prescribed along clamped edges by constraining all
generalized displacements in edge nodes. The values of
non-dimenzionalized frequency parameters Q = o -
100R(p/E2)1/2 obtained from analyses are compared with
the results by Narita et al. [46] using 2D ring FE model
and Ich Thinh et al. [27] using continuous element
constructed from the dynamic stiffness matrix. The
results for fundamental frequencies are graphically
interpreted in Figure 4, for different lamination schemes.

This example clearly shows that the mesh refinement
leads to the lower values of frequency parameter
(convergence to the exact solution). For the 0/90/0
lamination scheme, excellent agreement is obtained for
all modes. For the 90/90/90 scheme, the slightly lower
frequency parameters are obtained for all modes,
because of the influence of the transverse shear
deformation and the idealizations regarding the shell
geometry. By taking these remarks into account, the
presented model is fully capable to accurately predict the
fundamental frequencies of intact laminated composite
shells.
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Slika 3. Strukturirane mrezZe trougaonih konacnih elemenata
Figure 3. Structured meshes of triangular finite elements
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Slika 4. Poredenje bezdimenzionalnih frekvencija 2= @ - 100R(p/E»)

Il

Mode 1 Mode 2 Mode3 Mode4 Mode5

ONarita et al. - 2D Ring FEM Blich Thinh et al. - DSM
BGLPT — Mesh 2 - Structured OGLPT - Mesh 1 - Structured

"2 cross-ply cilindriénih ljuski ukljeStenih na oba

kraja, dobijenih primenom razlicitih numerickih modela
Figure 4. Comparison of frequency parameters Q= o - 100R(p/Ez)"? of cross-ply cylindrical shells clamped at both ends,
obtained using different numerical models

5.2 Geometrijski nelinearna dinamicka analiza

Primer 5.2.1. Poslednji primer ilustruje sposobnost
predlozenog modela za odredivanje nezavisnog kretanja
susednih slojeva u zoni delaminacija u sendvi¢-panelu.
NumeriCki su ispitani linearni i geometrijski nelinearni
dinamicki odgovori sendvi¢-plo¢e s delaminacijom usled
naglog eksponencijalnog optereéenja zbog eksplozije.
Analizirana je petoslojna (0/90/jezgro/0/90) antisimetri-
¢na slobodno oslonjena (SS) kvadratna sendvi¢-plo¢a
[6, 30]. Panel je napravljen od cross-ply obloge debljine
tr i mekog jezgra debljine f;, gde je t/tr = 10. Duzina
strane plo¢e je a = 250 mm, a njena debljina je h = 2.50
mm (a/h = 100). Obloga panela napravljena je od grafit-
epoksida T300/934 sa sledeéim mehanic¢kim karak-
teristkama: Eqr=131 GPa, E»r = Eszf=10.34 GPa,

5.2 Geometrically nonlinear transient analysis

Example 5.2.1. The final benchmark example
illustrates the capability of the proposed model to
represent the independent motions of adjacent
delaminated interfaces in a sandwich panel. The linear
and geometrically nonlinear transient responses of a
delaminated sandwich plate under exponential blast
pulse loading are investigated numerically. A five layer
(0/90/core/0/90) anti-symmetric simply supported (SS)
square sandwich plate [6, 30] is analyzed. The plate is
composed from cross-ply face sheets, with thickness
and a soft core with thickness f., where {/tr = 10. The
side length of the plate is a = 250 mm and its height is
h =250 mm (a’/h = 100). The face sheets are made of
Graphite-Epoxy T300/934 with the following mechanical
characteristics:E1 s = 131 GPa, Eyr=E3r=10.34 GPa,
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G12,f = Gz3,f = 6.895 GPa, G13,f =6.205 GPa, D12f = U134
= 0.22, vyzr = 0.49, pr = 1627 kg/m3. Izotropno meko
jezgro napravlieno je od materijala sledecih
karakteristika: E; = 6.89 MPa, G. = 6.895 MPa, v; =0, pc
= 1550 kg/m3. Ploc¢a je diskretizovana pomoc¢u mrezZe od
10x10 slojevitih kona&nih elemenata sa devet ¢vorova s
redukovanom integracijom. Jednako podeljeno popre¢no
opterecenje qo = 1.0 kN/m?  zadato je u vidu
eksponencijalnog pulsa q(t) = que'“t, trajanja T = 24 ms,
gde je =150 s’ usvojeno kao fiktivni faktor prigusenja.
Vremenski inkrement je At = 0.8 ms. Bezdimenzionalni
ugib srac¢unava se kao wp = w - Eqs- h3/qo/a4. Dinamicki
odgovor sraCunat je =za centralno pozicioniranu
delaminaciju konstantne povrSine (videti Sliku 5) na
pozicijama 1-2 i prikazan je na Slici 6.

G12,f = G23,f =6.895 GPa, G13,f =6.205 GPa, D12f = D13t
= 0.22, vo3r = 0.49, pr = 1627 kg/ma. For the isotropic
soft-core the following material parameters are adopted:
E.=6.89 MPa, G, = 6.895 MPa, v; = 0, p. = 1550 kg/m°.
The plate is discretized using a 10x10 mesh of 9-node
layered finite elements with reduced integration.
Uniformly distributed transverse loading qo= 1.0 kN/m?is
prescribed as an exponential pulse q(t) = qoxe'“', with
the duration of T = 24 ms, using a = 150 s’ as a
fictitious damping factor. The time increment is Af = 0.8
ms. The normalized centre transverse deflection is
calculated as wop = w - Eqs - h3/qo/a4. The transient
response is obtained for centrally located constant-area-
delamination (see Figure 5) in positions 1-2 and plotted
in Figure 6.
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Slika 5. Sendvié-plo¢a s mekim jezgrom s delaminacijom na razli¢itim pozicijama
Figure 5. Soft-core sandwich plate with different positions of an embedded delamination

Na Slici 6 ilustrovan je uticaj pozicije ranije ubacene
delaminacije na rezultate dinamic¢kog proracuna sendvic¢-
plo¢e sa oste¢enjem. Sendvi¢-plo¢a veoma je osetljiva
na oStecenje veze izmedu obloge i jezgra, kada je
opterecena eksponencijalnim  optere¢enjem usled
eksplozije (plave linije na Slici 6). Ukoliko delaminacija
postoji u okviru obloge panela, globalne amplitude
pomeranja priblizno su iste kao i u slu€aju neoStecene
ploce, jer neostecen deo plo¢e ima priblizno istu krutost
na savijanja kao i neoste¢ena ploc¢a (crvene linije na Slici
6). Razdvojeni segment osciluje lokalno svojom
sopstvenom frekvencijom, izazivajuéi velike otvore
prsline. U sluaju geometrijski nelinearne analize,
dodatna krutost na savijanje dovodi do redukcije
otvaranja prsline u poredenju s linearnom analizom.
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Figure 6 illustrates the influence of the position of the
previously prescribed delaminated zone on the results of
transient analysis of the delaminated sandwich plate.
The sandwich plate is highly vulnerable to face-core
debonding when subjected to exponential blast pulse
loading (blue lines in Figure 6). If the delamination
occurs within the face sheets the global amplitudes are
nearly the same as for the intact plate because the
undamaged part has more or less the same bending
stiffness as the intact plate (red lines in Figure 6). The
delaminated segment oscillates locally with its local
frequency, causing large crack opening displacements.
In the geometrically nonlinear case the added bending
stiffness leads to the reduction of the crack opening
displacements as compared to the linear case.
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Slika 6. Promena ugiba u centru dva susedna sloja sendvi¢-plo¢e kroz vreme, za razliCite poloZaje zone o$tecenja
Figure 6. Temporal evolution of the central transverse deflection of two adjacent delaminated interfaces of a sandwich
plate considering different positions of the delaminated area
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6 ZAKLJUCCI

Na osnovu opste laminatne teorije plo¢a izvedeni su
slojeviti konacni elementi koji su u stanju da uvedu
nezavisno kretanje razdvojenih slojeva. Medusobno
prodiranje sloja u sloj spre¢eno je uvodenjem kontaktnih
uslova izmedu pojedinih slojeva. Geometrijska
nelinearnost je uzeta u obzir na osnovu Von Karman-
ovih pretpostavki. Predlozeni numeri¢ki model primenjen
je u numerickoj analizi slobodnih vibracija i dinami¢kog
odgovora laminatnih kompozitnih i sendvi¢-plo¢a i ljuski
s delaminacijama. Mnogim primerima ilustrovano je na
koji nacin delaminacija utiC¢e na fundamentalne
dinamicke osobine laminatnih konstrukcija. U narednim
radovima predlozeni model ¢e biti proSiren kako bi se
uzela u obzir propagacija delaminacije, pomocu
proratuna brzine oslobadanja energije. Iz numericke
analize moze se zakljugiti:

1. Predlozeni model blago (2-4%) precenjuje
vrednosti sopstvenih frekvencija kruznih laminatnih
kompozitnih plo¢a, za sve razmatrane Seme laminacije,
zbog primene C&etvorougaonih konacnih elemenata za
opisivanje kruzne geometrije.

2. Predlozeni model je u stanju da precizno predvidi
sopstvene frekvencije neoStecenih ili  oStecenih
kompozitnih plo¢a. Uvodenjem smicu¢e deformacije u
proraun smanjuju se sopstvene frekvencije neosteé¢enih
i oStecenih kompozitnih plo¢a. Smanjenje frekvencije
zbog prisustva delaminacija izraZenije je u viSim
tonovima, za razmatrane uslove oslanjanja (CC i SS).
Sopstvene frekvencije ocigledno se povecCavaju s
porastom stepena ortotropije.

3. ProguSéenjem mreze dobijaju se nize vrednosti
sopstvenih frekvencija laminatnih kompozitnih
cilindri¢nih ljuski (konvergencija ka tanom resenju). Za
0/90/0 Semu laminacije dobijeno je odlicno poklapanje u
svim tonovima, dok je za 90/90/90 Semu laminacije u
svim tonovima dobijena neSto niza sopstvena
frekvencija, zbog uticaja deformacije smicanja, kao i
zbog idealizacija u pogledu geometrije ljuske.

4. Predlozeni model je u stanju da precizno predvidi
relativna pomeranja susednih slojeva u ostecenoj zoni.
Na dinamic¢ki odgovor sendvi¢-ploCa vise utiCe
delaminacija koja se nalazi izmedu mekog jezgra i
obloge panela, u poredenju s delaminacijom koja se
nalazi izmedu pojedinih slojeva obloge panela. Ovo
potvrduje Cinjenicu da je Cvrsta veza jezgra za oblogu
panela od presudnog znacaja u projektovanju sendvic-
panela.

5. Ukoliko dode do delaminacija u okviru obloge
panela, u geometrijski linearnoj analizi odvojeni segment
osciluje lokalno visokom frekvencijom i izaziva
kompleksne kontaktne mehanizme izmedu odvojenog
sloja i neoSteC¢enog ostatka ploce. U geometrijski
nelinearnoj analizi ovaj slozeni mehanizam ne postoji
zbog prisustva dodatne krutosti na savijanje.

6 CONCLUSIONS

Layered finite plate elements, capable of
incorporating the independent motion of delaminated
interfaces between layers, have been derived based
upon the Generalized Laminated Plate Theory.
Interlaminar penetration between delaminated layers
was prevented by considering contact conditions
between the individual layers. Geometrical nonlinearity is
accounted for based upon the Von Karman
assumptions. The proposed numerical model has been
applied to the numerical analysis of the free vibrations
and the transient response of delaminated composite
and sandwich plates and shells. Through the variety of
examples it is illustrated how the embedded
delamination affect the fundamental dynamic properties
of laminated structures. Future work includes the
extension of the proposed model to account for
propagation of the delamination using Energy Release
Rate calculations. From the numerical analyses, the
following conclusions are drawn:

1. The proposed model slightly (2-4%) overpredicts
the natural frequencies of circular laminated composite
plates, for all considered stacking sequences, because
of the application of quadrilateral finite elements to
describe the circular geometry.

2. The proposed model is capable to accurately
predict the fundamental frequencies of intact and
delaminated composite plates. The incorporation of the
transverse shear deformation reduces the fundamental
frequency both for the intact and delaminated composite
plates. The reduction caused by the presence of the
embedded delamination is more pronounced for higher
modes, for examined types of boundary conditions (CC
and SS). Natural frequencies obviously increase with the
level of orthotropy.

3. The mesh refinement leads to the lower values of
natural frequency of laminated composite cylindrical
shells. For the 0/90/0 lamination scheme, excellent
agreement is obtained for all modes, while for the
90/90/90 scheme, the slightly lower frequency
parameters are obtained for all modes, because of the
influence of the transverse shear deformation and the
idealizations regarding the shell geometry.

4. The proposed model is capable to accurately
predict the relative displacements of adjacent laminas in
the damaged area. The transient response of sandwich
plates is affected more if the delamination is positioned
between the soft-core and the rigid face sheets as
compared to the delamination within laminas of the face
sheet, which confirms that the strong bonding of the soft
core to the face sheet is the most critical aspect in the
design of sandwich plates.

5. If delamination occurs within the rigid face sheet,
when geometrically linear analysis is performed, the
delaminated segment oscillates locally with a high
frequency, causing complex contact closure and
delamination mechanisms between the sheet layer and
the intact rest of the plate. In the geometrically nonlinear
analysis this complex mechanism is absent due to the
added bending stiffness.
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REZIME

PRIMENA SLOJEVITIH KONACNIH ELEMENATA U
NUMERICKOJ ANALIZI LAMINATNIH KOMPOZITNIH
I SENDVIC-PLOCA | LUUSKI S DELAMINACIJAMA

Dorde VUKSANOVIC )
Miroslav MARJANOVIC

Laminatni kompoziti su moderni materijali koji se
Siroko primenjuju u masinstvu i gradevinarstvu. U ovom
radu prikazani su odgovaraju¢i moderni pristupi u
numeric¢koj analizi laminatnih kompozitnih i sendvi¢-
plo¢a i ljuski s delaminacijom u pojedinim delovima
konstrukcije. Za odredivanje numerickog reSenja
razli¢itih problema primenjeni su slojeviti konaéni
elementi bazirani na Reddy-evoj opstoj laminatnoj teoriji
plo€a. Nakon verifikacije postojeceg modela za
konstrukcije bez osteéenja (primenom postojecih
podataka iz literature), putem razli¢itih numerickih
primera, analizirani su efekti velic¢ine i polozaja
delaminacija na odgovor oSte¢enih  laminatnih
konstrukcija.

Kljuéne rec¢i: Laminatni kompozit, Sendvi¢-ploca,
Metod konacnih elemenata, Delaminacija, Kontakt

SUMMARY

APPLICATION OF LAYERED FINITE ELEMENTS IN
THE NUMERICAL ANALYSIS OF LAMINATED
COMPOSITE AND SANDWICH STRUCTURES WITH
DELAMINATIONS

Djordje VUKSANOVIC
Miroslav MARJANOVIC

Laminar composites are modern engineering
materials widely used in the mechanical and civil
engineering. In the paper, some recent advances in a
numerical analysis of laminated composite and sandwich
plates and shells of different shapes, with existing zones
of partial delamination, are presented. The layered finite
elements, based on the extended version of the
Generalized Laminated Plate Theory of Reddy, are
applied for the numerical solution of several structural
problems. After the verification of the proposed model for
intact structures using the existing data from the
literature, the effects of the size and the position of
embedded delamination zones on the structural
response of laminated structures are investigated
numerically by means of a variety of numerical
applications.

Key words: Laminar Composite, Sandwich Plate,
Finite Element Method, Delamination, Contact
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Uputstva za pripremu rukopisa

Rukopis otkucati jednostrano na listovima A-4 sa
marginama od 31 mm 8gore i dole) a 20 mm (levo i desno).
u Wordu fontom Arial sa 12 pt. Potrebno je uz jednu kopiju
svih delova rada i priloga. dostaviti i elektronsku verziju na
navedene E-mail adrese. ili na CD-u. Autor je obavezan da
Cuva jednu kopiju rukopisa kod sebe zbog eventualnog
oStecenja ili gubitka rukopisa.

Od broja 1/2010. prema odluci Upravnog odbora
Drustva i Redakcionog odbora. radovi sa pozitivhim
recenzijama i prihvaceni za Stampu. publikovace se na
srpskom i engleskom jeziku.

’ Uputstvo autorima je modifikovano i treba ga u pripremi
radova slediti.

Svaka stranica treba da bude numerisana. a optimalni
obim ¢lanka na jednom jeziku. je oko 16 stranica (30000
slovnih mesta) ukljuéujuci slike. fotografije. tabele i popis
literature. Za radove veéeg obima potrebna je saglasnost
Redakcionog odbora.

Naslov rada treba sa Sto manje reci (pozeljno osam. a
najviSe do jedanaeset) da opiSe sadrzaj clanka. U naslovu
ne koristiti skra¢enice ni formule. U radu se iza naslova daju
ime i prezime autora. a titule i zvanja. kao iime institucije u
podnoznoj napomeni. Autor za kontakt daje telefone. faks i
adresu elektronske poSte. a za ostale autore postansku
adresu.

Uz sazetak (rezime) od oko 150 do 200 reci. na
srpskom i engleskom jeziku daju se klju¢ne reci (do deset).
To je jezgrovit prikaz celog ¢lanka i Citaocima omogucuje
uvid u njegove bitne elemente.

Rukopis se deli na poglavlja i potpoglovlja uz numera-
ciju. po hijerarhiji. arapskim brojevima. Svaki rad ima uvod.
sadrzinu rada sa rezultatima. analizom i zakljuécima. Na
kraju rada se daje popis literature.

Kod svih dimenzionalnih veli¢ina obavezna je primena
medunarodnih S| mernih jedinica.

Formule i jednacine treba pisati pazljivo vodeci racuna o
indeksima i eksponentima. Autori uz izraze u tekstu definSu
simbole redom kako se pojavljuju. ali se moze dati i
posebna lista simbola u prilogu.

Prilozi (tabele. grafikoni. sheme i fotografije) rade se u
crno-beloj tehnici. u formatu koji obezbeduje da pri
smanjenju na razmere za Stampu. po S$irini jedan do dva
stupca (8cm ili 16.5cm). a po visini najvise 24.5cm. ostanu
jasni i Citljivi. tj. da veli€ine slova i brojeva budu najmanje
1.5mm. Originalni crteZi treba da budu kvalitetni i u
potpunosti pripremljeni za presnimavanje. Mogu biti i dobre.
ostre i kontrastne fotokopije. Koristiti fotogrfije. u crno-beloj
tehnici. na kvalitetnoj hartiji sa oS8trim konturama. koje
omogucuju jasnu reprodukciju. Skraéenice u prilozima
koristiti samo izuzetno uz obaveznu legendu. Prilozi se
posebno oznaCavaju arapskim brojevima. prema redosledu
navodenja u tekstu. Objasnjenje tabela daje se u tekstu.

Potrebno je dati spisak svih skrac¢enica kori§¢enih u
tekstu.

U popisu literature na kraju rada daju se samo oni
radovi koji se pominju u tekstu. Citirane radove treba
prikazati po azbu¢nom redu prezimena prvog autora.
Literaturu u tekstu oznaciti arapskim brojevima u uglastim
zagradama. kako se navodi i u Popisu citirane literature.
napr [1]. Svaki citat u tekstu mora se naci u Popisu citirane
literature i obrnuto svaki podatak iz Popisa se mora navesti
u tekstu.

U Popisu literature se navode prezime i inicijali imena
autora. zatim potpuni naslov citiranog ¢lanka. iza toga sledi
ime Casopisa. godina izdavanja i poCetna i zavrSna stranica
(od - do). Za knjige iza naslova upisuje se ime urednika (ako
ih ima). broj izdanja. prva i poslednja stranicapoglavija ili
dela knjige. ime izdavaCa i mesto objavljivanja. ako je
navedeno viSe gradova navodi se samo prvi po redu. Kada
autor citirane podatke ne uzima iz izvornog rada. vec¢ ih je
pronaSao u drugom delu. uz citat se dodaje «citirano
prema...». Neobjavljeni ¢lanci mogu se pominjati u tekstu
kao «usmeno saopstenje»

Autori su odgovorni za izneseni sadrzaj i moraju sami
obezbediti eventualno potrebne saglasnosti za objavljivanje
nekih podataka i priloga koji se koriste u radu.

Ukoliko rad bude prihvaéen za Stampu. autori su duzni
da. po uputstvu Redakcije. unesu sve ispravke i dopune u
tekstu i prilozima.

Za detaljnija tehni€ka uputstva za pripremu rukopisa
autori se mogu obratiti Redakcionom odboru ¢asopisa.

Rukopisi i prilozi objavljenih radova se ne vracaju. Sva
eventualna objasSnjenja i uputstva mogu se dobiti od
Redakcionog odbora.

Radovi se mogu slati i na e-mail: folic@uns.ac.rs ili
miram@uns.ac.rs i dimk@ptt.rs

Veb sajt Drustva i Casopisa: www.dimk.rs
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Izdavanje Casopisa "Gradevinski materijali i konstrukcije" finansijski su pomogli:

departman za
gradevinarstvo

INZENJERSKA KOMORA SRBIJE

REPUBLIKA SRBIJA
MINISTARSTVO PROSVETE, NAUKE |
TEHNOLOSKOG RAZVOJA

UNIVERZITET U BEOGRADU
GRADEVINSKI FAKULTET

DEPARTMAN ZA GRADEVINARSTVO
FAKULTET TEHNICKIH NAUKA NOVI SAD

INSTITUT IMS AD, BEOGRAD

UNIVERZITET CRNE GORE
GRADEVINSKI FAKULTET - PODGORICA
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