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NUMERICKA ANALIZA NOSIVOSTI NEUNIFORMNIH PRITISNUTIH ELEMENATA NA
FLEKSIONO IZVIJANJE

NUMERICAL ANALYSIS OF FLEXURAL BUCKLING RESISTANCE OF NON-UNIFORM
COMPRESSION MEMBERS

Aljosa FILIPOVIC
Jelena DOBRIC
Milan SPREMIC
Zlatko MARKOVIC
Nina GLUHOVIC

1 UvOoD

Konstruktivni elementi sa neuniformnom promenom
popre¢nih preseka imaju znacajnu primenu u zgra-
darstvu, najéeS¢e kod stubova okvirnih nosaca velikih
raspona, ili kod stubova industrijskih hala koje su oprem-
liene kranovima velike nosivosti. Promena popre¢nog
preseka, koja prati neuniformnu raspodelu presecnih sila
duz elementa, moze da bude linearna duz elementa, ili
skokovita u odredenom broju diskretnih tacaka elemen-
ta. Ovakvim konstruktivnim reSenjem postiZze se znalaj-
na usteda u koli¢ini ¢elicnog materijala i ceni konstrucije.

Prora¢un nosivosti neuniformnih elemenata na flek-
siono izvijanje kompleksan je i zahtevan sa stanovista
svakodnevne inZenjerske prakse.

Izraz za elastiCnu kriticnu silu izvijanja nije
obuhvacen osnovnim Ojlerovim slucajevima izvijanja.
Vrednost elasti€ne kriti€ne sile izvijanja treba da se
odredi vodedi ratuna o tacnoj raspodeli geometrijskih
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1 INTRODUCTION

Structural members with non-uniform change in
cross sections have a significant role in constructions,
usually as columns of large-scale structural frames, or
as columns in industrial halls that are equipped with
cranes of high load carrying capacity. The cross-
sectional change, which follows the non-uniform
distribution of the internal forces along the member, can
be linear along the member, or stepped in a certain
number of discrete points. This structural solution
achieves significant savings in the amount of steel
material and in the costs of construction.

Analysis of flexural buckling resistance of non-
uniform compression members is complex and
demanding from a standpoint of everyday engineering
practices.

The critical elastic buckling force is not included in
the basic Eulerian cases of buckling. The value of the
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karakteristika po duzini elementa, grani¢nim uslovima
oslanjanja i postojanju eventualnih ekscentriciteta u
polozaju sistemnih osa susednih segmenta kod
elemenata sa stepenastom promenom preseka.
Elasticna kriticna sila izvijanja moze da se odredi
koriste¢i teorijske analize koje zahtevaju nalazenje
reSenja nelinearne diferencijalne jednacine izvijanja, ili
primenom neke od metoda naprednih numerickih
analiza. U jednostavnijim slu€ajevima mogu se Koristiti
uproSc¢eni postupci prorauna u kojima se vrednost
elasti¢ne kriticne sile izvijanja odreduje modifikacijom
osnovnih Ojlerovih izraza za izvijanje uniformnih
elemenata sa ekvivalentnim momentom inercije, ili
ekvivalentnom duzinom izvijanja, kojima se uzima u
obzir geometrijska neuniformnost analiziranog elementa.

Polozaj kriti€nog preseka u kojem je dostignuta
vrednost grani¢ne nosivosti na fleksiono izvijanje nije
jednozna¢no odreden. Ovo je posebno izrazeno kod
elemenata s linearnom promenom preseka, pa se pri
nalazenju reSenja zahteva iterativan postupak
proracuna. U opStem slu€aju mozZe se smatrati da je to
presek u kome normalni napon pritiska dostize
maksimalnu vrednost.

Za prakti€énu inzenjersku primenu, proradun nosivosti
neuniformnih elemenata na fleksiono izvijanje treba da
bude zasnovan na primeni globalne analize drugog reda,
uzimaju¢i u obzir uticaj geometrijskih, materijalnih i
strukturnih imperfekcija na ponasanje konstrukcije u
stanju grani¢ne nosivosti. Uticaji drugog reda mogu se
uzeti u proracunu na dva nacina [1], [2]:

— Indirektno, odredivanjem vrednosti kriti€ne
sile izvijanja primenom pribliznih metoda ili linearno-
elasticne analize za element bez imperfekcija, nakon
Cega treba primeniti opsti postupak proraCuna nosivosti
na fleksiono izvijanje koji vazi za uniformne elemente, u
saglasnosti sa SRPS EN 1993-1-1 [3].

— Direktno, primenom prorauna po teoriji
drugog reda s pocetnim ekvivalentnim globalnim i
lokalnim imperfekcijama elementa. Oblik imperfekcija
treba da odgovara najnizem sopstvenom obliku
elasti¢nog izvijanja u odgovarajucoj ravni izvijanja, a
veliC¢ine imperfekcija treba da budu u skladu s
preporukama datim u SRPS EN 1993-1-1/NA [4]. Ovim
postupkom kontrola nosivosti elemenata na izvijanje
svodi se na Kkontrolu nosivosti najoptereéenijeg
popreénog preseka za dejstvo aksijalne sile pritiska i
momenta savijanja drugog reda.

Treba pomenuti primenu Metode konacénih
elemenata koja se danas efikasno koristi u analizi
razli¢itih problema stabilnosti koji uklju€uju geometrijsku i
materijalnu nelinearnost. Osim $to je osnova naprednih
softverskih paketa (RSTAB, Sofistik, DIANA FEA...), ona
je i osnova individualnih nauénih programa razvijenih
primenom razli¢itih programskih jezika. Kao primer,
program ALIN [5], [6] reSava kompleksne probleme
staticke i dinami¢ke analize, linerane analize izvijanja
putem koje se kriticno optere¢enje moze odrediti i u
elasti¢noj i u nelineranoj oblasti naprezanja.

Ovaj rad prikazuje rezultate parametarske numericke
analize neuniformnih, obostrano zglobno oslonjenih i
konzolnih elemenata, koja je sprovedena u softveru
Abaqus [7]. Neuniformnost se ogleda u promeni
popre€nog preseka kroz dva segmenta i stepenastoj
promeni aksijalne sile pritiska. Variran je odnos
momenta inercije popre¢nih preseka gornjeg i donjeg

critical elastic bucklingload should be determined taking
into account the exact distribution of geometric
characteristics along the length of the member,
boundary conditions, and the existence of possible
eccentricity in the position of the system axes of the
adjacent segments in members with a stepped change
in cross section. The critical elastic buckling load can be
determined using theoretical analyses that require the
solution of nonlinear differential equations, or using one
of the advanced numerical analysis methods. In simpler
cases, simplified calculation procedures can be used in
which the value of the elastic buckling force is
determined by modifying the basic Eulerian expressions
for buckling of uniform elements with an equivalent
moment of inertia or an equivalent effective length, both
of which take into account the geometric non-uniformity
of the analysed member.

The position of the critical cross-section in which the
ultimate flexural buckling load is achieved is unclearly
defined. This is especially pronounced in the case of
members with linear change of cross-section, where
finding the solution asks for iterative calculations. In
general, it can be at the cross-section in which normal
stress reaches the maximum value.

For practical engineering applications, the flexural
buckling resistance of non-uniform members should be
based on the use of global second-order analysis, taking
into account the influence of geometric, material and
structural imperfections on the behaviour of the structure
in the state of ultimate load capacity. Second-order
influences can be included in design in one of the two
ways [1], [2]:

— Indirectly, by determining the value of the
critical buckling load using approximate methods or
linear-elastic analysis for members without imperfec-
tions, after which the general method of calculating the
flexural buckling resistance, which is valid for uniform
elements, should be applied in accordance with SRPS
EN 1993-1-1 [3].

— Directly, by applying a second order theory
with the equivalent initial global and local imperfections
of members. The shape of imperfection should
correspond to the fundamental form of elastic self-
buckling in the appropriate plane of buckling, and the
size of the imperfection should be in accordance with the
recommendations given in SRPS EN 1993-1-1 / NA [4].
By this procedure, the calculation of the flexural buckling
resistance of members is reduced to the calculation of
the load bearing capacity of the critical cross-section for
the compressive axial force and bending moment of
second order.

Finite element method should be mentioned as an
effective method in analysis of different stability pro-
blems that include geometric and material nonlinearities.
Except for being the basis of advanced software
packages (RSTAB, Sofistik, DIANA FEA...), it is also the
basis of individual scientific programs developed using
different programming languages. As an example,
program ALIN [5], [6] solves complex problems of static
and dynamic analysis, linear analysis of buckling through
which the critical load can be determined both in the
elastic and in the non-linear stress region.

This paper presents the results of parametric numeri-
cal analysis of non-uniform, hinged ends and cantilever
members carried out in Abaqus software package [7].
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segmenta i odnos aksijalnih sila u segmentima. Duzina
elemenata je 10 m, visina gornjeg segmenta 4 m, visina
donjeg segmenta 6 m. Za zglobno oslonjene elemente
popre¢ni presek donjeg segmenta je HEA 300 dok je
poprecni presek gornjeg segmenta variran u opsegu:
HEA 160, HEA 180, HEA 200, HEA 220 i HEA 240. Za
konzolne elemente popre¢ni presek donjeg segmenta
stuba je HEB 450, dok je popre¢ni presek gornjeg
segmenta variran u opsegu: HEB 220, HEB 240, HEB
260, HEB 280 i HEB 300. Analiziran opseg odnosa sila
na krajevima FE modela, P1/(P1+P2) je od 0,05 do 0,50
s korakom od 0,05. Ukupan broj analiziranih FE modela
je 100. Svrha ovog rada je da se na osnovu zadatih
parametara i rezultata linerane analize izvijanja utvrdi
opseg koeficijenata duzine izvijanja oko jaCe ose inercije
pojedinatanih segmenata analiziranih  neuniformih
elemenata. Analiza fleksione stabilnosti elemenata oko
slabije ose inercije nije analizirana u okviru ovog rada,
imaju¢i u vidu praktiCan znacaj utvrdivanja veliine
koeficijenata izvijanja oko jace ose inercije koji ne mogu
biti jednoznacno odredeni kako je to u slu€aju izvijanja
oko slabije ose preseka. Takode, u radu je izvrSena
procena taénosti proracunskih vrednosti nosivosti na
fleksiono izvijanje prema opstoj metodi proracuna [3]
kroz njihovo poredenje s rezultatima nelinearne
numericke analize.

2 OPSTA METODA PRORACUNA PREMA
SRPS EN 1993-1-1

Opsta metoda proracduna nosivosti elemenata na
izvijanje data u poglaviju 6.3.1, SRPS EN 1993-1-1 [3]
odnosi se na pritisnute elemente konstantnog popre¢nog
preseka. Opsti format kontrole nosivosti na izvijanje
prema ovoj metodi, podrazumeva zadovoljenje uslova
da je odnos proracunske vrednosti sile pritiska Ngg i
proratunske nosivosti elementa na izvijanje Nyrqd maniji
ili jednak od jedan. ProraCunska nosivost elementa na
izvijanje Nprg predstavlja proizvod bezdimenzionalnog
koeficijenta izvijanja x i nosivosti poprecnog preseka
koja odgovara naponu na granici razvlacenja Afy, a koji
je redukovan parcijalnim koeficijentom sigurnosti yma.
Bezdimenzionalni koeficijenat izvijanja x zavisi od

relativne vitkosti elementa A X i koeficijenta imperfekcije
a kojim su obuhvaceni uticaji nesavrSenosti realnih
elemenata. Relativha vitkost za fleksiono izvijanje u
slu€aju klase popre¢nog preseka 1, 2 i 3 mozZe da se
odredi prema ops$tem izrazu:

The non-uniformity is reflected in the change of cross-
section through two segments and the stepped change
in compressive axial force. The ratio of the moment of
inertia of cross-sections of the upper and lower
segments and the ratio of axial forces in the segments is
varied. The length of the members is 10 m, the height of
the upper segment is 4 m, and the height of the lower
segment is 6 m. For the hinged elements, the cross-
section of the lower segment is HEA 300 while the
cross-section of the upper segment varies in the range:
HEA 160, HEA 180, HEA 200, HEA 220 and HEA 240.
For the cantilever members, the cross section of the
lower segment of the column is HEB 450 while the
cross-section of the upper segment varies in the range:
HEB 220, HEB 240, HEB 260, HEB 280 and HEB 300.
The analysed range of force ratio at the ends of the FE
model, P1/(P1+P,) is from 0.05 to 0.50 with a step of
0.05. The total number of FE models analysed is 100.
The purpose of this paper is to determine, on the basis
of the given parameters and the results of the linear
analysis of buckling, the range of effective length
coefficients for the major axis of the individual segments
of analysed non-uniform elements. The analysis of the
flexural stability of the members for the minor axis of
inertia has not been analysed in this paper, given the
practical importance of determining the value of the
buckling coefficient for the major axis, which cannot be
uniquely determined as it is in the case of buckling for
the minor axis of cross-section. Also, the paper
assesses the accuracy of the design values for flexural
buckling resistance according to the general method [3]
by comparing them with the results of nonlinear
numerical analysis.

2 GENERAL DESIGN METHOD ACCORDING TO
SRPS EN 1993-1-1

The general design method for buckling resistance of
members given in Chapter 6.3.1, SRPS EN 1993-1-1 [3]
refers to compressed members with uniform cross-
section. The general format of buckling resistance
design according to this method implies that the ratio of
the design value of compressive load Ngg and design
value of buckling resistance Ny rqiS less than or equal to
one. The design value of buckling resistance Npgrd
represents the product of non-dimensional buckling
coefficient x and the cross-sectional load -carrying
capacity correspondent to the yield stress Afy, which is
reduced by the partial safety factorymi. The non-
dimensional coefficient of buckling x depends on the
relative slenderness of the member A and the
coefficient of imperfection a, which includes the
influence of imperfections of real members. The relative
slenderness for flexural buckling in the case of the cross-
section classes 1, 2 and 3 can be determined according
to the general expression:

i Ay M
NCI’
2
7 El
Ner == — )

gde su: N¢ Ojlerova kriticna sila za fleksiono izvijanje, E
modul elasti¢nosti, | momenat inercije poprecnog

where: Ncis Euler critical flexural buckling load, Eis
modulus of elasticity, lis moment of inertia of the cross-
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preseka u ravni izvijanja a L duZina izvijanja elementa.

NesavrSenosti realnih elemenata smanjuju njihovu
nosivost na izvijanje. Evrokod 3 [3] definiSe analiticku
zavisnost izmedu relativne vitkosti elementa A i
bezdimenzionalnog koeficijenta izvijanja x preko familije
krivih izvijanja. Osnova za matematic¢ku interpretaciju
ovih krivih je Ajraton-Perijeva funkcija u kojoj je uticaj
nesavrSenosti realnih elemenata uzet preko koeficijenta
imperfekcije a. Vrednost ovog koeficijenta zavisi od
oblika popre¢nog preseka, relevantne ravni izvijanja,
vrste proizvodnog procesa (vru¢e Vvaljanje, hladno
oblikovanje ili zavarivanje), kao i kvaliteta osnovnog
materijala.

Opsta metoda proracuna moze se primeniti i pri
proraéunu nosivosti pritisnutih neuniformnih elemenata
na fleksiono izvijanje uz modifikaciju koja se odnosi na
odredivanje vrednosti kritiCne sile izvijanja N¢, za koju se
ne moze koristiti izraz (2). Savremeni postupci
proraCuna podrazumevaju odredivanje elasti¢ne kriticne
sile izvijanja primenom linearno-elasticne analize
izvijanja u odgovaraju¢éem softveru, ili primenom
pribliznih, pojednostavljenih metoda koje su date u
relevantnoj literaturi [1], na primer u funkciji
ekvivalentnog momenta inercije.

3 OPIS NUMERICKIH MODELA

Dve razliCite vrste analize su uradene za svaki
numeri¢ki model: linearno-elasti¢na analiza i nelinearna
statiCka analiza fleksionog izvijanja oko jace ose inercije,
uz Kkori8cenje Riksovog solvera. Linearno-elasti¢na
analiza, zasnovana na problemu birfukacione stabilnosti,
daje elasticnu kriticnu silu izvijanja idealno pravog
elementa bez imperfekcija. Odgovor elementa je pracen
zanemarljivo malim bo¢nim deformacijama, a kada sila
dostigne grani¢nu, kriti€énu vrednost, dolazi do naglog
izvijanja koje je praéeno velikim deformacijama. Kako je
modul  elasti¢nosti  u  linearno-elasticnoj  oblasti
konstantan, vrednost kritiCne sile izvijanja isklju¢ivo
zavisi od vitkosti elemenata i graniCnih uslova na
krajevima elementa. S druge strane, materijalna i
geometrijska nelinearnost kao i strukturne imperfekcije
realnih konstruktivnih elemenata ograni€avaju njihovu
nosivost na fleksiono izvijanje. U takvim slu€ajevima
linearno-elastiCna analiza koristi se za odredivanje
osnovnih oblika izvijanja, a njeni rezultati za
interpretaciju pocCetnih geometrijskih imperfekcija u
kasnijim fazama analize stabilitetnih problema realnih
elemenata. U Abaqusu [7] postoji nekoliko razligitih
numerickih metoda za reSavanje nelineranih statiCkih
problema. Metoda Riksa, ili metoda kruznog Iluka
osnovna je i najvise koriS¢éena metoda za analizu
ponaSanja pritisnutih elemenata na razliCite oblike
izvijanja. Uslov za njenu primenu jeste da kriva sila-
pomeranje bude glatka i bez grananja. Ta¢nost vrednosti
grani¢ne sile znacajno zavisi od veli€ine pocetnih
geometrijskih imperfekcija realnog elementa. Ukoliko su
ova odstupanja idealizovana, odnosno zanemarljivo
mala, pocetni, uzlazni deo krive je strm s naglim
prelaskom u nestabilno ravnotezno stanje, kada primena
Riksove metode moze dovesti do divergencije reSenja.

FE modeli su realizovani sa solid elementima i
wedge mrezom konacnih elemenata dimenzija 15 mm. U

section in the buckling plane and L, is effective length of
member.

The imperfections of real elements reduce their
buckling resistance. Eurocode 3 [3] defines the analytical
relation between the relative slenderness of the member

Aand the non-dimensional coefficient of buckling ¢ with
a family of buckling curves. The basis for the
mathematical interpretation of these curves is the
Ayrton-Perry formula, in which the influence of the
imperfections of real elements is taken into account
using the coefficient of imperfection a. The value of this
coefficient depends on the shape of the cross-section,
the relevant plane of buckling, the type of the production
process (hot, cold rolled or welded), as well as the
quality of the steel material.

The general design method can also be applied in
the flexural buckling resistance design of the com-
pressed non-uniform members with a modification that
refers to the determination of the critical buckling force
value Ncfor which the expression (2) cannot be used.
Modern design methods involve determining the critical
elastic buckling loadusing a linear-elastic analysis in the
appropriate software, or using approximate, simplified
methods, given in the relevant literature [1], for example
in the function of the equivalent moment of inertia.

3 NUMERICAL MODELS DESCRIPTION

Two different types of analysis were undertaken for
each numerical model: linear-elastic analysis and non-
linear static analysis of flexural buckling for major axis,
using the Riks solver. Linear-elastic analysis, based on
the problem of bifurcation stability, gives the critical
elastic buckling load of an ideal real member without
imperfection. The response of the member is ac-
companied by negligibly small lateral deformations, and
when the load reaches the ultimate critical value, a
sudden buckling followed by large deformations occurs.
Since the modulus of elasticity in the linear-elastic region
is constant, the value of the critical buckling load
depends exclusively on the slenderness ofmembers and
the boundary conditions at the ends of the members. On
the other hand, material and geometric non-linearity as
well as structural imperfections of real structural
members limit their flexural buckling resistance. In these
cases, the linear-elastic analysis is used to determine
the basic modes of buckling, and its results are used for
the interpretation of initial geometric imperfections in
later stages of analysis of the stability problems of real
members. In Abaqus [7] there are several different
numerical methods for solving nonlinear static problems.
The Riks method, or the arc-length method, is the basic
and most widely used method for analysing the
behaviour of compressed membersin different modes of
buckling. The requirementfor its application is that load-
displacement curve is smooth and without branching.
The accuracy of the critical load value depends greatly
on the size of the initial geometric imperfections of the
real member. If these deviations are idealised, or
negligible, the initial, ascending part of the curve is steep
with a sudden transition to an unstable equilibrium state,
when the application of the Riks method can lead to a
divergence incalculations.

FE models are developed using "solid" elements and
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tezistima poprecnih preseka, na oba kraja FE modela,
definisane su referentne tacke koje su povezane s
povrSinama krajnjih poprecnih preseka preko opcije
kinematic copuling type. U zavisnosti od analizranog
statickog sistema FE modela, referentnim tackama su
dodeljeni odgovaraju¢i grani¢ni uslovi koji simuliraju
idealni zglobni oslonac u slu€aju proste grede, odnosno
ukljeStenje u slu€aju konzole. Koncentrisane sile pritiska
u pravcu poduzne ose FE modela zadate su u tezistu
krajnjeg gornjeg popre¢nog preseka, odnosno na mestu
stepenaste promene popre¢nog preseka, respektivno.
Nominalne vrednosti krive napon-dilatacija koja je
dobijena eksperimentalnim ispitivanjem epruveta uzetih
iz finalnog vruce-valjanog profila HEB 260 s kvalitetom
Celicnog materijala S275 [8] usvojena je za opisivanje
mehanickih svojstava materijala svih FE modela.
Eksperimentalne vrednosti su transformisane u stvarne
vrednosti napon-dilatacija. Pri analizi su usvojene
uobiCajene vrednosti elasti¢nih konstanti materijala za
gelik E = 210000 N/mm? i v = 0,3. Zaostali haponi nastali
kao rezultat proizvodnog procesa nisu modelirani.
Standard SRPS EN 1993-1-5 [9] u Prilogu C sugeriSe da
se geometrijske imperfekcije mogu bazirati na obliku
kriti€nog oblika izvijanja u relevantnoj ravni i dopusta
redukciju geometrijskih tolerancija fabricke izrade u
iznosu od 80% u interpretaciji poCetnih nesavrSenosti.
Medutim, buduéi da zaostali naponi nisu ukljuceni u
analizi statickog odgovora elementa, za amplitudu
pocetne imperfekcije usvojena je dopustena proizvodna
tolerancija koja ukljuCuje odstupanje ose elementa od
vertikalnosti u punom iznosu od L /750, u skladu sa
standardom SRPS EN 1090-2 [10]. Normalizovane
vrednosti koordinata deformisanog modela za kriti¢ni
oblik izvijanja su skalirane i ucitane su naredbom
Imperfection u opciji-Edit keyword za svaki pojedinacni
model. Uticaj lokalnih imperfekcija popre€¢nog preseka
zanemaren je u okviru analize.

4 PRIKAZ REZULTATA NUMERICKE ANALIZE

Slike 1 i 2 prikazuju raspodelu Misesovih napona pri
graniénom stanju nosivosti analiziranog neuniformnog
elementa statickog sistema proste grede usled
fleksionog izvijanja oko jaCe ose inercije. Lom elementa
odreden je plastifikacijom kriti€nog preseka u donjem,
odnosno gornjem segmentu, respektivno.

S, Mises

Avg: 7
'

"wedge" finite element mesh with a size of 15 mm. In
centroids of cross-sections, at both ends of the FE
model, reference points are defined and they are
coupledwiththe cross-sections at the endsusing the
"kinematic coupling type" option. Depending on the type
of the analysed FE model, the reference points are
assigned appropriate boundary conditions that simulate
an idle hinge in the case of simply supported beam, or a
clamp in the case of cantilever. Concentrated
compressive forces in the direction of the longitudinal
axis of the FE model are applied at the centroid of the
upper cross section, and at the stepped change in the
cross section, respectively. The nominal values of the
stress-strain curve obtained by experimental testing of
the specimens taken from the final hot-rolled profile HEB
260 with the quality of steel material S275 [8] were
adopted to describe the mechanical properties of
materials for all FE models. The experimental values
were transformed into the actual values of the stress-
strain. In the analysis, the usual values of the elastic
constants of steel material E = 210000 N/mm?andv =
0,3were adopted. The residual stresses resulting from
the manufacturing process were not modelled. Design
code SRPS EN 1993-1-5 [9] in Appendix C suggests
that geometric imperfections can be based on the
buckling modein the relevant plane and allows for the
reduction of manufacturing geometric tolerances of 80%
in the interpretation of initial imperfections. However,
since the residual stresses are not included in the
analysis of the static response of the member, the
allowable manufacturing tolerance has been adopted for
the amplitude of the initial imperfection, and it includes
deviation of the member axis from the vertical plane in
the full amount of L/750 in accordance with SRPS EN
1090-2 [10]. The normalized coordinate values of the
deformed model for the critical buckling mode are scaled
and assigned with the "Imperfection" command in the
"Edit keyword" option for each individual model. The
influences of local imperfections of the cross-section are
disregarded in this analysis.

4 THE RESULTS OF THE NUMERICAL ANALYSIS

Figures 1 and 2 show the distribution of Mises
stresses at the ultimate load state of the analysed non-
uniform simply supported member due to the flexural
buckling for major axis. The failure of the member is
determined by the plasticization of the critical cross-
section in the lower and upper segment, respectively.

+2.35
+1.07

Slika 1. Lom donjeg segmenta FE neuniformnog modela
Figure 1. Failure of the lower segment of the non-uniform FE model
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Slika 2. Lom gornjeg segmenta FE neuniformnog modela
Figure 2. Failure of the upper segment of the non-uniform FE model

Numericke vrednosti grani¢nih sila fleksionog
izvijanja oko jaCe ose inercije Ny rea NOrmalizovane su s
vredno$¢u sile pri kojoj dolazi do plastifikacije popreénog
preseka Afy za svaki pojedinacni segment, uporedene s
rezultatima opSte metode proracuna prema SRPS EN
1993-1-1 [3] izborom relevantne krive za odgovarajuci
poprecni presek i graficki prezentovane na slici 3 u
slu¢aju FE elemenata sistema proste grede, odnosno
slici 4 u slu€aju elemenata konzolnog sistema. Uzimajuéi
u obzir oblik popre€nog preseka segmenta, proracunske
nosivosti obostrano zglobno oslonjenih  elemenata
odredene su izborom krive b. U slu€aju konzolnih
elemenata, proracunske nosivosti donjih segmenata
sracunate su za krivu izvijanja a, odnosno za krivu b kod
gornjih segmenata.

11 1
1.0
09 T
=08 T
2
‘5 0.7 + L]
=S
S0.6 +
205 T
204 1
(<3}
03+
02 +
0.1 +
0.0 t t

The numerical values of the ultimate flexural buckling
for the major axis Ny rea are normalized with the value of
the force in which the cross-section is plasticized Afy for
each individual segment and compared with the results
of the general design method according to SRPS EN
1993-1-1 [3] through adequate choosing of the curves
for the corresponding cross-sections.These values are
graphically presented in Figure 3 in the case of simply
supported FE member, that is, in Figure 4 in the case of
cantilevermembers. Taking into account the shape of the
cross section of the segment, the design ultimate
strength of simply supported members is determined by
choosing the curve b. In the case of cantilever members,
the design ultimate strength of the lower segments are
calculated for the curve a, that is, for the curve b in the
case of the upper segments.

—EN 1993-1-1 kriva b
@ FEA, lom gornjeg segmenta

® FEA, lom donjeg segmenta

1.5 2 2.5 3

Bezdimenzionalna vitkost A

Slika 3. Poredenje numerickih i proracunskih vrednosti nosivosti na fleksiono izvijanje u slu¢aju obostrano zglobno
oslonjenog elementa
Figure 3. Comparison of numerical and design values of flexural buckling resistance in the case of simply supported
members
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Slika 4. Poredenje numerickih i proraéunskih vrednosti nosivosti na fleksiono izvijanje u slu¢aju konzolnog elementa
Figure 4. Comparison of numerical and design values of flexural buckling resistance in the case of cantilever members

Tabela 1. Vrednosti koeficijenata duZine izvijanja 8 za zglobno oslonjene elemente

Table 1. The values of the effective length coefficients 3 for simply supported members

P2/ (P1+P2)
0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
_— 0,09 | 2,295 2,398 | 2,497 | 2,593 | 2,687 | 2,777 | 2,866 | 2,951 | 3,035 | 3,117
P é é 0,14 | 1,952 2,034 | 2,114 | 2,192 | 2,267 | 2,341 | 2,412 | 2,482 | 2,550 | 2,617
' > g 0,20 | 1,692 1,757 1,821 | 1,883 | 1,944 | 2,004 | 2,062 | 2,118 | 2,174 | 2,229
1 ¢ :2 g 0,30 | 1,513 1,563 1,613 | 1,662 | 1,710 | 1,758 | 1,804 | 1,850 | 1,896 | 1,940
4 ‘;) é § 0,42 | 1,394 1,430 1,468 | 1,506 | 1,544 | 1,581 | 1,618 | 1,655 | 1,692 | 1,727
! = fi 0,09 | 4,656 3,440 | 2,925 | 2,631 | 2438 |2300 |2197 |2,117 | 2,052 | 1,999
é é 0,14 | 4,854 3,577 3,035 | 2,725 | 2522 | 2,377 |2,268 | 2183 | 2,114 | 2,058
oy 0,20 | 5,104 3,747 3,170 | 2,840 | 2,622 | 2,467 | 2,350 | 2,259 | 2,185 | 2,125
: % g 0,30 | 5,523 4,035 | 3,399 |3,034 |2792 |2620 |2490 | 2,389 |2307 |2240
8 § 0,42 | 6,097 4,421 3,706 | 3,293 | 3,019 | 2,823 | 2,675 | 2559 | 2466 | 2,389
Tabela 2. Vrednosti koeficijenata duZine izvijanja B za konzolne elemente
Table 2. The values of the effective length coefficients 8 for cantilever members
P2/ (P1+P2)
0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
e 0,10 | 2,093 | 2,208 | 2,361 | 2,540 | 2,730 | 2,919 | 3,104 | 3,282 | 3,453 | 3,618
P é é 0,14 | 2,089 | 2,186 | 2,304 | 2,440 | 2,586 | 2,736 | 2,885 | 3,032 | 3,175 | 3,314
o ga’ 0,19 | 2,086 | 2,173 | 2,275 | 2,388 | 2,509 | 2,634 | 2,760 | 2,885 | 3,008 | 3,129
= <5 % g 0,24 | 2,084 | 2,166 | 2,257 | 2,357 | 2,462 | 2,569 | 2,679 | 2,788 | 2,896 | 3,003
| o9 .1 032] 2084 | 2,161 | 2,245 | 2,334 | 2,428 | 2,523 | 2,619 | 2,716 | 2,812 | 2,906
o X 0,10 | 4,469 | 3,332 | 2,910 | 2,711 | 2,606 | 2,544 | 2,504 | 2,477 | 2,457 | 2,442
\ é é 0,14 | 5,260 | 3,892 | 3,350 | 3,073 | 2,912 | 2,813 | 2,746 | 2,699 | 2,666 | 2,639
§ E}’ 0,19 | 6,048 | 4,455 | 3,808 | 3,462 | 3,253 | 3,117 | 3,024 | 2,957 | 2,907 | 2,868
5 g 0,24 | 6,867 | 5046 | 4,294 | 3,882 | 3,627 | 3,456 | 3,336 | 3,247 | 3,181 | 3,128
8 5 0,32 | 7,847 | 5,753 | 4,880 | 4,395 | 4,088 | 3,878 | 3,727 | 3,615 | 3,529 | 3,461
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Na osnovu zadatih ulaznih parametara koji se
ogledaju u odnosu momenata inercije gornjeg i donjeg
segmenta ly/I; i odnosa aksijalnih sila u segmentima
analiziranih FE modela Pi/(P1+P2) s jedne strane i
dobijenih vrednosti kriti¢nih sila izvijanja N¢ s druge
strane, definisane su vrednosti koeficijenata izvijanja 8
pojedinacnih segmenata koje su prikazane u tabelama 1
i 2. Nomogrami prezentovani na slici 5a i 5b za slucaj
obostrano zglobno oslonjenih elemenata, odnosno
konzolnih elemenata omoguc¢avaju graficko odredivanje
koeficijenta izvijanja 8. Na apscisi nhomograma dat je
odnos aksijalnih sila u segmentima. Crne linijle na
nomogramu definiSu vrednosti koeficijenta duzine
izvijanja za gornji segment koje se ocitavaju na levoj
ordinati, dok crvene linifle na nomogramu definisu
vrednosti koeficijenta duzine izvijanja za donji segment
koje se ocitavaju na desnoj ordinati.

Vrednost koeficijenta duzine izvijanja za donji
segment obostrano oslonjenog elementa je u opsegu od
1,4 do 3,1, a za konzolni element od 2,1 do 3,6.
Koeficijenti duzine izvijanja imaju vecu vrednost pri
vec¢im vrednostima odnosa sile u vrhu i sile na kontaktu
segmenta. Vrednost koeficijenta smanjuje se poveéa-
njem odnosa krutosti gornjeg i donjeg segmenta.

Vrednost koeficijenta duzine izvijanja za gornji
segment obostrano oslonjenog elementa je u opsegu od
2 do 6,1, a za konzolni element od 2,4 do 7,8. Koeficijent
duzine izvijanja opada s povec¢anjem odnosa sile u vrhu i
sile na spoju segmenata, a raste s pove¢anjem odnosa
krutosti gornjeg i donjeg segmenta.

Based on the given input parameters that represent
the relation between the moment of inertia of the upper
and lower segment I,/l; and the ratio of axial forces in
the segments of the analysed FE models P1/(P1+P2) on
one hand, and the obtained values of the critical buckling
loads N¢ on the other, the values of the buckling
coefficients B of single segments are defined and shown
in Tables 1 and 2. The nomograms presented in Figures
5a and 5b in the case of simply supported or cantilever
members allow the graphical determination of the
bucklingcoefficient B. The abscissa of the nomogram
gives the ratio of axial forces in the segments. The black
lines in the nomogram define the values of the effective
length coefficients for the upper segment andare read on
the left ordinate, while the red lines on the nomogram
definethe values of theeffective length coefficient for the
lower segment and are read on the right ordinate.

The effective length coefficient for the lower segment
of the simply supported members is in the range of 1.4
to 3.1, and for the cantilever member from 2.1 to 3.6.
The effective length coefficients have a higher value for
greater values of the force at the top to the force at the
segment change ratio. The value of the coefficient
reduces with the increase of the ratio of the stiffness of
upper and lower segments.

The value of the effective length coefficient for the
upper segment of simply supported members is in the
range of 2 to 6.1, and for the cantilever members from
2.4 to 7.8. The effective length coefficient decreases with
the increase in the ratio of the force at the top and force
at the segment change, and increases with the increase
in the ratio of the stiffness of the upper and lower
segments.
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Slika 5. Koeficijent duzine izvijanja gornjeg i donjeg segmenta u funkciji odnosa momenta inercije l,/l; i odnosa sila na
krajevima elementa P1/(P1+P>)
Figure 5. Effective length coefficient of upper and lower segments in function of moments of inertia ratio I»/I; and axial
forces ratioP1/(P1+P>)

5 NUMERICKE ANALIZE 5 NUMERICAL ANALYSES
Na primerima obostrano zglobno oslonjenog i Verification of the results of numerical parametric
konzolnog stuba, koji su prikazani na slici 6, pokazana je analysis is done through comparison with the examples
verifikacija rezultata koji su dobijeni u numerickoj of simply supported and cantilever members, shown in
parametarskoj analizi. Figure 6.
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Slika 6. Numeric¢ki primeri
Figure 6. Numerical examples
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Verifikacija je sprovedena poredenjem vrednosti
kritine sile fleksionog izvijanja dobijene u komercijalnom
softveru Autodesk Robot 2012 i primenom nomograma
koji su prikazani u ovom radu. Da bi se odredila vrednost
kritine sile fleksionog izvijanja koriste¢i nomograme koji
su dati na slici 5, potrebno je odrediti odnos momenata
inercije gornjeg i donjeg segmenta i odnos vrednosti
aksijalnih sila u gornjem i donjem segmentu.

Konzolni stub

The verification was carried out by comparison of the
values of the flexural buckling critical force obtained in
the commercial software Autodesk Robot 2012 and
those obtained from the nomograms shown in this
paper. In order to determine the value of the flexural
buckling critical force using the nomograms given in
Figure 5 it is necessary to determine the ratio of the
moment of inertia of the upper and lower segments and
the ratio of the axial forces in the upper and lower
segments.

Cantilever column

5696 cm*

=01319

1o _ Thesono _
I Thesseo
P

43190 cm*

=0,333

P+P, 200+400

Potrebno je uraditi linearnu interpolaciju za odnos
momenata inercije 0,10 0,14.

1
|

1
|

1

Konaéno, vrednost kriticne sile je:

Linear interpolation for the ratio of the moments of
inertia between 0.10 and 0.14 is required.

I
TZ =010 = S, =3,04241; 5, = 2,51763
T2 =014 = p, =2,83522; 8, = 2,76832

=2 =01319= /4 = 287717; 3, = 27156

Finally, the value of the critical force is:

E-l;-7? 21000-43190 - 7°
cr = '772 = WNer,HEB360 = —72 =3003,78 kN
B 1) ' (2,87717 - 600)
210005696 - 7°
N =———— =1000,55kN
CHERO T (2,7156 - 400)7
Obostrano zglobno oslonjen stub Simply supported column
12 _ Nemso _ 2510 cmj 03233
Iy lhgaoso  7763cm
P =0,375

P +P, 300+500

Potrebno je uraditi linearnu interpolaciju za odnos
momenata inercije 0,30 0,42.

|
I
|

I

Linear interpolation for the ratio of the moments of
inertia between 0.30 and 0.42 is required.

“2 2030 B, =1,8274; 8, = 2,4395

2 -0,42 = f3, =1,6368; 3, = 2,6170

= II—Z =0,3233 = g, =1,7904; 5, = 2,4740

1

Konaéno, vrednost kriticne sile je:

Finally, the value of the critical force is:

E-l 72 21000-7763- 72
cr = '72 = WNerHEA240 =~ ——5 = 1394,34 kN
Bi 1) (1,7904 - 600)
2
o 21000-2510- 77 _ 53121KN

(2,4740 - 400)?
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U tabeli 3 date su vrednosti kriticnh sila fleksionog
izvijanja odredenih u softveru i grafickim putem preko
nomograma i njihovo poredenje.

Table 3 gives values of flexural buckling critical force

values obtained from software modelling and graphically

determined using nomograms and their comparison.

Tabela 3. Poredenje vrednosti kriticnih sila fleksionog izvijanja
Table 3. Comparison of flexural buckling critical force values

Kriti¢na sila dobijena Kriticna sila dobijena )
primenom softvera primenom nomograma Odstupanja
Software critical force Nomogram critical force Differences
Ncr,FEA Ncr,cal
[kN] [kN] [90]
- n
2 5 Donji segment 3022,7 30038 0,63
o 9 Lower segment
c 9
S E ,
s & Gornji segment 10076 1000,6 0,70
v Upper segment
= Donji segment
o 2 o
S2% >9 c| Lower segment 1472,0 1394,3 5,57
59 25 IS
82 £33
§ N5 @ 2 S| Gomi segment 552,0 531,2 3,01
8 Upper segment ' , ,

6 ZAKLJUCCI

Metoda koja indirektno uzima u obzir uticaje drugog
reda uz prethodno odredivanje kritiCne sile fleksionog
izvijanja neuniformnog elementa daje dobru predikciju
njegove grani¢ne nosivosti na fleksiono izvijanje.

Na osnovu rezultata parametarske numeriCke
analize koja je obuhvatila 100 razvijenih FE modela,
definisani su graficki nomogrami i tabelarni moduli za
odredivanje koeficijenata duzine izvijanja segmenata
neuniformnih elemenata. Analizom su obuhvaéeni
najcesc¢i staticki sistemi ovakvog tipa stubova: ukljesteni
i obostrano zglobno oslonjeni.

Razvijeni nomogrami i tabelarni moduli jednostavni
su za primenu u svakodnevnoj inZenjerskoj praksi, sto je
pokazano u numeri¢kim primerima. Odstupanja izmedu
vrednosti kriti€ne sile dobijene Linerano-elasticnom
analizom i primenom nomograma ili tabela prihvatljiva su
sa stanovista tacnosti i pouzdanosti.

Parametarska analiza koja je prikazana u radu treba
da bude proSirena uzimajuéi u obzir razliCite visine
segmenata s ciliem definisanja nomograma koji bi imali
Siroku primenu u inZenjerskoj gradevinskoj praksi.

6 CONCLUSIONS

The method that indirectly takes into account the
effects of the second order with the predetermination of
the flexural buckling critical force of a non-uniform
members provides a good prediction of its flexural
buckling resistance.

Based on the results of the parametric numerical
analysis that included 100 FE models, graphic
nomograms and tabular modules were defined for
determining effective buckling length coefficients of non-
uniform members’ segments. The analysis deals with the
most common types of columns: simply supported and
cantilever.

Developed nomograms and tabular modules are
easy to apply in everyday engineering practice, as
shown in numerical examples. The deviations between
the critical force values obtained by linear-elastic
analysis and from the nomograms or tables are
acceptable from accuracy and reliability standpoint.

The parametric analysis shown in this paper should
be further developed taking into account different heights
of segments in order to define the nomograms that
would have extensive application in the structural
engineering practices.
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Rad prikazuje parametarsku linearno-elasti¢nu
analizu fleksionog izvijanja idealizovanog neuniformnog
elementa i nelineranu analizu fleksionog izvijanja sa
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gornjeg i donjeg segmenta i odnos vrednosti aksijalnih
sila na vrhu i na mestu promene preseka. Rezultat rada
je definisanje grafickih i tabelarnih modela za
odredivanje koeficijenata duzine izvijanja segmenta
neuniformnih elemenata na osnovu relevantne i
pouzdane baze podataka koja je dobijena primenom
Metode konacnih elemenata. Kao dodatak, ocenjena je
pouzdanost metode proraduna fleksione stabilnosti
pritisnutih stubova prema EC3 u kojoj je vrednost kriticne
sile izvijanja odredena u prethodnom koraku primenom
Elasti¢ne analize izvijanja idealizovanog elementa.
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SUMMARY

NUMERICAL ANALYSIS OF FLEXURAL BUCKLING
RESISTANCE OF NON-UNIFORM COMPRESSION
MEMBERS

Aljosa FILIPOVIC
Jelena DOBRIC
Milan SPREMIC
Zlatko MARKOVIC
Nina GLUHOVIC

This paper presents parametric linear-elastic analysis
of flexural buckling of idealised non-uniform member and
nonlinear analysis of flexural buckling with equivalent
imperfections, using software package Abaqus. The
analysis includes hinged and cantileverstepped
members, where the stiffness ratio of the upper and
lower segments and the ratio of the values of axial
forces at the top and at the change in the cross-section
are varied. The aim of this paper is to define graphic and
table models for determining effective lengths
coefficients of non-uniform members’ segments based
on a relevant and reliable database that was obtained
using the Finite element method. In addition, the
reliability of the method for calculating the flexural
stability of the compressed columns according to EC3
was evaluated in which the critical load value was
determined in the previous step using the Elastic
buckling analysis of idealised elements.

Key words: non-uniform members, flexural buckling,
FEA, general method, Eurocode3
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ANALIZA PRIMENE SEKUNDARNIH SEIZMICKIH ELEMENATA U PRORACUNU
PREMA EVROKODU 8

THE ANALYSIS OF APPLICATION OF SECONDARY SEISMIC ELEMENTS IN DESIGN
ACCORDING TO EUROCODE 8

Ilvan MILICEVIC ]
Ilvan IGNJATOVIC

1 UvOoD

Projektovanje seizmicki otpornih konstrukcija s ciljiem
zastite ljudskih Zivota, iako jeste najvazniji, nije i jedini
cili analize ponaSanja i projektovanja objekata u
seizmic¢kim podruc¢jima. Osim obezbedivanja prostorne
stabilnosti, predmet istrazivanja su i performanse objekta
tokom i nakon zemljotresa, narocito nekonstruktivnih
delova - fasade, pregrada, opreme, i uopSte povred-
liivost objekata [1]. Ipak, imaju¢i u vidu potrebu za
predstavljanjem zahteva i moguénosti tehni¢kog propisa
koji reguliSe ovu oblast, Evrokoda 8 [2], u svetlu
predstojeceg usvajanja ovog dokumenta kao nacional-
nog standarda, fokus rada bi¢e na rasvetljavanju jednog
od aspekata primene Evrokoda 8 [2] u projektovanju
objekata visokogradnje.

Savremeni seizmicki propisi, medu kojima je i
Evrokod 8 [2], nude moguc¢nost da se doprinos pojedinih
konstruktivnin elemenata u obezbedivanju prostorne
stabilnosti objekta za dejstvo zemljotresa zanemari.
Takvi delovi konstrukcije nazivaju se ,sekundarnim”
seizmi¢kim elementima [2] za koje nije neophodno
ispuniti sve zahteve Evrokoda 8 [2], ve¢ je mogucée
primeniti samo odredbe Evrokoda 2 [3]. Nekoliko je
razloga za uvodenje mogucnosti podele konstruktivnih
elemenata na ,primarne” i ,sekundarne” u aseizmi¢kom
projektovanju. Pre svega, na ovaj nacin proSirene su
mogucnosti utvrdivanja osnovnog noseceg sistema
konstrukcije, jasnom definicijom elemenata koji su kljucni
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1 INTRODUCTION

Design of structures for earthquake resistance with
the purpose to protect human lives, although the most
important, is not the only aim of behaviour analysis and
design of structures in seismic regions. Apart from
ensuring overall stability, the subjects of research are
also building performances during and after
earthquakes, particularly of non-structural elements —
facades, partition walls, mechanical and electrical
equipment and resiliency in general [1]. From the
perspective of structural engineering society, there is a
necessity to present requirements and possibilities of
technical code that covers this field — Eurocode 8 [2], in
light of the upcoming adoption of this document as a
national standard. Therefore, the focus of this paper is
on the presentation of one of the aspects of Eurocode 8
[2] implementation in seismic design of building
structures.

Contemporary seismic codes, including Eurocode 8
[2], allow neglecting the contribution of some of the
structural elements in assuring building’s lateral stability
during the earthquake action. Those structural elements
are called “secondary seismic elements” [2] and they do
not need to conform to all requirements of Eurocode 8
[2] but only to those of Eurocode 2 [3]. There are several
reasons for introducing the distinction of structural ele-
ments between “primary” and “secondary” in aseismic
design. First of all, it expands the possibilities for deter-
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za prijem uticaja zemljotresa i onih ,sekundarnih”, kojima
se prihvata isklju€ivo gravitaciono optere¢enje. Pored
toga, Cest je slu€aj da neke odredbe Evrokoda 8 kao $to
su geometrijski uslovi, uslovi duktilnosti i zahtevi za
oblikovanje detalja ili uslovi kapaciteta nosivosti, nije
moguce ispuniti poStuju¢i zahteve koji se odnose na
polozZaj i dimenzije konstruktivnih elemenata. Ukoliko nije
moguce promeniti dispoziciju ili bar dimenzije preseka,
vodeci raCuna o dobro koncipiranom nose¢em sistemu,
oznacavanje tih elemenata kao sekundarnih moze resiti
problem. Ovo je takode i opcija za prevazilazenje
problema da neki od konstruktivnih sistema, kao $to su
prethodno napregnuti sistemi ili sistemi ramova
sastavljenih od stubova i delova plo¢a oslonjenih na njih
(eng. Flat slab frames), nisu obuhvaceni Evrokodom 8
[2]. Naime, postojeci eksperimentalni podaci i teorijska
razmatranja nisu dovoljni da bi se sa adekvatnim
stepenom sigurnosti objasnilo njihovo ponaSanje pri
dejstvu zemljotresa i da bi se na osnovu njih formirala
pouzdana pravila za primenu u praksi. Dakle, jedna od
opcija je svrstavanje ovakvih sistema u sekundarne
seizmiCke elemente, po principu - ako problem nije
moguce reSiti na zadovoljavajuéi nacin, mozda ga je
moguce eliminisati [4]. Konacno, Cest slucaj je da se
konstrukcija visokogradnje dominantno sastoji od
armiranobetonskih zidova, ali da iz konstruktivnih
razloga (npr. prihvatanja teSkog fasadnog zida) dode do
formiranja relativno malog broja ramova. Strogo i
formalno gledano, prema aktuelnim domacéim propisima
[5] ovakav sistem bi se klasifikovao kao meSovit i
znacajni deo seizmickog optereéenja od cak 25% bi
morao biti ,dodeljen” ramovima. Potpuno suprotno
osnovnoj ideji projektanta -  zidovima se prihvata
seizmicko opterecenje a stubovima samo gravitaciono,
zna€ajno se povecavaju dimenzije stubova i greda.
Takode, poStovanjem pravila za obezbedivanje
duktilnosti preseka povecavaju se koli¢ine armature u
ovim elementima. Zato, svrstavanje pojedinih
elemenata, u ovom slu¢aju fasadnih ramova, u grupu
sekundarnih  seizmi¢kih  elemenata deluje kao
primamljiva mogu¢nost u okviru savremenih seizmickih
propisa [2]. Ipak, iako opcija ovakve Kklasifikacije
elemenata na prvi pogled izgleda kao jedno od
najjednostavnijih  reSenja, primena u proracunu
konstrukcije nije trivijalna zbog niza uslova i zahteva koje
treba ispuniti.

ObjaSnjenje koncepta, uslova i zahteva koje treba
ispuniti, kao i posledica klasifikacije elemenata u grupu
sekundarnih seizmic¢kih elemenata prema EC8 [2]
osnovni je cilj ovog rada. Kako bi se detaljno objasnili svi
koraci  prillkom projektovanja seizmicki otporne
konstrukcije sa sekundarnim seizmi¢kim elementima,
osmislien je adekvatan numeri¢ki primer. Na bazi
razmatranja rezultata analize konkretnog objekta,
sprovedeno je tumacenje odredaba propisa [2] i
donoSenje odgovarajucih zakljuaka.

2 KONCEPT PRIMARNIH | SEKUNDARNIH
ELEMENATA

Osnovni koncept rada sa sekundarnim seizmickim
elementima zasniva se na zanemarenju Kkrutosti
sekundarnih elemenata pri analizi odgovora sistema u
seizmickoj proracunskoj situaciji. Da bi ovakav pristup

mining the basic lateral-force-resisting system of the
building, by clearly defining the elements which are
essential for resisting seismic action — primary seismic
elements and those used only for supporting gravity
loads — secondary seismic elements. Furthermore, there
are some provisions of Eurocode 8 such as geometrical
constrains, ductility requirements and detailing rules or
capacity design conditions, which commonly cannot be
satisfied as a result of architectural constrains regarding
structural layout and dimensions of structural elements.
If it is impossible to change the layout or at least cross-
sectional dimensions, designation of those elements as
secondary can solve the problem, while ensuring good
and clear structural concept. It is also an option to
overcome the problem concerning the structural systems
that are not covered by Eurocode 8 [2], such as
prestressed concrete structures or systems of flat slab
frames. The reason is that the existing experimental data
and theoretical analyses are insufficient to explain their
behaviour during earthquakes with adequate certainty
and to establish reliable recommendations and
requirements for design practice. Therefore, one option
is to classify these systems as secondary seismic
elements, guided by the principle - when the problem is
impossible to solve in a satisfactory manner, maybe it
can be eliminated [4]. Finally, concrete building
structures often consist of structural walls with only a few
RC frames used for the purpose of bearing gravity loads
(e.g. for supporting heavy facades). Strictly speaking,
this structural system would be classified as a dual
system according to current Serbian seismic design
code [5] and a large portion of seismic load would be
assigned to RC frames (at least 25%). As a result,
column’s and beam’s dimensions are heavily increased
which is contrary to the original designer’s intention —
only structural walls resist seismic force and frames are
used as gravity load-carrying elements. Furthermore,
satisfying ductility demands would lead to an increase of
required reinforcement area in those members. For this
reason, classification of some elements as secondary
seismic elements is certainly an appealing possibility in
the framework of modern seismic design codes [2].
Although this option seems to be the simplest solution,
its application in structural design is unlikely trivial since
a number of conditions and requirements should be met.

The aim of this paper is to describe the concept of
secondary seismic elements considering EC8 [2]
demands and requirements and to present the
consequences of classification of some structural
elements as secondary. In order to explain all steps in
the seismic design of building structures with secondary
seismic elements in detail, an appropriate application
example of the reinforced concrete building is designed.
Eurocode 8 [2] provisions are commented based on the
analysis of design results which led to the important
conclusions.

2 THE CONCEPT OF PRIMARY AND SECONDARY
ELEMENTS

The concept of secondary seismic elements is based
on neglecting their lateral stiffness in the analysis of
building structure’s seismic response. This approach is
permitted only if the total contribution to building’s lateral
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bio mogu¢, doprinos krutosti sekundarnih elemenata u
ukupnoj krutosti sistema je ograni¢en na 15% s ciliem da
se globalni odgovor konstrukcije ne promeni znac¢ajno. Iz
istog razloga, oznaCavanje nekih elemenata kao
sekundarnih nije dozvolijeno s namerom da se promeni
klasifikacija konstrukcije iz neregularne u regularnu [2].
Ova odredba ima pre svega preventivni karakter i treba
da suzbije mogucnost da se neregularnosti zna¢ajnog
dela konstruktivhog sistema ,prikriju” plastom sekun-
darnih elemenata - npr. zidovi postoje na svim sprato-
vima po visini ,samo” ih nema u prizemlju.

Uz uvazavanje Cinjenice da svi konstruktivni elementi
moraju da prihvate i prenesu sva gravitaciona optere-
¢enja u seizmiCkoj proracunskoj situaciji, sustinska
razlika u proracunu primarnih i sekundarnih seizmickih
elemenata lezi u pretpostavci ponaSanja tih elemenata
pri dostizanju istih maksimalnih pomeranja konstrukcije.
Poznato je da duktilnost pomeranja konstruktivnog
sistema zavisi od duktilnosti krivine preseka njegovih
primarnih elemenata, koja odgovara faktoru redukcije
seizmi¢kog opterecenja odnosno faktoru ponasanja g.
Kako bi se postigla adekvatna duktilnost krivine, za
takve elemente u Evrokodu 8 [2] propisani su zahtevi u
pogledu armiranja preseka koji se odnose na geomet-
rijske uslove, minimalne i maksimalne procente armi-
ranja poduznom armaturom, kao i osiguranja od
smicanja i nacina utezanja preseka u kritiénim oblastima.
S druge strane, svi elementi koji su klasifikovani kao
sekundarni moraju da izdrze pomeranja uslovljena
kruto$¢u primarnih elemenata, ali bez jasno definisanog
kapaciteta duktilnosti prema Evrokodu 8 [2]. Prva opcija
zashiva se na obezbedivanju adekvatne nosivosti koja bi
odgovarala njihovom elasticnom ponaSanju pri dejstvu
zemljotresa, s ciljem spre€avanja krtog loma pri oceki-
vanim, realnim pomeranjima konstrukcije. Ovakvi zahtevi
rezultuju znatno veéim statickim uticajima u njima od
onih koji se dobijaju uobiCajenim proraunom kon-
strukcije - kada su svi elementi oznaceni kao primarni,
ali ih istovremeno oslobadaju svih ogranicenja i zahteva
Evrokoda 8 [2] koji vaZe za primarne elemente. Vodeci
raCuna o tome da svi konstruktivni elementi poseduju
izvesnu duktilnost, druga moguénost je da se sekundarni
elementi dimenzioniSu prema stati¢kim uticajima odrede-
nim na osnovu usvojenog faktora ponasanja, koji je nizi
od onog koji je usvojen za primarne seizmicke elemente.
Time bi uticaji u sekundarnim elementima bili manji od
onih koji su odredeni primenom prve opcije tj. na osnovu
pretpostavke elasticnog ponaSanja pri zemljotresu.
Medutim, sam standard [2] ne daje uputstvo za ovakav
nacin proracuna. Tre¢a opcija za odredivanje uticaja u
sekundarnim seizmickim elementima je svakako i neka
od nelinearnih metoda analize, npr. pushover analiza,
kojom bi se realnije uzeo u obzir kapacitet duktiliteta ovih
elemenata. Kako se nelinearne metode analize
zasnivaju na prethodno usvojenim karakteristikama
poprenih preseka (u pogledu popre€ne i poduzne
armature), proracun je iterativan, a za prvu iteraciju bi
mogla da se primeni prva metoda proracuna. U ovom
radu detalino je objaSnjena primena prve metode
proraduna analizom konstrukcije u numerickom primeru,
koja daje najkonzervativnije reSenje.

Sigmund i ost. [6] pokazali su, primenom pushover
analize na primeru kombinovanog sistema ramova i
zidova (gde su ramovi klasifikovani kao sekundarni) da
¢ak i pri zadovoljenju propisanih uslova, globalni

stiffness of all secondary seismic members is unlikely to
exceed 15%, which precludes the global response of the
structure to change significantly. For the same reason,
designation of some structural elements as secondary
members is not allowed if it changes the classification of
the structure from non-regular to regular [2]. This
provision serves as a preventive measure and it should
suppress the possibility to conceal irregularities of
building structures by designating them as secondary
(e.g. structural walls that are continuous along the full
height of the building except at the ground level).

On the basis of the fact that all structural elements
should support and transfer gravity loads during
earthquakes, the substantial difference in the design of
primary and secondary seismic elements lies in the
assumption of their behaviour when the structure is
subjected to the same maximal displacements. It is well
known that global ductility of a structural system
depends on curvature ductility of its primary elements,
which corresponds to the reduction factor of seismic
action called the behavior factor g. Eurocode 8 [2]
specifies the requirements for these elements in terms of
design and detailing which refer to geometrical
constrains, minimum and maximum values of
longitudinal reinforcement ratios, as well as shear
reinforcement ratio and confinement measures of
boundary elements, in order to provide the sufficient
curvature ductility. On the other hand, all elements
classified as secondary members should withstand
displacements governed by a primary system without
clearly defined curvature capacity according to Eurocode
8 [2]. The first option is to provide adequate design
resistance of secondary elements corresponding to the
assumption of their elastic behaviour during an
earthquake, in order to prevent brittle failure modes
when subjected to the expected displacements induces
by the seismic action. As a result of applying these
demands, internal forces in secondary elements are
much higher than those obtained from the usual seismic
design — in which all elements are designated as
primary, but they do not need to conform to the
requirements of Eurocode 8 [2] specified for primary
elements. Based on the fact that all structural elements
with certain ductility, the other option is to design
secondary elements for internal forces calculated from
the analysis with adopted behaviour factor, which is
lower than the one adopted for primary seismic
elements. This would lead to lower internal forces in
secondary elements than those obtained from the former
option, i.e., based on the assumption of their elastic
behaviour in the seismic design situation. However, the
code [2] fails to provide the guidance for this type of
analysis. Ultimately, the option for the analysis of
secondary seismic elements is certainly some of the
non-linear methods, e.g. pushover analysis, which takes
into account ductility capacity of those members more
realistically. Since the non-linear methods use
predefined cross-sectional characteristics (in terms of
longitudinal and transverse reinforcement), the analysis
is iterative and the first option for the analysis of
secondary elements can be used for the first iteration.
Because of its simplicity and conservatism, this paper
presents the application of the first method in the
analysis of RC building structure considered in the
numerical example.
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odgovor konstrukcije moze znacajno da se razlikuje u
zavisnosti od toga da li su ramovi ozna€eni kao primarni
ili kao sekundarni elementi. Takode, uo€eno je otvaranje
plastiénih zglobova i na stubovima, kada su oznaceni
kao sekundarni. Kako su ti elementi dimenzionisani
samo prema EC2 [3], jako je vazno sekundarne
elemente dimenzionisati za uticaje koji se javljaju pri
maksimalnim ocekivanim pomeranjima konstrukcije u
kojoj je krutost sekundarnih elemenata zanemarena.
Fardis [7] je predlozio postupak kojim je moguce
proceniti ove uticaje, na osnovu odnosa relativnih
meduspratnih pomeranja sistema u kome je krutost
sekundarnih elemenata zanemarena i sistema u kome je
krutost ovih elemenata uzeta u obzir.

3 NUMERICKI PRIMER
3.1 Ulazni podaci

Postupak klasifikacije primarnih i sekundarnih
seizmickih elemenata, njihova analiza i dimenzionisanje
opisani su na primeru simetricne, osmoetazne armirano-
betonske konstrukcije spratne visine hs = 35 m,
prikazane na slici 1.

k * b
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- - . . .
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!
N
- ./\
. J 7 v
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There are only a few analyses of secondary seismic
elements in relevant literature. Sigmund et al [6]
conducted pushover analysis of the dual system of RC
frames and shear walls, with frames taken as secondary
elements. The results showed that global building
response may significantly differ, depending on whether
the frames are classified as primary or secondary even if
the code requirements are met. Furthermore, plastic
hinges development at ends of secondary columns was
noticed. Since those elements are designed only in
accordance with Eurocode 2 [3], it is crucial that the
design of secondary elements is carried out by internal
forces determined from maximal deformations of a
primary seismic structure. Fardis [7] proposed a
procedure for estimating these forces based on the ratio
of inter-storey drifts: one in which the stiffness of
secondary elements is not considered and another in
which it is.

3 NUMERICAL EXAMPLE
3.1 Geometry and design parameters

The classification procedure as well as the analysis,
and design of primary and secondary seismic elements
are described for symmetric reinforced concrete building,
presented in Figure 1. The building has eight storeys
and the story height of hs = 3,5 m.

Slika 1. Numeri¢ki model razmatrane AB konstrukcije, Etabs 2015 (CSl)
Figure 1. Numerical model of RC building, Etabs 2015 (CSI)

Elementi konstrukcije koji ucestvuju u prijemu
horizontalnog optere¢enja su armiranobetonski zidovi,
fasadni ramovi koje &ine stubovi sa gredama po obimu
konstrukcije i ramovi koje Cine unutradnji stubovi sa
delovima ploCe koja je direktno oslonjena na njih (eng.
Flat slab frames). Dimenzije elemenata konstrukcije su:
debljina ploCe h, = 20 cm, debljine zidova d, = 25 cm,
dimenzije greda by/hy = 25/40 cm a dimenzije stubova
bs/hs = 40/40 cm.

Pored sopstvene tezine, u nivou tavanice deluje

The lateral-force resisting system comprises
reinforced concrete walls, columns and beams of the
perimeter frames and flat slab directly supported on the
columns — flat slab frames. Cross-sectional dimensions
of structural elements are: slab thickness hy, = 20 cm,
wall thickness d, = 25 cm, beam dimensions bg/hg =
25/40 cm, and column dimensions bs/hs = 40/40 cm.

Design loads include apart from self-weight,
additional dead load and live load of 2.5 kN/m? and 3.0
kN/mz, respectively, as a uniform area load. The
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gravitaciono, jednakoraspodeljeno dodatno stalno i
povremeno opterecenje intenziteta 2,5 kN/m® i 3,0
kN/m?, respektivno. Usvojena je klasa ¢vrstoée betona C
30/37, i armatura kvaliteta B 500 (klase duktilnosti B) [3].

Projektno ubrzanje tla na osnovnoj steni ag = 0,2g.
Usvojen je projektni spektar tipa 1 za tlo kategorije B,
prema EN 1998-1 [2]. Proraunom smicuéih sila u
zidovima utvrdeno je da sistem duktilnih zidova prihvata
preko 65% ukupne seizmicke sile u oba ortogonalna
pravca (priblizno 92%) Sto konstrukciju definiSe kao
sistem nepovezanih zidova [2]. Zahvaljujuci regularnosti
konstrukcije u osnovi i po visini, proratun seizmickih
uticaja izvrSen je metodom Ekvivalentnih bo¢nih sila, sa
usvojenim faktorom ponasanja q = 3,0 za klasu DCM [2].

Proracun stubova B1 i B2, grede u preseku ose 1 sa
osama B i C, kao i njihovih veza, izvrSen je primenom
linearno-elasti¢ne analize prema EN 1992-1-1 [3] i EN
1998-1[2].

3.2 Analiza sekundarnih seizmickih elemenata

Projektovanje i oblikovanje detalja sekundarnih
elemenata i njihovih veza potrebno je izvrsiti za uticaje
koji nastaju pri maksimalnim deformacijama koje se
javljaju usled dejstva zemljotresa, kako bi imali dovoljni
kapacitet nosivosti da prihvate i prenesu gravitaciono
opterecenje ukljuéeno u seizmicku proracunsku situaciju
[2]. Maksimalne deformacije sistema mogucée je odrediti
iz analize modela u kome je doprinos bocne krutosti svih
sekundarnih elemenata zanemaren, dok se fleksiona i
smiCu¢a krutost primarnih elemenata modelira sa
isprskalim presecima, pri ¢emu se moraju ukljuciti i P-A
efekti.

Prethodni zahtevi Evrokoda 8 [2] podrazumevaju da
je potrebno izvrsiti dve analize razmatrane konstrukcije
za svaki pravac seizmi¢kog dejstva: jednu, u kojoj se
uzima u obzir horizontalna krutost svih elemenata i,
drugu, u kojoj je krutost svih sekundarnih elemenata
zanemarena. Da bi ovakva analiza bila moguéa potreb-
no je formirati dva numeriCka modela konstrukcije [7]:

— model koji obuhvata krutost primarnih i sekun-
darnih elemenata - SP model, i

— model koji obuhvata krutost samo primarnih
elemenata - P model.

Formiranje P modela zasniva se na zanemarenju
boCne krutosti elemenata konstrukcije koje projektant
Zeli proglasiti sekundarnim. To se postize njihovim
modeliranjem bez fleksione krutosti (redukcijom momen-
ta inercije ili modula elastiCnosti) ili postavljanjem
momentnih zglobova na njihovim krajevima. Na osnovu
maksimalnih deformacija dobijenih iz P modela,
odreduju se uticaji u sekundarnim elementima u SP
modelu, postupkom koiji je opisan u 3.2.2.

Osim za potrebe odredivanja maksimalnih defor-
macija sistema, P model koristi se jo$ i za klasifikaciju
sekundarnih elemenata kao i za proracun primarnih
elemenata pri dejstvu seizmic¢kog opterecenja (slika 3a).
S druge strane, SP model koristi se za proracun
sekundarnih elemenata u seizmi¢koj proracunskoj
situaciji, ali i za proracun cele konstrukcije u svim ostalim
proraCunskim situacijama.

S ciliem da se u Sto vecoj meri pokazu specifi¢nosti
analize nakon izbora pojedinih elemenata kao sekun-

concrete class C 30/37 and reinforcement B500 Class B
are used as per Eurocode 2 [3].

The design ground acceleration of ag= 0,29 is
adopted as a design parameter. The Type 1 design
spectrum applied for Ground type B is used, according
to EN 1998-1 [2]. A preliminary static analysis is
conducted in order to determine the fraction of seismic
base shear taken by the walls. It was concluded that
vertical structural walls resistance exceeds 65% of the
total shear resistance of the whole structural system in
both directions (approximately 92%). Therefore, the
system is classified as a “wall system” [2]. The structure
is regular both in plan and in elevation, which enables
Lateral force method of analysis. The behaviour factor is
adopted as q = 3.0 for ductility class DCM [2].

The columns Bl and B2, perimeter beams at an
intersection of axis 1 and axes B and C, as well as their
connections, are designed by linear-elastic analysis in
accordance with EN 1992-1-1 [3] and EN 1998-1[2].

3.2 The analysis of secondary seismic elements

Secondary seismic elements and their connections
should be designed and detailed for internal forces
which occur at the maximum displacements during
earthquakes, in order to have sufficient bearing capacity
to support and transfer gravity loads included in seismic
design condition [2]. Maximum deformations should be
calculated in the analysis which neglects the contribution
of secondary elements to the lateral stiffness of the
structure while primary elements are modelled with their
cracked flexural and shear stiffness. The analysis should
also include P-A effects.

The Eurocode 8 [2] requirements mentioned above
imply that it is necessary to conduct two separate
analyses of the building structure, for each of two
horizontal directions: one, in which the stiffness of all
structural elements is considered and, another in which
the lateral stiffness of all secondary elements is
neglected. For this reason, it is necessary to build two
separate numerical models of structure [7]:

— a model which includes the stiffness of primary
and secondary elements - SP model, and

— a model which includes only the stiffness of
primary elements - P model.

The P model is built based on neglecting lateral
stiffness of those structural elements which are intended
to be classified as secondary by the designer. This could
be accomplished by modelling secondary elements
without flexural stiffness (by reducing the moment of
inertia or modulus of elasticity) or by modelling them with
moment releases on their ends. Maximum displace-
ments calculated from the P model are used for
estimation of internal forces in the secondary elements
in the SP model, by the procedure described in 3.2.2.

Besides being used for determination of maximum
displacements of the structure, P model is also used for
the purpose of classification of secondary elements as
well as for the design of primary elements in seismic
design situation (Figure 3a). On the other hand, SP
model is used for the design of secondary elements in
the seismic design situation, and for analysis and design
of whole structure in all other design situations.

The aim of the paper is to highlight, as much as
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darnih, u ovom numerickom primeru kao sekundarni
elementi razmatrani su fasadni ramovi i ramovi koje €ine
unutrasnji stubovi s plo¢om.

3.2.1 Klasifikacija sekundarnih seizmickih elemenata

Prema odredbi 4.2.2 (4) Evrokoda 8 [2], ukupan
doprinos boc¢ne krutosti svih sekundarnih seizmickih
elemenata ne sme da prede 15% od doprinosa
primarnih elemenata. Medutim, nacin odredivanja
doprinosa krutosti sekundarnih elemenata nije definisan,
Sto omogucava dva pristupa analizi. Prva, i jednostavnija
metoda bazira se na odredivanju udela seizmickih sila u
posmatranom pravcu koje ovi elementi prihvataju u
nivou osnove [7]. Druga metoda podrazumeva odre-
divanje odnosa relativnih meduspratnih pomeranja
konstrukcije &rp/Orsp U P i SP modelu u nivou
posmatrane etaze, sraCunatih prema EN 1998-1: 4.3.4
[2], za isti sistem horizontalnih sila u razmatranom
pravcu [7], gde su:

orp relativna spratna pomeranja u P modelu, a

Orsp relativna spratna pomeranja u SP modelu.

Ovakav nacin klasifikacije razmatra odnos krutosti
sistema preko fleksibilnosti, $to je jednostavniji pristup u
prakticnoj primeni, pri koriS¢enju softvera za analizu
konstrukcija. Metoda se zasniva na analizi dva sistema
sa jednim stepenom slobode, koji odgovaraju P i SP
modelima definisanim u delu 3.2. Zahtev ograni¢enja
doprinosa krutosti sekundarnih elemenata prema
Evrokodu 8 [2] moze se prikazati izrazom (1):

possible, all the specifics of analysis which arise when
certain structural elements are classified as secondary.
For this purpose, in the current numerical analysis
perimeter frames and flat slab frames (i.e. interior
columns) are designated as secondary members.

3.2.1 The classification of secondary seismic elements

The total contribution to the lateral stiffness of all
secondary seismic elements should not exceed 15% of
that of all primary elements, according to the
requirement 4.2.2 (4) of Eurocode 8 [2]. However, the
procedure for estimating the contribution of the stiffness
of secondary elements is not defined, which allows two
approaches to be used. The first method, and a simpler
one, is based on the estimation of the fraction of base
shear taken by secondary elements [7]. The second
method uses inter-storey drift ratios of building structure
Orp/0r sp Obtained from the analysis of P model and SP
model at each building level. Interstorey drifts are
calculated in accordance with EN 1998-1: 4.3.4 [2], for
the same system of horizontal forces in each of the two
horizontal directions [7], where:

Orp is the design inter-storey drift obtained from P
model, and

Orsp is the design inter-storey drift obtained from SP
model.

This method analyzes the contribution to the lateral
stiffness through flexibility, which is a simpler approach
in practical application when using software for structural
analysis. The method is based on the analysis of two
systems with a single degree of freedom (SDOF),
corresponding to P model and SP model defined in
Section 3.2. The requirement that limits the contribution
of the stiffness of secondary elements, according to
Eurocode 8 [2], can be presented by the Expression (1):

Ks <015. )
Kp
gde su: where:
Ks krutost sekundarnih seizmickih elemenata, Ks is the lateral stiffness of all secondary seismic
Kep krutost primarnih seizmickih elemenata koja elements,
odgovara P modelu. Ke is the lateral stiffness of all primary seismic
Kako se klasifikacija sekundarnih seizmickih ele- elements which corresponds to P model.
menata sprovodi na osnovu pomeranja P i SP modela, Since the classification of secondary seismic

uslov za klasifikaciju se moze prikazati preko odgo-
varajucih fleksibilnosti:

elements is conducted for the displacements of P and
SP models, the condition for the classification can be
presented by using the corresponding flexibility:

1o} K K, +K K
P= P oS TP - 8 11<045+1=1]15 @
Osp Kp Ke Ko
gde je: where:
Ksp ukupna krutost sistema, koja obuhvata krutost Ksp is the total lateral stiffness of the system, which

primarnih i sekundarnih seizmickih elemenata,
Ksp = Kp + Ks.
Konac¢no, doprinos krutosti sekundarnih elemenata u
ukupnoj krutosti sistema, izrazen preko odnosa fleksi-
bilnosti 6p/6sp, glasi:

Ko —K

comprises the stiffness of both primary and
secondary seismic elements, Ksp = Kp + Ks.
Finally, the contribution to the global lateral stiffness
of secondary elements can be expressed in terms of the
ratio of corresponding flexibilities &p/0sp:

Ksp Ksp

Kp :1_%
K Op

==1- ©)
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Imajuci u vidu definiciju krutosti konstrukcije, akcenat
je na istom sistemu horizontalnih sila - iste raspodele po
visini, ali i istog intenziteta. Prema preporuci nekih
autora, raspodela optereéenja po visini treba da
odgovara seizmickom optere¢enju [7]. Medutim, vrlo
Cesto se pri aproksimaciji krutosti sistema Kkoristi i
jednako raspodeljeno opterecenje po visini, $to moze biti
jednostavnije za unos u proracdunski model. Ghali i
Gayed [8] pokazali su, na primeru konstrukcije od 12, 25
i 50 spratova, da je uticaj primene ove dve raspodele na
odnos meduspratnih pomeranja manji od 1,0%. U ovom
numerickom primeru, razlike su manje od 1,7%, pri
¢emu raspodela koja odgovara seizmickom opterecenju
daje konzervativnije rezutate.

Odstupanja rezultata analize primenom ove dve
metode mogu biti znacajna, a posledica su razlicitih
oblika deformisanja pojedinih konstruktivnih elemenata
za prijem horizontalnog optere¢enja po visini kon-
strukcije, koje druga metoda uzima u obzir. Razlika u
obliku deformisanja elemenata posebno je naglaSena u
ovom numeriCkom primeru (i to na viSim etazama),
imajuéi u vidu izbor elemenata koji se razmatraju kao
sekundarni (fasadni ramovi i unutrasnji stubovi).
Analizom relativnih spratnih pomeranja u oba modela
(dijagrami S1 na slici 2), koja su sraunata za isti sistem
seizmic¢kog opterecenja, pokazano je da zbir doprinosa
krutosti svih ramova ne zadovoljava propisani uslov u
oba ortogonalna pravca - &p/0sp > 1,15. Poredenja
radi, u nivou osnove ovi elementi prihvataju (svega)
8,9% ukupne seizmicke sile u X pravcu odnosno 8,6% u
Y pravcu, €¢ime bi propisani zahtev bio ispunjen. Pored
reSenja u kome bi se samo jedan sistem ramova
klasifikovao kao sekundarni sistem (sistem fasadnih
ramova ili ploe sa unutradnjim stubovima), za zadovo-
lienje uslovljenog odnosa meduspratnih pomeranja pri
klasifikaciji oba sistema ramova treba ili povecati
doprinos krutosti primarnih elemenata ili smanijiti
doprinos krutosti sekundarnih, ukoliko je to moguce. U
ovom slu€aju, smanjen je doprinos krutosti sekundarnih
elemenata, smanjenjem dimenzija popre¢nog preseka
stubova u fasadi koje iznose bs/hs = 25/40 cm, a
odredene su iz uslova duktilnosti. Rezultati analize
korigovanog konstruktivnog sistema, na koji deluje
sistem seizmickih sila primenjen u prvoj iteraciji,
prikazani su dijagramima S2 na slici 2.

Condition for classificationd{2)

Starey level

In order to compare the lateral stiffness of two
structures (P and SP models), the same system of
horizontal forces — with the same distribution along the
height, but of the same intensity also should be applied.
The distribution of horizontal forces should correspond to
the seismic load i.e. to the height-wise linear one [7].
However, it is common practice to use uniformly
distributed load along the height to estimate lateral
stiffness of the system, which arises from its simple
application in the numerical analysis. Ghali and Gayed
[8] showed that the influence of application of these two
load distributions on the inter-storey drifts is less than
1.0%, based on the analysis of building structures with
12, 25 and 50 storeys. In the current numerical analysis,
the differences are less than 1.7%, and the load
distribution which corresponds to seismic load gives
slightly conservative results.

The discrepancies of the analysis results arising from
the application of these two methods can be significant.
They are the result of the different deformed shape of
the certain structural elements that are a part of a lateral-
force-resisting system, which the other method takes
into account. The difference between the deformed
shapes of the elements is especially noticeable (at
higher levels), considering the selection of the elements
which are analyzed as secondary (perimeter frames and
interior columns). The analysis of inter-storey drifts of
both models (curves S1 in Figure 2), calculated for the
same system of seismic load, have shown that the
stiffness contribution of all frames (perimeter frames and
flat slab frames) fail to fulfill the code requirement in both
horizontal directions - &;p/0rsp> 1,15. For the purpose of
comparison, these elements resist only 8.9% of total
seismic base shear in X direction and 8.6% in Y
direction, which would satisfy the code requirements.
There are few possible solutions that satisfy code
requirements in terms of the ratio of inter-storey drifts:
(1) to increase the contribution to the lateral stiffness of
primary elements, (2) to decrease the contribution of
secondary elements, or (3) to classify only one system of
frames as secondary (system of perimeter frames or
system of flat slab frames). In this particular case, the
contribution to the lateral stiffness of secondary mem-
bers is decreased, by decreasing the cross-sectional
dimensions of perimeter column to bs/hs = 25/40 cm,

]

=S |-X direction
-5 1-Y dwection
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Ratio of interstorey drifls &, o4, o»

Slika 2. Doprinos krutosti sekundarnih seizmic¢kih elemenata
Figure 2. Contribution of secondary seismic elements
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3.2.2 Uticaji u sekundarnim seizmic¢kim elementima

Zahtev koji Evrokod 8 primenjuje za dimenzionisanje
sekundarnih elemenata zasniva se na principu ,jednakih
pomeranja” koji vodi racuna o razli¢itom (smanjenom)
kapacitetu duktilnosti sekundarnih elemenata (i njihovih
veza) u odnosu na duktilnost primarnih elemenata.
Ukoliko nije preciznije utvrden kapacitet duktilnosti svih
sekundarnih elemenata, potrebno je obezbediti onu
nosivost koja bi odgovarala njihovom elasticnom pona-
8anju pri dejstvu zemljotresa. Stavise, uticaje u ovim ele
mentima treba odrediti na osnovu maksimalnih pome-
ranja u fleksibilnijem sistemu (P model), sa cillem da se
obuhvati najnepovoljniji moguci slu¢aj njihovog napre-
zanja (slika 3.a). To prakticno znaci da ¢e uticaji u
sekundarnim elementima biti veéi od onih koji bi se javili
kada bi ponaSanje cele konstrukcije bilo elasti¢no pri
seizmi¢kom dejstvu, i to srazmerno odnosu pomeranja P
i SP modela. Sli¢an princip prorac¢una uticaja u sekun-
darnim elementima prikazao je Milev [9]. Dobra procena
ovih uticaja po visini konstrukcije moze se dobiti pomocu
odnosa relativnih spratnih pomeranja dpm/drsp,m (Slika
3.b), odredenih za seizmicko opterecenje koje je
sradunato prema dinamickim karakteristikama odgova-
rajuéeg modela [7], za razliku od slu€aja analize
njihovog doprinosa krutosti pri klasifikaciji. Koristeci
definisane odnose, uticaji na m-tom spratu u svim
sekundarnim elementima u SP modelu (slika 3a),
dobijaju se modifikacijom kombinacije optereéenja u
seizmickoj proracunskoj situaciji [10], koeficijentom a,
tako da je:

determined from the ductility condition. The curves S2
depicted in Figure 2 present the analysis results of
modified structure, loaded with the same seismic force
system as in the first iteration.

3.2.2 Internal forces in secondary seismic elements

The Eurocode 8 requirement for the design of
secondary elements is determined on the basis of “equal
displacement” rule which considers different (reduced)
ductility capacity of secondary elements (and their
connections) in comparison with ductility capacity of
primary elements. If the ductility capacity of all
secondary members is not determined precisely, it is
crucial to provide adequate resistance corresponding to
the assumption of their elastic behaviour during the
earthquake action. Moreover, the internal forces in these
elements are determined from seismic displacements of
the system which is more flexible (P model), in order to
take into account the most unfavourable design
condition (Figure 3.a). In other words, the internal forces
in secondary elements are higher than those obtained
from the analysis of the whole structure under seismic
actions with the assumed elastic behaviour,
proportionally to the inter-storey drift ratio of P and SP
models. Milev [9] presented similar approach for
calculation of internal forces in secondary members. A
relatively accurate estimation of internal forces in
secondary elements throughout the structure can be
obtained by using the inter-storey drift ratios drpm/dr,sp.m
(Figure 3.b). Unlike the case of the interstorey drift
analysis for the classification of secondary elements, the
interstorey drifts d;pm and d,spm are calculated under
the actual design seismic load acting on corresponding
structural model [7]. Finally, the internal forces in
secondary members at the floor level m, are computed
in the SP model for the seismic combination [10], with
introducing the coefficient a as a multiplier of the seismic
action:

ZGki +a- Agy +Z‘//2,iQki (4)
1 1
1
a= q . r,P,m . 5
Ao (1-0y) ©
gde je: where:
Agq seizmicko opterecéenje; Agq is the design value of seismic action;
q faktor ponasanja konstrukcije u posmatranom q is the behaviour factor of the building,
pravcu i za usvojenu klasu duktilnosti; determined for each horizontal direction and
drpm relativno spratno pomeranje u P modelu na for adopted Ductility Class;
m-tom spratu; drpm is the interstorey drift of the P model at level
drspm relativno spratno pomeranje u SP modelu na m;
m-tom spratu, a drspm is the interstorey drift of the SP model at level
6 koeficijent kojim se definiSu P-A efekti, sracu- m, and
nat prema 4.4.2.2 (2) i (3) [2]. Om is the interstorey drift sensitivity coefficient,

which takes into account P-A effects,
calculated in accordance with 4.4.2.2 (2) and

®) [2].
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Slika 3. Primena principa ,jednakih pomeranja” na proracun sekundarnih elemenata
Figure 3. Application of “equal displacement” rule in the design of secondary seismic elements

Opisani postupak moze da se zakomplikuje pri
analizi relativno krutih konstrukcija, sa osnovnim perio-
dom oscilovanja manjim od T, [2], gde princip ,jednakih
pomeranja” ne vazi ve¢ princip ,jednakih energija
deformacija”. Smatra se da je dovoljno taéno sracunati
relativna meduspratna pomeranja koristec¢i izraz za
duktilnost pomeranja ps koji je dat u 5.2.3.4 (3) [2] i
pomocu njih odrediti koeficijent a.

Uticaji u sekundarnim elementima razmatrane kon-
strukcije odredeni su principom ,jednakih pomeranja”,
imaju¢i u vidu da su osnovni periodi oscilovanja u oba
pravca priblizno jednaki 0,80 s i 0,85 s za SP model i P
model, respektivno, Sto je vece od propisane vrednosti
perioda T za kategoriju tla B (T = 0,5 s). Odgovarajuce
vrednosti  seizmic¢kih  sila, odredene  metodom
Ekvivalentnih bo¢nih sila, priblizno su jednake 4860 kN
odnosno 4575 kN.

Storey level

0.9s 1.00

1

0s 1.10

The procedure described above is inadequate for the
analysis of rigid, short-period structures (with
fundamental period of vibration smaller than T, [2]), and
instead of the “equal displacement” rule, the so-called
“equal energy approximation” is used. In this case, the
calculation of interstorey drifts on the basis of the
displacement ductility factor s (given in 5.2.3.4 (3) [2]),
for the purpose of determining the coefficient a, is
considered as a reasonably accurate.

In the current numerical analysis, the fundamental
periods of SP model and P model are approximately
equal to 0.80 s and 0.85 s, respectively, which are larger
than T, = 0.5 s (Ground type B). The corresponding
seismic forces, determined by Lateral force method of
analysis, are about 4860 kN and 4575 kN. Therefore, the
internal forces in secondary members are computed by
using “equal displacement” rule.

X direction

—o—Y direction

Ratio of interstorey drifts d, 5, ¢p

Slika 4. Odnos relativnih spratnih pomeranja
Figure 4. Interstorey drift ratios

S obzirom na to Sto se P-A efekti mogu zanemariti
(vrednost koeficijenta Bmax = 0,03), uticaji u sekundarnim
elementima dobijaju se mnozenjem odnosa relativnih
pomeranja prikazanim na slici 4, faktorom ponaSanja q =
3,0, $to povecava uticaje od seizmitkog opterecenja od

Since the value of sensitivity coefficient is low (Omax =
0.03), the P-A effects can be neglected. As a result, the
internal forces in secondary elements are obtained by
multiplying the interstorey drift ratios, presented in Figure
4, with a behaviour factor q equal to 3.0. This increases
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3,0 do 3,3 puta u odnosu na uticaje dobijene za
primarne elemente, izraz (5). U nastavku su analizirani
rezultati proracuna pojedinih konstruktivnih elemenata,
koji su razmatrani kao: (1) primarni i (2) sekundarni
elementi.

3.3 Analiza rezultata proracuna

Kako je to ranije istaknuto, pri proracunu primarnih
elemenata od kljuénog znacaja je obezbediti njihovo
duktilno ponasanje pri dejstvu zemljostresa oblikovanjem
detalja kako bi izdrzali nelinearne deformacije koje se
tom prilikom javljaju. Ne vodeéi rauna o kapacitetu
duktilnosti, sekundarni elementi svojom nosivoS¢u treba
da izdrZe ista pomeranja konstrukcije.

Na primeru fasadnog stuba Bl i grede BC-1, unu-
trasnjeg stuba B2 i ploCe koja se direktno oslanja na taj
stub izvrSena je uporedna analiza rezultata proraCuna i
istaknute su razlike u zahtevima koje ovi elementi
moraju da ispune u slu€aju kada su deo primarnog,
odnosno sekundarnog sistema sa prihvatanje seizmic-
kog opterecenja.

3.3.1 Rezultati proracuna stuba B2 i njegove veze sa
direktno oslonjenom plo¢om

Prikaz rezultata proracuna stuba B2 na slici 5, na
osnovu merodavnih uticaja na pojedinim etazama, jasno
pokazuje posledice njegove klasifikacije kao primarnog
(PSE) odnosno sekundarnog (SSE) elementa. Kada je
on razmatran kao primarni, zahvaljuju¢i malom dopri-
nosu unutraSnjeg stuba ukupnoj krutosti razmatrane
konstrukcije, potrebne povrSine poduzne armature su
znacajno manje od minimalno propisane za klasu DCM
(slika 5a). Ista (minimalna) armatura dovoljna je da
obezbedi zahtevanu nosivost stuba kada je razmatran i
kao sekundarni, osim na poslednjoj etazi koja je
merodavna za dimenzionisanje preseka. Pored toga,
moguce je i smanijiti dimenzije preseka, imajuéi u vidu da
uslov propisani duktilnosti ne vazZi za sekundarne
elemente tj. da se dimenzije preseka mogu odrediti iz
uslova maksimalnog dozvoljenog napona u betonu [3],
Sto u konkretnom primeru znaci smanjenje dimenzije sa
40 cm na 35 cm (tabela 1). Poredenja radi, za kon-
strukciju od 11 etaza sa istom dispozicijom, ovo
smanjenje bi iznosilo oko 45% povrsine stuba.

the seismic action effects from 3.0 to 3.3 times in relation
to the effects obtained for the primary elements, as per
Equation (5). The following sections are focused on the
differences between the analysis results of certain
structural elements when considered as (1) primary and
(2) secondary seismic elements.

3.3 The analysis of the design results

As pointed out before, the foundation for the design
of primary elements is their capability of developing
ductile behaviour which enables them to sustain large
deformations in inelastic range under the seismic action.
This is achieved by proper detailing of those members,
especially in certain (“dissipative”) zones i.e. “critical
regions” [2]. Unlike, the secondary members rely upon
their strength, instead of ductility, to support gravity
loads when subjected to the same displacements as
primary members.

For the purpose of comparative study, the perimeter
column B1 and beam BC-1, interior column B2 and its
connection to flat slab are analyzed and discussed in
cases of their classification as part of (1) primary and (2)
secondary system for resisting seismic action.

3.3.1 The design results of column B2 and
corresponding slab-to-column connection

The design results for column B2 under the extreme
design combination of actions at each floor level are
presented in Figure 5. It clearly shows the influence of
the classification of column as primary (PSE) and
secondary (SSE) element, in terms of required longi-
tudinal reinforcement ratio. In case of its designation as
primary element, the required reinforcement ratio is
clearly lower than a minimum value required for Ductility
class DCM (Figure 5.a), which arises from its small
contribution to the global lateral stiffness. The same
(minimum) amount of reinforcement is sufficient to
ensure the required resistance of the column when it is
designated as secondary, except at the top storey which
is critical for section design. Furthermore, it is possible to
decrease its cross-sectional dimensions, considering the
fact that they are not governed by ductility requirements
in terms of the maximum value of normalized axial force.
Instead, the cross-sectional dimensions can be
determined by limiting the compressive stresses in
serviceability limit states [3]. In this case, the cross-
sectional side length is decreased from 40 cm to 35 cm.
For comparison, the cross-sectional area of the same
column of 1l-storey building with the same structural
layout can be decreased by 45 %.

Tabela 1. Rezultati proracuna stuba B2
Table 1. Design results of column B2

Nestiecle | onemt | paBd | o | e
PSE 40/40 1,00 0,187 0,113
SSE 40/40 1,57 0,106 0,106
SSE 35/35 2,34 0,125 0,125
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Slika 5. Rezultati proracuna stuba B2: a) dijagram interakcije, b) popreéni presek stuba B2 kao PSE,
¢) poprecni preseci stuba B2 kao SSE

Figure 5. Design results of column B2: a) interaction diagram, b) cross section of the column B2 (PSE),
c) cross section of column B2 (SSE)

Razlike u potrebnoj koli¢ini uzengija prikazane su na
slikama 5b i 5¢c, kao i u tabeli 1 pomo¢u mehani¢kog
zapreminskog procenta armiranja wwgm odredenog za
ceo m-ti sprat. Na osnovu prikazanih rezultata moze se
zaklju€iti da zahtevi za armiranje uzengijama primarnog
seizmic¢kog stuba u kriti€nim oblastima imaju rezultat u
znacajnom povecanju koli¢ine uzengija, i do 75% u
nivou osnove gde je potrebno obezbediti adekvatno
utezanje preseka. Jasno je, takode, da klasifikacija u
sekundarne rezultuje ve¢om poduznom armaturom, ali
kada se povede bitka za svaki kvadratni centimetar
(skupog) slobodnog prostora, verovatno ¢e opcija jace
armiranih stubova manijih dimenzija dobiti prednost nad
stubovima vecih dimenzija s minimalnom armaturom.

Pored dokaza nosivosti stuba, neophodno je
dokazati i nosivost veze stuba s ploéom pri maksimalnim
pomeranjima usled dejstva zemljotresa, kao S$to je
navedeno u 3.2, Sto pre svega podrazumeva kontrolu
smicucih napona od probijanja. Poznato je da ovi naponi
zavise od gravitacionog opterecenja, ali se njihova
vrednost znacajno povecava pri dejstvu zemljotresa, Sto
je posledica povelanja ekscentriciteta opterecenja
obuhvacenog koeficijentom S [3]. Na slici 6 prikazane su
vrednosti koeficijenta B kao i smicu¢ih napona u
kritithom preseku po Vvisini konstrukcije, za stalnu
proracunsku situaciju i seizmicku, pri razli¢itoj klasifikaciji
stuba B2. Moze se zakljuciti da plo¢a ima dovoljnu
nosivost na probijanje bez armature za smicanje (Vcrd =
0,094 kN/cmZ) pri dejstvu gravitacionog optereéenja u
stalnoj proracunskoj situaciji. Kao rezultat povecanja
momenata savijanja u sekundarnim elementima, rastu
vrednosti koeficijenta B (gotovo dva puta vise od
minimalne propisane vrednosti od 1,15 [3]) i smicucih
napona, koje prevazilaze vrednosti sraCunate u stalnoj
proracunskoj situaciji kao i nosivost ploce bez smicuce
armature, $to rezultuje potrebom za osiguranjem ploce
armaturom za smicanje od probijanja.

The differences in required shear reinforcement area
are shown in Figure 5b and 5c as well as in Table 1, in
terms of mechanical volumetric ratio wwam calculated for
the whole storey m. Based on presented results, it can
be concluded that the detailing requirements of primary
seismic column in critical areas give an increase of the
shear reinforcement, up to 75 % at the column base
where adequate degree of the confinement is needed. It
is also clear that an increase of longitudinal
reinforcement is a consequence of classification of the
column as secondary. However, in the discussion for
each square centimetre of (expensive) available space,
the option of more heavily reinforced columns with
smaller cross-sectional dimensions will probably prevail
over the option of column with larger cross-sectional
dimensions and minimum reinforcement ratios.

Apart from the column, the slab-to-column con-
nections should also be designed and detailed when
subjected to the maximum displacements due to
earthquakes, as mentioned in Section 3.2. This implies,
above all, that punching shear stresses need to be
checked. It is well known that these stresses are a
function of the intensity of gravity loads, but they also
increase during earthquakes, as a consequence of an
increase of the load eccentricity presented with the
coefficient B [3]. Figure 6 presents the values of
coefficient 8 as well as the shear stresses at the basic
control perimeter along the height of the building as a
function of different classification of column B2, for
persistent and seismic design situation. It can be
concluded that the slab has sufficient punching shear
resistance (V¢rda = 0,094 kN/cmz) under gravity loads in
the persistent design situation. The increase of bending
moments in secondary columns leads to increase of
coefficient B (almost two times than minimum prescribed
value of 1.15 [3]) and punching shear stresses, which
are higher than corresponding values calculated in
persistent design situation. Moreover, the punching
shear resistance is exceeded and, therefore, punching
shear reinforcement is required.
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Slika 6. Vrrednosti koeficijenta 3 i napona smicanja od probijanja u funkciji klasifikacije stuba B2
Figure 6. Values of coefficient 8 and punching shear stress as a function of classification of column B2

Kako bi veza stuba i plo¢e u sekundarnom sistemu
imala dovoljni kapacitet nosivosti da u elasti¢noj oblasti
prenese  gravitaciono  optere¢enje  pri  dejstvu
zemljotresa, od sustinske je vaznosti obezbediti i
odgovaraju¢u armaturu za savijanje na mestima
oslonaca ploce, tj. na vezi plo€a-stub. Imajuéi u vidu da
se momenti velikog intenziteta na krajevima stubova
uravnoteZzuju s momentima u plog€i, javlja se potreba za
armiranjem obe zone plo¢e nad osloncem usled
momenata alternativnog znaka. U konkretnom slucaju,
ovi momenti dostizu i do 80% negativnih oslonackih
momenata od gravitacionog opterecenja. ReSavanje
detalja armiranja ploc¢e direktno oslonjene na stubove s
ciliem obezbedivanja adekvatnog kapaciteta duktilnosti
umesto nosivosti, kao $§to je ranije nagladeno, nije
obuhvaéeno Evrokodom 8 [2].

3.3.2 Rezultati prora€una rama u osi 1 - stub B1 i greda
BC-1

Cinjenica da je uticaj krutosti ramova na veliginu i
oblik deformacije dCitave konstrukcije po  visini
dominantan, obrazlozena je u delu 3.2.1. Do istog
zaklju¢ka dolazi se analizom rezultata proracuna
elemenata rama u osi 1, prikazanih na slici 7 i u tabeli 2.
Kao posledica ramovskog dejstva u kome je izrazen
uticaj aksijalnih sila u stubovima, primena izraza (1) na
proracun fasadnih stubova kao sekundarnih elemenata
dovodi do smanjenja aksijalnih sila uz povecanje
momenata Sto dodatno uti€e na povecéanje potrebne
povrSine armature, posebno na donjim etazama (slika
7a). Zbog smanjene Sirine preseka stuba (odredene iz
uslova duktilnosti), normalizovane aksijalne sile u
kriticnoj oblasti u osnovi su visoke (Vamax = 0,53), Sto
rezultuje izrazenom potrebom za utezanjem stubova kao
primarnih elemenata. Vrednosti mehani¢kog zapremin-
skog procenta armiranja Wwg,m su za 33% do 93% vece
od vrednosti koje odgovaraju stubovima kada su
razmatrani kao sekundarni. Medutim, to nije dovoljno
dobar razlog da bi se opravdala klasifikacija ovog stuba
kao sekundarnog, pre svega iz ekonomskog aspekta,
imaju¢i u vidu znatno veée koliCine potrebne poduzne
armature. Smanjenje dimenzija popre¢nog preseka, u
ovom slu€aju, nije opcija jer dovodi do prekoracenja
maksimalnog koeficijenta armiranja od 4% [3]. Oc¢igledno
je da klasifikacijom ovih stubova kao sekundarnih nije

In order to provide sufficient bearing capacity of slab-
to-column connection to support gravity loads during
earthquakes in the elastic range, it is crucial to provide
adequate amount of slab reinforcement at the supports
i.e. at the slab-to-column connection. Considering the
fact that the large bending moments at column ends are
in equilibrium with slab bending moments, it is necessary
to provide sufficient reinforcement area both at the top
and the bottom since bending moments change sings
under seismic action. In this particular case, the values
of these moments are close to 80% of negative
(hogging) bending moments due to gravity loads. As
mentioned above, design and detailing of flat slabs with
aim to provide sufficient ductility capacity instead of
strength is not covered by Eurocode 8 [2].

3.3.2 The design results of perimeter frame in axis
1-column B1 and beam BC-1

The influence of the perimeter frame stiffness on the
magnitude of deformations and the shape of deformed
structure is explained in Section 3.2.1. The same
conclusion can be drawn from the analysis of design
results of perimeter frame in axis 1, presented in Figure
7 and Table 2. As a result of the frame action and high
axial forces in perimeter columns under lateral loads, the
implementation of Equation (1) in design of perimeter
columns, classified as secondary, leads to reduction of
axial forces followed by an increase of bending
moments. The design for such internal forces gives a
large amount of reinforcement area, especially in lower
storeys (Figure 7a). On the other hand, the normalized
axial forces in primary columns are high (vgmax = 0,53)
due to narrowed cross-sectional width (determined from
ductility demands) which subjects them to strict rules for
detailing and confinement of the concrete core. The
values of mechanical volumetric ratio wwam are from
33% to 93% higher than those determined for secondary
perimeter columns. However, this is insufficient reason
for their classification as secondary, mainly for economic
reasons, because of a large amount of longitudinal
reinforcement. In this case, the reduction of cross-
sectional dimensions is unlikely an option since it would
further increase the reinforcement ratio, above the
maximum value of 4% [3]. It is evident that the desired
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moguce posti¢i Zeljene rezultate i da ih je najbolje results could not be achieved by classification of the

razmatrati kao deo primarnog sistema. column Bl as secondary, and that it is reasonable to
treat them as a part of primary system for supporting
seismic loads.
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Slika 7. Rezultati proracuna stuba B1: a) dijagram interakcije, b) poprecni presek stuba B1 kao PSE,
¢) poprecni presek stuba B1 kao SSE

Figure 7. Design results of the column B1: a) interaction diagram, b) cross-section of the column B1 (PSE),
¢) cross section of the column B1 ( SSE)
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Slika 8. Armatura grede BC-1
Figure 8. Reinforcement layout for the beam BC-1

Tabela 2. Rezultati proracuna grede BC-1 na etaZi 5
Table 2. Design results of the beam BC-1 at floor level 5

Klasifikacija
CIassificatiJC)n Ale ASZL Ale ASZD ASWL ASWD wwd,S
PSE 3016 2020 3016 3020 u@s/10 U@s/10 0,227
SSE 6020 3025 5@20 5@25 u@8/7,5 U@s/10 0,265
Sliéni zaklju€ci mogu se primeniti i na grede koje su Similar conclusions apply for the perimeter beams.
deo fasadnih ramova. Rezultati proracuna grede BC-1 The design results of the beam BC-1 indicate that the
pokazuju o€igledan uticaj poveéanja momenata savijanja bending moments are significantly increased by
u sekundarnim seizmi¢kim gredama, dobijenih application of Equation (1) for secondary seismic beams,
primenom izraza (1), koji rezultuje povecanjem armature which increases the required reinforcement area up to
i do tri puta. U ovom primeru, uzengije u primarnim three times. Table 2 shows that, in this case, the amount
gredama odredene iz uslova kapaciteta nosivosti of transverse reinforcement is similar to the different
prakticno su iste kao uzengije sekundarnih greda classification of the beam i.e. the capacity design shear
odredene iz elasti¢nih uticaja (tabela 2). forces in primary beams are almost equal to the elastic
shear forces in secondary ones, calculated by an
implementation of Equation (1).
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4 ZAKLJUCCI

Analiza proracduna armiranobetonske konstrukcije sa
sekundarnim seizmi¢kim elementima predstavijena u
ovom radu ukazala je na prednosti i nedostatke primene
ovog zanimljivog koncepta u aseizmiCkom projektovanju
objekata visokogradnje. lako projektantski primamljiv, jer
je dimenzionisanje i oblikovanje detalja definisano
,samo” Evrokodom 2 [3], sprovodenje koncepta sekun-
darnih seizmickih elemenata je zametan posao s prili¢no
neizvesnim ishodom. Ocekivana korist u vidu lakseg
proraCuna kompromitovana je postupkom klasifikacije i
proracuna stati¢kih uticaja na bazi uporedne analize dva
modela. U radu je pokazano da se, u nekim slu€ajevima,
zahtevi za armiranje sekundarnih elemenata ne razlikuju
zna€ajno od zahteva Evrokoda 8 [2] koji vaze za
primarne (duktilne) elemente. Takode, pokazano je da
postoje znaajne posledice na ponaSanje ¢vora stub-
plo¢a i osiguranje ploe od proboja. Potencijalno se
moze ocCekivati smanjenje dimenzija popreénih preseka
vertikalnih elemenata ukoliko je njihov doprinos krutosti
sistema relativno mali, uz ,naplatu” kroz vecu koli¢inu
poduzne armature. Uvodenjem ovog koncepta Evrokod
8 [2] otvara moguénosti za kompleksno ftretiranje
pojedinih delova konstruktivnhog sistema, a tumacenje
zahteva propisa svakako predstavlja istrazivacki i
projektantski izazov.
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4 CONCLUSIONS

The analysis of reinforced concrete structure with
secondary seismic elements presented in this paper
highlighted the advantages and disadvantages of
application of this interesting concept in aseismic design
of building structures. Although this concept may seem
appealing to the designer because secondary members
can be designed and detailed according to Eurocode 2
[3] “only”, its application in design practice is rather
demanding with uncertain outcome. The expected
benefit in terms of the simple design procedure is
compromised by classification procedure and methods
for calculation of internal forces which are based on
comparative analysis of two numerical models of the
same structure. The results of the analysis showed that,
in some cases, design requirements for secondary
elements are almost the same as Eurocode 8
requirements [2], which apply for primary (ductile)
elements. Further, it is shown that the choice of this
classification has significant influence on the behaviour
of slab-to-column connection and on the values of
punching shear stresses. The decrease in cross-
sectional dimensions of secondary members can be
expected if their contribution to the lateral stiffness is
low. However, this will increase the amount of
longitudinal reinforcement. The implementation of this
concept in Eurocode 8 [2] provides the possibility for
complex analysis of certain structural elements, and the
interpretation of the code rules is certainly a challenge
for both designers and researchers.
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KONCEPT PRORACUNA SEKUNDARNIH
SEIZMICKIH ELEMENATA PREMA EVROKODU 8

Ivan MILICEVIC
Ivan IGNJATOVIC

U radu je analiziran koncept proraduna armirano-
betonske konstrukcije sa sekundarnim seizmickim
elementima prema zahtevima Evrokoda 8. lako se
doprinos krutosti ovih elemenata zanemaruje prilikom
seizmi¢kog odgovora konstrukcije, primena ovog kon-
cepta je kompleksna zbog niza zahteva u pogledu
klasifikacije i nagina proracuna statickih uticaja. S ciljem
da se istaknu i objasne specifi¢nosti primene, pokazu
prednosti, ali i kritiCki razmotri upotreba opcije sekun-
darnih elemenata, izvrSen je proraun osmoetazne armi-
ranobetonske konstrukcije. Prikazane su dve metode za
klasifikaciju sekundarnih elemenata, nacin proracuna
uticaja u njima, kao i rezultati uporedne analize u kojoj
su odredeni elementi konstrukcije razmatrani kao
primarni i kao sekundarni.
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SUMMARY

DESIGN CONCEPT OF SECONDARY SEISMIC
ELEMENTS ACCORDING TO EUROCODE 8

Ivan MILICEVIC
Ivan IGNJATOVIC

Analysis of conceptual design of reinforced concrete
(RC) structure with secondary seismic elements in
compliance with Eurocode 8 is presented in this paper.
The application of this concept is complex due to the
requirements regarding the classification and calculation
of design internal forces, although the contribution of
these elements in the total structural stiffness is
neglected. The basic calculations of 8-story RC structure
are performed with the main goal to emphasize and
explain the problems of utilization of this concept. Its
advantages are clearly presented and critical analysis of
application in aseismic structural design is performed.
The results of comparative analysis of structural design
in which some structural elements are treated as a
primary or as a secondary are presented.

Key words: seismic design, secondary seismic
elements, concrete, ductility, Eurocode 8
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OCENA STANJA | PERSPEKTIVE ODRzAVANvJA MOSTOVSKIH KONSTRUKCIJA
U GRADU NISU

CONDITION ASSESSMENT AND MAINTENANCE PERSPECTIVES OF BRIDGE
STRUCTURES IN THE CITY OF NIS

Milan GLIGORIJEVIC

1 UvOoD

Potrebu za mostovima Covek je ose¢ao od svog
postanka. Mostovi su gradevinski objekti  koji
saobracéajnicu prevode preko neke prepreke, Sto je
utilitarna definicija mosta. Pri tome se podrazumeva
zadovoljenje odredenih ljudskih potreba, stvaranje novih
oblika na zemljinoj povrSini, kao i objektivha teznja ka
funkcionalnosti, stabilnosti, racionalnosti, unutrasnjem
skladu i skladu sa okolinom. Takode, mostovske
konstrukcije istovremeno moraju biti sigurne i trajne, ali —
neretko — most moze biti i svojevrsno umetni¢ko delo.
Tehni¢ki besprekorno reSen zadatak, a Sto podrazumeva
optimalnu funkcionalnost i pouzdanost uz najmanje
moguce troSkove, nece biti potpun ako rezultat nije
ujedno i lep most.

Mostovi su gradevinski objekti koji svojom veli¢inom,
izgledom, pojavom u prostoru, pa ¢ak i simbolikom, vrlo
Cesto dominiraju ambijentom ili krajolikom u kojem se
nalaze. Stoga, uz osnovne principe vestine projekto-
vanja i gradenja mostova (objektivnost, funkcionalnost,
stabilnost, racionalnost i originalnost) — koje mora zado-
voljiti svaki most, dolazi i estetika.

Moze se re¢i da mostovi nisu konstrukcije, jer
mostovi sadrze konstrukcije.

Vekovna tradicija mostogradnje i njen razvoj putem
svojevrsnih oblika gradenja razli€itih mostovskih kon-
strukcija, predstavlja teznju ka zadovoljenju mnogih
Covekovih potreba i zahteva. U tom procesu, ¢ovek je
koristio razne materijale i sredstva koja su mu u
pojedinim periodima stajala na raspolaganju, a najstariji
primitivni mostovi su raznovrsne forme od sruSenih
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1 INTRODUCTION

People always need bridges. A utilitarian definition of
bridges is that they are structures intended to carry a
road across some obstacle. This entails meeting of
certain human needs, creation of new forms on the face
of the earth and an objective aspiration to functionality,
stability, rationality, interior harmony and harmony with
the environment. In addition, bridge structures should
be safe and durable, but often, it is a work of art. A
technically impeccably performed design, which means
optimum functionality and reliability with the least
possible cost, is unlikely to be complete if it has not
resulted in a beautiful bridge as well.

Bridges are civil engineering structures which very
often dominate the environment or landscape where
they are situated by their size, appearance in space and
even by symbolism. Therefore, fundamental principles of
designing and constructing bridges (objectivity, functio-
nality, stability, rationality and originality), which should
be met by any bridge, are accompanied by esthetics.

It can be said that bridges are not structures, since
bridges contain structures.

Centuries long tradition of bridge-building and its
development through various forms of construction of
different bridge structures, represents an aspiration to
satisfy various human needs and demands. In this
process, man used materials and resources at his
disposal in specific periods, and the oldest primitive
bridges are certainly various forms ranging from felled
trees to stone slabs, plant fibers and timber beams.
Bridge-building history is a sound basis and instruction
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Architecture - University of Ni§, A. Medvedeva 14,
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stabala ili od kamenih ploca, te od biljnih vlakana i drve-
nih greda. Graditeljska istorija mostogradnje dobra je
pouka i podloga za stvaranje novih savremenih dela.
Industrijska revolucija i njene posledice pred mosto-
gradnju su postavljali nove zadatke, stvaraju¢i pred-
uslove za razvijanje novih konstrukcija i ostvarivanje jo$
vecih raspona.

Uspeh u projektovanju i gradenju mostova zasniva
se na dobrom poznavanju teorije konstrukcija i
materijala, masti i hrabrosti konstruktera u razvijanju
novih ideja, kao i volji da se uci na tudim greSkama i
sopstvenim iskustvima. Savremene metode analize sve
viSe se primenjuju pri prou€avanju i konstruisanju
mostovskih konstrukcija, Sto daje ne samo lakSe i
ekonomiénije mostove, vec se adekvatnim oblikovanjem
konstrukcijskih detalja omogucuje mostovskim
konstrukcijama pravilniji rad, a samim tim i postizanje
vecih raspona, te dalje domete savremenih mostova.
Nova saznanja doprinose tome da — uz novu tehnologiju
i tehniku — Covekova masta postaje stvarnost.

Mostovske konstrukcije — zbog svoje individual-
nosti, slozenosti i funkcionalnosti — imaju znacajan uticaj
na drustvo, ukupnu razvijenost neke zemlje i sveukupni
napredak C&ovelanstva. Mostovi imaju izuzetno veliki
znacaj — kako u funkcionalnom, tako i u ekonomskom
pogledu. Kao specifi¢ni objekti u prostoru, koji pre svega
.Spajaju ljude”’, u sastavu su saobracajnog sistema i
planiraju se, projektuju, grade i odrzavaju radi obez-
bedenja drustvene i ekonomske dobiti, te predstavljaju
objekte izuzetno velike kapitalne vrednosti. Potpuni ili
privremeni prekid saobracaja usled oSteéenosti
mostovskih konstrukcija, moze da izazove poremecaj sa
ozbiljnim posledicama za normalno funkcionisanje
privrednih i drugih tokova. Generalno, mostovi su
sustinski vazni i za obezbedenje i oCuvanje kvaliteta
zivota uopste. Dakle, odrzivo funkcionisanje ove
infrastrukturne imovine od klju¢ne je vaznosti za
celokupnu drzavu i samu drustvenu zajednicu.

2 EKSPLOATACIONI VEK MOSTOVA

deo saobracajne mreze. Kao objekti u spoljnoj sredini,
direktno i u potpunosti su izloZzeni agresivhom dejstvu
neposredne okoline (npr. uticaj temperature, soli, razna
aero zagadenja), kao i sve oStrijim uslovima eksploa-
tacije stalnim poveéanjem osovinskog opterecenja,
intenziteta i frekvencije saobrac¢aja. U toku eksploatacije,
usled permanentnog starenja materijala i uticaja drugih
raznovrsnih parametara i procesa, neminovne posledice
jesu oStecenja i progresivno pogorSanje stanja, Sto
poveéava stepen dotrajalosti1 mostovskih konstrukcija.
Sve ove pojave negativno uti€u na nosivost, upotreb-
liivost, trajnost, kao i na stepen pouzdanosti mostovskih
konstrukcija, a samim tim — i na njihovu sigurnost.

! Dotrajalost: prirodan i neizbezan proces gubljenja podetnih

karakteristika prilikom razvoja o$tecenja i pogor$anja stanja
mostova, promenom svojstava konstitutivnih materijala usled
starenja i uticaja svih delovanja tokom eksploatacije. Stepen
dotrajalosti (EC1 — Degree of deterioration): mera napredo-
vanja procesa koji ugroZavaju konstrukcije mostova tokom
eksploatacionog veka.

for making new, contemporary structures. The Industrial
revolution and its consequences, set new tasks for
bridge-building engineering, creating preconditions for
development of new structures and bridging larger
spans.

Success in designing and building bridges is based
on the theory of structures and materials, imagination
and courage of designers in developing new ideas, and
in the will to learn from numerous mistakes and their
own experiences. Contemporary analysis methods are
being increasingly used in studying and designing bridge
structures, which results not only in more lightweight and
more cost-effective bridges, but also in adequate
formation of structural details which enables bridge
structures to perform better, and thus enables achieving
larger spans of contemporary bridges, which so reach
further. New findings with new technology help human
imagination become reality.

Bridge structures, because of their individuality,
complexity and functionality have a significant impact on
the society, total level of development of a country and
overall progress of humanity. Bridges have an extremely
high importance both in functional and economic terms.
As specific structures in space which primarily “connect
people” they are integral part of transportation systems
and they are planed, designed, built and maintained in
order to provide social and economic benefit, and
represent structures with a huge capital value. Full or
temporary interruption of traffic due to the damage of
bridge structures can cause a disruption with severe
consequences for normal functioning of economic and
other activities. In general, bridges are essentially
important for provision and preservation of the quality of
life. Therefore, sustainable functioning of this infrastruc-
tural property is of key importance for the entire country
and social community.

2 SERVICE LIFE OF BRIDGES

Bridge structures represent the most sensitive part of
transportation network. As outdoor structures, they are
directly and entirely exposed to the aggressive effects of
the environment (temperature, salts, air pollution etc.),
as well as to the increasingly severe service conditions,
such as increasing axle loads, intensity and frequency of
traffic. During service, due to the permanent ageing of
material and impact of various parameters and
processes, there is an inexorable accumulation of
damage and progressive deterioration of the structural
condition, which increases the dilapidation degree1 of
bridge structures. All these phenomena have a negative
impact on bearing capacity, serviceability, durability and
safety degree of bridge structures, and therefore on their
overall safety.

! Deterioration: a natural and unavoidable process of losing
the initial characteristics in the process of damage
development and deterioration of bridge condition, meaning
the change of the properties of constitutive materials due to
aging, and effects of all impacts during service. Degree of
deterioration (EC1 - Degree of deterioration): is the measure
of the progress of processes endangering bridge structures
during service life.
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Predvideni period u kome treba da budu obezbedena
navedena potrebna svojstva naziva se projektovani
eksploatacioni vek objekta, a u praksi to predstavlja
period od pusStanja objekta u saobracaj do njegovog
zatvaranja. Osnovni razlozi koji dovode do zatvaranja
mosta za saobrac¢aj [OECD 1992] jesu:

— Konstrukcijska (strukturalna) neadekvatnost -
uzrokovana nedostacima koji dovode do opadanja
stabilnosti mostovskih konstrukcija, kao i smanjenja
sigurnosti objekta — najées¢i je razlog zatvaranja starijih
mostova. Konstrukcijski vek mosta u ovom slu€aju
odgovara ,zivotnom” veku objekta koji moze biti veoma
dug (duzi od 100 godina).

— Funkcionalna neadekvatnost — kada njegova
geometrija ili nosivost ne zadovoljavaju aktuelne
zahteve, te se most zatvara za saobracaj, iako su
njegove konstrukcije u dobrom stanju.

Funkcionalni vek mosta manji je od konstrukcijskog
(25-50 godina), naroCito u zemljama sa znatnim
porastom saobracajnog opterecenja.

Adekvatnom primenom odgovaraju¢ih mera odrza-
vanja, popravki, sanacija i rekonstrukcija, mostovske
konstrukcije mogu se odrZzavati u dobrom stanju, sve dok
ne dostignu neki optimalni vek, tzv. ekonomski vek,
posle koga se stavljaju van upotrebe. Ekonomski vek
definiSe se kao period posle koga intervencije na
odrzavanju, popravkama ili rekonstrukciji nisu isplative u
poredenju s cenom novog mosta. Ekonomski vek jeste i
cili kome se teZi u toku eksploatacionog veka nekog
objekta.

Na slici 1 predstavljene su duzine trajanja pojedinih
ciklusa u Zivotu nekog mosta [OECD 1992], gde je:

i
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The anticipated time period within the mentioned
properties that should be provided is called design
service life of the structure, and in practice it is the time
span since commissioning of a structure (opening it for
traffic) to closing down. The most common reasons
necessitating closing down of a bridge for traffic [OECD
1992] are:

— Structural inadequacy of old bridges, caused by
the deficiencies which lead to the decline of bridge
structure stability, and reduced safety. The structural life
of a bridge, which corresponds with the service life of the
structure, can be very long (over 100 years).

— Functional inadequacy, when the bridge geometry
or bearing capacity fails to meet current requirements,
so it is closed down even though its structure is in good
condition.

Functional life of bridge is shorter than the structural
life (25 - 50 years), especially in the countries with a
significant increase of traffic load.

Adequate implementation of appropriate mainte-
nance, repairs, restoration and reconstruction, may keep
the bridge structures in good conditions, until they reach
an optimum life, the so called, economic life, after which
they are decommissioned. The economic life is defined
as a period after which the maintenance, repair and
reconstruction interventions cease to be cost-effective in
comparison with the cost of a new bridge. The economic
life is also a goal to be reached during service life of a
structure.

In figure 1, durations of certain cycles in the life of
the bridge [OECD 1992] are represented, where:

F — funkcionalni vek mosta
functional life of bridge
: E - ekonomski (optimalan)
economical life (optimal)
: L — eksploatacioni vek
service life
) S — konstrukcijski vek

structural life

Slika 1. Duzine trajanja pojedinih ciklusa eksploatacije mosta
Figure 1. Durations of individual cycles of bridge service

Eksploatacioni vek zavisi od konstrukcijske
adekvatnosti (50-100 godina) i funkcionalne adekvat-
nosti (25-50 godina). To znadi da optimalni vek zavisi i
od konstrukcijskog i od funkcionalnog veka i najcesce je
kraci od prvog a duzi od drugog.

Konstrukcijski i funkcionalni vek nisu direktno
medusobno zavisni, jer vitkije mostovske konstrukcije
imaju brze pogorSanje stanja od masivnih konstrukcija. S
druge strane, konstrukcijski vek moze se produZiti
blagovremenim i kvalitetnim odrZzavanjem i popravkama,
a takode se moze privremeno prihvatiti funkcionalna
neadekvatnost u odredenim situacijama. Isto tako, za

Service life depends on the structural adequacy (50 -
100 years) and functional adequacy (25 - 50 years). This
means that optimum life depends both on structural and
functional lives and most often it is shorter than the
former and longer than the latter.

Structural and functional lives are not directly mutual-
ly dependent, because slender bridge structures
deteriorate faster than massive structures. On the other
hand, structural life can be prolonged with timely and
quality maintenance and repairs, and also, functional
inadequacy can be temporarily acceptable in certain
situations. Also, for the proposes of normal traffic and
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normalno odvijanje saobraéaja i potrebnu sigurnost
korisnika, podjednako je znaajna adekvatnost — kako u
konstrukcijskom, tako i u funkcionalnom pogledu. U tom
smislu, treba naglasiti njihovu medusobnu povezanost i
uslovljenost, te odrediti neophodno potrebne mere za
istovremeno obezbedenje i konstrukcijske i funkcionalne
adekvatnosti.

Sigurnost i upotrebljivost jesu osnovna svojstva
mostovskih  konstrukcija da neprekidno ocuvaju
upotrebnu vrednost, odnosno radnu sposobnost, u toku
nekog perioda (eksploatacionog veka). Uz obezbedenje
potrebne trajnosti za odgovarajuci nivo pouzdanosti, ona
daju osnovni imperativ korektnog oblikovanja i
konstruisanja savremene populacije mostova u svetu.
Medutim, nemoguée je posti¢i apsolutnu sigurnost,
veCitu trajnost ili savrSenu upotrebljivost, ali zato
moramo teziti stanju optimuma.

lzuzetno je znaCajno da se uvede efikasnije
odrzavanje postoje¢ih mostova — kako bi se izaSlo u
susret javnhom interesu, te je zbog toga razvijen sistem
upravljanja mostovima.

3 SISTEM UPRAVLJANJA MOSTOVIMA

Danas Sirom sveta postoje mnogobrojne mostovske
konstrukcije, razli€itih namena, koje su izgradene u
raznim sredinama, razli¢itim vremenima, od raznorodnih
materijala, raznovrsnih oblika, sistema, raspona i
dimenzija. S druge strane, preventivnom odrzavanju ovih
objekata — kao optimalnom redenju iz tehni¢kog, orga-
nizacionog i ekonomskog aspekta — nije se posvecivala
neophodna paznja onoliko koliko je to potrebno, narocito
kada je re¢ o naSem podrucju. UoCen je permanentni
porast oS$teéenja na mostovima, uz enormni pad
nosivosti i bezbednosti mostova, pa su ¢ak zabelezena i
ruSenja nekih vrlo zna&ajnih mostova u svetu [Pakvor,
Baji¢ et al, 2000].

Mostovske konstrukcije dostizu svoj eksploatacioni
vek kada troSkovi njihovog daljeg odrzavanja u stanju
potrebne sigurnosti, upotrebljivosti i trajnosti postanu
veci od troSkova odrzavanja koji su smatrani prihvatljivim
u toku tog eksploatacionog veka.

SadaSnje okolnosti ne omogucavaju neogranitena
ulaganja s bilo koje tatke gledista, pa je zajednicki
problem svih zemalja taj da u svoj saobracdajni sistem
ulazu na najkorisniji i najefikasniji nacin. To je bio povod
da se preduzme niz koraka radi definisanja problema,
utvrdivanja postojeteg stanja, postavijanja cilja i
iznalazenja nacina za postizanje optimalnih rezultata
putem odgovarajuéih istrazivanja i tehno- ekonomskih
analiza. Ispravnim ulaganjem, smanjuju se ukupni
troSkovi i omogucuje se oCuvanje investicija za duZi
period. Stoga, veoma je znacajna potreba da se uvede
efikasnije odrzavanje postojeéih mostova, kako bi se
iza$lo u susret javnom interesu.

S jedne strane, mostovi su podlozni pogorSanju
stanja usled starenja konstrukcijskih elemenata i
konstitutivnih materijala; s druge strane, njihovo duze
isklju€ivanje iz funkcije, radi sanacije, rekonstrukcije ili
zamene, moze da izazove veoma neprijatne poremecaje
saobrac¢aja na putevima i prugama. LoSem stanju
mostova znatno doprinose i veoma loSa organizacija i
iskoriS¢enost postoje¢ih kapaciteta, kao i nedovoljno
iskustvo u upravljanju.

U skladu s tim, potrebno je raspolagati efikasnim

necessary safety of users, structural and functional
adequacies are equally important. In this sense, one
must emphasize their mutual interdependencies and
specify necessary measures for simultaneous insurance
of both structural and functional adequacies.

Safety and serviceability are fundamental properties
of bridge structures to be preserved, so that the bridges
would be serviceable, that is, operable within a certain
time period (service life). They provide the necessary
durability at a corresponding level of safety and they are
the goal of proper designing of contemporary bridges in
the world. However, it is impossible to achieve absolute
safety, eternal durability or perfect serviceability, so an
optimum solution must be sought.

It is vitally important to introduce a more efficient
maintenance of the existing bridges in order to satisfy
the public interest, and for this reason, the bridge
management system was developed.

3 BRIDGE MANAGEMENT SYSTEM

There is a large number of bridge structures
worldwide, having various uses, built in most diverse
environments, times, materials, forms, systems, spans
and dimensions. On the other hand, preventative
maintenance of these structures, as an optimum solution
from the technical, organizational and economical
aspects, was not paid due attention, especially in our
parts. A permanent increase of damage on the bridges
was detected, followed by the enormous decrease of
bearing capacity and safety, and there were even
collapses of some very important bridges in the world
[Pakvor, Baji¢ et al, 2000].

Bridge structures reach their service life when the
cost of their further maintenance in the condition of
required safety, serviceability and durability exceed the
maintenance cost considered acceptable in the course
of the service life.

Present day circumstances hinder unlimited invest-
ments of any kind, so the common problem off all the
countries is how to invest in their transportation system
in the most useful and efficient way. It was a motivation
to take a number of steps in the direction of defining the
problem, determining the current condition, setting a
goal and finding ways to obtain optimum results using
appropriate research and techno-economical analyses.
Correct investment results in reduction of total costs and
provides preservation of investments for a long period of
time. For this reason, it is crucial to introduce a more
efficient maintenance of existing bridges, in order to
satisfy the public interest.

On one hand, bridges are susceptible to deterioration
due to aging of structural elements and constitutive
materials, and on the other hand, their long decom-
mission for the purposes of restoration, reconstruction or
replacement can cause very adverse disturbances of
traffic on the roads and railways. Poor condition of
bridges is considerably contributed by very poor
organization and efficiency of the existing capacity, as
well as the inexperience in management.

Accordingly, it is necessary to possess an efficient
bridge management system, and to use it to reach
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sistemom upravljanja mostovima i na osnovu njega
doneti razumne i utemeljene odluke o raspodeli
sredstava, s taCke gledista ocuvanja saobracéajnih
pravaca i okoline, uz postovanje postojecih okolnosti. Na
znacaj primene sistema upravljanja mostovima direktno
ukazuju nedostaci i oStecenja mostovskih konstrukcija,
8to u prvom redu jesu posledice neblagovremenog i
neadekvatnog odrZavanja. Nedostaci nastaju prilikom
planiranja, projektovanja i gradenja, a oStecenja nastaju
tokom upotrebe mostovskih konstrukcija. Ovakav
problem zahtevao je efikasan sistem upravljanja
mostovima koji ¢e dati razumne i utemeljene odluke o
raspodeli sredstava u uslovima veoma ograni¢enih
fondova i budzeta.

Savremeni  procesi  planiranja, projektovanja,
izgradnje i eksploatacije mostova danas se ne mogu
zamisliti bez adekvatnog sistema upravljanja mostovima.

U takvoj situaciji neophodno je primeniti globalni
pristup upravljanja mostovima, te planiranjem i
koordinacijom relevantnih aktivnosti povecati efikasnost
upravljanja tokom celokupnog eksploatacionog veka.

Upravljanje mostovima jeste proces kojim se
nadgledaju, prate, odrzavaju i popravljaju uo¢ena pogor-
Sanja stanja mostovskih konstrukcija, s raspoloZivim
sredstvima u toku proradunskog upotrebnog veka.
Proracunski upotrebni vek je pretpostavljeno razdoblje
koriS¢enja mostovskih  konstrukcija, uz redovno
odrzavanje, ali bez velikih popravki.

Problematika upravljanja mostovima ukljuuje celo-
kupni eksploatacioni (zivotni) vek mostovskih kon-
strukcija, poCev od koncepta i osnovnih prethodnih
studija, preko procesa projektovanja, gradenja, eksploa-
tacije i gazdovanja, tj. odrzavanja, tokom adaptacije,
sanacije, rekonstrukcije i na kraju njihove zamene ili
uklanjanja. Stoga, upravljanje kao poslovni proces zah-
teva multidisciplinarni pristup i poznavanje svih tehnickih
i drugih netehnickih disciplina. Krajnji cilj jeste optimalno
zadovoljenje filozofije trajnosti, tj. posti¢i maksimum
uc¢inka s minimumom ulozenih sredstava. Upravo zato,
upravljanje mostovima i njihovo adekvatno odrZavanje
jeste perspektivan posao u savremenom gradevinarstvu.

Strategija razvoja sistema upravljanja mostovima u
svetu bazirana je na metodologiji za razvoj sistema
optimizacije i koriS§¢enja resursa u procesu upravljanja i
odrzavanja mostova. To ukljuCuje stanje mostovskih
konstrukcija, njihov kapacitet nosivosti, stepen ostecenja
odnosno dotrajalost konstitutivnih elemenata mostovskih
konstrukcija, saobracajne efekte, kao i popravke, sana-
cije i rekonstrukcije.

Koncept upravljanja mostovima pocCeo je da se
razvija u svetu ne tako davno, da bi se izaSlo u susret
svim tim rastuéim potrebama. Prvi sistemi upravljanja
mostovima u svetu poceli su da se razvijaju od 1970.
godine [Gligorijevi¢, 2016].

Jedna od prvih zemalja koja je uvela sistematsko,
dobro isplanirano i organizovano istrazivanje u sferi
upravljanja mostovima jeste Amerika. U SAD, od
poCetka izgradnje sistema mreze medudrzavnih auto-
puteva, sredinom pedesetih godina proSlog veka,
federalna sredstva izdvajana su samo za novogradnju,
proSirenje i jacanje infrastrukture. Shodno tome,
aktivnosti na odrzavanju, revitalizaciji i obnavljanju
postojece infrastrukture bile su priliéno ograni¢ene ili
odlagane od strane drzavnih organa. Ovakve zaostale
potrebe ulaganja u postojec¢u infrastrukturu SAD, a koje

sensible and well-grounded decisions of allocation of
resources, from the standpoint of preservation of traffic
communications and the environment, with consideration
of the existing circumstances. The importance of imple-
mentation of bridge management system is directly
reflected through the deficiencies and damage of bridge
structures, primarily due to untimely and inadequate
maintenance. Deficiencies are created during planning,
designing and construction, and damage occurs during
the usage of bridge structures. Such problem requires
an efficient bridge management system which assists in
making sensible and well-grounded decisions about
resources allocation in the conditions of very limited
funds and budgets.

Contemporary processes of planning, designing,
construction and service of bridges cannot be conceived
nowadays without an adequate bridge management
system. Proper investment, leads to reduction of total
cost and ensures preservation of investments for a
longer time period.

In such situation, it is necessary to implement a
global approach to bridge management, and by planning
and coordinating relevant activities, to increase
management efficiency during entire service life.

Bridge management is a process, used to supervise,
monitor, maintain and repair detected deterioration of
bridge structures, using available resources during
design service life. Design service life is a predicted
period of usage of bridge structures, with regular
maintenance but without any considerable repair.

The subject of bridge management includes entire
service life of bridge structures, starting from the concept
and basic preliminary studies, through designing,
construction, service and maintenance processes (adap-
tation, restoration, reconstruction) to the final replace-
ment or removal of bridge structures. For these reasons,
management as a business process requires a multi-
disciplinary approach and knowledge of all technical and
other non-technical disciplines. The ultimate goal is
optimum satisfaction of durability philosophy, i.e.
achieving maximum effects with a minimum of invested
resources. For this reason, bridge management and
adequate maintenance is a perspective business in
contemporary civil engineering.

Strategy of development of bridge management
system in the world is based on methodology for
development of optimization system and usage of
resources in the process of management and mainte-
nance of bridges. This includes condition of bridge
structures, their bearing capacity, damage degree, that
is, deterioration of constitutive elements of bridge
structures, traffic effects, as well as repairs, restoration
and reconstructions.

The bridge management concept started to develop
recently in the world, in order to meet the growing
demand. The first bridge management systems in the
world started to develop since 1970 [Gligorijevi¢, 2016].

One of the first countries to introduce a systemic,
well-planned and organized research in bridge
management domain is the USA. In the USA, since the
beginning of construction of interstate highway network
by the middle of 1950s, the Federal budget was
allocated only for new construction, expansion and
strengthening of infrastructure. Accordingly, the activities
on maintenance, revitalization and renewal of the
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nisu dobile dovoljnu paznju, doprinele su permanentnom
pogorSanju stanja svih konstrukcijskih elemenata
objekata postojece infrastrukture SAD.

Prvi programi za upravljanje mostovima u SAD
datiraju jo$ iz ranih sedamdesetih godina XX veka.
Posledice ruSenja vise mostova u SAD, prvo Silver
mosta 1967. godine [15], a potom i drugih kapitalnih
mostova, kao i sve vecéi jaz izmedu raspoloZivih sred-
stava i potreba nacionalne mreze mostova Amerike,
uticali su na stimulisanje pove¢anog obima istrazivanja
ove problematike i na razvoj sistema upravljanja mosto-
vima sredinom osamdesetih godina. Ubrzo nakon toga,
1991. godine, intermodalni zakon o efikasnosti trans-
porta u SAD nalaze drzavama potrebu da razvijaju i
implementiraju sisteme upravljanja mostovima. Sistemi
upravljanja mostovima u vecini drzava SAD razvijeni su
sredinom devedesetih godina XX veka [Small,1999].

Danas, americke drzavne transportne agencije
uspostavile su programe inspekcija mostova i vecina njih
je implementirana u savremen sistem upravljanja
mostovima AASHTOWare Bridge Management (ranije
Pontis). U svetu, poslednjih godina znatno se povecava
broj drzava koje su razvile i koje Koriste sistem
upravljanja mostovima.

Savremen sistem upravljanja mostovima sadrzi
procenu stanja mostova, modeliranje buduceg
pogorSanja stanja i ponaSanja, kao i module za
donoSenje odluka u pogledu toga kako najekonomicnije
odrzavati, popravljati i obnavljati mostovske konstrukcije.

Ocuvanje bitnih svojstava mostovskih konstrukcija u
toku njihovog Zivotnog veka predstavlja permanentan
zadatak sistema upravljanja mostovima. Prema
podacima iz bogate prakse upravijanja razvijenih
zemalja, plansko odrzavanje kroz eksploatacioni (Zivotni)
vek konstrukcija mosta zahteva ulaganja priblizno 2% do
3% investicione vrednosti godiSnje.

U Srhiji, generalno posmatrano, usled dugogodisnjeg
nedovoljnog ulaganja u odrzavanje i rekonstrukciju
mostova, stanje mostova mozZze se oceniti kao
neprihvatljivo, naro€ito kada je u pitanju njihova starost.
Redovno odrzavanje uglavnom je primitivno, tako da se ubrzava
starenje konstrukcijskih elemenata i pogorSava stanje mostova,
a veCe popravke i sanacie gotovo su jedini vid aktivnosti i
obavljaju se u bezizlaznim situacijama.

Osnovni savremeni Sistem upravljanja mostovima u
Srbiji uveden je 1986. godine, kao originalan i za to
vreme izuzetno moderan sistem [Bebi¢, 1986]. Za
potrebe kvalitetnog upravljanja mostovima i primene
ovog sistema na teritoriji Republike Srbije formirana je
elektronska baza podataka o mostovima (BPM), koja u
svakom trenutku pruza sve potrebne informacije o
trazenim mostovskim konstrukcijama, na osnovu ura-
denih inspekcijskih pregleda. Cilj formiranja baze
podataka o mostovima bio je da se prikupe raspoloZive
informacije o mostovskim konstrukcijama radi ustanov-
liavanja prioriteta u odrzavanju mostova i razvoja
sistema upravljanja mostovima u Srbiji.

Uspostavljanje prioriteta u aktivnostima odrzavanja
mostovskih konstrukcija treba shvatiti kao odgovor na
neadekvatna finansijska sredstva koja su izdvajana za
odrzavanje mostova u uslovima opSte politicke i
ekonomske situacije u Srbiji poslednjih decenija. Od
1991. godine, primenjivana je verzija SR - 02, koja
sadrzi inventarske podatke i podatke o stanju mostova u
trenutku pregleda. Da bi se olakSao rad na unoSenju

existing infrastructure were quite limited or postponed by
the state authorities. Such absence of investment into
the existing infrastructure of the USA, lacking adequate
attention, led to permanent deterioration of all the struc-
tural elements of the existing infrastructure in the USA.

The fist bridge management programs in the USA
date back to the early 1970’s. Collapse of several
bridges in the USA, first the "Silver" bridge in 1967 [15],
and then of other capital bridges, and the growing gap
between the available resources and needs of national
network of the USA bridges stimulated increased
research of this issue and gave rise to the development
of bridge management system by the mid 1980’s. Soon
after that, in 1991, the intermodal law on efficiency of
transport in the USA obliges the states to develop and
implement the bridge management systems. Bridge
management systems in the majority of the USA states
were developed in the mid 1990’s [Small,1999].

Nowadays, state transport agencies in the USA,
established bridge inspection programs, and most of
them are implemented into the contemporary bridge
management system AASHTOWare Bridge Manage-
ment (earlier Pontis). In the world, recently, the number
of states which developed or are developing bridge
management system is increasing considerably.

Contemporary bridge management system contains
bridge condition assessment, modelling of the future
deterioration and behaviour and modules for decision
making about most cost-efficient ways of maintenance,
repair and renewal of bridge structures.

Preservation of the important properties of bridge
structures during their service life represents a perma-
nent task of bridge management systems. According to
the data from the extensive experience of management
in the developed countries, planned maintenance during
the service life of bridge structures requires investments
of approximately 2% to 3% of the investment value
annually.

In Serbia, generally speaking, due to the long lasting
lack of investment into maintenance and reconstruction
of bridges, the bridge condition can be evaluated as
unacceptable, especially in terms of their age. Regular
maintenance is mostly primitive, which accelerates
ageing of structural elements and deteriorates the bridge
condition, and large repairs and restorations are almost
the only form of activities, and they are performed in the
situations when they remain the only alternative to
closing down the bridge.

The basic contemporary Bridge management system
in Serbia was introduced in 1986 as original, and it was
a modern system for the time [Bebi¢, 1986]. For the
needs of quality management of bridges and
implementation of this system in the territory of the
Republic of Serbia, an electronic database of bridges
was formed (BPM), which at any moment provided all
necessary information about the researched bridge
structures on the basis of performed inspections.
Formation of the data base had a goal to collect the
available information about bridge structures in order to
establish a priority in bridge maintenance and
development of bridge management system in Serbia.

Establishing priorities in the bridge structure
maintenance activities should be understood as a
response to inadequate finances which were allocated
for bridge maintenance in the general political and
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podataka, uradena su detaljna korisni¢ka uputstva.

Prate¢i dalji razvoj raCunarske tehnike, baza
podataka o mostovima proSla je viSe faza razvoja i od
1999. godine u upotrebi je verzija SR - 03, a od 2003.
godine koristi se verzija koja radi pod MS ACCESS-om.

Medutim, prakticna primena Sistema upravljanja
mostovima u Srbiji, tokom niza godina, pokazala je
odredene nelogi¢nosti u dobijenim listama prioriteta.

U svojoj doktorskoj disertaciji [Gligorijevi¢, 2016],
autor ovoga rada dao je novi predlog, na osnovu
optimizovanog kriterijuma vrednovanja prioriteta. Time
su otklonjene uocCene nelogi¢nosti naSeg aktuelnog
sistema upravljanja mostovima i ostvareno je znacajno
poboljSanje efikasnosti odredivanja liste prioriteta.

PredloZenom metodologijom, a na osnovu rezultata
sopstvenog viSedecenijskog monitoringa mostova,
ocenjeno je trenutno stanje i data je prognoza buduceg
stanja mostovskih konstrukcija na gradskim saobra-
¢ajnicama NiSa, prezentovana u ovom radu.

4 OCENA STANJA MOSTOVA U GRADU NISU

Za potrebe istrazivanja u doktorskoj disertaciji, autor
ovoga rada 1997. godine, nakon izrade Elaborata o
stanju mostova [Gligorijevi¢ et al, 1997], formirao je bazu
podataka za mostovske konstrukcije na gradskim
saobrac¢ajnicama NiSa. Od 1998. godine prati pogorsa-
nje stanja ovih mostova na osnovu izvrSenih periodicnih
kontrolnih, redovnih i glavnih inspekcijskih pregleda
mostovskih konstrukcija u gradu NiSu. Znacaj ovih
mostova zahtevao je takav pristup koji podjednako
obezbeduje i blagovremeno, ali i racionalno odrzavanje i
popravke, odnosno ojacanje i/ili zamenu ovih objekata.

Posle svakog inspekcijskog pregleda, metodologijom
predlozenom u doktorskoj disertaciji [Gligorijevi¢, 2016],
sraCunata je ocena stanja svih elemenata mostova iz
baze podataka, tj. njihov ,rejting”, na osnovu kojeg su
formirane rang-liste prioritetnih aktivhosti neophodnih
intervencija. Analizom dobijenih rang-lista prioriteta,
uoceno je da u njima nema bitnijih promena izmedu dva
redovna inspekcijska pregleda (interval od dve godine),
ako u tom periodu nije bilo aktivnosti odrzavanja. Kako
su sanacije i popravke nekih ugrozenih mostova na
gradskim saobracajnicama Ni8a izvrS8ene u periodu od
1999. godine do 2002. godine, odnosno pre drugog
glavnog pregleda mostova iz 2003. godine, a kasnije
nisu uradene, u ovom radu je prikazan rejting mostova
nakon glavnih inspekcijskih pregleda (interval od Sest
godina).

Globalno stanje mostovkih konstrukcija, nakon
inspekcijskog pregleda 1997. godine, prikazano je na
slici 2.

Prvi na rang-listi, most ,Mramor”, imao je izuzetno
visok rejting i zahtevao je hitnu sanaciju, jer je bila
ugrozena njegova stabilnost usled erozije re€nog korita
u zoni srednjeg stuba S2, na Sta je ve¢ ukazano u
elaboratu iz 1997. godine. Takode, elementi gornjeg

economic conditions in Serbia in the last several
decades. Since 1991, the version SR - 02, was used,
which contains inventory data and data on the condition
of bridges at the moment of inspection. In order to make
the work on data input easier, detailed user instructions
were made.

Following the further development of computer
technology, the database on bridges passed through
several development phases, and since 1999, the
version SR — 03 was used, and since 2003, there has
been a version working under MS ACCESS.

However, practical application of the Bridge
management system in Serbia during a long time
exhibited certain illogical issues in the obtained lists of
priority activities.

In his doctoral dissertation [Gligorijevi¢, 2016], the
author of this paper provided a new proposal based on
the optimized criterion of priority evaluation. This
removed the detected illogical issues of our current
bridge management system and provided a considerable
improvement of efficiency in determining the priority list.

The proposed methodology, based on the results of
his own bridge monitoring lasting for several decades, is
used to provide bridge condition assessment and
maintenance perspectives of bridges in the city of Nis,
that are presented in this paper.

4 ASSESSMENT OF BRIDGE CONDITION IN THE
CITY OF NIS

For the needs of research in the doctoral dis-
sertation, the author of this paper formed a database for
bridge structures in the city transport of Nis in 1997, after
producing the Analysis of bridge condition [Gligorijevi¢ et
al, 1997]. Since 1998, he has been monitoring
deterioration of the condition of those bridges on the
basis of performed periodical control, as well as regular
and main inspections of bridge structures in the city of
NiS. Importance of these bridges demanded an
approach which provided an equally timely and cost-
effective maintenance and repair, that was strengthening
and/or replacing these structures.

After every inspection, using methodology proposed
in the doctoral dissertation [Gligorijevi¢, 2016], condition
of all the bridge elements in the data base was
assessed, i.e. their rating was made, which was used for
making rank-lists of priority activities and necessary
interventions. The analysis of the obtained rank-lists of
priorities showed that there were no considerable
changes between two regular inspections (2 year
interval), if there were no maintenance activities in that
period. Since restorations and repairs of some affected
bridges on the main traffic routes of Ni§ were performed
in the 1999-2002 period, that is, before the second main
inspection of 2003 and they were not performed later;
this paper shows the rating of the bridges after the main
inspections. (6 years interval).

Global condition of bridge structures after inspection
of 1997 is presented in figure 2.

The first on the rank list, the “Mramor”, bridge had an
extremely high rating, and demanded urgent restoration,
because its stability was at risk due to the erosion of the
riverbed in the zone of the medium pier S2, which was
indicated in the Analysis of 1997. Also, the super-
structure elements were badly damaged [Gligorijevi¢ et
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stroja mosta bili su jako oSteceni [Gligorijevi¢ i dr, 2002],
te je most hitno saniran 2002. godine.

al, 2002], so the bridge underwent emergency restora-
tion in 2002.

Stanje mostova nakon pregleda 1997, godine

0
0% Tip odrzavanja

®1 Redovno
% ® ) Redovno + kontrola
1 Intenzivne
1 Investiciono

= 5 Planiranje sanacije
= Hitna sanacija

Slika 2. Broj i procenat mostova za svaki tip odrZavanja nakon pregleda 1997. godine
Figure 2. Number and percentage of bridges for each type of maintenance after 1997 inspection

Most ,Mladosti”, nakon NATO agresije 1999. godine i
ruSenja mostova na autoputu u okolini NiSa, primio je
celokupni saobracaj koridora X, sto je dodatno pogorsalo
stanje mosta [Gligorijevi¢, 2002], pa je zbog ugrozene
stabilnosti urgentno rekonstruisan i ojacan prethodno
napregnutim  karbonskim trakama 2001. godine
[Gligorijevié, 2007]. Most u ulici ,12. Februar’,
bombardovan je 1999. godine i obnovljen iste godine
[Gligorijevi¢, 2002].

Na taj nacin, najugroZeniji mostovi s vrha ove rang-
liste bili su popravljeni do sledec¢eg glavnog pregleda
mostova na gradskim saobraéajnicama NiSa. Moze se
re¢i da je splet okolnosti zna¢ajno uticao na to da se
najviSe osteceni mostovi poprave i da se ispostuje data
rang-lista prioriteta.

Most kod Vrezinskog bazena, koji se nalazi na
perifernoj gradskoj saobracajnici s manjim intenzitetom
saobracaja, ostavljen je da &eka svoju popravku u
narednom periodu, dok Tvrdavski most — kao Cetvrti na
ovoj rang-listi — svojim rejtingom skre¢e na sebe paznju,
jer je u samom centru grada, neposredno ispred ulaza u
NiSku tvrdavu.

Globalno stanje mostovkih konstrukcija, nakon
inspekcijskog pregleda 2003. godine, s novoizgradenim
mostovima iz 2005. godine, prikazano je na slici 3.

After NATO aggression of 1999 and destruction of
bridges on the highway near NiS, the “Mladosti” bridge
received the entire corridor X traffic, which additionally
aggravated the its condition [Gligorijevi¢, 2002].
Therefore, due to the endangered stability it was
urgently reconstructed and strengthened using pre-
stressed carbon strips in 2001 [Gligorijevi¢, 2007]. The
bridge in “12. Februar” street was bombed in 1999 and
renewed in the same year [Gligorijevi¢, 2002].

In this way, the most critical bridges from the top of
this rank-list were repaired until the next main inspection
of bridges on the main transport routes of NiS. It can be
said that owing to a turn in events the bridges that were
most damaged were repaired, and the rank-list of
priorities was observed.

The bridge next to the Vrezina swimming pool, which
is on the peripheral city route with a low intensity of
traffic, was left to wait for its repair in the next period,
while the Fort bridge, as the fourth on this rank-list draws
attention to itself by its rating, since it is located in the
centre of the city, immediately in front of the gate of the
Fort.

Global condition of bridge structures after inspection
of 2003 with newly constructed bridges of 2005 is
presented in figure 3.

Stanje mostova nakon pregleda 2003, godine

Tip odrzavanja
=1 Redowno
u ) Redowno = kontrola
1 Intenzivio
1 Investiciono
Y Planiranje sanacije
w i Hitna samacija

Slika 3. Broj i procenat mostova za svaki tip odrzavanja nakon pregleda 2003. godine
Figure 3. Number and percentage of bridges for each type of maintenance after 2003 inspection
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Na vrhu rang-liste iz 2003. godine nalaze se dva
izuzetno zna€ajna mosta — ve¢ spomenuti Tvrdavski
most u centru grada i most kod Cele-kule. Medutim, u
narednom periodu nisu preduzete nikakve aktivnosti radi
popravke i odrzavanja mostova u NiSu.

Globalno stanje mostovskih konstrukcija nakon
inspekcijskog pregleda 2009. godine, prikazano je na
slici 4.

On top of the rank-list of 2003, there are two
extremely important bridges, the already mentioned Fort
bridge in the centre of the city and the bridge near the
“Skull tower“. However, in the following period, no
activities including repair and maintenance of bridges in
Ni$ were undertaken.

Global condition of bridge structures after inspec-
tion in 2009 is presented in figure 4.

Stanje mostova nakon pregleda 2009, godine
0

Tip odrzavanja
1 Redovno
w2 Redovno + kontrola
! Intenzavno
* Investiciono
®% Planiranje sanacije
W& Hitna sanacijn

Slika 4. Broj i procenat mostova za svaki tip odrzavanja nakon pregleda 2009. godine
Figure 4. Number and percentage of bridges for each type of maintenance after 2009 inspection

Napredovanje procesa pogorSanja stanja Tvrdav-
skog mosta, naroCito montaznih adheziono prethodno
napregnutih betonskih talpi peSackih staza, umnogome
je povecalo rejting celicnog mosta ispred Tvrdave u
NiSu, tako da ovaj most ostaje na prvom mestu rang liste
prioriteta 2009. godine. Prvo incidentno urudavanje dela
peSacke staze desilo se juna 2008. godine [Gligorijevi¢,
2009], a koje je ,sanirano” zamenom oStec¢ene adhezio-
no prethodno napregnute talpe armiranobetonskom.

| pored ove iznudene intervencije, Celicni most u
centru NiSa svojim izuzetno visokim rejtingom i prvim
mestom na rang-listi prioriteta, nakon izvrSenog glavnog
pregleda mostova 2009. godine, zahtevao je hitnu i
ozbiljnu popravku. NazZalost, to se nije desilo, te 2014.
godine dolazi do novog, znatno vecéeg uruSavanja
uzvodne peSacke staze. Krajem 2014. godine i
pocetkom 2015. godine montazne talpe zamenjene su
livenim betonom armiranim c¢elicnim vlaknima. Veé u
prole¢e 2015. godine, novoizgradena peSacCka staza
pokazala je brojne prsline. lako su uo€ena oStecenja,
glavnim inspekcijskim pregledom 2015. godine nove
peSacke staze ocenjene su najboljom ocenom (,dobro”),
ali je pogorSanje stanja ostalih nosecih elemenata ovog
mosta uticalo da njegov rejting 2015. godine bude
izuzetno visok i da most ostane na prvom mestu rang-
liste prioriteta.

U periodu od 2009. godine do 2015. godine, nije bilo
nikakvih drugih intervencija koje bi popravile stanje na
ostalim mostovskim konstrukcijama iz baze podataka
mostova u gradu NiSu.

Globalno stanje mostovkih konstrukcija, nakon
inspekcijskog pregleda 2015. godine, prikazano je na
slici 5.

| pored izvrSenih radova na zameni betonskih plo¢a
peSackih staza na mostu ispred ulaza u NiSku tvrdavu,
on ostaje na prvom mestu rang-liste prioriteta nakon
pregleda 2015. godine, jer ima izuzetno veliki rejting (u
klasi rejtinga stanja mosta 6), Sto zahteva hitnu sanaciju
nosecih konstrukcijskih elemenata, odnosno tip odrza-
vanja 6.

Advance of deterioration of the Fort bridge, and
especially of pre-fabricated pre-stressed concrete struc-
tures of pedestrian sidewalks, significantly increased the
rating of the steel bridge in front of the Fort in NiS§, so this
bridge remained on the top of the rank-list of priorities of
2009. The first incidental collapse of a part of pedestrian
sidewalk occurred in June 2008. [Gligorijevi¢, 2009],
which was “repaired” by replacing the adhesion pre-
stressed element with an reinforced-concrete one.

Notwithstanding this forced intervention, the steel
bridge in the centre of Ni§, with its extremely high rating
and the first place on the rank-list of priorities after the
main inspection of bridges of 2009 required an urgent
and serious repair. Unfortunately this did not happen,
and in 2014 there was a new, considerably larger
destruction of the upstream pedestrian sidewalk. By the
end of 2014 and beginning of 2015, prefabricated
elements were replaced with steel fibber reinforced cast
concrete. As early as in spring 2015, newly built
sidewalk exhibited numerous cracks. Even though the
damage was detected, the main inspection of 2015
evaluated the new sidewalks with the best mark —
“good”, but the deterioration of other bearing elements of
this bridge made its rating of 2015 extremely high, and
the bridge remained at the first place of the rank-list of
priorities.

In the from 2009 to 2015 there were no other
interventions which would improve the condition of the
remaining bridge structures listed in the database of
bridges in the city of Nis.

Global condition of bridge structures after inspec-
tion of 2015 is presented in figure 5.

Notwithstanding the performed works on replace-
ment of concrete slabs of pedestrian sidewalks on the
bridge opposite the entrance to the Ni§ fortress, it
remains on the first place of the rank-list of priorities after
the inspection of 2015 because it has an extremely high
rating (in the class of bridge condition rating 6), which
calls for an urgent repair of bearing structural elements,
i.e. maintenance type 6.
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Stanje mostova nakon pregleda 2015, godine
0
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Slika 5. Broj i procenat mostova za svaki tip odrZavanja nakon pregleda 2015. godine
Figure 5. Number and percentage of bridges for each type of maintenance after 2015 inspection

Drugo mesto na rang-listi prioriteta u 2015. godini
zadrzao je most kod Cele-kule, ali sa znatno veéim
rejtingom, €ime ulazi u klasu rejtinga stanja mosta 6 i
takode zahteva ,hitnu sanaciju” nosecih konstrukcijskih
elemenata, odnosno tip odrzavanja 6. Treba naglasiti i to
da je ovaj most na rang-listama prioriteta bio na drugom
mestu jo§ nakon pregleda 2009. godine, ali od tada nisu
preduzete nikakve aktivnosti da se most popravi.

Na treéem mestu, na rang-listama prioriteta 1997.
godine, 2009. godine i 2015. godine, nalazi se most kod
Vrezinskog bazena, koji je sagraden u ,Karpos$” sistemu
i ima ugrozenu stabilnost zbog velikog osteé¢enja donjeg
stroja mosta.

Cesto se govori da je upravljanje mostovima vestina
iznalaZenja najboljeg odgovora na pitanja: §ta? (what?),
gde? (where?), kada? (when?) i posto? (how much?).
Odgovore na prva dva pitanja daje baza podataka
inventara mostova i zapisnik o pregledu mosta, ako je
registrovao Stete. Odgovor na druga dva pitanja daje
sistem upravljanja, primenom inzenjerskog prosudivanja
(engineering judgment) i ekonomske analize (economic
considerations).

Formirane rang-liste prioriteta daju najbolje odgovore
na prva tri osnovna pitanja sistema upravljanja
mostovima: $&ta? (what?), gde? (where?) i kada?
(when?), jer su pregledi svih mostovskih konstrukcija sa
ovih rang-lista vrSeni redovno, na osnovu kojih su
odredene klase rejtinga stanja za iste vremenske
preseke.

5 MODELI POGORSANJA STANJA MOSTOVSKIH
KONSTRUKCIJA

Pogorsanje stanja elemenata mostovskih konstruk-
cija jeste proces smanjenja njihovih svojstava pri
normalnim uslovima rada. Pogor8anje stanja pokazuje
slozene fenomene fizickih i hemijskih promena koje se
deSavaju u razli¢itim komponentama mostovskih kon-
strukcija. Svaki element mosta ima svoju jedinstvenu
stopu pogorSanja, Sto c&ini problem komplikovanijim.
Pouzdano i precizno prognoziranje brzine napredovanja
procesa pogorSanja stanja, za svaki element mostovskih
konstrukcija, od presudnog je znacaja za uspeh bilo kog
sistema upravljanja mostovima.

Za prognoziranje i predvidanje stanja konstitutivnih
elemenata mostova u nekom buduéem trenutku,
neophodan je teorijski model procesa pogorsanja stanja

The second place on the rank-list of priorities in 2015
was kept by the bridge near the “Skull tower” but with a
considerably higher rating which was also bridge condi-
tion class 6 and also required “urgent restoration” of
bearing structural elements, maintenance type 6. It
should be pointed out that this bridge was on the second
place after inspection of 2009, but no activities were
undertaken since then with the purpose of repairing the
bridge.

In the third position, on the rank-lists of priorities of
1997, 2009 and 2015 was the bridge near the Vrezina
swimming pool, which was built in "Karpo$§" system and
whose stability is endangered because of the extensive
damage of the bridge substructure.

It is often said that the bridge management is a skill
of finding the best answers to the following questions:
what, where, when? and how much? The answers to the
first two questions are provided by the database of
bridge inventory and the bridge inspection report, if
damage was detected. The answer to other two
questions is provided by the management system, by
implementing engineering judgment and economic
considerations.

The formed rank-lists of priorities provide the best
answers to three basic questions of the bridge
management system: what? where? and when?,
because inspections of all bridge structures from these
rank-lists were performed regularly, on which basis the
condition rating classes for the same time points were
determined.

5 MODELS OF BRIDGE STRUCTURE CONDITION
DETERIORATION

Deterioration of bridge structure element condition is
a process of decline of their properties under normal
operational conditions. The condition deterioration
process shows complex phenomena of physical and
chemical changes which occur in various components of
bridge structures. Every bridge element has its
characteristic deterioration rate which makes the
problem even more complicated. Reliable and precise
forecast of the deterioration process progress, for each
element of bridge structures shows critical importance
for success of any bridge management system.

Forecast and prediction of condition of constitutive
elements of bridges in some future moment requires a
theoretical model of deterioration process — aging of the
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- starenja mosta. Modeli pogorSanja stanja elemenata
mostovskih konstrukcija uvedeni su krajem osamdesetih
godina XX veka, kako bi se predvidelo buduce stanje
infrastrukturne imovine u funkciji oc¢ekivanog nivoa
usluge. U studiji sprovedenoj u centru transportnih siste-
ma (Transportation Systems Center - TSC) [Busa et al,
1985] u Kembridzu, ispitivani su faktori koji uti¢u na
pogorsanje stanja elemenata jednog mosta. Studija je
zaklju€ila da najuticajniji faktori koji utiu na pogorsanje
stanja mostovskih konstrukcija jesu starost, intenzitet
saobrac¢ajnog opterecenja, uslovi okolne sredine, para-
metri kori§éeni pri projektovanju i proracunu konstruk-
cijskih elemenata mosta, kao i kvalitet koriS¢enih mate-
rijala i kvalitet same izgradnje. Prema izveStaju FHWA
[USDOT/FHWA, 1989], vec¢ina istrazivanja ukazala je na
to da indeksi pogorSanja stanja pokazuju znacajne pro-
mene u prvih nekoliko godina eksploatacije, a da kasnije
imaju tendenciju da predvide sporiji pad rejtinga stanja
mostovskih konstrukcija.

Moguénost prognoziranja procesa pogorsanja stanja
osnovnih tehnic¢kih i funkcionalnih karakteristika mosto-
va, kao i procena preostalog servisnog veka, izuzetno su
vazni ulazni podaci za sistem upravljanja mostovima.
Modeli kojima se prognozira pogor3anje stanja mostov-
skih konstrukcija tokom vremena od kljuénog su znacaja
za efikasno planiranje odrzavanja. To narocito dolazi do
izrazaja u procesu optimizacije i planiranja potrebnih
aktivnosti i odgovarajucih finansijskih sredstava.

Modeliranje procesa pogorSanja stanja veoma je
kompleksno i slozeno, jer je mnogo faktora koji utiCu na
ovu pojavu, zbog &ega se u mnogim zemljama posve-
Cuje velika paznja tom problemu. Razli¢ite tehnike pri-
menjuju se za prognoziranje pogorSanja stanja mostov-
skih konstrukcija. U principu, modeli za predvidanje
pogorSanja stanja mostova mogu se svrstati u Cetiri
kategorije: modeli fizicko- hemijskih procesa pogorsanja
stanja, deterministi¢ki modeli, stohasti¢ki modeli i modeli
vestacke inteligencije.

6 PROGNOZA BUDUCGCEG STANJA

Kada postoji azurna baza podataka sa inspekcijskih
pregleda mostovskih konstrukcija, moze se definisati
vreme zadrzavanja mostova u pojedinom stanju.
Deterministickim modelom, na osnovu vremena zadrza-
vanja mostova u odredenoj klasi rejtinga stanja, moze se
odrediti trajektorija pogorSanja stanja mostovskih
konstrukcija i ustanoviti klasa rejtinga stanja mostova u
budu¢nosti. Nove mostovske konstrukcije polaze od
klase rejtinga stanja ,1” i sukcesivno prolaze kroz svaku
narednu klasu rejtinga stanja, dok ne dostignu najgore
stanje ,6”. Na osnovu redovnih inspekcijskih pregleda
promene stanja mostova u NiSu tokom vremena,
ustanovljeno je vreme zadrzavanja mostova u pojedinoj
klasi rejtinga i dobijeno najkraée vreme potrebno da nov
most stigne do nedopustivog rejtinga stanja ,6”, koje
iznosi 42 godine, ukoliko se nikakva intervencija ne
preduzima i ne ulaze u odrzavanje i popravke.
Podrazumeva se da mostovske konstrukcije ne smeju
da borave u klasi rejtinga stanja ,6”.

Postavlja se klju¢no pitanje: koja drutvena zajednica
moze sebi da dopusti da ,zamenjuje” mostove svakih
Cetrdesetak godina?

PogorSanje stanja mostovskih konstrukcija na
gradskim saobracajnicama NiSa analizirano je i prime-

bridge. The models of deterioration of condition of bridge
structures were introduced by the end of 1980’s in order
to predict the future condition of infrastructural property
in the function of the expected level of service. In the
study conducted in the Transportation Systems Centre -
TSC [Busa et al., 1985] in Cambridge, the factors
aggravating the condition of the elements of a bridge
were examined. The study concluded that the most
influential factors of bridge structure deterioration
condition are age, intensity of traffic load, environmental
conditions, parameters used in design of structural
elements of the bridge, and quality of the used material
and quality of construction process itself. According to
the report of FHWA [USDOT/FHWA, 1989], most of the
research indicated that the indices of condition
deterioration showed considerable changes in the first
several years of service, while later on they tend to
predict a decelerated decline of rating of bridge
structures condition.

The potential for forecast of the condition deteriora-
tion process of basic technical and functional characteri-
stics of bridges, as well as the evaluation of the remain-
ing service life are invaluable input data for the bridge
management system. The models which forecast dete-
rioration of bride structures condition in time are crucial
for efficient planning of maintenance. This is particularly
prominent in the process of optimization and planning of
necessary activities and corresponding finances.

Modelling of the condition deterioration process is
very complex and intricate, since there are multiple
factors affecting this phenomenon, because of which
due attention is paid to that in many countries. Various
techniques are implemented for the forecast of bridge
structure condition deterioration. In principle, the models
for forecast of bridge condition deterioration can be
classified in four categories: models of physical -
chemical processes, deterministic models, stochastic
models and artificial intelligence models.

6 FUTURE CONDITION FORECAST

The length of time that bridges spend in certain
condition can be defined according to the updated
database of the bridge structure inspection. In addition,
trajectory of bridge structure deterioration can be
determined along with the future rating class of bridge
condition by using deterministic model based on the
length of time the bridge spends in certain class of
condition rating. New bridge structures start from the
condition rating class "1" and they successively pass
through every following class of condition rating, until the
worst condition "6" is reached. On the basis of regular
inspections of bridge condition change in time in Ni§, the
length of time bridges spend in certain rating classes
was established, and the shortest time required for a
new bridge to reach impermissible condition rating "6"
was obtained; it amounts to 42 years, if no interventions
are undertaken and no investments are made in
maintenance and repair. It is stated that bridge structure
should not dwell in the condition rating class "6".

The key question is: what social community can
afford to “replace” the bridges every 40 years?

Bridge structure condition deterioration on the traffic
routes of Ni§ was also analyzed using stochastic
models. Usage of stochastic models considerably contri-

GRADEVINSKI MATERIJALI | KONSTRUKCIJE 60 (2017) 3 (31-46)
BUILDING MATERIALS AND STRUCTURES 60 (2017) 3 (31-46)

41



nom stohasti¢kih modela. Upotreba stohastickih modela
zna€ajno doprinosi na polju modeliranja pogor$anja
stanja infrastrukture, zbog izuzetno visoke neizvesnosti i
sluCajnosti koje karakteriSu proces pogorSanja stanja
konstrukcija. NajceS¢e  koris¢ena  tehnika za
prognoziranje pogor$anja stanja infrastrukture je model
Markovljevih2 lanaca. Markovljevi modeli pogorsanja
stanja mostovskih konstrukcija zasnivaju se na konceptu
definisanja stanja u smislu ocene stanja konstitutivnih
elemenata mosta i dobijanja verovatnoée prelaza iz
jednog stanja u drugo stanje. Pomoéu Markovljevog
lanca racuna se verovatnoca da se element mosta ili
mostovska konstrukcija u odredenom trenutku vremena
nade u odredenom stanju. Stanja su diskretne
kategorije. Broj stanja (stepena dotrajalosti) u kojima se
Markovljev proces moZe nac¢i je konaan (u ovom
slu€aju 6). Izmedu dva sukcesivna inspekcijska pregleda
moguc je prelazak iz boljeg stanja u gore stanje najviSe
za jedan nivo ocene stanja. Markovljevi procesi bi
trebalo da ispunjavaju sledece uslove [Collines, 1972]:

— sistem je definisan nizom konac¢nih stanja i moze
biti u jednom jedinom stanju u datom trenutku;

— poznato je pocletno stanje sistema i raspodela
verovatnocée pocetnog stanja;

— pretpostavlja se da su verovatnote prelaza
stacionarne tokom vremena i nezavisne od nacina kako
je samo stanje bilo postignuto.

Verovatnoca prelaza

butes to the modelling of infrastructure condition deterio-
ration, because of extremely high uncertainty and
randomness which characterize the process of structure
condition deterioration. Most frequently used technique
for forecasting the infrastructure condition deterioration
is the Markov” chains model. Markov’s models of bridge
structure condition deterioration are based on the con-
cept of definition of the condition in terms of assessing
the condition of constitutive elements and obtaining the
probability of transition from one condition to another. By
using the Markov’s chain, one calculates the probability
of a bridge element or bridge structure being in a certain
condition in a certain moment in time. Conditions are
discrete categories. The number of conditions (deterio-
ration degrees) in which the Markov process can be
found is finite (in this case it is 6). Between two suc-
cessive inspections, a transition from a better to a worse
condition is possible, but not for more than one degree
of condition assessment. The Markov's processes
should satisfy the following conditions [Collines, 1972]:

— asystem is defined by a series of finite states and
it can be only in one state in a given time,

— the initial condition of the system and distribution
of initial condition probability are known,

— it is assumed that the probabilities of transitions
are stationary in time, an independent of the way how
the state was achieved.

Transition probability

Py =PlX, =i Xy =] @)

iz jednog stanja u drugo stanje, predstavijena je
matricom (n x n) koja se naziva matrica verovatnoca

prelaza P, gde je n broj stanja. Oblik matrice
verovatnoca prelaza jeste:
P11 Pz OO
0 P Pz 0O
p= 0 0 Paa P
0 0]
[ 0 0
0 0

U ovom slu€aju, matrica verovatnoca prelaza P jeste
kvadratna matrica 6. reda sa elementima pj, gde je:

from one state into another is represented by the matrix
(n x n) which is called the matrix of transition probability
P, where n is the number of the condition. The form of
the transition probability matrix is:

0
0
© &)
0
Pa-1m-1 Pa-1n
0 1-

In this case transition probability matrix P is a square
matrix of 6™ order with the elements pi, where:

Svaki element u ovoj matrici p; predstavija
verovatnocu da ¢e komponenta sistema napraviti
prelazak iz stanja ,i” u trenutku t, u stanje ,j’ u trenutku
th+1> tn (tokom odredenog prelaznog perioda).

Pretpostavka da tokom jednog diskretnog
vremenskog razdoblja (od t, do tn:1), proces moze ili
ostati u istom stanju ili preéi u prvo naredno viSe stanje,
daje konacan oblik matrice verovatnoca prelaza.

Ako je sadasnje ili poCetno stanje poznato, tj. p(0) =
[P1(0) p2(0) p3(0) ... pn(0)], onda se buduce stanje
moze predvideti u svakom trenutku t.

2 Awugpeit AnapeeBny Mapkos (14. 06. 1856-20. 07. 1922) hio
je ruski matematiCar i ¢lan Ruske akademije nauka.
Najpoznatiji je po svojim istraZivanjima u teoriji stohasti¢kih
procesa, koja su posle postala poznata kao Markovljevi
procesi.

Each element in this matrix pj, represents a
probability that a system component will transit from
state "i" at the moment t, into state "j" at the moment
th+1> tn (in the course of certain transition time period).

The assumption that during one discrete time period
(from tn to tn+1), the process can either remain in the
same state or transit into the first successive higher state
provides the final form of the transition probability matrix.

If the present or initial state is known, i.e. p(0) =
[p1(0) p2(0) p3(0) ... pn(0)], then the future state can be
forecast at any given moment t.

% Augpeit AHgpeesny Mapkos (June 14th 1856 - July 20th
1922) was a Russian mathematician and a member of the
Russian academy of sciences. He was the most famous for
his research of the theory of stochastic processes, which later
became known under the name of Markov's processes.
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Vektor verovatnota pocCetnog stanja formira se
tokom prvog niza pregleda mostovskih konstrukcija.
Vektor verovatnoéa buduéeg stanja dobija se
mnoZzenjem vektora verovatnoc¢a poc€etnog stanja p(0) s
matricom verovatnoca prelaza P na m-ti stepen, kao $to
je dato matricnom jednacinom (4).

p(t,) =p(0) x P™

gde je:

p(tn) = [ Pa(tn) Pa(tn) Ps(tn) --- Pn(tn)]

vektor verovatnoc¢a buduéeg stanja nakon m vremenskih
intervala (godina).

Na osnovu jednacine (4), sracunate su verovatnoée
da odredeni broj mostova boravi u svakoj klasi rejtinga
stanja za period do 2045. godine, ako bi se nastavila
primenjivana ,jeftina” strategija ,ne preduzimati nista”
(do nothing), odnosno ,Cekati”.

PogorSanje stanja mostovskih konstrukcija na
gradskim saobrac¢ajnicama NiSa, dobijeno stohasti¢kim
modelom Markovljevog lanca za prognozirani period,
predstavljeno je na slici 6.

Klasa rejtinga

o) (O O

Q]

9
4

Initial state probability vector is formed during the
first series of bridge structures inspections. Future state
probability vector is obtained by multiplying the vector of
initial state probability p(0) with the transition probability
matrix P to m-th power, as provided by the matrix
equation (4).

(4)

Where is:
(5)
the future state probability vector after m time intervals

(years).

On the basis of the equation (4), are calculated
probabilities that certain number of bridges is dwelling in
each condition rating class for the period until 2045 if the
implemented “cheap” do nothing or wait strategies
persist.

Bridge structure condition deterioration on the city
traffic routes of Ni§, obtained using the stochastic model
of the Markov's chain for the forecast time period, is
displayed in figure 6.
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Slika 6. Graficki prikaz Markovljevog lanca pogor8anja stanja mostova u Nisu
Figure 6. Graphic preview of the Markov chain bridges deterioration in Nis

Dobijeni broj mostova u klasi rejtinga stanja 6 treba
uzeti uslovho (podrazumeva se da mostovske
konstrukcije ne mogu da borave u klasi rejtinga stanja
,0"), jer dosledna primena ovakve ,jeftine” strategije ,ne
preduzimati nista”, odnosno ,Eekati” neminovno dovodi
do njihovog uruSavanja. Dakle, vodenjem ovakve
Jeftine” strategije odrzavanja ,ne radi nista” (do nothing),
koja ne proizvodi nikakve direktne troSkove, dobija se
najkraci eksploatacioni vek mosta. Stoga, namece se
potreba za planiranjem aktivnosti odrzavanja mostovskih
konstrukcija, ¢ime bi se produzio eksploatacioni vek
postoje¢ih mostova uz razumne troSkove. Zbog toga,
dalja istrazivanja i aktivnosti autora ovoga rada
usmerena su na program preventivnog odrzavanja —
kako na individualnom, tako i na mreznom nivou,

The obtained number of bridges in the condition
rating class 6 is only provisional (it is comprised that
bridge structures cannot dwell in the condition rating
class "6", because “consistent implementation” of such
“cheap” strategy — “do nothing” or “wait”, will lead to their
certain collapse. Therefore, using such “cheap”
maintenance strategy “do nothing” which fails to incur
any direct costs, will result in the shortest service life of
the bridge. For these reasons, it is imperative to plan the
bridge structure maintenance activities, which would
extend the service life of the existing bridges with the
reasonable costs. For this reason, further research and
the activities of the author of this paper are directed
towards the program of preventative maintenance, both
at the individual and network level, selection and choice
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selekciju i izbor strategija i programa za odrzavanje i
rekonstrukciju, odnosno zamenu objekta na osnovu
metode analize koStanja zivotnog ciklusa (life-cycle cost)
i optimizacije radova, kao i na selekciju i manipulaciju
ogromnog broja neophodnih podataka za sve mostove u
mrezi. Fokus ovih istrazivanja je da se nade odgovor na
osnovno pitanje ,kako se moze uraditi bolje?”, a u skladu
s raspolozivim sredstvima, umesto dosada$njeg
menadzment pristupa ,prvi najgori’, s obzirom na to Sto
je nivo finansiranja daleko ispod potreba za rekonstruk-
cijom i revitalizacijom svih neadekvatnih mostovskih
konstrukcija u zemlji, kod kojih su utvrdeni odredeni
konstrukcijski i funkcionalni nedostaci.

7 ZAVRSNE NAPOMENE

Sistem upravljanja mostovima obezbeduje racio-
nalan i sistematiCan pristup svim aktivnostima koje se
odnose na upravljanje mostovima kako na indivi-
dualnom, tako i na mreznom nivou. Najekonomicnije
obezbedenje nosivosti, upotrebljivosti i trajnosti, uz
zahtevani nivo pouzdanosti i sigurnosti postojecih
mostova, veoma je znacajna tema savremene projek-
tantske prakse i naucnih istrazivanja. Ovaj problem
znatno se uvecava kada je re€¢ o celovitom sao-
bra¢ajnom sistemu - mrezi. Za razliku od tradicionalnog
pristupa da se mostovi tretiraju ponaosob, a problemi
reSavaju u ftrenutku kada vec¢ nastanu, sistemi za
upravljanje mostovima baziraju se na bankama
podataka i imaju planski i organizovan pristup reSavanju
problema na nivou mrezZe objekata.

Za obezbedenje planskog i kvalitetnog optimalnog
upravljanja mostovima, izuzetno je vazno da odgovorna
licnost koja upravlja bazom podataka i rezultatima
pregleda mostova, mora biti sertifikovani inZenjer sa
znanjem i iskustvom u projektovanju i gradenju mostov-
skih konstrukcija.

Upravljanje mostovima i drugim objektima u sklopu
saobracajne mreze, veoma je kompleksan sistem s
velikim brojem izuzetno raznovrsnih, ali medusobno
usko povezanih i zavisnih aktivnosti.

Problematika se poveéava shodno veli€ini mreze,
rastu obima saobracaja, promeni transportnih sredstava,
zatim razli€itoj osetljivosti konstrukcija i okoline, kao i
istorijskom nasledu koje se prvenstveno ogleda u
prevazidenim metodama projektovanja i gradenja,
sanacije, rekonstrukcije i odrzavanja. Na primer, kori$-
¢enje dilatacionih sprava za spre€avanje prekomernih
poduznih pomeranja i sila na dugackim Zzeleznic¢kim
mostovima skupo je i loSe reSenje u pogledu bez-
bednosti saobracaja, udobnosti, kao i troSkova
odrzavanja [16]. Zbog toga se primenjuju druga moguca
reSenja — u skladu s projektom konstrukcije. U ovakvim
sluajevima, upravljacke odluke ne mogu biti zasnovane
na intuitivnom procenjivanju i prosudivanju. One nuzno
moraju biti zasnovane na rezultatima klju¢nih elemenata
celovitog upravljackog sistema, sposobnog da iz aspekta
Siroke druStvene zajednice dugorono proceni sve
posledice odlaganja ili nepreduzimanja potrebnih mera
odrzavanja mostovskih konstrukcija. Dosadasnji rezultati
ukazuju na potrebu novih istrazivanja i usvajanja
adekvatne strategije odrzavanja, odnosno planskog i
sistematskog pristupa u oblasti upravljanja mostovima.
Nacdin na koji se taj pristup ostvaruje odreden je

of strategies and programmes for maintenance and
reconstruction, i.e. replacement of structures based on
the life-cycle cost analysis method and on the
optimization of works and on selection and manipulation
of immense number of necessary data for all the bridges
in the network. The focus of these research has a goal of
finding an answer to the fundamental question “how to
work better?”, according to the available resources,
instead of the management approach of tackling the
“first and worst”, regarding that the level of finances is far
below the requirements for reconstruction and
revitalization of all inadequate bridge structures in the
country where certain structural and functional
deficiencies are detected.

7 CLOSING REMARKS

Bridge management system provides a rational and
systematic approach to all activities which relate to
bridge management, both on an individual and the
network level. The most cost-effective provision of
bearing capacity, serviceability and durability, with the
required level of reliability and safety of the existing
bridges is a very important topic of contemporary
designer practice and scientific research. This problem
considerably rises the question about the integral
transportation system network. As opposed to the
traditional approach that bridges are treated individually,
and problems are solved when they occur, the bridge
management systems are based on databases and have
a well planned and organized approach to problem
solving at the level of structure network.

For provision of the planned and good quality
optimum bridge management, it is very important to
have a certified engineer with knowledge and experience
in designing and building bridge structures as a
responsible person who manages the database and
bridge inspection results.

Management of bridges and other structures within a
transportation network is very complex system with a
high number of extremely diverse but mutually closely
connected and dependent activities.

The complexity of the problem increases according
to the size of network, rise of traffic frequency, change of
transport vehicles, different sensibility of structures and
environment and to the historical legacy which primarily
means obsolete methods of designing and building,
restoration, reconstruction and maintenance. For
instance, usage of expansion devices prevention of
excessive longitudinal displacements and forces on the
long railway bridges is a costly and poor solution in
terms of traffic safety, comfort and maintenance cost
[16]. For this reason, alternative solutions in accordance
with the structural design are implemented. In such
cases, the management decisions cannot be based on
the intuitive assessment and judgment. They should be
necessarily based on the results of the key elements of
comprehensive management system able to provide a
forecast to the wide social community of all the
consequences of delaying and doing nothing regarding
the bridge structure maintenance. Current results
indicate the need for a new research and adoption of
adequate maintenance strategy, that is, a planned and
systematic approach in the field of bridge management.
The way in which this approach is realized is determined
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razvojem sistema upravljanja mostovima, a uspeSnost
upravljanja bitho =zavisi od izbora i doslednog
sprovodenja svih relevantnih aktivnosti koje Cine taj
sistem.
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REZIME

OCENA STANJA | PERSPEKTIVE ODRiAVANJA
MOSTOVSKIH KONSTRUKCIJA U GRADU NISU

Milan GLIGORIJEVIC

Mostovi su gradevinski objekti koji svojom veli¢inom,
izgledom, pojavom u prostoru, pa €ak i simbolikom, vrlo
Cesto dominiraju ambijentom ili krajolikom u kojem se
nalaze. S druge strane, preventivnom odrZavanju ovih
objekata — kao optimalnom re$enju — nije se posvecivala
neophodna paznja koliko je to bilo potrebno, narocito
kada je re€¢ o naSem podrucju. UoCen je permanentni
porast osteéenja na mostovima, uz enormni pad
nosivosti i bezbednosti mostova, te su od ogromnog
znacaja razvoj i uvodenje adekvatnog sistema upravlja-
nja mostovima s ciljem efikasnijeg odrzavanja i o€uvanja
postoje¢ih mostovskih konstrukcija.

Sistem upravljanja mostovima u Srbiji uveden je
1986. godine, kao originalan i za to vreme izuzetno
moderan. Medutim, njegova prakti¢na primena pokazala
je odredene nelogi¢nosti u dobijenim listama prioritetnih
aktivnosti.

U svojoj doktorskoj disertaciji, autor ovoga rada dao
je novi predlog — na osnovu optimizovanog kriterijuma
vrednovanja prioriteta. Time su otklonjene uocene
nelogi¢nosti naseg aktuelnog sistema upravljanja mosto-
vima i ostvareno je znacajno poboljSanje efikasnosti
odredivanja liste prioriteta.

PredloZenom metodologijom, a na osnovu rezultata
sopstvenog viSedecenijskog monitoringa mostova, ura-
dena je ocena stanja i perspektiva odrzavanja mostova u
gradu Nisu, koja je prezentovana u ovom radu.

Kljuéne reci: Upravljanje mostovima, vrednovanje
prioriteta, analiza, ocena stanja, prognoza.

SUMMARY

CONDITION ASSESSMENT AND MAINTENANCE
PERSPECTIVES OF BRIDGE STRUCTURES IN THE
CITY OF NIS

Milan GLIGORIJEVIC

Bridges are civil engineering structures which very
often dominate the environment or landscape where
they are situated by their size, appearance in space and
even by symbolism. On the other hand, preventive
maintenance of these structures, as an optimum
solution, is paid insufficient deal of attention, especially
in our country. A permanent increase of damage on the
bridges is observed, followed by an enormous decrease
of bearing capacity and safety, which means that it is
critical to develop and introduce an adequate system of
bridge management with an aim of maintenance and
preservation of existing bridge structures.

Bridge management system in Serbia was
introduced in 1986, as an original, and extremely
contemporary system for the time. However, its practical
application exhibited certain illogical issues in the
obtained lists of priority activities.

The author of this paper, in his doctoral dissertation,
offered a new proposition based on the optimized
criterion of priority evaluation. This removed certain
illogical points of the current bridge management
system, and achieved a considerable increase of
efficiency when making priority lists.

The paper presents the proposed methodology
based on the results of bridge monitoring over a period
of several decades which was used to provide bridge
condition assessment and its maintenance perspectives
in the city of Nis.

Key words: Bridge management, priority evaluation,
analysis, assessment, forecast.
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PODZEMNE STAMBENE ZGRADE U KONTEKSTU ENERGETSKI EFIKASNIH
GRADEVINA

EARTH-SHELTERED HOUSING BUILDINGS IN THE ENERGY EFFICIENT
STRUCTURES CONTEXT

Aleksandar RUD[\IIK MIITANOVIC'
Nada KURTOVIC FOLIC

1 UvOoD

Razvoj podzemne stambene arhitekture u velikoj
meri zavisi od okruZenja u kojem su objekti bili izgradeni
(klima, geografsko podrugje...) ali i od materijala i
tehnologije koji su primenjeni prilikom gradenja. Vecina
podzemnih stambenih objekta podignuta je u podrucjima
u kojima su visoka temperatura i retke kiSe klimatske
karakteristike, a retko su prisutni u hladnijim, planinskim
krajevima sa snegom. Istrazivanja pokazuju da je
podzemno stanovanje veoma zastupljeno u mediteran-
skim zemljama, Aziji i Africi, Severnoj Americi i delovima
Evrope, i to u veéem ili manjem obimu u svim istorijskim
periodima.

Od praistorije do danas, Covek se prilagodava uslo-
vima i okruzenju u kojem obitava, postepeno podizuéi
nivo kvaliteta zivlienja i funkcije zajednice u kojoj
uCestvuje kao jedinka. Pecine, planine i pustinjski
ambijent nude moguénosti za razli€ite oblike podzemnih
habitata. Od ¢ovekovog napustanja pecine, on se bori s
problemima da savlada prirodu i bira najfunkcionalnije i
najprikladnije oblike fiziCke strukture da bi zadovoljio
svoje potrebe. Podzemni objekti, kao specifi€an oblik
gradevine koja zadovoljava potrebe stanovanja, pojav-
ljuju se na svim delovima nase planete.[1] Njihova tipo-
logija uglavnom najviSe zavisi od klimatskih karak-
teristika podruc¢ja na kojem cCovek zivi. [2] Podzemni
stambeni objekti sustinski se mogu istrazivati putem
njihove dve naj¢esce pojave:
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1 INTRODUCTION

Evolution of underground residential architecture is
largely dependent on the environment in which the
buildings were constructed (climate, geographical area
...), but also of the materials and technologies used
during the construction. Most residential underground
facilities were built in areas where the climatic
characteristics are high heat and rare rainfall, while they
are rarely present in colder, mountainous areas with
snow. Researches indicate that the underground
dwellings were built in many Mediterranean countries,
Asia and Africa, North America and Europe, with a
greater or lesser extent, through all historical periods.

From prehistory to nowadays, man adapts to the
conditions and environment in which he resides,
gradually raising the quality of life and the function of the
community he acts as an individual. Caves, mountains,
and desert ambients offered opportunities for different
forms of underground habitats. From the man's exodus
from the cave, he is struggling with the problems of
overcoming nature and choosing the most functional and
most suitable form of physical structure for the fulfillment
of his own needs. Underground objects as a specific
form of structure for meeting the needs of housing,
appear in all parts of our planet. [1] Their typology was
mostly dependent on the climatic characteristics of the
climate that man lived. [2] Earth-sheltered housing
objects can essentially be viewed through their two most
commonly occurring forms;
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e podzemni stambeni objekti smesteni u prirodnom
okruzenju s minimalnom intervencijom ljudi;

e podzemni stambeni objekti koje ljudi stvaraju,
menjajuéi karakterisitike prirodnog okruzenja pri ¢emu
nove strukture prilagodavaju prirodnom okruzenju.

Za razliku od praistorijskog Coveka, Covek XXI veka
ima vece tehnoloSke moguénosti da prilagodi Zivot u
podzemnim gradevinama svojim potrebama, bez obzira
na to da li se radi o jednom ili drugom nacinu navedenog
oblika njihovog stvaranja.[3]

Podzemni objekti predstavljaju kombinovani odrzivi
model koji prvenstveno funkcioniSe na bazi recikliranja
atmosferske vode s povrsine zelenih krovova, koristeci
energiju koja dolazi iz zemlje ili podzemnih voda za
potrebe zagrevanja ili hladenja. Usled ograni¢enih pros-
tornih kapaciteta u gradovima za primenu principa
bioklimatskog dizajna, u razvoju podzemnih gradevina
izvan naselja koja nisu infrastrukturno obezbedena,
moguce je posti¢i maksimalnu energetsku efikasnost
uvodenjem solarnih sistema, kao tre¢eg dodatnog oblika
snabdevanja energijom. Neposredni rezultat primene
modela podzemnih objekata u urbanizovanim okruze-
njima jeste zadrzavanje ukupne povrsine tla pod vegeta-
cijom, ¢&ime se postize maksimalni efekat povoljnog
uticaja na kvalitet i kvantitet ekosistema koji se moze
sacuvati ovim specifi€nim tipom gradenja. [4]

Evoluirajuci od pecina i drugih sli¢nih oblika, danas u
podzemnim stambenim objektima Zzivi preko 50 miliona
ljudi. Nova podzemna stambena arhitektura stvara se sa
izrazenom brigom zbog povecéanja energetske potrosnje
i gradi se na osnovu iskustva anonimnih graditelja
podzemnih objekata, Ciji su koncepti danas inovativna
reSenja za probleme ljudi XXI stoleca. [5]

U ovom ¢lanku mi ukazujemo na znacajno povoljnije
energetske aspekte ukoliko podzemna gradnja postane
ucestalija.

2 PODZEMNE STAMBENE ZGRADE U KONTEKSTU
ENERGETSKI EFIKASNIH GRADEVINA

S ciliem da se smaniji uticaj atmosferskih padavina i
talozenja, posebnu paznju tokom gradnje podzemnih
stambenih objekata treba obratiti na:

e izbor mesta za gradenje;

e pravljenje drenaze u skladu s lokacijom i vodoot-
pornim slojevima terena u svim aspektima dodira objekta
sa zemljom.

Vegetacija na mestu gradenja moze biti od
viSestruke koristi za budu¢e ponaSanje objekta. Zeleni
fond se moze posmatrati iz viSe aspekata u odnosu na
uticaj koji ima na podzemno stanovanje. Jedan je,
svakako, zna¢ajna Stednja energije koja se moze postici
postojanjem ili sadenjem drveca na mestu planiranom za
gradnju podzemnog stanovanja. Testovi vezani za
koli¢inu uStede energije sa zelenim zasadima jo$ nisu
uradeni, ali iz prakse je poznato da zasadi na juznoj
strani podzemne stambene zgrade mogu tokom leta
znatno smanijiti temperaturu unutar zgrade.

U Americi se istrazivanje o energetskoj efikasnosti
podzemnih stambenih objekata sprovodi od osam-
desetih godina proSlog veka. Parametri koji konkretno
ukazuju na potrebu da se definiSu propisi za izgradnju
ovih objekata, na osnovu Ccinjenica koje su merljive,
potvrduju da podzemni stanovi predstavljaju kuce s vrlo

e Underground residential buildings located in a
natural environment with minimal human intervention;

e underground residential buildings that man creates
by changing the characteristics of the natural
environment and the new structure adapts to the natural
environment.

Unlike a prehistoric man, a man of the 21st century
has far greater technological abilities to compare life in
underground facilities to his needs, whether it is one or
the other mentioned approach to the use of these
facilities. [3]

Underground structures represent a combined
sustainable model, which functions primarily on the
recycling of atmospheric waters from the surface of
green roofs, using energy derived from earth or ground-
water for heating and cooling purposes. Due to limited
spatial capabilities in cities for the application of bio-
climatic design principles, by affirming the development
of subterranean buildings outside settlements that are
not infrastructural supplied, it is possible to achieve
maximum energy efficiency by introducing solar systems
as the third supplementary form of energy supply. The
direct result of applying the model of underground
facilities in urbanized environments is to maintain the
total area of the soil under vegetation, thus achieving the
maximum effect of achieving favourable impacts on the
quality and the quantity of ecosystems that can be pre-
served using this form of specific construction type. [4]

Evolving from the caves and other different types,
over 50 million people live today in earth-sheltered
housing. New underground residential architecture is
created with great awareness for increased energy con-
sumption and built on the experiences of anonymous
builders of underground facilities, whose concepts today
are innovative solutions to the problems of a man of the
21st century. [5]

In this article, we suggest significantly more
favourable energy aspects if underground structures
becomes more common.

2 EARTH-SHELTERED HOUSING BUILDINGS IN
THE ENERGY EFFICIENT STRUCTURES
CONTEXT

Special attention during the construction of under-
ground residential facilities with the aim of reducing the
impact of atmospheric precipitation should be paid to:

¢ Selection of the site for construction

e Making drainage in accordance with the location
and terrain waterproofing layers in all aspects of contact
with the ground facility.

The vegetation on the site for construction can have
multiple benefits for future operation of the facility. Green
Fund can be viewed from several aspects in terms of its
impact on the underground dwellings. One, of course, is
a significant energy saving that can be achieved with the
existence or planting trees at the site planned for the
construction of an underground dwelling. The tests
related to the amount of energy saving with green
plantations are not yet done, but it is known from
practice that the plantations on the southern front of the
underground residential building can significantly reduce
the temperature inside the building in summer.

In America, research on energy efficiency under-
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dobrim energetskim performansama. Istrazivanje ener-
getske efikasnosti prvenstveno podrazumeva odrediva-
nje parametara koji dovode do procene Koristi od
izgradnje podzemnog objekta u odnosu na nadzemne
strukture. Isti rezultati se mogu dobiti u smanjenju
emisija CO, koris¢enjem energetski efikasnih modela
kao Sto su podzemne konstrukcije.[6]

Prema bazi podataka koja je sastavljena tokom
pomenutog istrazivanja, ,moze se re¢i da kuce
pokrivene zemljom pokazuju znatno bolje energetske
performanse nego kuée standardnih fasada”. Tvrdnja da
se potrosnja energije za ovu vrstu ku¢a moze smanijiti do
75%, moze se dokazati kori§¢enjem podataka koji se
odnose na pracenje parametra faktora termickog
integriteta, koji u slu¢aju ku¢a pokrivenih zemljom iznosi
28.40 KV / m? dnevno, dok isti parametar u slu¢aju
tradicionalnih nadzemnih ku¢a iznosi 113.56 KV / m? 7

Prilikom istrazivanja koje je sprovedeno na dve juzno
orijentisane strukture: jednoj podzemnoj stambenoj kuci i
standardnoj nadzemnoj kuéi na istom podrucju, Stanjec i
Novak iz Odeljenja za gradevinarstvo na TehnoloSkom
univerzitetu u Vroclavu, zakljugili su da gubici i dobici
stoje u odredenim razmerama, s vrlo sli€énim pokazate-
ljima. Utvrdili su, takode, da se, ako se parametri
vrednosti za hladenje i grejanje analiziraju zasebno,
primecuju znacajne razlike. [8]

Ova pojava uzrokovana je Cinjenicom da je toplotni
gubitak u podzemnom objektu znatno manji nego u
nadzemnim zgradama, ali samo u toku grejne sezone, te
da je tokom letnje sezone toplotni gubitak u pozemnim
objektima veci. PoSto je temperatura tla u letnjem
periodu niza od temperature vazduha, posledica je
hladenje objekta. Ovo je jedan od glavnih razloga zasto
podzemne konstrukcije zahtevaju znatno manje energije
od povrSinskih. Primetili su, takode, da su u toku grejne
sezone toplotni gubici u podzemnim stambenim
zgradama od 14%, 8% i 5% maniji za 5 cm, 10 cm i 20
cm debljine toplotne izolacije. Povecanje debljine slojeva
zemlje iznad krovnog pokriva¢a smanjuje gubitke toplote
za 20-25%, 10-15% i 5% primenom toplotne izolacije od
5 cm, 10 cm i 20 cm u poredenju s toplotnom izolacijom
od 0.5 m”. U ovom smislu moze se zakljuciti da su
toplotni dobici u podzemnim stambenim zgradama do
40% veci nego u povrsinskim strukturama.[9]

Da bi dokazali teze iz njihovog istrazivanja s jasnim
uporednim odnosima prosecnih vrednosti, Stanjec i
Novak su razvili ,dijagram gubitaka toplote” koji pred-
stavlja uporednu analizu za nadzemne i podzemne
objekte, u zavisnosti od debljine izolacije i debljine
slojeva zemlje iznad podzemnih objekata, koji su
predstavljeni kao prose¢ne vrednosti, vrednosti tokom
grejne sezone i sezone hladenja.

Istrazivanja sprovedena na Drzavnom univerzitetu
Oklahoma [10] i Vendt-ova istrazivanja [7] potvrduju da
su podzemne stambene zgrade energetski efikasne
zgrade i da su bile od velike vaznosti za odnos prema
proceni energetske efikasnosti kao jedne od najvaznijih
komponenti u vrednovanju opste efikasnosti podzemnih
zgrada.

ground residential facilities is conducted since the 80th
of the last century. Parameters that specifically point to
the need to define regulations for the construction of
these facilities, based on the facts that are measurable,
and which indicate that the underground dwellings are
houses with very good energy performance. Research
on energy efficiency; primarily implies to determine the
parameters which lead to the assessment of the benefits
of building underground in relation to the above-ground
structures. The same results could be obtained in
reducing CO, emissions by using more energy-efficient
models such as underground structures. [6]

According to the database compiled during the
mentioned research "it can be said that the houses
covered with earth exhibited considerably better energy
performances than the standard surface houses”. The
claim that the energy consumption for this type of
houses can be reduced up to 75%, can be proved using
the data related to monitoring the thermal integrity factor
parameter, which in case of the houses covered with soil
averages 28.40 KW/m? daily, while the same parameter
in case of traditional surface houses averages 113.56
KW/m? ", [7]

On the event of the research conducted on two
south-oriented structures: one being earth-sheltered
elevated housing and the standard surface house of the
same area the Staniec and Nowak from the Department
of Civil Engineering at the University of Technology of
Wroclaw, concluded that the losses and gains stand in
certain proportions, with very similar indicators. They
also determined that if value parameters for cooling and
heating are separately analyzed, considerable differen-
ces are observed. [8]

They found that they arise due to the fact that the
thermal loss in an earth-sheltered housing is consi-
derably less than in the surface housing, but only during
the heating season and that during the summer season,
thermal loss in the earth-sheltered housing is higher.
Since the temperature of soil in the summer is lower
than the air temperature, this causes cooling of the
structure. it is one of the main reasons why underground
structures require considerably less energy than the
surface ones. They also noticed that during the heating
season "thermal losses in underground residential
buildings by 14%, 8%, and 5% are less by the 5cm,
10cm and 20cm thickness of thermal insulation.
Increasing the thickness of the layers of the earth above
the roof panel reduces heat losses by 20-25%, 10-15%
and 5% for 5cm, 10cm and 20cm thermal insulation
compared to 0.5m thermal insulation". The [9] in this
sense, it can be concluded that heat gains in the
underground housing structures are up to 40% higher
than in the surface structures.
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Slika 1. Uporedna analiza nadzemnih i podzemnih objekata, u zavisnosti od debljine izolacije i debljine zemljanog sloja

iznad podzemnog objekta (prema [8])

Figure 1. Comparative analysis of the above-ground and underground objects, depending on the thickness of the

insulation and the thickness of the ground layers in underground objects (after [8])
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Kada se statistika kao Sto je ova posmatra u svetlu
kvalitativnih polaznih razloga za promenu ¢itavog skupa
dokumenata vezanih za podrudja planiranja i izgradnje,
moze se ocekivati promocija Siroko prihvacene podzem-
ne arhitekture stanova, s jednim od primarnih ciljeva
danasnjice, a to je planiranje i izgradnja podzemnih
pojedinaénih zgrada, ali i Citavih naselja, pri ¢emu se ova
tipologija stambenog prostora mozZe odli€éno implemen-
tirati radi stvaranja buducih energetski efikasnih naselja
u Republici Srbiji. [11] [12]

3 UTICAJ BIODIVERZITETA NA PODZEMNO
STANOVANJE

Prisustvo vegetacije na mestu gradenja moze pruziti
viSestruke pogodnosti za buduée funkcionisanje
objekta.[13] Zelenilo se moze posmatrati s nekoliko
stanoviSta, s obzirom na njegov uticaj na podzemne
stambene zgrade. Jedan od nesumnjivo vaznih
aspekata jeste uSteda energije, koja se moze postici
postoje¢im stablima ili njihovim postavljanjem na lokaciji
koja je planirana za izgradnju podzemne stambene
zgrade zasticene zemljom. Testovi koji se odnose na
koli€inu energije ustedene sadenjem zelenila joS nisu
dovoljno zastupljeni, ali iz prakse je poznato da biljke na
juznoj strani zgrade zasticene zemljom mogu pruziti
znacajno smanjenje temperature unutar zgrade tokom
letnje sezone.

In order to show the theses from their research with
clear comparative relationships of average values
Stanjec and Novak developed a "heat loss diagram"
which represents a comparative analysis of the above-
ground and underground objects, depending on the
thickness of the insulation and the thickness of the
ground layers in underground objects, presented as
average values, values during the heating season and
the cooling season.

The research conducted by Oklahoma State Univer-
sity [10], and Wendt [7] confirm underground residential
buildings as energy-efficient buildings and were of great
importance for the relationship to the assessment of the
energy efficiency as one of the most important com-
ponents of general efficiency of underground buildings.

When the statistics such as this is viewed in the light
of qualitative initial reasons for the change of an entire
set of documents related to planning and construction
areas, one can expect promotion of a more widely
present underground housing architecture, with one of
the primary goals of the present times, which is planning
and construction of individual buildings, but also of entire
settlements, where this housing typology can be
implemented with an aim of creation of future energy
efficient settlements in the Republic of Serbia. [11] [12]

3 IMPACT OF BIODIVERSITY ON EARTH-
SHELTERED HOUSING

The presence of vegetation at the construction site
can provide multiple benefits for the future functioning of
the structure. [13] The greenery can be observed from
several viewpoints, regarding its impact on the earth-
sheltered housing buildings. One certainly important
aspect is energy saving which can be achieved by
having or planting trees on the location planned for
construction of earth-sheltered housing building. The
tests related to the amount of energy saved by planting
the greenery have not been conducted yet, but it is
known from the practice that plants on the south side of
the earth-sheltered building can provide the significant
reduction of the temperature inside the building in the
summer season.

I

Slika 2. Primeri uticaja biodiverziteta na podzemne gradevine: a. vegetacija $titi od sunéanih zraka tokom letnje sezone;
b. vegetacija propusta sun¢ane zrake tokom zimske sezone; c. vegetacija Stiti od vetra. (prema [14])

Figure 2. Examples of biodiversity impacts on the earth sheltered buildings: a. vegetation blocks solar radiation in
summer season; b. vegetation lets through solar radiation in the winter season; c. vegetation as a protection from wind.
(after [14])

Ako se sade nove biljke, potrebno je da se na juznoj
strani objekta zasade listopadne biljke, kako bi se
omogucilo prodiranje sunceve svetlosti kroz ogoljene
krune drve¢a u zimskom periodu. Vetar, takode, moze

If new plants are planted, it is necessary to plant
deciduous trees on the south side of the structure, so as
to allow sunlight penetration through bare tree crowns in
winter. The wind can also impact the building tempera-
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uticati na temperaturu zgrade, tako da se, u zavisnosti
od smera duvanja vetra, mozZe saditi nova vegetacija ili
se moze Kkoristiti postojeca, spreCavajuc¢i tako direktan
udar vetra na objekat.

U izvestaju Agencije za energetiku drzave Minesote
u vezi sa istrazivanjem u Juznoj Dakoti, navodi se: ,kada
se uporede parametri za dva identi€na objekta (jednog
sa zelenilom u neposrednom okruZenju, a drugog bez
zelenila), zaklju€uje se sledece:

— kuéa koja je imala zelenilo u neposrednom
okruzenju zgrade, imala je uStedu do 40% energije u
odnosu na kuc€u bez zelenila”.[15]

Istrazivanje je takode ukazalo na to da postoji uticaj
vegetacije na Stednju prilikom upotrebe podzemnog
stanovanja, tako da je prilikom izgradnje takvih struktura
neophodno planirati vegetaciju u skladu s gradevinskom
orijentacijom i lokalnim zahtevima.

4 PRIKAZ OSNOVNIH UTICAJA NA
FUNKCIONISANJE PODZEMNIH STAMBENIH
OBJEKATA

4.1 Uticaj padavina na podzemno stanovanje

Prilikom izgradnje podzemnih stambenih zgrada
posebnu paznju treba obratiti na:

e izbor mesta za izgradnju gradevine;

e postavljanje drenaznog sistema, u odnosu na
mesto i konfiguraciju zemljista;

* postavljanje vodootpornih slojeva na mestu dodira
objekta sa zemljom kako bi se otklonio uticaj padavina i
vode uopste.

Uticaj atmosferskih padavina na podzemnu stambe-
nu arhitekturu jeste jedan od najvecih rizika za njihovu
eksploataciju. Tipologija podzemnih objekata predstavlja
mogucnost za manje ili vece uticaje atmosferskih voda.
Prema Reju Skotu, autoru knjige ,Kako izgraditi svoj
podzemni objekat” (How to build your own underground
home) najvecu opasnost po podzemne objekte
predstavljaju ukopani objekti, jer ovaj tip objekata
omogucéava pojavu nekontrolisane koli¢ine vode pri
obilnim padavinama. [16] [17]

ture, so depending on the wind blowing direction, vege-
tation can be planted or the existing vegetation can be
used, preventing direct impact of the wind on the
structure

In the report of the Agency for Energy of Minnesota,
related to the research in South Dakota, it is stated that
"when comparing the parameters for two identical
objects (one with greenery in the immediate environment
and the other without greenery), the following
conclusions were reached:

— House that had greenery in the immediate sur-
roundings of the building, had savings of up to 40%
energy in relation to a house without greenery”. [15]

That research also indicated that there is an impact
of the vegetation on the saving in the usage of earth-
sheltered housing so that when constructing such struc-
tures, it is necessary to plan the vegetation in accor-
dance with the building orientation and local requirements.

4 PRESENTATION OF THE BASIC IMPACTS ON
ENERGY FUNCTIONING OF EARTH -
SHELTERED STRUCTURES

4.1 Impact of rainfall on underground housing

When constructing underground housing, a special
attention must be paid to:

e The choice of location of construction of the
structure

e Construction of a drainage system, regarding the
location and land configuration

e Construction of waterproofing layers at the contact
of the structure with soil In order to reduce the rainfall
impacts.

The impact of rainfall on an underground housing
structure is one of the greatest risks for the operation of
such buildings. The typology of underground structures
represents the potential for a weak and the strong
impact of rainfall. According to Ray G. Scott, author of
the book "How to build your own underground home"
"The greatest danger to underground objects is buried
objects because this type of objects allows the
appearance of uncontrolled water in abundant
precipitation”. [16] [17]
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Slika 3. Detalj preseka kroz ukopani-prodiruci tip podzemnog objekta, s prikazom rizika prilikom dreniranja (prema [18]).
Figure 3. A cross section detail of an envelope/true underground structure, with the presented drainage risks (after [18]).
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Poseban problem koji prouzrokuje potencijalnu Stetu
zbog pritiska kiSe koji prolazi kroz slojeve zemlje do
objekta javlja se u podzemnim zgradama u onim
slu€ajevima kada nema kanalizacionih kanala i mreznog
sistema s drenaznim cevima, kojima bi se odvodila voda
nakupljena na zidu prema nagibu. [18]

Pored rizika od boc¢nih uliva atmosferske vode,
osnovni problem koji su podzemni objekti imali s velikom
koli¢inom vode i vlage u objektu, nastajao bi kada bi se,
pri projektovanju, odabrao pogreSan tip objekta u
odnosu na teren. Jedan od takvih primera upravo je
objekat atrijumske ukopane kuée u Arizoni, gradene
osamdesetih godina prosSlog veka. Prema izjavama
samih vlasnika, objekat je u najve¢em broju slucajeva
imao probleme s nekontrolisanim prodorom atmosferske
vode, usled poloZaja pristupa objektu, koji se odvija
preko atrijuma, formiranog ispod saobracajnice, i to na
nizoj koti u odnosu na put s kojeg se pristupa objektu.
[19]

A particular problem causing potential damage due
to the rainfall pressure flowing to the house through the
earth layers is found in elevation — in-hill underground
buildings, in those cases when no drainage canals and
drainage pipe network system is provided, which would
drain the water accumulated on the wall towards the
slope. [18]

Apart from the risk form the lateral penetration of
rainfall, the basic problem the earth sheltered buildings
had in terms of excess water and dampness in the
structure was caused by the improper choice of structure
for the land configuration in the design phase. [One of
such examples is the atrium envelope house in Arizona,
built in the 80’s of the previous century. According to the
owners themselves, the building in most of the case had
a problem with the uncontrolled penetration of rainfall,
which is caused by the position of the access to the
house, which is organized via an atrium created below a
road, at a lower level than the road used for accessing
the house. [19]

Slika 4. Podzemna kuca sa atrijumom u Arizoni: a. pozicija pristupa objektu;
b. pogled na objekat ukopanog tipa sa atrijumom (prema [19])

Figure 4. The atrium envelope house in Arizona: a. Building access position,
b. View of the envelope/true underground building (after [19])

Pojava privremenih podzemnih voda pri prelasku iz
jednog u drugo godiSnje doba, ,mozZe stvoriti problem
usled velikog nagomilavanja vode u situacijama kada je
nepripremljen objekat izloZzen pritisku vode” [20], koji se
moze znatno smanjiti preduzimanjem svih potrebnih
koraka prilikom same izgradnje objekta.

Pored standardnih pristupa izradi hidroizolacionih
slojeva kod podzemnih stambenih objekata, negativni
uticaji se, danas, svakako zna€ajno mogu umanijiti
postavljanjem gumiranih membrana, koje ne samo §to
utiCu na nemogucnost prodiranja vode ka objektu, vec
istovremeno sluZe za zadrZzavanje vode radi navodnja-
vanja vegetabilnog sistema iznad krovne konstrukcije
objekta.

Provera geoloskih slojeva zemlje, uz informacije o
stabilnosti i slojevima podzemnih voda, moze znatno
spreciti moguce negativne pojave prilikom eksploatacije
objekta.

The occurrence of temporary underground waters
when the season's change, “can create a problem due to
the large accumulation of water in situations where the
unprepared object is exposed to water pressure” [20],
which can be significantly reduced when all necessary
steps when constructing the building are taken.

By creating a drainage layer made of sand and
gravel and by placing a drainage pipe around the
building potential for damage to the structure and
penetration of rainfall water is considerably reduced.

In addition to the standard approaches to the building
of waterproofing layers of the underground structures
roofs, the negative impacts can be considerably reduced
nowadays by installing rubber membranes, which not
only prevent water from penetrating the structure but
retain water so that vegetation system above the roof
structure can use it.
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Slika 5. Detalj zone pritiska atmosferske vode (prema [20])
Figure. 5. A detail of the rainfall water pressure zone (after [20])
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Slika 6. a. Detalj zgrade bez hidroizolacionog sloja; b. Detalj zgrade sa hidroizolacionim slojem
Figure 6. a. A detail of the building without the waterproofing layer; b. A detail of the building with the waterproofing

Istrazivanja energetske efikasnosti podrazumevaju
pre svega utvrdivanje parametara kojima se dolazi do
ocene povoljnosti izgradnje podzemnih u odnosu na
nadzemne objekte, ali i nasutih u odnosu na ukopane
objekte u terenu. U zavisnosti od unetih parametara i
karakteristika objekata koji se istrazuju, mogu se dobiti i
razliciti rezultati. Ipak, znacajno je istac¢i da su podaci koji
se dobijaju egzaktni i dobijeni racunskim putem, jer se
koriste specijalizovani softveri koji su upravo namenjeni
takvim proradunima. Pored podataka o toplotnoj
sprovodljivosti, energetska efikasnost zavisi i od niza
drugih faktora, koji zbirno uti€u na ocenu o energetskoj
kategoriji podzemnog stambenog objekta, kao Sto se vidi
iz Tabele 1.

A survey of the geological layers of earth, along with
information on the stability and layers of ground waters
can prevent potential negative situations during the
building service life.

Research of energy efficiency, comprise the primarily
identification of parameters used to assess advantages
of construction of earth sheltered structures over the
surface structure, but also of buried structures in
comparison with envelope/true underground structures.
Depending on the input parameters and characteristics
of researched structures, different results can be
obtained. Yet, it is interesting to point out that the
obtained data are exact and computational, obtained
using specialized software. In addition to data about
thermal conductivity, energy efficiency depends on a
number of other factors, which cumulatively affect the
assessment of energy category of an underground
housing building as could be seen in Table 1.
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Slika 7. Detalj preseka kroz temeljnu zonu zida podzemnog objekta
Figure 7. A detail of the cross section through the foundation zone of the underground structure wall

Slika 8. a. Gumirana hidroizolaciona membrana; b. Primer termicke izolacije
Figure 8. a. Waterproofing rubberized membrane; b. Thermal insulation example
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Slika 9. Odnos promena spoljasnje i unutradnje temperature na primeru podzemnog objekta u Misuriju, SAD
Figure 9. Relation of variation of external and internal temperature for an underground structure in Missouri, USA
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Tabela 1. Stepen energetske efikasnosti u odnosu na tipologiju objekta
Table 1. Degree of efficiency regarding the structure typology

Faktor / Factor

Tip podzemnog stambenog objekta / Type of earth-sheltered dwelling building

nasuti / covered with the earth

u terenu / buried in to the soil

Pasivni solarni potencijal
Passive solar potential

odlican / excellent

manije efikasan / less efficient

Termalna stabilnost
Thermal stability

manje efikasan / less efficient

odlican / excellent

Prirodni osvetlja potencijala
Potential of natural light

efikasan / efficient

manje efikasan / less efficient

Zastita od vetra
Wind protection

manje efikasan / less efficient

odlican/ excellent

Zastita od buke
Protection against noise

manje efikasan / less efficient

odlican / excellent

Vizuelizacija / Visualization

odlican / excellent

manje efikasan / less efficient

Klimatski uslovi
Climate conditions

efikasan za umerenu klimu
efficient for moderate climate

efikasan za tropsku klimu
efficient for tropical climate

moderan dizajn tradicionalna moderan dizajn tradicionalna
Strukturni troskovi modern design traditional modern design traditional
Structural costs prosecan manji troskovi visoki troskovi high manji troskovi
average lower costs costs lower costs

Istrazivanja termalnih pokazatelja, obavljena na
nasutoj podzemnoj stambenoj kuéi u Misuriju,
predstavljaju ,parametre pracenja temperature u tom
objektu u periodu od ¢etiri dana sa intervalima merenja
od Sest sati, prilikom kojih je uoCena konstantna
unutrasnja temperatura, u odnosu na promene spoljne
temperature”. [21] Ti podaci konkretno ukazuju na
prednosti izgradnje podzemnog nasutog stambenog
objekta, posebno uzimajuéi u obzir Cinjenicu da za
odrzavanje konstatne temperature prilikom merenja nisu
postojali niti su kori§¢eni sistemi za zagrevanje objekta.

4.2 Podzemni stambeni objekti u kontekstu
smanjenja negativnih ekoloskih uticaja na
zivotnu sredinu

Od 1900. godine i francuskog arhitekte EZzena Enara
[21], koji je objavio manifest u kojem zastupa sistem
podzemnog saobracaja na nekoliko nivoa, preko Frenka
Lojda Rajta, koji je 1930. godine uspostavio sistem
perifernih gradova [22], do dana$njih gradova s
neboderima, kao karakteristicnim tipovima visokih
zgrada XXI veka, doslo se do tacke razvoja zajednice
kada je neophodno smanjivanje negativnih uticaja na
Zivotnu sredinu, putem modela povratka prirodi i Zivotu
izvan zagadene urbane centralne zone, S§to,
najverovatnije, moze biti izvedeno neposrednom
interakcijom s prirodnim okruzenjem. [23] Podzemne
stambene strukture u ovom kontekstu mogu se smatrati
strukturalnim posrednicima u epicentru takvih interakcija.

Statisticki podaci ukazuju na konkretne pokazatelje,
prema kojima u gradu danas zivi viSe ljudi, nego u
njegovom okruzenju ili samoj prirodi. Poslednjih sto
godina zabeleZen je protok stanovnidtva i migracija sa
imanja na sela, od sela ka gradovima i od gradova ka
metropolama. Poznato je da gradovi koriste do 75 posto
globalnih izvora energije i proizvode vecinu otpadnih
materijala. [24] S takvom stopom potro$nje energije,

The research of thermal indicators, conducted on the
bermed earth sheltered house in Missouri represent
"parameters for monitoring the temperature of this object
for a period of 4 days with 6-hour measurement
intervals, during which a constant internal temperature is
detected, in relation to the changes in the outdoor
temperature”. [21] Those data indicate advantages of
construction of bermed housing buildings, especially
taking into consideration the fact that for retaining of
constant temperature during measuring, no building
heating systems were used.

4.2 Earth sheltered housing buildings in the
context of reduction of negative environmental
impacts

Since 1900 and the French architect Eugene Hénard
[21], who had a manifest advocating the system of
underground traffic at several levels, through Frank
Lloyd Wright who in 1930 established a system of
peripheral cities [22], up to the present day cities with
towers, as a characteristic typology of tall building of 21
century we have come to the point of community
development where the necessity to reduce negative
environmental impacts, through the model of return to
nature and life outside polluted urban central zone, can
most likely be effected by a direct interaction with natural
environment. [23] Underground housing structures in this
context can be considered as structural mediators in the
epicenter of such interactions.

The statistics indicate concrete data, according to
which there are more people nowadays living in the
cities, then in their environment, or in nature. In the last
one hundred years, the flow of population and migration
from the countryside towards villages, and from the
villages towards cities and from the cities towards
metropolises was recorded. It is known that cities use up
to 75 per cent of global energy resources and produce
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gradovi postaju generatori negativnog uticaja globalnog
zagrevanja na planetu Zemlju.

"Posmatrajuci statistiku koja upucuje na Cinjenicu da
komercijalni i stambeni objekti emituju 39 posto CO, u
atmosferu, a da u skoro 70% sluCajeva ovi potroSaci
troSe elektricnu energiju (prema analizi sprovedenoj u
SAD), jasno je da su upotreba energije za hladenje i
grejanje od kljuénog znacaja za uticaj na Zivotnu sredinu
okruzenja u kojoj se objekti nalaze.” [25]

Da bi se uporedili troSkovi energije za grejanje koje
su imali prose¢na nadzemna i podzemna stambena
zgrada, napravljena je studija slu¢aja za zgradu od 135
m?. Ova studija je potvrdila da arhitektura podzemnog
stambenog prostora moze ostvariti smanjenje od 72%
potroSnje energije u poredenju sa standardnom
nadzemnom kuéom.

most of the waste materials. [24] With such energy
consumption rate, the cities become generators of the
negative impact of the global warming on the planet
Earth.

"Observing statistics that point to the fact that
commercial and residential objects in CO, emissions in
the atmosphere account for 39 percent, and that in
almost 70% of cases these consumers are consumers of
electricity (taking an example of analysis conducted in
the US), it is clear that the use of energy for cooling and
heating are of key importance for the environmental
impacts that objects perform in their environment." [25]

In order to compare heating energy costs incurred by
an average surface and an underground housing build-
ing, a case study for the building of 135m? was made.
This study confirmed that underground housing archi-
tecture can result in the reduction of 72% of energy con-
sumption in comparison with a standard surface house.

Tabla 2. Odnos potro$nje energije nadzemnih u odnosu na podzemne objekte
Table 2. Ratio of energy consumption, standard surface house in comparison with underground structures

merna jedinica
measurement unit

nadzemni stambeni objekti
above ground residential buildings

podzemni stabeni objekti
earth sheltered residential buildings

zima/ winter :
gas/ gas
nafta / oil
elektricna energija / electricity

2,656.9 m* ($65.80)
710 ($129.90)
23,157 ($428.80)

871.5 m® ($27.60)
233 ($42.60)
7,596 ($191.10)

leto / summer:
elektr. ener. / electricity

3,962 ($98.40)

0

Posmatraju¢i ove podatke, moze se zakljuciti da je
potrosSnja energije podzemnog objekta u letnjem periodu
za tre€inu niza od one za nadzemnu zgradu, dok je
potroSnja energije tokom leta nula, Sto znali veoma
mnogo u smislu zastite Zivotne sredine, jer su uticaji
znatno smanjeni. [26] U sluajevima kada su korid¢ene
druge vrste energije za grejanje, kao $to su gas ili ulje,
moze se primetiti da su koristeni tri do Cetiri puta manje,
tako da se ukupna koli¢ina energije tokom zime moze
smatrati finansijskom ustedom, ali predstavlja i ekoloSki
prihvatljiv metod, u pogledu ukupnog uticaja na Zivotnu
sredinu. Moguc¢nost formiranja vestackih zelenih krovova
primenjiva je za obe tipoloSke grupe stambenih zgrada,
tako da se kontekst ekoloski prihvatljivog oblika zgrade
moze pozitivno posmatrati i na ovaj nacin, uzimajuc¢i u
obzir Cinjenicu da zelena krovna struktura utiCe na
poveéanje povrSine ispod vegetacije ili zadrzavanje
postojeée vegetacije u gradevinskoj zoni.

5 ZAVRSNE NAPOMENE

Podzemna arhitektura stanovanja predstavija
energetski efikasnu vrstu objekata. Ovaj specifican tip
stambene izgradnje preporucuje se umesto standardnih
nadzemnih zgrada zbog svojih energetski efikasnih
svojstava i kvaliteta.

Svi tipoloski oblici arhitekture podzemne stambene
kuce do sada su bili uglavhom pojedinaéni, eksperi-
mentalni napori. Nisu postojali, takode, ni propisi za
efikasan nadzor nad izgradnjom ovih objekata. Za
srpsku teoriju i praksu medunarodno iskustvo je od
kljuénog znacaja za dalji razvoj i uskladivanje s proce-

By observing these data, it can be concluded that the
energy consumption in the summer period is for third
lower than that of a surface housing building, while the
energy consumption in the summer is zero, which
means a lot in environmental terms, as impacts are
considerably reduced. [26] In cases where other kinds of
heating energy were used, such as gas or oil, it can be
noticed that they were used 3 to 4 times less, so the total
amount of energy during winter can be considered
financial saving but also the environmentally acceptable
method, regarding the total environmental impact. The
potential for formation of artificial green roofs is a
possibility of both typological groups of housing
buildings, so the context of environmentally acceptable
form of buildings can be positively observed separately,
taking into account the fact that he green roof structure
affects the increase of area under vegetation or retention
of the existing vegetation in the construction zone.

5 CONCLUDING REMARKS

Underground housing architecture represents an
energy efficient type of structures. This specific type of
housing construction is recommended for the standard
surface buildings because of its more energy efficient
properties and its quality.

All the typological forms of underground housing
architecture up to date were mostly individual,
experimental endeavors. Construction had no
regulations for efficient monitoring of construction of
these structures. For Serbian theory and practice
international  experience is crucial for further
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durama prilikom projektovanja i izgradnje podzemnih
stambenih objekata, iz sledecih razloga:

e u vecini proucenih primera, podzemni pristup
izgradnji ukazao je na znacajne ustede koje su ostvarili
takvi gradevinski modeli;

e kombinovanje zelenih krovova sa strukturama
nasutog elevacionog tipa najéesci je gradevinski model u
Srbiji;

e izgradnja ovih objekata umnogome je izrazena u
Vojvodini koja ve¢ ima tradiciju stvaranja takvog tipa
zgrada;

e proseCne temperature u podzemnim stambenim
zgradama kre¢u se od 16 do 20 stepeni Celzijusove
skale;

e zeleni krovovi, sa srednjim zahtevima,
poluintenzivni, procenjuju se kao tip koji moze obezbediti
dobre efekte tokom celog leta [27] [28], tako da se ovaj
tip zelenog krova moze smatrati adekvatnim za objekte
nasutog elevacionog tipa;

e maksimalne ustede ostvaruju se sa zelenim slojem
krovnog vrta, pri ¢emu je sloj tla debeo od 100 do 900
mm; - optimalna vrsta krovnog vrta ima bujnu vegetaciju
- sloj tla debljine od 300 mm sa grmovima iznad moze
ustedeti do 15% godiSnje potroSnje energije, odnosno
79% ustede energije za hladenje zgrade;

e krovne baste smanjuju toplotni tok za 52-57% u
odnosu na keramicke ili metalne krovove; [29] [30]

— za potrebe odrzavanja konstantne temperature
tokom zimskog perioda neophodno je projektovati i
alternativne hibridne sisteme za snabdevanje objekata
potrebnom koli¢inom energije i to u kombinaciji vetro-
generatora i solarnih kolektora.

Prednosti izgradnje podzemne stambene arhitekture
jesu smanjenje efekata toplotnih ostrva i usSteda energije
u zgradama, jer podzemni stambeni objekti smanjuju
godisnju potrebu za grejanjem i hladenjem. [31] S druge
strane, s obzirom na ¢injenicu da je sunéevo zraéenje
daleko veceg intenziteta leti, podzemni stambeni objekti
igraju vaznu ulogu u redukovanju energetske potrosnje
za hladenje u odnosu na standardne nadzemne termicki
izolovane objekte.[32]

Na osnovu opisanih istrazivanja, mogu se formulisati
preporuke za projektovanje objekata nasutog eleva-
cionog tipa. Ovu preporuku treba povezati s pravilnim
izborom kori§éenih materijala i tehnikama gradnje, ¢ime
se generiSu rezultati koji se primenjuju prilikom procene
izbora novih dizajnerskih kreacija, kojima se obogacuje
tipologija podzemnih stambenih objekata.

Prikazana istrazivanja nesumnjivo dokazuju da pod-
zemni stambeni objekti predstavljaju adekvatan i veoma
kvalitetan model stanovanja, koji se dobro prilagodava i
moze se primenjivati na teritoriji cele Republike Srbije.

Zahvalnost: U clanku je predstavljen deo istrazi-
vanja koja se obavljaju u okviru projekta TR36042, a
koji finansira Ministarstvo prosvete, nauke i tehnoloSkog
razvoja Republike Srbije.

development and harmonization with procedures during
designing and construction of underground housing
structures for the following reasons:

¢ In almost all presented examples, the underground
construction approach indicated considerable savings
accomplished by such construction models;

e Combining of green roofs with the bermed
elevation structures is the most common construction
model in Serbia;

o Construction of these structures is to a great extent
present in Vojvodina, which already has a tradition of
construction of such buildings;

e Average temperatures in underground housing
buildings range between 16 -20 degrees Celsius;

e Green roofs, with medium requirements, semi-
intensive, are assessed as the type which can provide
good effects during the entire summer [27] [28] so this
type of the green roof can be observed as an adequate
for bermed underground housing;.

e Maximum savings are accomplished with a green
layer of the roof garden, where the soil layer is from 100
to 900 mm thick; - the optimal type of roof garden has
bush vegetations — 300 mm thick layer of soil with
shrubbery can save up to 15% of yearly energy
consumption, that is, 79% saving of building cooling
energy;

e Roof gardens reduce the heat flux for 52-57% in
comparison to ceramic or metal roofs. [29] [30]

In order to maintain constant temperature during
winter period, it is necessary to design alternative hybrid
systems for supplying structures with the necessary
amount of energy, as a combination of wind power
generators and solar panels;

The advantages of implementation of underground
housing architecture are the reduction of heat islands
effects and saving energy in buildings (underground
housing buildings reduce yearly heating and cooling
energy demands), [31]. On the other hand, regarding the
fact that solar radiation has considerably higher intensity
in the summer, underground housing buildings play an
important role in the reduction of the cooling energy
consumption in comparison to the standard surface
thermally insulated buildings. [32]

On the basis of the described research, the
recommendations for the design of the bermed elevation
type buildings can be formulated. This recommendation
should be related to the proper choice of the used
materials and construction techniques, which generate
the results which are implemented on the assessment of
new designs which enrich typology of underground
housing structures.

The conducted research prove that underground
housing structures represent an adequate and very good
quality housing model which is very adaptable and can
be implemented across the entire territory of the
Republic of Serbia.

Acknowledgment: The article is part of the project
TR36042 financed by the Ministry of Education, Science
and Technological Development of the Republic of
Serbia.
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REZIME

PODZEMNE STAMBENE ZGRADE U KONTEKSTU
ENERGETSKI EFIKASNIH GRADEVINA

Aleksandar RUDNIK MIITANOVIC'
Nada KURTOVIC FOLIC

Podzemna stambena arhitektura predstavlja energet-
ski efikasnu vrstu struktura. Ova specificna vrsta
stambene izgradnje preporu€uje se viSe od standardnih
nadzemnih zgrada zbog svojih energetski efikasnih
svojstava i kvaliteta.

Svi tipoloski oblici arhitekture podzemnih stambenih
zgrada do sada su uglavnom bili pojedinac¢ni, eksperi-
mentalni napori. lzgradnja podzemnih stambenih obje-
kata uglavnhom nema propise za efikasan nadzor nad
izgradnjom ovih specifi¢nih tipova objekata. Za srpsku
teoriju i praksu, medunarodno iskustvo, prikazano i
obrazlagano u ¢lanku, presudno je za dalji razvoj i
uskladivanje s procedurama prilikom projektovanja i
izgradnje podzemnih stambenih objekata u nas.

Kada se medunarodno iskustvo posmatra u svetlu
kvalitativnih inicijalnih razloga za promenu &itavog skupa
dokumenata vezanih za planiranje i podrucja izgradnje,
moze se ocekivati promocija Siroko prisutne podzemne
stambene arhitekture, s jednim od primarnih ciljeva
sadasnjeg vremena, koji se odnosi na planiranje i
izgradnju pojedinacnih zgrada, ali i Citavih naselja, u
kojima se ova specificna tipologija stambenog prostora
moze realizovati radi stvaranja buducih energetski
efikasnih naselja u Republici Srbiji.

Kljuéne reci: podzemno stanovanje, energetski
efikasni objekti, uticaj biodiversiteta, osnovni uticaji na
podzemne objekte, smanjenje negativnih uticaja
okruzenja.

SUMMARY

EARTH-SHELTERED HOUSING BUILDINGS IN THE
ENERGY EFFICIENT STRUCTURES CONTEXT

Aleksandar RUDNIK MILANOVIC
Nadja KURTOVIC FOLIC

Underground housing architecture represents an
energy efficient type of structures. This specific type of
housing construction is recommended for the standard
surface buildings because of its more energy efficient
properties and its quality.

All the typological forms of underground housing
architecture up to date were mostly individual, experi-
mental endeavors. Construction had no regulations for
efficient monitoring of construction of these structures.
For Serbian theory and practice international experience
reviewed in the article is crucial for further development
and harmonization with procedures during designing and
construction of underground housing structures.

When the international experience is viewed in the
light of qualitative initial reasons for the change of an
entire set of documents related to planning and con-
struction areas, one can expect promotion of a more
widely present underground housing architecture, with
one of the primary goals of the present times, which is
planning and construction of individual buildings, but
also of entire settlements, where this housing typology
can be implemented with an aim of creation of future
energy efficient settlements in the Republic of Serbia.

Key words: earth-sheltered housing, energy efficient
structures, impact of biodiversity, basic impacts on earth-
sheltered structures, reduction of negative environmental
impacts.
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SAKRALNI OBJEKTI OD DRVETA U BOSNI | HERCEGOVINI

WOODEN SACRAL OBJECTS IN BOSNIA AND HERZEGOVINA

Naida ADEMO\/,IC'
Azra KURTOVIC

1 UvOoD

Bosna i Hercegovina bogata je Sumom s razli€itim
listopadnim i crnogoriénim drvecem koje je pogodno za
izgradnju konstrukcija, a drvo kao gradevinski materijal
naslo je svoju masovnu upotrebu u najstarijim periodima.
Brvnara' je tipi¢ni oblik objekta koji je graden ne samo u
brdskim podrucjima, nego i u Sloveniji te u zapadnoj i
centralnoj Srbiji. Nije iznenadujuée da je mnogo crkava
brvnara izgradeno od drveta te da dzamije imaju drvene
munare.

Istorijski zna&aj sakralnih drvenih konstrukcija tek je
u skorije vrijeme prepoznat u Evropi, a u Bosni i
Hercegovini u posljednjoj deceniji. U tom smislu, pocet-
na tacka jeste prepoznavanje vrijednosti i znacaja objek-
ta, te njihovog odgovarajuceg konstrukcijskog ponasanja
koji ¢e biti osnova prilikom razmatranja razlicitih postu-
paka konzervacije i restauracije. Drveni sakralni objekti
dugi niz godina bili su zapostavljeni i bili su stavljeni na
marginu da budu zaboravljeni. Zna€aj ovih objekata
prepoznat je tek u posljednjim decenijama $to nije bilo
sluaj prije nekoliko decenija, kada su ovi objekti ili
rekonstruisani na neadekvatan nacin (Sto se jo$ uvijek
deSava u pojedinim slu€ajevima), ili u potpunosti uniste-
ni, ili su kao rezultat neodrzavanja dozivjeli znacajno
propadanje. Nepotrebne popravke veoma Cesto dovode
do gubljenja istorijskog materijala i kao posljedica gubi
se istorijski karakter i autentina vrijednost naslijeda.
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1 INTRODUCTION

Bosnia and Herzegovina is rich in forests with
different deciduous and coniferous trees which are
suitable for construction, and timber as a construction
material found its massive usage in the oldest periods of
time. Brvnara® (Log cabin) is a typical building form
which was built not only in the hilly areas but as well in
Slovenia and in West and Central Serbia. It is of no
surprise that many of the log cabin churches are made
of wood and that mosques are with wooden minarets.

The historical significance of sacral wooden struc-
tures has only recently been recognized in Europe and
in Bosnia and Herzegovina only in the last decade. In
that respect, the starting point is recognizing the value
and significance of structures and then their proper
structural behavior which will be the basis for consi-
dering different conservation and restoration approa-
ches. Wooden sacral objects for a long time have been
abandoned and were put on a margin to be forgotten.
The significance of these structures has been recogni-
zed in the last decades which was not the case several
decades ago, when these structures were either
reconstructed in an inappropriate manner (which is still
happening in some occasions), or completely destroyed,
or as a result of non-maintenance they have significantly
deteriorated. Unnecessary repairs very often lead to the
loss of historic material and consequently the loss of
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Dakle, moze se konstatovati da nekada neznanje ljudi
dovodi do gubitka autenti¢nosti objekata kulturno-isto-
rijskog naslijeda. Nakon utvrdivanja stanja konstrukcije
na licu mjesta neophodno je izvrSiti modeliranje i pro-
raCun ovih konstrukcija uzimajuci u obzir karakteristike
popre¢nog presjeka, uslove veze, te veliki broj nepo-
znanica. S obzirom na to Sto se radi uglavnom o linijskim
elementima drvenih konstrukcija, to mozZe dovesti do
netaCne ideje da se radi o jednostavnim elementima $to
kao posljedicu moze imati neadekvatno modeliranje i
analize. Ovo je nesto Sto treba imati na umu.

Drveni sakralni objekti koji su prezivjeli nisu pre-
poznati kao prenos spoznaja o razvoju konstruktivnog
projektovanja i prakse zanatskih radnika. Ali, ovo je u
nekim slu€ajevima dovelo do drugog ekstrema a to je
Jlaziranje” originalnosti konstrukcija. Sakralni objekti kao
Sto su dzamije s drvenim munarama i crkve brvnare, bilo
da su pravoslavne ili katolicke, jesu reprezenti drvenih
objekata u Bosni i Hercegovini, koji nisu samo medu-
sobno prepleteni nego su ¢vrsto povezani stambenom
strukcije imaju zajednicku arhitektonsku stambenu bazu
a razlikuju se u nekim specifi€nim svojstvima. Zajednicke
elemente predstavlja tehnika izvodenja temelja od
drvenih greda, zatim dva nacina izvodenja zidova od
dugackih brvana, kao i ista konstrukcija krovova, a sve je
preuzeto iz domace tradicije gradnje drvetom. Razlika je
jedino u tome $to se kod drvenih dZzamija u Bosni kao
pokrov primjenjuje samo Sindra, a kod crkava sitni drveni
klis. Ove zajednicke karakteristike mogu se objasniti
radom domacih majstora. U XIX stolje¢u domaci majstori
grade jednostavne crkve bez ukrasa i u tlocrtnom smislu
su jako sliéne seoskim kuéama.

2 DZAMIJE S DRVENIM MUNARAMA NA TLU BIH

Sama lokacija Bosne i Hercegovine, koja je hila
smjestena na perifernom podrucju Osmanskog carstva,
igrala je zna€ajnu ulogu i imala je veliki uticaj na
arhitekturu dZzamija. Dodatno sveobilje drveta i kamena,
kao i konfiguracija zemljista i tradicije gradenja, imali su
znacajan uticaj. DZzamije u Bosni i Hercegovini mogu se
podijeliti u dvije osnovne grupe. Dzamije s krovom na
Cetiri vode s drvenim ili kamenim munarama pred-
stavljaju prvu grupu. Najmaniji broj istrazivanja posvecen
je ovim konstrukcijama mada one odrazavaju tipi¢nu
bosansku arhitekturu i manje se mogu povezati sa
osmanskom a viSe s lokalnom tradicionalnom arhitek-
turom. Zasvodene dzamije predstavljaju drugu grupu, pri
¢emu one nisu mnogobrojne (iz registra iz 1933. godine
samo 3.2% predstavlja ovu vrstu konstrukcija), medutim,
propracene su znacajnim istrazivanjima zbog svoje
veli¢ine ili monumentalnog izgleda. Ove objekte karak-
terizira tzv. osmanska arhitektura [1], [2], koja za objekte
u BiH podrazumijeva pojednostavijenu matemati¢ku

historic character and loss of authentic value of the
heritage. So, it can be stated that sometimes peoples’
ignorance leads to the loss of authenticity of cultural
heritage structures. Once the state of the structure is
determined on the site it is necessary to make adequate
modeling and calculation of these structures taking into
account section properties, support conditions, and a
vast number of uncertainties has to be taken into
account. Due to the fact that here one is dealing mainly
with linear elements of the timber structures, it can lead
to a false idea of their simplicity, resulting in inadequate
modelling and analysis. This is something that should be
kept in mind.

The surviving wooden sacral objects are not
recognized as passing on evidence of the development
of structural design and craftsman practice. However,
this on some occasions has led to the other extreme and
that is "faking" the originality of the structures. Sacral
objects such as mosques with wooden minarets and log
cabin churches either orthodox or catholic are
representatives of wooden structures in Bosnia and
Herzegovina, which are not only interconnected but
connected by the residential architecture which makes
them even more interesting. These structures have a
common architectural residential basis on one hand and
they still differ is some specific features. The
construction technique of foundation made out of
wooden beams represent a common feature; two
possible construction techniques of building walls of long
logs, construction of the roof are the same, and all of this
is actually taken from the local domestic traditional wood
building. The only difference is that mosques with
wooden minarets in Bosnia use only shingles and
churches use tinny wooden plagues. These common
characteristics can be explained by the works of the
domestic carpentry workers. In the XIX century domestic
workers build simple churches without any decorations
and regarding the layout, they are very similar to the
rural houses.

2 MOSQUES WITH WOODEN MINARETS IN
BOSNIA AND HERZEGOVINA

It is the position of Bosnia and Herzegovina, located
in the peripheral region of the Ottoman Empire, that
played an important role and had a great influence on
the architecture of mosques. Additionally, the abundance
of wood and stone, as well as the land configuration and
the building traditions had a great impact. The mosques
in Bosnia and Herzegovina can be divided into two basic
groups. The mosques with four-sided roofs (broached
roofs) with wooden or stone minarets represent the first
group. The smallest amount of research was conducted
on these structures. Even though they reflect the typical
Bosnian architecture and cannot be entirely connected
to the Ottoman architecture but to the local traditional
architecture. The domed mosques form the second
group, which are not so numerous (from 1933 registry
only 3.2% were these type of structures); however major
research has been done due to their size or monumental
appearance. These structures are characterized by the
so-called Ottoman architecture [1], [2], which for the
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kompleksnost geometrijskog sklada osmanske imperije,
ali i zadrzanu tradicionalnost zasnovanu na stambenoj
arhitekturi bosanskog prostora. Interesantno je primjetiti
da su najpriznatije dzamije, kojima su posvecena
znacajna istrazivanja, one zasvodene, tj. s kupolama [1],
[2], iako brojéano nisu zastupliene u velikom broju.
Donekle se mozZe razumijeti da su ove vrste dZzamija bile
najinteresantnije za istraZivanja sa arhitektonskog
glediSta; medutim, nezainteresiranost za dzamije s
drvenim munarama ne moze se prihvatiti jer iz istorijskog
aspekta, aspekta zaStite, kao i struc¢no-gradevinskog
gledi$ta, ove konstrukcije predstavljaju integralni dio
urbanog i ruralnog okruZenja Bosne i Hercegovine veé
viSe od pet stoljeca.

Bosna i Hercegovina specifi¢na je po broju dzamija s
drvenim munarama, preostalih iz doba osmanske
imperije u odnosu na ostala podrucja zapadnog Balkana.

Medutim, ove vrste dzamija bile su neprimjetne i na
neki nacin ostale su u sjeni monumentalnih dzamija, a
nazivane su ,drvenim” ili ,ruralnim” dzamijama. Ipak,
postojalo je veoma mnogo ovih objekata koji su bili
smjesteni ne samo u malim mjestima nego i u gradovima
kao Sto su Sarajevo, Tuzla, Banja Luka i tako dalje, te
svakako zasluZuju paznju kao kulturno-istorijski
spomenici.

Ceski arhitekt Josef Pospisil bio je prvi koji je priznao
arhitektonsku vrijednost ovih objekata, a radio je u
Sarajevu od 1908. do 1918. godine i istrazivao kulturno
naslijede u Bosni. Do 1990. godine u Bosni su postojale
992 dzamije, i od toga 770 (77,6%) bilo je s drvenim
munarama, 186 (18,7%) s kamenim munarama i 36
(3,6%) bez munara, kao karakteristicnog arhitektonskog
obiliezja. S druge strane, u Hercegovini je ukupno bilo
128 dzamija, a od toga samo 16 (2,5%) s drvenim
munarama, 73 (57%) s kamenim munarama i 39 (30%)
bez munara [3]. Prema tome, u Bosni i Hercegovini 70%
od svih dzamija predstavljaju dzamije s drvenim
munarama. Najvedi broj dzamua s drvenim munarama
bio je u Banjalu¢kom muftustvu 307 (40%), zatim u
Sarajevskom mulftijstvu, 254 (33%), dok ih je najmanje
bilo u Tuzlanskom muftijstvu — 205 (27%).

2.1 Osnova konstrukcije objekta dzamije s drvenim
munarama

U konceptualnom smislu postoje dva tipa dzamija s
drvenim munarama u Bosni i Hercegovini. Prva vrsta
dzamija su dzamije s jednim prostorom za molitvu, a
drugi tip su dzamije sa stubovima kao posebnim
konstruktivnim elementima unutar dzZamije. Povrsma
dzamija je razli¢ita i krece se od malih, sa 25 m? osnove
do velikih koje dostizu 460 mZ.

Tipi€na konstrukcija dzamije s jednim prostorom
prikazana je na shcn 1. Uobi€ajeno je da krov na Cetiri
vode pokriva sofu® izgradenu od drvenih stubova i

2 Administrativno teritorijalno podrucje koje je pod nadzorom
muftije.
® Istureni dio u vidu balkona.

buildings in B&H implies the simplified mathematical
complexity having a geometrical harmony of the
Ottoman Empire, but retained its traditionalism based on
the residential architecture of the Bosnian territory. It is
interesting to note that mostly recognized and inve-
stigated were domed mosques [1], [2] even though
numerically they are non-numerous. From the archi-
tectural aspect, it is to a certain extent understandable
that these types of mosques were the most interesting
for research; however, the lack of interest for the
mosques with wooden minarets cannot be accepted
because from the historical, preservation and engine-
ering aspect of view, these structures are an integral part
of urban and rural environment of Bosnia and Herze-
govina already for more than five centuries.

Bosnia and Herzegovina is specific regarding the
number of mosques with wooden minarets remaining
from the Ottoman Empire in respect to other areas of the
Western Balkans.

However, these types of mosques were rather un-
noticed and in a way stayed in the shadow of monu-
mental mosques, and were referred to as “timber” or
“rural” mosques. Yet, these types of structures were
numerous, and placed not only in the small "rural” places
but in cities like Sarajevo, Tuzla, Banja Luka etc. and
they indeed deserve attention as cultural heritage
monuments.

Czech Architect Josef Pospisil was the first one who
acknowledged the architectural value of these struc-
tures. He worked in Sarajevo from 1908 to 1918 and
conducted research on cultural heritage in Bosnia. Until
1990 in Bosnia there were 992 mosques, and from that
770 (77,6%) were with wooden minarets, 186 (18,7%)
with stone minarets and 36 (3,6%) without minarets, as a
characteristic architectural feature. On the other hand, in
Herzegovina, there were in total 128 mosques, and from
that, only 16 (12,5%) with a wooden minaret, 73 (57%)
with stone and 39 (30%) without minaret[3]. So, in
Bosnia and Herzegovina, 70% of all the mosques were
with wooden minarets. Most of the mosques W|th the
wooden minarets were in Banja Luka muftiate’ 307
(40%), then in Sarajevo muftiate 254 (33%), while the
smallest was in Tuzla muftiate 205 (27%).

2.1 The layout of the mosque with wooden
minarets

Conceptually mosques with wooden minarets in
Bosnia and Herzegovina are of two types. The first type
is mosques with a single-space room for prayer and the
second type is mosques with the pillars as a specific
construction element inside the mosque. The area of the
mosques is various from very small ones, of 25 méin
layouts, to the biggest ones reaching 460 m?.

A typical construction of a mosque with a single
space is shown in Figure 1. Usually, the four-sided roof
covers the sofa® made of wooden pillars and the space

2 |s an administrative territorial entity under the supervision of

a mufti.

s put out a part like a balcony.
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Slika 1. 3D izgled dZamije s drvenom munarom i tlocrt tipicne dZamije s jednim prostorom [3]
Figure 1. 3D view of a mosque with a wooden minaret and layout of a typical mosque with single space[3]

mjesto za molitvu koje je ili kvadratno ili pravougaono u
osnovi. Pored koristenja razli¢itih materijala za izgradnju
i arhitektonskih oblika ovih elemenata, razvio se veliki
broj mogucnosti rasporeda razli€itih religioznih eleme-
nata. Stari krovovi u Bosni su uglavhom pokriveni
drvenom Sindrom, kao dijelom tradicionalne arhitekture,
a koji su kasnije u XIX stolje¢u zamijenjeni crijepom.
Medutim, u Hercegovini, krovni pokrivaci su od kamenih
plo¢a/Sindri, Sto je reSenje direktno povezano s
podnebljem i tradicijom.

Ovo je karakteristika bosanske islamske arhitekture
koja je Siroko rasprostranjena u gradovima i selima.
Interesantna je Cinjenica da je u Sarajevu i Tuzli viSe od
50% dzamija ovog tipa, dok je u Travniku viSe od 66%, a
u Banja Luci viSe od 75%. U Bosanskoj Krajini skoro sve
dzamije su s drvenim munarama.

Interesantno je naznaciti da je kod dzamija s drvenim
munarama naglasak bio na formiranju $to veceg pros-
tora za molitvu a ne na monumentalnosti konstrukcije. U
tom smislu, poloZaj mujezinskog mahfila’® odreden je
tako da se minimizira upotreba grade i da se obezbijedi
Sto veéi prostor za molitvu. U Sulejmaniji dzamiji u
Travniku, mujezinski mahfil je izgraden duz tri zida (slika
2) ali ova dzamija je s kamenom munarom, kao i dzamija
u Buzimu (2.2.4.).

Zidovi dzamije s drvenim munarama napravljeni su
od razli¢itih materijala koji su bili koriSteni prilikom
izgradnje stambenih objekata, od drveta, ¢erpi¢a do ka-
mena. Ista filozofija je koriStena i kod starih crkava
brvnara (poglavlje 3). Kod dZzamija s drvenim munarama
najzanimljiviji je nacin oslanjanja drvenih munara na drvene
tavanice, tj. njihova veza s njima, kakva im je kon-
strukcija, ukruéenja i visina munare u odnosu na dio
objekta koji je predviden za molitvu. Drvene munare
mogu biti oslonjene na mujezinski mahfil, prislonjene uz
dzamiju, s tim $to je drvena munara postavljena na
kameni postament koji ima visinu zidanog dijela objekta
(npr. stara dZamija sa haremom u Spionici Donjoj kod

* Posebno uzdignuti prostor/platforma u dzamiji, obiéno
smjestena nasuprot polozaja munare.

for prayer is either square or rectangular in plan. A large
number of variations regarding the inner positioning of
different religious elements has been developed in
addition to the usage of different materials for
construction and architectural features of these ele-
ments. The old roofs in Bosnia were usually covered
with wooden shingles, as a part of the traditional
architecture, and later on, in the 19" century replaced by
tiles. However, in Hercegovina, the roofs were covered
with stone plates, which is directly connected to the
geographical area and tradition.

This is a characteristic of Bosnian Islamic architec-
ture which is widely spread in towns and villages. An
interesting fact is that in Sarajevo and Tuzla, more than
50% of the mosques are of this type, while in Travnik
more than 66% and in Banja Luka more than 75%. In
Bosanska Krajina almost all mosques are with wooden
minarets.

It is interesting to state that the emphasis lies in
creating as large space as possible for the prayer and
not on the monumentality of the structure. In this respect
the position of the Muezzinmahfili®, is formed in a way to
use minimum construction elements and obtain maxi-
mum space for the prayer. In Sujelmanpashic mosque in
Travnik, Miezzinmahfili is constructed along three walls
(Figure 2) but it has a stone minaret, as well as the
mosque in Buzim(section 2.2.4.).

The walls of the mosques with wooden minarets are
made of different materials which have been used for the
construction of residential buildings, from timber, adobe
to stone. The same philosophy was used for the old log
cabin churches (chapter 3). The most interesting feature
for the mosques with wooden minarets is the way the
wooden minarets are supported by the wooden ceilings,
i.e. their connection to them, their structure type, stif-
feners and the height of the minaret in relation to the part
of the object intended for prayer. Wooden minarets can
rest on the Miezzinmahfili, be aligned to the mosque,

* Is a special raised platform in a mosque, usually opposite the
minaret.
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Slika 2. Sulejmanija dZamija u Travniku — poznata kao Sarena dZamija [4]
Figure 2. Sulejmanpashic mosque in Travnik-known as “The colorful mosque’14]

Srebrenika). Visina drvenih munara uglavnom se kreée
od 7 do oko 20 metara. Tijelo drvene munare veoma
Cesto je dvanaestrostrano, §to odgovara broju stavaka u
pozivu na molitvu koje mujezin izgovara s munare.
Konstrukcija drvenog krovista koju ¢ine rogovi (12x13
cm) postavljeni na medurazmacima od cca 90 cm i
grebene grede, oslanja se na podroznice (rubnu gredu
vien€anicu i srediSnju podroznicu). Podroznice se
oslanjaju na viSestruke uspravne stolice (stubove cca
13x13 cm). Stubovi stolice, na visini od cca 1,20-1,30 m
(mjereno od poda tavana) ukruéeni su s klijeStima
2x8/10 cm, a same stolice se oslanjaju na vezne grede
(presjeka cca 16x16 cm), postavliene u poduznom
pravcu. Unakrsno u odnosu na vezne grede, a s njihove
donje strane, pricvrS¢ene su na osovinskim
medurazmacima od cca 90 cm, stropne grede. No,
svaka dzamija ima svoje specificnosti. Materijali i tehnike
gradnje isti su kao i za stambene objekte [5].

with a wooden minaret set on a stone construction that
has the height of the masonry part of the building (e.g.
the old mosque with a harem in SpionicaDonja near
Srebrenik). The height of the wooden minarets varies
from 7up to approximately 20 meters. The body of the
wooden minaret is very often twelve-sized, which
corresponds to the number of mosque-goers in the call
for pray that the Miezzin pronounces from the minaret.
The structure of the wooden roofing is made of rafters
(12x13 cm) placed at a distance of cca 90 cm and the
ridge beams which is placed on purlin (tie beam and
central rafter).Rafters are placed on multiple upright
constructions (pillars approximately 13x13 cm). The
pillars are at a height of approx. 1,20-1,30 m (measured
from the floor of the attic), stiffened with pins 2x8 / 10
cm, and the upright construction is supported by the
connecting beams (cross section approximately 16x16
cm), placed in the longitudinal direction. In relation to the
connecting beams, and from their bottom, they are
attached to the axle spacing of approximately 90 cm,
ceiling beams. But each mosque has its own
specificities. The materials, construction techniques are
the same as for residential architecture [5].

Slika 3. Karta rasporeda objekata od drveta, ¢erpica i kamena [5]
Figure 3. Map of wooden, adobe and stone houses [5]
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Na karti na sjevernom dijelu (slika 3) kuce su
izgradene od Cerpic¢a [5]. Centralni dio zemlje je bio, i jos
uvijek jeste bogat drvetom, $to je rezultiralo da su kuée u
ovom podrudju izgradene od drveta, dok su u juznom
dijelu, u Hercegovini, ku¢e uglavnom izgradene od
kamena. Cerpi¢ se takode nalazi u centralnom dijelu
zemlje i u velikom broju slu¢ajeva zamijenio je objekte
od drveta u centralnom dijelu, ili je napravljena
kombinacija u obliku bondruka. Ovo sve upucuje na
karakteristike dZzamija u pojedinim podrucjima.

2.2 Primjeri dzamija s drvenim munarama
2.2.1 Sarajevo: Golobrdica dzamija

Mahala® gdje je smjeStena dzamija prvi put se
spominje u 1528. godini, Sto znai da je dzamija
izgradena nekoliko godina ranije, jer su prvo izgradivane
dzamije a onda su okolo formirana naselja. Radi se o
jednoprostornoj dzamiji unutarnjih dimenzija 9,80x7,40
m. Munara je napravljena bez stubova. Specifi¢nost ove
munare je da se ona oslanja na mujezinski mabhfil.
Godine 1982. na samoinicijativu gradana koji idu u ovu
dZzamiju, munara je pomjerena na prethodno priprem-
liene temelje na sjeverni vanjski zid dzamije, i na taj
nain poremecéena je autentiCnost dzamije. Ova inter-
vencija je ugrozila jednu od rijetko o€uvanih specifi¢nih
munara grada Sarajeva, munara koja je bila smjestena
unutar konstrukcije krova i koja se oslanjala na
mujezinski mahfil. Ovo je jasan pokazatelj neadekvatnih
intervencija na povijesnim spomenicima i u suprotnosti je
s Venecijanskom konvencijom [6].

Tokom rekonstrukcije munare dzamije, jedan od
osnovnih zadataka bio je da se munara povrati u
prvobitni polozaj, tako da se dzamiji vrati njen autenti¢an
izgled [6]. Nakon demontaze jednog dijela tavanice
krova kao i dijela konstrukcije mahfila, a na osnovu
vidljivih ostataka, ustanovljen je autentiCan poloZaj
munare (slika 4). Munara (visine 7 metara) vracena je na
prvobitno mjesto, u unutradnjost dzamije, na mujezinski
mahfil (slika 4). Ovaj posao je izvr§en 2009. godine [7].

Jedna od karakteristika sarajevskih dzamija s
drvenim munarama jeste blago nagnuti krov kojem je
kao pokriva¢ najpogodniji bio ¢eremit. Za razliku od
sarajevskog tipa, drugom tipu dzamije s drvenom
munarom pripadaju objekti strmih krovnih ravni, s
drvenim pokrovom. Osim razlika u krovu, njihove
munare imaju manje istaknute galerije s viSim
parapetom, prema tome s manjim otvorom. Ovoj grupi
pripadaju dzamije u Tuzli.

® Znadi ,susjedstvo” ili ,&etvrt”, dio ruralnog ili urbanog naselja,

datira iz vremena Osmanskog carstva.

On the map shown in figure 3, the houses in the
northern part are made of adobe [5]. The central part of
the country was rich and still is, in the wood making,
which resulted in numerous houses made of wood, while
in the southern part, Herzegovina, houses were mainly
made of stone. Adobe is as well seen in the central part
of the country and in many occasions replaced the
wooden building in the central part, or a combination has
been made in the form of “bondruk” construction. This all
points to the characteristics of the mosques in certain
areas.

2.2 Examples of mosques with wooden minarets
2.2.1 Sarajevo: Golobrdica Mosque

The mahala® where this mosque is located is
mentioned for the first time in 1528, meaning that the
mosque was built before that year, as the mosques were
built initially and then the settlements were formed
around it. It is one space mosque having inner
dimensions of 9,80x7,40 m. The minaret is made without
pillars. The specific feature of this minaret is that it is
supported by the miezzinmahfili. In 1982, as a self-
initiated intervention by the local people going to the
mosque, the minaret was moved to a prepared founda-
tion on the northern outer wall of the mosque, thus
disrupting its authentic appearance of the mosque. This
intervention jeopardized one of the rarely preserved
specific minarets of the city of Sarajevo, a minaret that
was placed inside the roof structure and supported on
the muezzinmahfili. This is a clear indication of inade-
guate intervention on the historical monuments and is
contradictory with the Venice-Charter [6].

During the reconstruction of the mosque's minaret,
one of the basic tasks was to restore the minaret to the
original position, so that the mosque would return its
authentic appearance[6]. After disassembly of one part
of the roof ceiling, as well as part of the mahfil structure,
and on the basis of the visible remains, an authentic
position of the minaret was established (Figure 4). The
minaret (of 7 meters height) was returned to the original
place, inside the mosque, on the muezzinmabhfili (Figure
4). This work was done in 2009 [7].

One of the characteristics of Sarajevo’'s mosques
with wooden minarets is a slightly sloping roof, which
was the most suitable roof cover. Contrary to the
Sarajevo-type, the second type of the mosque with a
wooden minaret belongs to the objects with steep roofs,
with a wooden lid. Apart from the differences in the roof,
their minarets have a less prominent gallery with a
higher parapet therefore with a smaller opening.
Mosques in Tuzla region belong to this group.

® Means "neighborhood" or "quarter", a section of a rural or
urban settlement, dating to the times of the Ottoman Empire.
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Slika 4. DZamija Golobrdica Sarajevo i oslanjanje drvene munare na mujezinski mahfil,
izgradnja drvene munare 2009, te unutradnjost objekta [7]

Figure 4. Golobrdica Mosque in Sarajevo and placement of the wooden minaret on the miiezzinmabhfili construction of
the wooden minaret in 2009,—interior of the structure[7]

2.2.2 Tuzla: Dzamija Husein Causa

Jedna od najstarijih dzamija u Tuzli je dzamija
Husein Causa ili DZindijska dZamija koja je prikazana na
slici 5 [8]. Ona se prvi put spominje u 1701. godini. lako
je bila zatvorena u nekoliko navrata zbog slijeganja
zemljiSta i renoviranja (u periodu 1863-1864. godine,
kao i 1961. godine), zadrzala je svoj prvobitni oblik.
Statisticki podaci pokazuju da ova dzamija predstavija
jedan od rijetkih sacuvanih primjera dZzamija sagradenih
od drveta u islamskom svijetu. Nalazi se u zoni s
najintenzivnijim slijeganjem terena u Tuzli, koje je
poznato po prirodnim izvorima soli — bunari soli. Ovo je
tipicna mahalska dzamija, s jednom prostorijom za
molitvu, dimenzija 6,3x7,2 m, s drvenom munarom i 16
prozora. Pravokutnog je oblika i s veoma dekorativnim
drvenim vratima. Ona je gradena od Cerpi¢a i pokrivena
visokim krovom s pokrovom od Sindre, dok je okvir oko
vrata izgraden od kamena krede (cretaceous).
Zanimljivo je napomenuti da se gornji dio iznad sofe
oslanja na osam drvenih stubova, Cije rezbarenje
predstavlja rad lokalnih majstora.

2.2.2. Tuzla region: Hussein Cau$’s Mosque

One of the oldest mosques in Tuzla is Hussein Cau$
mosques or Dzindia mosque which is shown in Figure 5
[8]. It was mentioned for the first time in 1701. Even
though it had been closed on several occasions because
of soil settlement and renovations (in 1863-64 as well as
in 1961), it has retained its original appearance.
Statistics show that this mosque is one of the rare
surviving examples of mosques built of wood in the
Islamic world. It is located in the zone with the most
intensive settlement of the terrain in Tuzla, which is well
known by the natural salt wells. This is a typical mahala
mosque, with one room for praying, dimensions
6,3x7,2m, with a wooden minaret and 16 windows.
Rectangular in shape and with a highly decorative
wooden door. It is built of adobe and covered with a
steep wooden roof, while the frame around the door has
been constructed by cretaceous stone. It is interesting to
note that the upper part beyond the sofa rests on eight
wooden posts, whose carving represents the work of the
local craftsman.
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Slika 5. Tlocrt dZzamije i izgled dZamije Husein Causa u Tuzli [3], [9]

Figure 5. Layout and view of the Hussein Caus’s Mosque in Tuzla[3], [9]

2.2.3 Podrugje Tuzle: Atik dzamija u Civi

Ve¢ sredinom druge polovine XX stolje¢a lokalno
stanovni$tvo Gornje Sprece u blizini Tuzle znalo je za
postojanje ove dzamije i da je ve¢ u to vrijeme bila stara
300 godina. Na turskom ,atik” znaci ,stari” [3]. Prije Cetiri
desetlie¢éa struénjaci sa Arhitektonskog fakulteta u
Sarajevu sproveli su istrazivanje o arhitektonskim karak-
teristikama Atik dZzamije. Pokazano je da je napravljena
kao bondruk konstrukcija [10]. Tlocrtne dimenzije
dzamije su 8,1x8,4 m. Interesantno je da kao i dzamija
Husein Cau$a ima sredenu kompoziciju sa 16 prozora.
Karakteristika poligonalne munare (visine osam metara)
ove dzamije jeste da je opSivena drvenim daskama u
Jrblja kost” rasporedu, Sto doprinosi njenoj nosivosti i
povec¢anju krutosti i stabilnosti (slika 6). Dzamija je
obnovljena u dva navrata: 1996. i 1997-1998. godine.
Trenutno je u proceduri da bude proglaSena nacionalnim
spomenikom pod zasStitom na nivou Bosne i
Hercegovine.

2.2.3. Tuzla region: Atik Mosque in Civa

It was already in the mid-second half of the 20
century that the local citizens of the Upper Spre¢a near
Tuzla known about the existence of this mosque and at
the time it was already 300 years old. In Turkish “Atik"
means "old"[3].Four decades ago experts from the
Faculty of Architecture in Sarajevo conducted research
on the architectural characteristics of the Atik mosque. It
was shown that it was made by bondruk construction
[10]. Layout dimensions of the mosque are 8,1x8,4m. It
is interesting that this mosque has a composition of 16
windows the same as Hussein Cau$mosque. The
characteristic of the polygonal minaret is its coverage
with “zig-zag” wooden planks, which contributes to its
resistance and increase its stiffness and stability (Figure
6). The mosque was reconstructed in two occasions
1996 and in 1997-1998. Currently, it is in the process to
become a national monument under the protection of
Bosnia and Herzegovina.
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Slika 6. Atik dZzamija u Civi, detalj opsivanja munare [10] i tlocrt [3]
Figure 6. Atik mosque in Civa, detail of the diagonal wooden planks [10] and layout [3]

2.2.4 Podrugje Biha¢a: DZamija u BuZimu

Dzamija u Buzimu (slika 7) najvec¢a je drvena
dzamija u Bosni i Hercegovini, a najvjerovatnije i u
Evropi. Nalazi se u Buzimu, malom gradic¢u koji je nakon
Bihac¢a bio najveca utvrda u Krajini. U stanju u kojem se
nalazi danas, smatra se da je obnovljena 1838. godine
[11]. Na osnovu ovoga mozZe se zakljuciti da je dzamija
jo$ starija, medutim, iz natpisa se ne moze zakljugiti
kakva vrsta restauratorskih radova je izvrSena [12]. Na
mezarju u dzamiju najstariji grob datira iz 1856. godine
[13].

2.2.4 Biha¢ region: Mosque in Buzim

The mosque in Buzim (Figure 7) is the biggest
wooden mosque in Bosnia and Herzegovina, and most
probably in Europe. It is located in Buzim, a small town
which after Biha¢ was the largest fortification in Krajina.
As it stands today, it is believed that it has been
reconstructed in 1838[11]. On the basis of this, it can be
concluded that the mosque is even older, however, from
the inscriptions it cannot be concluded what kind of
restoration works took place [12]. In the cemetery within
the mosque, the oldest grave dates from 1856 [13].

| PR
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Slika 7. Dzamija u Buzimu [3]
Figure 7. BuZim mosque [3]
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Ovo je najvec¢a dZzamija ovog tipa, dimenzija 18x14 m
i visine 5 m, a visina munare iznosi 17.2 metara. Ukupna
povrSina iznosi 414 m?. Zanimljivo je napomenuti da je
dzamija napravljena od vrlo rijetke vrste hrasta luznjaka,
koja raste u ovom podru¢ju u blizini granice s Repu-
blikom Hrvatskom, a ono $to je dodatno zanimljivo jeste
da tokom izgradnje nisu koridteni ekseri niti bilo kakva
druga vrsta metalnih spajala. Kruta veza je napravljena
sa usjecima i drvenim klinovima (vidi sliku 7).

Dodatna karakteristika koja ¢&ini ovu dzamiju
jedinstvenom jesu redovi stubova (slika 7). Dzamije s
redovima drvenih stubova vrlo su rijetke i nastale su iz
anadolskih seldzuckih velikih dzamija (Ulu Cami), medu
kojima su najvaznije Esrefoglu dzamija u Beysehiru
izgradena 1296-99. godine sa sedam redova drvenih
stubova i Ahi Elvan dZzamija u Ankari s tri reda drvenih
stubaca [14], sagradena 1382. godine na kosim
stjenama s jednostavhom fasadom. Ovi stubovi
pripadaju rimskom i vizantijskom periodu. Ahi Elvan
dzamija obnovljena je 1413. godine. Njena fino
izrezbarena ograda od hrasta odrazava karakteristike
seldZucke tradicije gradnje drvetom.

Esrefoglu dZamija je pravougaonog tlocrta sa oko
29.25 metara u pravcu istok-zapad i 43.9 metra u pravcu
sjever-jug s bruto unutarnjim prostorom od 1187 m? u
prizemlju. Ovo je ¢ini najve¢om drvenom dZamijom. Krov
dzamije je podrzan sa Sest redova stubova koji su
postavljeni okomito na zid kible, pri ¢emu se u svakom
redu nalazi sedam redova drvenih stubova. Postoje
ukupno Cetrdeset dva stuba [14], slika 8. Drveni stubovi
su od kedrovine i prema usmenim predanjima bili su
potopljeni u jezero Beysehir Sest mjeseci prije no $to su
upotrijebljeni za izgradnju. Dvadeset dva stuba su
ortogonalnog oblika, dok je jedan stub dekagon a 19 je
kruznog oblika. Visina stubova iznosi 7.5 metara dok
poprecni presjek varira od 0.40 m do 0.45 m. Kaptoli
stubova imaju tzv. kalemisi ruéno izgravirane ornamente.
Ovi ornamenti su crvene, plave i krem boje. Dzamija
stara preko 700 godina, kao drvena dZamija, opstala je
zahvaljujuci ,snijeznoj jami” koja se nalazi u sredini
dZamije. Prema predanjima snijezna jama se popu-
njavala snijegom sa okolnih planina. Usljed postepenog
topljenja snijega omogucéavano je u toku toplih mjeseci

This is the biggest mosque of this type, having
dimensions of 18 x 14 m and a height of 5 m, while the
minaret’s height is 17.2 meters. The total area is 414 m?.
It is interesting to note that the mosque is made of a very
rare type of oak, “quercusrobur”’, which grows in this
region near the border with the Republic of Croatia, and
what is additionally interesting is that during the
construction no nails or any type of metallic connections
were used.A rigid connection is made with cuttings and
wooden wedges (see Figure 7).

An additional feature which makes this mosque
unique are rows of columns (Figure 7). Mosques with
rows of wooden piles are very rare and are derived from
the Anatolian Seljuk Great mosques (Ulu Cami), among
which, the most important, theEsrefoglu Cami in
Beysehir built1296-99 with seven rows of wooden poles
and Ahi Elvan Cami (Ahi Elvan Mosque) in Ankara with
three rows of wooden columns [14], built in 1382 on a
sloping rock with a simple fagade. These columns
belong to the Roman and Byzantine periods. Ahi Elvan
Mosque was restored in 1413. Its finely carved walnut-
timber(pulpit) reflects the characteristics of the Seljuk
wood tradition.

Esrefoglumosque has a rectangular plan of roughly
29.25 meters east to west and 43.9 meters north to
south with a gross interior area of 1187 square meters
on the ground floor. This makes it the largest of the
remaining wooden hypostyle mosques. The mosque’s
roof is supported by six rows of columns perpendicular
to the kibla wall, with seven ranks of columns in each
row. There is a total of forty-two columns [14], picture 8.
The wooden pillars are made of cedarwood and
according to folk tales were immersed in the lake
Beysehir for six months before they were used for
construction. Twenty-two pillars are orthogonal, while
one pillar is decagonal, and 19 are of circular cross
section. The height of the pillars is 7.5 meters, while the
cross section varies from 0.40 m to 0.45 m. Pillar
capitols have the so-called "kalemisi" hand-drawn
ornaments. These ornaments are red, blue and cream
colors. The mosque over 700 years old, as a wooden
mosque, survived thanks to the "snow cave" which is
located in the middle of the mosque. According to the

b § sl o " § S—
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Slika 8. Esrefodlu dZamija u Beysehiru [14]
Figure 8. EsrefogluMosque in Beysehir [14]
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da se unutrasSnjost objekta hladi i da se obezbijedi
potrebna vlaznost drvene konstrukcije. Nakon XIV
stolieca nema podataka o izgradnji ovakvih dzamija.
Dzamije s redovima stubova pripadaju tzv. starijem tipu i
prestale su da se grade kada su Turci usvajili tip dzamije
zasnovan na vizantijskim crkvama, naro€ito nesto
kasnije kada je uzor postala Sveta Sofija.

Stubovi u dZzamiji u BuZimu proteZzu se od podruma
kroz cijelu konstrukciju do krova [3], Sto se jasno moze
vidjeti na slici 7. Kada se uporede ove dzamije,
evidentno je da u dzamiji u Buzimu stubovi nisu
ravhomjerno rasporedeni kao u slu€aju navedenih
dZzamija u Turskoj. DZamija u BuZimu je progladena
nacionalnim spomenikom 2003. godine [12].

Konstrukcija dZzamije u Buzimu je sistem s nosivim
zidovima, izraden od drvenih talpi debljine 7 cm i visine
25 cm, vertikalno uZljebljenih u drvene stubove
dimenzija 21x21 cm i 24x24 cm. Zidovi u unutrasnjosti
su fiksni sa spregovima dimenzija 12x12 cm. Temel;j je
izraden od drvenih greda 21x21 cm, koji se nalaze na
kamenoj podlozi [12]. lzgled dzamije je prili€no
jedinstven i ne postoji sli¢an tip dZzamije u cijeloj Bosni i
Hercegovini.

DZamija je nekoliko puta rekonstruisana [3,12]. Po
prvi put 1937. godine, gotovo stotinu godina nakon njene
izgradnje. Tada je krov uklonjen i promijenjen iz Sindre u
crijep. Osim toga, munara je skrac¢ena, te je serefet® iz
zatvorene galerije pretvoren u otvoreni, u orijentalnom
stilu, i na taj nacin podsje¢a na stare kamene osmanske
dzamije. Sa stanovi$ta Venecijanske povelje [6], ovaj vid
konstrukcijske realizacije je neSto Sto je uistinu
promijenilo karakteristike dzamije.

NajspecifiCnija restauracija izvrSena je 1960-ih
godina, kada je Citava dzamija podignuta iznad temelja.
Ovo je bilo neophodno radi zamjene dotrajale grede —
tzv. jastuci koji su bili u temeljima - i da se sazida zid
ispod drvene konstrukcije. Kao $to je izjavio lokalni
imam, rekonstrukcija se dogodila tokom nekoliko mjeseci
i za to vrijeme, Sto je prilicno zanimljivo, molitve su
obavljane u dzamiji. Nakon S&to su novi temelji
napravljeni, dzamija je, bez izazivanja bilo kakvih
oStecenja, ponovo vracena na temelje.

Tokom 1980. godine, konstrukcija je ponovo obnov-
liena i kao unutradnja obloga je postavljena lamperija
unutar dzamije. Kada se referira na Venecijansku
povelju [6] i ICOMOS [15] ovo je priliéno upitno, jer je to
znacajno promijenilo unutarnji izgled konstrukcije.

Generalno, nema pisanih podataka kada su izgra-
dene najstarije drvene dzamije u Bosni i Hercegovini,
ve¢ se znanje prenosi s generacije na generaciju i
povezano je s pocetkom osmanske uprave. Opcenito
govoreci, dzamije posjeduju sve arhitektonske karakte-
ristike stambene kuce: od nacdina gradnje, gradevinskih
detalja do oblika i forme krova. Ova vrsta gradnje vidljiva
je u nekim starim ku¢ama u Krajini (sjevernoj Bosni), te
na putu iz Sarajeva prema Vlasenici (isto€na Bosna). U
Karicima dzamija je izgradena kao brvnara, $to se
povezuje sa crkvama (poglavlje 3).

® Prosireni dio munare, vrsta galerije.

folk tales, the snow pit was filled with snow from the
surrounding mountains. Due to gradual snow melting, it
was possible during the warm months to cool the interior
of the building and to provide the necessary humidity of
the wooden structure. After the XIV century, there was
no data on the construction of such mosques. The
mosques with rows of columns belong to the so-called
older type I, and they have ceased to be built when the
Turks adopted a type of mosque based on Byzantine
churches, especially a little later when Hagia Sophia
became a role model.

Columns in Buzim mosque extend from the base-
ment throughout the entire structure to the roof [3], which
can be clearly seen in Figure 7.When comparing these
mosques it is evident that in Buzim the pillars are not
uniformly distributed as in the case of above-mentioned
mosques in Turkey. The mosque in Buzim was declared
a national monument in 2003 [12].

The structure of the Buzim mosques is a load
bearing wall system, made of wood planks 7cm thick
and 25 cm height, vertically grooved into wooden poles
having dimensions 21x21 and 24x24 cm. The walls
inside are fixed with braces of dimensions 12 x 12 cm.
The foundation is made of wooden beams 21 x 21 cm,
which are placed onto the stone backing[12]. The layout
of the mosque is rather unique and there is no similar
type of mosque in the entire Bosnia and Herzegovina.

The mosque was reconstructed several times [3,11].
For the first time in 1937, almost a hundred years after
its construction. At this time the roof was removed and
changed from shingle to tiles. In addition, the minaret
was shortened, and $eref6 from the closed galleries
transformed into an open, oriental style, recalling the old
stone Ottoman mosque. Looking now at the Venice-
Charter [6], this kind of structural changes is something
that truly changed the features of the mosque.

The most specific restoration was done in the 1960s
when the entire mosque was lifted from the ground
up.This was needed because it was necessary to
replace the worn-out beams, so-called pillows that were
in the foundations, and to construct a wall under the
wooden structure. As stated by the local imam, the
reconstruction took place over several months and
during that time, which is quite interesting, the prayers
were performed in the mosque. After the new
foundations were made, the mosque was restored to the
foundations without causing any damage.

During 1980 the structure was again renovated and
now wooden paneling was done inside the mosque.
When referring to Venice-Charte [6] and ICOMOS [15]
this is rather questionable, as this significantly changed
the inner view of the structure.

Generally, there is no written data when were the
oldest wooden mosques built in Bosnia and Herze-
govina, but by the knowledge passed from generation to
generation, it is connected to the beginning of the
Ottoman administration. Generally speaking these mos-
ques have all architectural characteristics of a residential
house: from the construction method, construction
details up to the shape and the form of the roof. This kind

® Enlarged part of the minaret, a kind of gallery.
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3 CRKVE BRVNARE NA TLU BOSNE |
HERCEGOVINE

Pored dzamija, sakralne konstrukcije napravljene od
drva specificne za ovu regiju su tzv. crkve brvnare
(talpare) jer brvnare upucuju na oblu gradu, a talpare na
tesanu pravougaonu. Porijeklo brvnara u Bosni i
Hercegovini, koje se koriste kao kuce, ili bogomolje, u
vezi je s prvobitnom domovinom Slovena, karpatskom
regijom poznatom po svojim gustim Sumama. Sloveni su
vjerovatno donijeli ideju o brvnari u zemlje koje su
naseljavali i koje su takoder bogate Sumama, brvnare se
nalaze u Rusiji i Poljskoj, kao i na citavom Balkanu.
Naravno, pojava ovih brvnara je vrlo razli€ita, zbog
dominantnih drustveno-historijskih i kulturnih odnosa u
odredenim podrucjima [16].

Prvi pisani dokazi o kapelama, drvenim crkvama i
zvonicima datiraju iz hronike knezevskog perioda X
stolje¢a u Ukrajini. Vise od 800 crkava je izgradeno u
Norveskoj, Skandinaviji, Francuskoj, Njemackoj i
nekoliko u Engleskoj. Vecina je izgradena u periodu
Sirenja hriS¢anstva u cijeloj Evropi. Period izgradnje
drvenih crkava poceo je u tim zemljama.

Drvene crkve u Bosni i Hercegovini su razli€itog tipa
hramova i dijela narodnog stvaralastva. U Bosni i
Hercegovini danas postoji oko 30 crkava pravoslavne
provenijencije [17], dok se spominje samo jedna
katoliCka crkva ovakvog tipa - Sveti Josip na Palama
[12].

One su zadrzale bosanski tradicionalni nacin gradnje
s jedne strane i imaju dosta slicnosti sa dZzamijama.
Oc¢uvani ostaci danasnjih drvenih crkava vjerojatno su
rezultat nekih transformacija, neke vrste evolucije iz
originalnog koncepta drvenih objekata za stanovanje, Sto
je vidljivo iz rasporeda i organizacije prostora unutar
crkava brvnara, koje su saduvane do danas. Cuvene
drvene crkve u Bosni datiraju iz XVIII i XIX stoljeca.

Arhitektura drvenih crkava bila je na dobrom putu da
se razvije u opseznu arhitekturu s vlastitim tipi¢nim
ukrasom kada je njena evolucija naglo prekinuta.
Izgradnja crkava brvnara je poseban oblik gradnje koji
proizlazi iz  narodnog-stambenog objekta bez
povezivanja za bilo koji kulturu. Dakle, arhitektura ovih
objekata predstavlja prepoznatljive i autentiCne oblike
radova izvedenih iz istorijskih okvira i uslova.

S ciliem o€uvanja njihovog nacionalnog identiteta i
religije od osmanskog carstva, stanovnici pravoslavne
vjeroispovjesti gradili su svoje crkve od drveta, kako bi ih
lako preko noéi mogli prebaciti na druge lokacije.
Pismeni dokazi i znakovi na konstrukcijama pokazuju da
je u stvari doslo do pomicanja tih objekata za nekoliko
kilometara te njihovog ponovnog sklapanja [18]. U
produzetku vremena, veliki broj crkava brvnara je
uniSten. Dva faktora koji igraju dominantnu ulogu u

of construction is seen in some old houses in Krajina
(northern Bosnia), and along the road from Sarajevo to
Vlasenica (eastern Bosnia). In Kari¢i the mosque is built
as a log cabin, which is a connection to the churches
(Chapter 3).

3 LOG CABIN CHURCHES IN BOSNIA AND
HERZEGOVINA

Besides mosques, sacral structures made out of
wood which is specific for this region are so called log
cabin churches. The origin of log cabin buildings in
Bosnia and Herzegovina, being used as homes, or
places of worship, is associated with the primordial
homeland of Slavs, the Carpathian regions famous for
their dense forests. Slavs probably brought the idea of a
log cabin with them to the lands that they inhabited and
which was also rich in forests, log cabins are found in
Russia and Poland, and entire Balkans. Of course, the
appearance of these log cabins is very different, due to
socio-historical and cultural relations predominant in
certain areas [16].

The first written evidence of chapels, wooden
churches, and bell towers date back to the chronicles of
the princely period of the 10" century in Ukraine. More
than 800 churches were built in Norway, Scandinavia,
France, Germany and several in England. Most of them
were built during the period of spreading Christianity
throughout Europe. A period of building wooden
churches started in those countries.

Wooden churches in Bosnia and Herzegovina are a
distinct type of temples and part of folk creativity. In
Bosnia and Herzegovina today, there are about 30
churches of Orthodox provenance [17], while only one
Catholic Church of this type is mentioned, Saint Joseph
in Pale [12].

They retained the Bosnian traditional way of
construction on one hand and have a lot of similarities
with the mosques. Today's preserved remains of
wooden churches probably are the result of some
transformation, some kind of evolution from the original
concept of wooden buildings for housing, which is
evident from the layout and organization of the space
inside the log cabin churches, which have been
preserved until today.The famous wooden churches in
Bosnia date from XVIII and XIX centuries.

Timber church architecture was on its way to deve-
loping an extensive architecture with its own typical
decoration when its evolution was abruptly cut short. The
construction of the church log cabin is a particular form
of construction resulting from the folk building without
binding to any culture. Thus, the architecture of these buil-
dings represents a distinctive and authentic form of works
derived from the historical framework and conditions.

In order to preserve their national identity and
religion from the Ottoman Empire, the Orthodox
residents built their churches from wood, so that they
could easily overnight transfer them to other locations.
Written evidence and signs on the structures indicate
that in fact there has been a movement of these

uniStavanju objekata jesu prirodni i ljudski faktor structure for several kilometers and their re-assembly

(neodrzavanje). [18].Over time, a large number of log cabin churches
was destroyed. Two factors which play the dominant role
in the destruction of these objects is a natural or human
factor (non-maintenance).
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3.1 Crkve brvnare u BiH pravoslavne
vjeroispovijesti: tipovi, osobenosti i primjeri

Postoje dvije vrste drvenih crkava koje se mogu
razlikovati u zavisnosti od nacina izgradnje i op$tih
arhitektonskih karakteristika [3]. Do danasSnjeg dana,
ukupno je samo tridesetak objekata sacuvano, a oni se
uglavnom nalaze u selima oko Banja Luke i Prijedora.

Prvi tip je povezan sa XVIII stolje¢em i odnosi se na
prilicno male, jednostavne konstrukcije koje su i bez
ukrasa i bez apside7. Crkve u ovoj grupi su jednostavne,
skromnih dimenzija, tlocrtnih dimenzija 9x4 metara i
povrsine od oko 30 m?. Konstrukcija se nalazi direktno
na zemlji bez bilo kakvih temelja ili kamene konstrukcije
preko koje bi se prenosilo optereéenje na tlo. Vecina su
skeletnog sklopa, sa zidovima od uZljebljenih dasaka, a
pojedine od pravih brvana Cetvorougaonog presjeka.
Brvna su na uglovima povezana na preklop. Zidovi se
razlikuju i rijetko dostiZzu visinu €ovjeka. Krovovi su vrlo
strmi za brZe odvodenje oborinskih voda i redovno
zaobljeni na uglovima (grebenima). Na ovaj nadcin,
izbjegava se ugao na krovu koji je neprikladan, a
istovremeno se formira poluelipti¢ni krov nad frontalnim
zidovima koji pruza bolju zastitu od atmosferskih uticaja i
vizuelno dijelimi¢éno oponasa apsidu koja se posebno ne
izvodi, a $to dodatno daje specifican estetski izgled
konstrukcije. Ove zgrade nemaju plafonsku/medu-
spratnu konstrukciju tako da je krovna konstrukcija u
unutrasnjosti sasvim vidljiva. Otvori su jako mali, te je
unutrasnjost crkve priliéno mracna.

Ove crkve nalaze se u: Malom Blaskom (slika 9),
Kolima (slika 10), Romanovcima (slika 11) i Javorinama.

3.1 Log cabins in Bosnia and Herzegovina of
orthodox religion: types, characteristics, and
examples

There are two different types of wooden churches
that can be distinguished depending on the way they are
constructed and general architectural characteristics [3].
To this day, only thirty of these facilities have been
preserved, which are mostly located in villages around
Banja Luka and Prijedor.

The first type is connected to the XVIII century and
it refers to rather small structures of simple construction,
without decoration and apses7.The churches in this
group are simple, modest in size, with layout dimensions
of 9x4 meters and an area of about 30 m?. The structure
is placed on the bare ground without any foundations or
stone construction that would transfer the load to
ground. Most of them are of skeleton type, with walls
made of grooved boards and some made of logs with
rectangular cross section. On the corner, the logs are
connected with a flattened flap. The walls vary and rarely
reached the height of a man. The roofs are very steep
for faster drainage of rain water. At the corner, the faces
of the roof are regularly rounded. In this way, a corner on
the roof is avoided which is unsuitable for the roof, and
at the same time a semi-elliptical roof of the frontal walls
is obtained which provides a better protection from
atmospheric effects. This additionally gives a specific
esthetical vision of the structure. These buildings do not
have a ceiling so the roof structure in the interior is fully
visible. Openings are very small so the inside of the
church is rather dark.

These churches are located in Malo Blasko (Figure
9), Kola (Figure 10), Romanovci (Figure 11) and Javorine.

Slika 9. Crkva brvnara u Malom Blaskom [19]
Figure 9. Log cabin church in Malo Blasko [19]

" Zadniji, polukruzni dijelovi crkava, narodito onih koje su

gradene u romanskom stilu.

" semicircular part of the altar, especially the ones that are
made in Roman style.
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3.1.1 Crkva brvnara u Kolima

Drvena crkva u Kolima potiCe s kraja XVIII vijeka.
Osnova i konstrukcija crkve su najjednostavnijeg tipa, s
drvenim okvirom koji je popunjen daskama na pero i
utor, vidljivim rogovima u enterijeru i krovom koji je
pokriven Sindrom. Crkva je pravougaonog oblika cca
7,18x4,21 m. Kao konstruktivni sistem upotrijebljen je
drveni skeletni sistem. Na crkvi postoji samo jedan
ulazni otvor koji se nalazi na sjeverozapadnoj strani.
Ulaz je pravougaonog oblika (svijetle dimenzije 69x126
cm), sa okvirom od drvenih greda. Crkva Brvnara
posvecena Vaznesenju Hristovom u Kolima proglasena
je nacionalnim spomenikom u januaru 2009. godine [20].

3.1.1 Log cabins in Kola

The wooden church in Kola dates from the end of the
18" century. The layout and construction of the church
are of the simplest type, with a wooden frame filled with
planks on a feather and groove system, visible rafters in
the interior and a roof covered with a shingle. The
church has a rectangular shape of approximately 7,18 x
4,21 m. A wooden skeleton system was used as a
constructive system. There is only one entrance to the
church and it is located on the northwest side. The
entrance is of rectangular shape (bright dimensions 69 x
126 cm), with a frame made of wooden beams. The Log
cabin is dedicated to the Worshiping of Christ in Kola
and it was declared a national monument in January
2009 [20].

weaw anelsSkomisijacom ba

Slika 10. Crkva brvnara u Kolima [20]
Figure 10. Log cabin church in Kola [20]

3.1.2 Crkva Brvnara u Romanovcima

Drvena crkva posveéena Svetom Nikoli wu
Romanovcima (slika 11) proglaSena je nacionalnim
spomenikom Bosne i Hercegovine, odlukom Komisije za
oc€uvanje nacionalnih spomenika 2004. godine. Podaci o
vremenu izgradnje crkve u Romanovcima ne postoje i
uglavhom se odnose na narodna predanja. Osnovu
crkve predstavlja pravougaonik dimenzija 7,42 m duzine
i 4,16 m Sirine, Sto je jako sli¢no dimenzijama crkava u
Kolima.

3.1.2 Log cabins in Romanovci

The wooden church dedicated to St. Nicola in
Romanovci (Figure 11) was declared a national monu-
ment of Bosnia and Herzegovina by the Decision of the
Commission to Preserve National Monuments on in the
year of 2004. Data regarding the time of construction of
the Church in Romanovci is not available and it is mainly
related to the folk tales and traditions.The church's
layout is a rectangle measuring 7.42 meters in length
and 4.16 meters wide, which is very similar to the
dimensions of the Log cabin in Kola.

Slika 11. Crkve brvnare u Romanovcima [21]
Figure 11. Log cabin church in Romanovci [21]

74

GRABEVINSKI MATERIJALI | KONSTRUKCIJE 60 (2017) 3 (61-80)
BUILDING MATERIALS AND STRUCTURES 60 (2017) 3 (61-80)



Zidovi objekta su napravljeni od hrastovih talpi.
Zidovi su oja¢ani podupiradima koji su rasporedeni samo
iznutra. Drvena krovna konstrukcija vidljiva je iznutra,
kao i kod crkve brvnare u Kolima. Crkva je pokrivena
klisom® od drveta jele malih dimenzija i sa uzljebljenjima.
Nosiva konstrukcija je izradena od horizontalno
postavljenih greda popre¢nih presjeka 15/15, 17/16 i
13/12 cm. Ova crkva ima dva otvora, glavni ulaz na
zapadnoj strani, a drugi otvor na juznoj strani. U 2000.
godini izvrSeni su konzervatorski radovi i oni su se
sastojali od sanacije krovne konstrukcije, oblaganja
krovnog materijala novim — klisom (slika 11), te od
pripremnih radova koji su napravljeni za postavljanje
kamenih plo¢a na pripremlijenu podlogu od pijeska,
Sljunka i nabijene zemlje, kao i pripreme za izradu
kanala koji ¢e se koristiti za odvod kiSe i vode koja pada
s krova crkve [21].

Drugi tip se odnosi na crkve iz XIX stoljeca koje su
izgradili majstori iz Osata i oni su ukljucili neke
specificne islamske uticaje [3]. Zidovi su napravljeni od
debala i u slu¢aju kada je crkva bila veca, pri éemu je to
premasilo duzinu debla, to bi bilo rije§eno tako Sto bi se
u sredini perifernog zida pravio jedan stub u koji se
uzljebljuju ,na ¢ep” debla (slika 12).

The walls of the building are made of oak planks.
The reinforcement of the walls is done by struts
arranged only on the inside. The wooden roof structure
is visible from the inside, as is the case with the church
in Kola. The covering of the church is made of “Klis™®
firwood having small dimensions and chamfered. The
bearing structure is made of horizontally placed beams
having sections 15/15, 17/16 and 13/12 cm. This church
has two openings, the main entrance on the west side
and the second opening on the south side. In 2000
conservation works took place and they consisted of:
repairs of the roof structure, cladding of the church was
done with new roofing material — “klis” (Figure 11), and
preparatory works were done for the placement of stone
slabs on the prepared surface of sand, gravel and
packed earth as well as preparations for making
channels that will be used for rain drainage and water
that falls from the church’s roof [21].

The second type refers to the churches from XIX
century which were constructed by well-known, a
craftsman from Osat and they incorporated some
specific Islamic features [3]. The walls are made of
chumps and in the case where the church was bigger
and this exceeded the length of chumps, it was solved in
a way that in the middle of the peripheral wall one pier
was constructed in which the clamps were slammed "on
the plug" (Figure 12).

Slika 12. detalji ukrucenja zidova [22]
Figure 12. Connections of the chumps [22]

Na ovaj nacin postignuta je Zeljena duzina i
ujednaCenost materijala kao i debljina zida. Crkve ove
grupe uvijek su imale poligonalne apside, gdje je
izvrSeno  pri¢vrSCivanje debla na uglovima na
kompleksan nacin s dvostruko kosim preklopom (slika
13) i blago savijenim krajevima. Otvori prozora su vecih
dimenzija, dok su lukovi, vrata i okovratnici dekorisani.
Svod je zakrivljen i 8iri. Svod iznad ulaza i na vratima
vrlo Cesto ima islamska svojstva [3]. Uglavhom, ove
konstrukcije su veéih dimenzija i s viSe dekorativnih
elemenata.

& Drveni crijep ili dad¢ica u obliku crijepa.

In this way, the desired length and the uniformity of
the material and thickness of the wall were achieved.
The churches of this group always had polygonal apses,
where the fastening of the beavers to the corners was
performed in a complex manner (Figure 13) with a
double flattened flap and a slightly curved corner.
Window openings are of larger dimensions, while
arches, doors and door mirrors are decorated. The vault
is curled and wider. The arch above the entrance and on
the doors very often has Islamic features [3]. Generally,
these structures are of larger dimension and with more
decorative elements.

& Wooden tiles or planks in the form of tiles.
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Slika 13. Detalj veze na uglu [22]
Figure 13. Corner connection [22]

Zanimljivo je napomenuti da je unutrasnjost crkava
dosta sli¢na. Primjeri se mogu naci u nekoliko sela kao
Sto su Palackovac (slika 14), Dragivi¢i, Rakeli¢a i tako
dalje [3, 19]. Smatra se da postojeta crkva u
Palackovcima predstavlja treéu crkvu, i da 1843. godina
jeste godina njene obnove. Izradena je od vrlo kvalitetne
hrastovine s vrlo preciznim vezama i spojevima. Progla-
Sena je nacionalnim spomenikom 2005. godine [23].

3.1.3 Crkva brvnara u Palackovcima

Urezana 1843. godina iznad ulaznih vrata crkve
brvnare u Palackovcima moze navesti na mozda
pogreSan zaklju¢ak da je to godina njene izgradnje.
Jedna od njenih karakteristika jeste da nema velike
dimenzije (osnova dimenzija 9,70x4,80 m) kakve imaju
druge crkve sagradene u ovo doba. To navodi na
zaklju¢ak da je morala nastati znatno ranije i da 1843.
godina predstavlja godinu njene obnove. Prilikom
restauracije carskih dveri, ispod postojeceg, otkriveni su
stariji slikani slojevi daleko vecih likovnih vrijednosti. Ovo
slikarstvo, po svemu sudeci, pripada srpskom ikonopisu
XVIII vijeka i to njegovim najboljim ostvarenjima. Otkrice
ovog sloja, uz pronalazak starog poda od kamenih plo¢a
ispod poda od opeke, kao i spomenute gradevinske
karakteristike objekta, bili bi pouzdan argument za
tvrdnju da je objekat 1843. godine samo obnovljen [23].
Bez ikakvog pretjerivanja moze se rec¢i da je crkva
brvnara u Palackovcima — Prnjavorski srez — remek-delo
ove vrste. Gradevina spada u razvijeni, gotovo savrSeni
oblik crkava brvnara XIX veka.

It is interesting to note that the interior of churches is
rather similar. Examples are found in several villages like
Palackovac (Figure 14), Dragivi¢i, Rakeli¢i etc. [3, 19]. It
is believed that the existing church in Palackovac is the
third church and the year 1843, is the year of its last
reconstruction. It is constructed of a very high-quality
oak wood with very precise connections and junctions. It
was declared a national monument in 2005 [23].

3.1.3. Log cabins in Palatkovac

The year 1843 engraved above the entrance of the
church in Palackovac may lead to perhaps an incorrect
conclusion that it was the year of its construction. One of
its characteristics is that it not of large dimensions (the
base is 9.70x4.80 m), opposed to the other churches
built at this time. This leads to the conclusion that it had
to be constructed much earlier and 1843 it the recon-
struction year. During the restoration of the imperial
doors, under the existing one, older paintings were
retrieved of far greater artistic values. This painting, most
probably, belongs to the Serbian iconography of the 18th
century, and to its best achievements. The discovery of
this layer, with the discovery of an old stone floor
beneath the brick one, as well as the aforementioned
construction characteristics of the building, would be a
reliable argument for the claim that the church was only
renovated in 1843 [23]. Without any exaggeration, it can
be that the Log cabin in Palackovac - the Prnjavor region
- is a masterpiece of this kind. The building belongs to
the developed, almost perfect shape of the log cabin
churches of the 19th century.

B

Slika 14. Crkva u Palackovcima [12]
Figure 14. Church in Palackovac [12]
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3.2 Crkve brvnare u BiH katolicke vijeroispovijesti:
osobenosti i primjer

Katolicke crkve brvnare u Bosni i Hercegovini
potpuno su neistrazene. Nema pouzdanih informacija o
njihovoj izgradnji, obliku, niti se zna da li poti¢u iz
autohtone arhitekture. Crkva Svetog Josipa se razlikuje
svojim arhitektonskim karakteristikama od pravoslavnih
crkava, kao i od katoli¢kih crkava u Republici Hrvatskoj.

Jedina katolicka crkva u vidu brvnare je Rimo-
katolicka crkva Svetog Josipa na Palama (slika 15).
Crkva je izgradena 1911. godine od strane austrijskih
inZenjera za njihove vjerske potrebe. Napravljena je
isklju€ivo od drveta, tako da je to jedina drvena crkva u
Vrhbosanskoj nadbiskupiji [24], te je odlukom Komisije
za ocCuvanje nacionalnih spomenika proglaSena nacio-
nalnim spomenikom Bosne i Hercegovine 2004. godine.

\ : ! weww e bhslhornisia com ba

3.2 Log cabin churches in B&H of Catholic religion:
features and example

Catholic churches of the log cabin type in Bosnia and
Herzegovina are totally unexplored. There is no reliable
information on their construction, form, and whether they
originate from autochthonous architecture. The Church
of St. Josip is distinguished by its architectural charac-
teristics from Orthodox churches, as well as from
Catholic churches in the Republic of Croatia.

The only Catholic church of the cabin log type is the
Roman Catholic Church of St. Joseph in Pale (Figure
15). The church was built in 1911 by Austrian engineers
for their religious needs. It is made exclusively from
wood, so it is the only wooden church in the Vrhbo-
sanska Archdiocese [24], and by the decision of the
Commission to Preserve National Monuments declared
a national monument of Bosnia and Herzegovina in
2004.

Slika 15. Rimokatolicka crkva na Palama [24]
Figure 15. Roman Catholic church of Pale [24]

Spoljadnje dimenzije konstrukcije su 17x8 m, sa
apsidom, ili 12x8 m, bez apside. Visina zidova crkve,
mjereno od poda do pocetka svoda, iznosi oko 4 m, a
visina do dna svoda je oko 7 m. Zidovi crkve su
napravljeni od masivnih greda pri ¢emu je povezivanje
izvrS8eno drvenim gredicama.

Brvna su postavljena na kamenoj platformi visine 40
cm. Kamena platforma je izgradena od nepravilno
klesanih i horizontalno postavljenih kamenih blokova.
Zidovi crkve su malterisani sa unutarnje strane.
Unutradnji prostor je natkriven svodom, oslonjenim na
poduzne zidove i s natkrivenim dvovodnim krovom. Krov
crkve je prekriven crijepom, dok je viSedijelni krov apside
i zvonik oblozen limom [24].

Iznad ulaza u crkvu je postavljen zvonik s baroknim
elementima. Zvonik u dvije razine, s kvadratnom osno-
vom prve i osmokutnom osnovom druge razine, zavrSen
je lukovi€astom kupolom. Svojom obradom najistaknutije
je ulazno procelje (slika 16). Ulazni zid je obradom i
upotrijebljenim materijalom podijeljen u horizontalnom
smislu na tri polja. Prvo polje po svojoj visini odgovara
visini posrednih stubaca, odnosno visine je oko 3 m.
Gradeno je kao i ostali zidovi crkve, od brvana s tankim
drvenim gredicama izmedu. Naredna dva polja, medu-
sobno odijeljena horizontalnim, nazubljenim vijencem,

The outer dimensions of the structure are 17 x 8 m,
with an apse, or 12 x 8 m, without an apse. The height of
the walls of the church, measured from the floor to the
beginning of the vault, is about 4 m and the height to the
bottom of the vault is about 7 m. The walls of the church
were made of massive beams (birch) with thin wooden
planks between them.

The logs were placed on a stone platform 40 cm
high. The stone platform is made of irregularly carved
stone blocks placed horizontally. The walls of the church
are internally lynched. The interior space is covered by a
vault, lying on the longitudinal walls and with a covered
gutter roof. The roof of the church is covered with tiles,
while the multi-faceted roofs of the apse and bell-tower
are covered with metal sheets [24].

Above the entrance to the church is a belfry with
baroque elements. The two-level bell, with a square
base of the first and octagonal bases of the second
level, is completed with a bulbous dome. With its
processing, the most important is the frontal facade
(Figure 16). The entrance wall is divided into three fields
in respect to the treatment and the used material in the
horizontal direction. The first field corresponds to the
height of the indirect columns, that is, the height is about
3 m. It was built like all other walls of the church, from
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uradena su od dasaka postavljenih okomito na brvna.
Daske su ukraSene reljefno izvedenom arkadom s
polukruznim lukovima (slika 16) [24].
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the logs with thin wood plagues in between. The next
two fields, separated by a horizontal beam, are made of
planks mounted perpendicular to the logs. The boards
are decorated with a relief arcade with semicircular
arches (Figure 16) [24].

Slika 16. Zvonik i ulazno procelje [24]
Figure 16. Bell and entrance [24]

Kako su dimenzije crkve vece, koristen je isti sistem
povezivanja brvna kao i u pravoslavnim crkvama drugog
tipa (slika 12). Izgradnja crkve se razlikuje od ostalih,
buduéi da su ovdje koristene i talpe za gradnju. Enterijer
crkve je prostran i pun svjetla, $to je u suprotnosti s
pravoslavnim crkvama, a slicno s dzamijama. Svi
konstruktivni i dekorativni drveni elementi unutar crkve —
stubovi, kosnici, ograde, vijenci i prozorski ramovi
bogato su profilisani.

Struénjaci Kantonalnog instituta za zastitu kulturne,
povijesne i prirodne bastine u Sarajevu tokom primarnog
pregleda crkve 1985. godine utvrdili su prisustvo vlage u
crkvi zbog blizine potoka Repa$nice. Uslijed neodrza-
vanja tokom dugog razdoblja od tri godine (1992-1995)
pogorSanje stanja konstrukcije bilo je viSe nego
ocigledno. Tokom 2004. godine u crkvi su izvr§eni radovi
obnove. Radovi nisu izvedeni pod nadzorom stru¢ne
sluZzbe za zastitu spomenika [24].

4 ZAKLJUCAK

DzZamije s drvenim munarama u Bosni i Hercegovini
variraju u tlocrtu, arhitektonskom obliku i nacinu gradnje,
primjeni raznih materijala za zidove i oblaganje krovova,
kao i u fasadnim oblicima, te u nacinu konstruisanja i
izvodenja razliitih krovnih sistema i sistema munara.

Objekti brvnara u BiH koji su koriS¢eni za stanovanje
bili su direktna inspiracija za objekte za bogosluzenje,

As dimensions of the church are larger, the same
connection system was used as in the Orthodox
churches of the second type (figure 12). The
construction of the church differs in respect to others as
here boards were used for construction as well. The
interior of the church is spacious and lightly which is in
contacts with the Orthodox Churches and similar to the
mosques. All constructive and decorative wooden
elements within the church - columns, trusses, fences,
cornice and window frames are richly profiled.

Experts of the Cantonal Institute for the Protection of
the Cultural and Historical and Natural Heritage of
Sarajevo during the primary inspection of the church in
1985 found the presence of moisture in the church
caused by the vicinity of the RepaSnica stream. Due to
no maintenance during a long period of three years
(1992-1995) deterioration of the structure was more than
evident. During the year 2004, renovation works were
carried out in the church. The works were not carried out
under the supervision of the experts for the protection of
the monument [24].

4 CONCLUSION

Mosques with wooden minarets in Bosnia and
Herzegovina vary in ground plan, architectural form, and
manner of construction, application of various materials
for walls and roofs, as well as fagade forms, roofs, and
minarets.

The origin of log cabin buildings in Bosnia and
Herzegovina, being used as homes, have been the
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bilo pravoslavne ili katoliCke vijeroispovjesti. Sloveni su
vjerojatno donijeli ideju brvnare na podru¢ja BiH iz
podrucja koja su takode bila bogata Sumama, ¢emu su
dokaz brvnare pronadene u Rusiji i Poljskoj, te na
cijelom Balkanu. Naravno, izgled ovih brvnara veoma je
razli¢it, zbog drustveno-istorijskih i kulturnih odnosa koji
prevladavaju u nekim podruéjima. U Bosni i Hercegovini
postoji samo jedna katolitka crkva ovog tipa to je Cini
jo$ vrijednijom.

Za sve vrste vjerskih gradevina, gradevinski materijal
se koristi na isti nacin kao i za gradnju stambenih kuca.
Vidljivo je da se sakralni objekti razlikuju regionalno na
isti nac¢in kao i stambena arhitektura. Potrebno je stalno
odrZzavanje i popravak ovih vrsta konstrukcija. Nazalost,
svijest o vrijednosti ovakvih objekata nije zadovoljava-
ju¢a. To je ocigledno samom ¢injenicom da je saCuvan
mali broj drvenih sakralnih objekata. Osim toga,
intervencije koje su ucinjene i koje se u nekoj mjeri vrse i
danas, ne slijede pravila Venecijanske konvencije i
pravila ICOMOS-a. Nedostatak finansija i osoblja
predstavlja najvecCi problem za potpunu obnovu i
konzervatorske radove na tradicionalnim sakralnim
objektima od drveta. Sve ove konstrukcije moraju biti
zasticene, ukljuCujuéi sve nematerijalne i materijalne
elemente s ciliem oCuvanja kulturno-istorijske bastine.
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SAKRALNI OBJEKTI OD DRVETA U BOSNI |
HERCEGOVINI

Naida ADEMOVIC
Azra KURTOVIC

Sakralni objekti, dzamije s drvenim munarama i crkve
brvnare, pravoslavne i katolicke, predstavljaju kulturno
istorijsko naslijede, reprezente drvenih konstrukcija u
Bosni i Hercegovini, koje nisu samo medusobno preple-
tene nego su povezane i sa stambenom arhitekturom Sto
ih ¢ini jo§ interesantnijim. Ove konstrukcije su dugo
vremena bile zapostavljene i stavljene su na margine
zaborava. Sakralni objekti s drvenim obiljezjima zadrzali
su zajedniCke stambene osnove s jedne strane, dok se
razliCitost ogledala u njihovim specificnim karakteristi-
kama. Neupitno je da ljudski faktor i prirodni uticaji na
drvene konstrukcije zahtjevaju stalni monitoring i
odrzavanje, $to u nedostatku finansija i osoblja otezava
konzervaciju i restauraciju tradicionalnih sakralnih
drvenih gradevina. U radu su prikazani osnovni podaci o
ovoj vrsti gradevina s najznacajnijim pojedinostima
karakteristi¢nih primjera.
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[23] Komisija za ocuvanje nacionalnih spomenika:
Privremena lista nacionalnih spomenika Bosne i
Hercegovine, 2000;

[24] Komisija za ocuvanje nacionalnih spomenika,
2004, Graditeljska cjelina — Katolicka crkva sv.
Josipa na Palama.

SUMMARY

WOODEN SACRAL OBJECTS IN BOSNIA AND
HERZEGOVINA

Naida ADEMOVIC
Azra KURTOVIC

Sacral buildings, mosques with wooden minarets and
chapel churches, Orthodox and Catholic churches,
represent cultural heritage, and are representatives of
wood structures in Bosnia and Herzegovina, which are
not only interconnected but also connected with
residential architecture, making them even more interes-
ting. These structures were for a long time neglected
and placed on the margins to be forgotten. Sacral
objects with wooden features retained common housing
elements on one hand and the diversity is reflected in
their specific characteristics. It is undoubtedly that
natural influences and the human factor on wooden
structures require constant monitoring and maintenance,
which in the absence of finance and personnel makes it
difficult to conserve and restore the traditional sacral
wooden structures. This paper presents the basic data
on this type of construction with the most significant
details of characteristic examples.
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IN MEMORIAM

Prof D-r eng YORDAN MILEV
(1960-2017)

On January 9, 2017, in Sofia Prof. Dr. Yordan Ivanov
Milev suddenly left us at the age of 57. Born on February
15, 1960, in Sofia, he completed his secondary
education in 1978 at the Sofia Mathematical High
School. From 1980 to 1985 he studied "Industrial and
Civil Engineering” at the Higher Institute of Architecture
and Construction (HIAC). Over the period from 1985-86,
he studied a post-graduate specialization at the Center
for Applied Mathematics of the Higher Institute of
Mechanical and Electrical Engineering. In 1986 he was
promoted to Assistant Professor at the Department of
Reinforced Concrete Structures and until 2004 he
passed through Senior Assistant Professor and Chief
Assistant Professor. In the years 1994, 1995 and 1996
he was consistently a postgraduate and a visiting
researcher at the Tsukuba Science Research Institute,
Yokohama University - Japan and the Institute of
Seismic Engineering at the Tokyo University. In 1997 he
was visiting researcher at the CITY University, London
and the Technical University of Darmstadt, Germany. In
1998 he was a visiting researcher at the University of
Naples, Italy.

In 1999 he defended his dissertation thesis for
acquiring the educational and scientific degree "Doctor
of Science" on the topic: "Modelling of reinforced
concrete walls for seismic research of buildings with
reinforced concrete structure” - under the guidance of
Japanese professor Toshimi Kabeyasava. Over the
period of time from 2000-2001, he was a Vvisiting
researcher and lecturer at Chalmers-Goteborg Technical

University, Sweden. In 2001-2003 he conducted a
postgraduate research at the Institute of Seismic
Engineering at Tokyo University.

In 2004 Dr. Eng. Milev became Associate Professor
and in 2013 he was promoted to Full Professor at the
Department of Reinforced Concrete Structures at the
University of Architecture, Civil Engineering and
Geodesy (UACEG) - Sofia. He received three workshop
certificates - fire safety in 2010, Eurocode 2 in Brussels,
2011 and Eurocode 8 in Lisbon, 2011.

When regarding his educational and pedagogical
activities, Professor J. Milev delivered lectures,
exercises, and course design in the Bulgarian and
English language in a wide range of disciplines such as
Reinforced Concrete, Design of structures for
earthquake resistance, Seismic assessment, and
restoration of existing buildings. He was a tutor of one
Ph.D. student who successfully defended his doctoral
dissertation. He was the author or co-author of 7
manuals and 54 scientific papers. Two of the manuals
are the first manuals for the design of reinforced
concrete multi-storey buildings according to EC2 and
EC8, which is extremely useful in the application of
Eurocodes for students and designers not only in
Bulgaria but also in the Balkan region.

Professor Yordan Milev was acquainted in detail with
the methods of modeling different structural objects as
well as the capabilities of powerful computer programs
for mechanical and mathematical modeling in structural
design which helped him both in design practice and in
student education.

In his science and science - applied activity, he wrote
a monograph titled: Eurocode 8, Seismic Design of
Reinforced Concrete Structures - Part One - Practical
Guide, CEID, Sofia, 2012. The modeling of structures for
seismic impacts, methods of analysis, application of
modern software products were considered. He was
convinced that according to EC8, large lengths of hidden
columns were obtained compared to Japanese and US
building codes, which resulted in non-economic
solutions. The author proposed a methodology for
adapting the three-stage Japanese assessment
procedure for Bulgarian conditions, explaining all the
elements of the procedure and their possible values. He
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was a co-author of several edited manuals and
Guidance (7) related on Reinforced Concrete Structures
with very wide application in education and design
practice.

Prof. Y. Milev was engaged in active design activity.
More than 50 industrial, residential, administrative, office
buildings and facilities were constructed by his projects.
A number of innovations were implemented. He was
honored with 4 awards Designer of the Year in 2008 and
2009 in National Competition "Building of the Year" held
under the patronage of Ministry of Regional
Development and Public Works (MRDPW). He carried
out research and developed and realized projects for
strengthening more than 70 buildings. He applied
modern methods, materials, and technologies with
externally bonded FRP and embedded steel
connections.

In the eyes of his teachers, as a student and a
graduate, Prof. Milev will remain forever excellent as he
was during the course of studies and when he

developed and defended his diploma thesis with the
excellent mark. In the minds of his colleagues, he will
remain forever a very modest and hardworking man,
talented researcher, erudite lecturer, and outstanding
designer of modern structures. He conducted numerous
specializations at world-renowned universities and
research institutes, with great ambition and desire to
share and deliver the lectures to specialists at the
engineering college in Bulgaria and abroad, especially in
our neighborhood, Serbia and Macedonia. At the
invitation of colleagues from Serbia, he delivered two
introductory lectures at scientific meetings. In this
Journal, No. 3/2016, he published a valuable
manuscript: Problems and their solution in the practical
application of Eurocodes in seismic design of RC
structures.

Doncho Partov
Ivan Ivanchev
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UPUTSTVO AUTORIMA"

Prihvatanje radovai vrste priloga

U Casopisu Materijli i konstrukcije Stampace se neobja-
vljeni radovi ili ¢lanci i konferencijska saops$tenja sa odre-
denim dopunama, iz oblasti gradevinarstva | srodnih
disciolina (geodezija | arhitektura). Vrste priloga autora i
saradnika koji ¢e se Stampati su: originalni nauc¢ni radovi,
prethodna saopS$tenja, pregledni radovi, struéni radovi,
prikazi objekata i iskustava (studija slu¢aja), kao i diskusije
povodom objavljenih radova.

Originalni naucni rad je primarni izvor nauénih informa-
cija i novih ideja i saznanja kao rezultat izvornih istrazivanja
uz primenu adekvatnih nau¢nih metoda. Dobijeni rezultati
se izlazu sazeto, ali tako da poznavalac problema moze
proceniti rezultate eksperimentalnih ili teorijsko numerickih
analiza, tako da se istrazivanje moze ponoviti i pri tome
dobiti iste ili rezultate u okvirima dopustenih odstupanja,
kako se to u radu navodi.

Prethodno saop$tenje sadrzi prva kratka obavestenja o
rezultatima istrazivanja ali bez podrobnih objasnjenja, t;.
krace je od originalnog nau¢nog rada.

Pregledni rad je naucni rad koji prikazuje stanje nauke u
odredenoj oblasti kao plod analize, kritike i komentara i
zaklju€aka publikovanih radova o kojima se daju svi neop-
hodni podaci pregledno i kriticki ukljuCujuci i sopstvene
radove. Navode se sve bibliografske jedinice koriS¢ene u
obradi tematike, kao i radovi koji mogu doprineti rezultatima
daljih istrazivanja. Ukoliko su bibliografski podaci metodski
sistematizovani, ali ne i analizirani i raspravljeni, takvi
pregledni radovi se klasifikuju kao stru¢ni radovi.

Strucni rad predstavlja koristan prilog u kome se iznose
poznate spoznaje koje doprinose Sirenju znanja i prila-
godavanja rezultata izvornih istrazivanja potrebama teorije i
prakse.

Ostali prilozi su prikazi objekata, tj. njihove konstrukcije i
iskustava-primeri u gradenju i primeni razliitih materijala
(studije slu¢aja).

Da bi se ubrzao postupak prihvatanja radova za
publikovanje, potrebno je da autori uvazavaju Uputstva za
pripremu radova koja su navedena u daljem tekstu.

Uputstva za pripremu rukopisa

Rukopis otkucati jednostrano na listovima A-4 sa
marginama od 31 mm (gore 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.

Od broja 1/2010, prema odluci Upravnog odbora
Drustva i Redakcionog odbora, radovi sa pozitivnim
recenzijama i prihvaéeni za Stampu, publikovaée se na
srpskom i engleskom jeziku, a za inostrane autore na
engleskom (izuzev autora sa govornog podrucja
srpskog | hrvatskog jezika).

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

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

GUIDELINES TO AUTHORS
Acceptance and types of contributions

The Building Materials and Structures journal will
publish unpublished papers, articles and conference reports
with modifications in the field of Civil Engineering and
similar areas (Geodesy and Architecture).The following
types of contributions will be published: original scientific
papers, preliminary reports, review papers, professional
papers, objects describe / presentations and experiences
(case studies), as well as discussions on published papers.

Original scientific paper is the primary source of scien-
tific information and new ideas and insights as a result of
original research using appropriate scientific methods. The
achieved results are presented briefly, but in a way to
enable proficient readers to assess the results of experi-
mental or theoretical numerical analyses, so that the
research can be repeated and yield with the same or results
within the limits of tolerable deviations, as stated in the
paper.

Preliminary report contains the first short notifications on
the results of research but without detailed explanation, i.e.
it is shorter than the original scientific paper.

Review paper is a scientific work that presents the state
of science in a particular area as a result of analysis, review
and comments, and conclusions of published papers, on
which the necessary data are presented clearly and
critically, including the own papers. Any reference units
used in the analysis of the topic are indicated, as well as
papers that may contribute to the results of further research.
If the reference data are methodically systematized, but not
analyzed and discussed, such review papers are classified
as technical papers.

Technical paper is a useful contribution which outlines
the known insights that contribute to the dissemination of
knowledge and adaptation of the results of original research
to the needs of theory and practice.

Other contributions are presentations of objects, i.e.
their structures and experiences (examples) in the construc-
tion and application of various materials (case studies).

In order to speed up the acceptance of papers for
publication, authors need to take into account the
Instructions for the preparation of papers which can be
found in the text below.

Instructions for writing manuscripts

The manuscript should be typed one-sided on A-4
sheets with margins of 31 mm (top and bottom) and 20 mm
(left and right) in Word, font Arial 12 pt. The entire paper
should be submitted also in electronic format to e-mail
address provided here, or on CD. The author is obliged to
keep one copy of the manuscript.

As of issue 1/2010, in line with the decision of the
Management Board of the Society and the Board of Editors,
papers with positive reviews, accepted for publication, will
be published in Serbian and English, and in English for
foreign authors (except for authors coming from the Serbian
and Croatian speaking area).

Each page should be numbered, and the optimal length
of the paper in one language is about 16 pages (30.000
characters) including pictures, images, tables and
references. Larger scale works require the approval of the
Board of Editors.
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Naslov rada treba sa Sto manje reéi (pozeljno osam, a
najviSe do jedanaeset) da opiSe sadrzaj ¢lanka. U naslovu
ne Koristiti skracenice ni formule. U radu se iza naslova daju
ime i prezime autora, a titule i zvanja, kao i ime institucije u
podnoznoj napomeni. Autor za kontakt daje telephon,
adresu elektronske poste | postansku adresu.

Uz sazetak (rezime) od oko 150-250 na srpskom i
engleskom jeziku daju se kljuéne reci (do sedam). To je
jezgrovit prikaz celog ¢lanka i €itaocima 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 zakljuccima. Na
kraju rada se daje popis literature.

Kod svih dimenzionalnih veli¢ina obavezna je primena
medunarodnih SI 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 Sirini jedan do dva
stupca (8 cm ili 16,5 cm), a po visini najvise 24,5 cm, ostanu
jasni i Citljivi, fj. da veli€ine slova i brojeva budu najmanje
1,5 mm. 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 oS$trim konturama, koje
omogucéuju jasnu reprodukciju.

U popisu literature na kraju rada daju se samo oni
radovi koji se pominju u tekstu. Citirane radove treba
prikazati po abecednom redu prezimena prvog autora.
Literaturu u tekstu oznaditi 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 citirati u
tekstu.

U Popisu literature se navode prezime i inicijali imena
autora, zatim potpuni naslov citiranog ¢lanka, iza toga sledi
ime Gasopisa, godina izdavanja i po€etna i zavrSna stranica
(od - do). Za knjige iza naslova upisuje se ime urednika (ako
ih ima), broj izdanja, prva i poslednja stranica poglavlja 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, ve¢ ih je
pronaSao u drugom delu, uz citat se dodaje «citirano
prema...».

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 prihvacéen za Stampu, autori su duzni
da, po uputstvu Redakcije, unesu sve ispravke i dopune u
tekstu i prilozima.

Rukopisi i prilozi objavljenih radova se ne vrac¢aju. Sva
eventualna objasnjenja 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

Veb sajt Drustva | asopisa: www.dimk.rs

The title should describe the content of the paper using
a few words (preferably eight, and up to eleven). Ab-
breviations and formulas should be omitted in the title. The
name and surname of the author should be provided after
the title of the paper, while authors' title and position, as well
as affiliation in the footnote. The author should provide
his/her phone number, e-mail address and mailing address.

The abstract (summary) of about 150-250 words in
Serbian and English should be followed by key words (up to
seven). This is a concise presentation of the entire article
and provides the readers with insight into the essential
elements of the paper.

The manuscript is divided into chapters and sub-
chapters, which are hierarchically numbered with Arabic
numerals. The paper consists of introduction and content
with results, analysis and conclusions. The paper ends with
the list of references. All dimensional units must be
presented in international SI measurement units. The
formulas and equations should be written carefully taking
into account the indexes and exponents. Symbols in
formulas should be defined in the order they appear, or
alternatively, symbols may be explained in a specific list in
the appendix. lllustrations (tables, charts, diagrams and
photos) should be in black and white, in a format that
enables them to remain clear and legible when downscaled
for printing: one to two columns (8 cm or 16.5 cm) in height,
and maximum of 24.5 cm high, i.e. the size of the letters
and numbers should be at least 1.5 mm. Original drawings
should be of high quality and fully prepared for copying.
They also can be high-quality, sharp and contrasting photo-
copies. Photos should be in black and white, on quality
paper with sharp contours, which enable clear reproduction.

The list of references provided at the end of the paper
should contain only papers mentioned in the text. The cited
papers should be presented in alphabetical order of the
authors' first name. References in the text should be
numbered with Arabic numerals in square brackets, as
provided in the list of references, e.g. [1]. Each citation in
the text must be contained in the list of references and vice
versa, each entry from the list of references must be cited in
the text.

Entries in the list of references contain the author's last
name and initials of his first name, followed by the full title of
the cited article, the name of the journal, year of publication
and the initial and final pages cited (from - to). If the doi
code exists it is necessary to enter it in the references. For
books, the title should be followed by the name of the editor
(if any), the number of issue, the first and last pages of the
book's chapter or part, the name of the publisher and the
place of publication, if there are several cities, only the first
in the order should be provided. When the cited information
is not taken from the original work, but found in some other
source, the citation should be added, "cited after ..."

Authors are responsible for the content presented and
must themselves provide any necessary consent for specific
information and illustrations used in the work to be
published.

If the manuscript is accepted for publication, the authors
shall implement all the corrections and improvements to the
text and illustrations as instructed by the Editor.

Writings and illustrations contained in published papers
will not be returned. All explanations and instructions can be
obtained from the Board of Editors.

Contributions can be submitted to the following e-mails:
folic@uns.ac.rs or miram@uns.ac.rs

Website of the Society and the journal: www.dimk.rs
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Izdavanje Casopisa "Gradevinski materijali i konstrukcije" finansijski su pomogli:

INZENJERSKA KOMORA SRBIJE

REPUBLIKA SRBIJA
MINISTARSTVO PROSVETE, NAUKE |
TEHNOLOSKOG RAZVOJA

UNIVERZITET U BEOGRADU
GRADEVINSKI FAKULTET

DEPARTMAN ZA GRADEVINARSTVO |
GEODEZIJU ;
FAKULTET TEHNICKIH NAUKA NOVI SAD

UMC IMS  INSTITUT IMS AD, BEOGRAD

UNIVERZITET CRNE GORE
GRADEVINSKI FAKULTET - PODGORICA
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WHEEL TRACKING APPARATUS

GYRATORY COMPACTOR

FLEXURAL TEST WITH
THE OPEN SIDE FRAME

(4]

T |
) -

DIRECT/RESIDUAL
SHEAR TEST
APPARATUS |

DATA ACQUISITION
AND PROCESSING
AYSTEM FOR

“EDOTROMIC" AUTOMATIC BIGITAL TRIAXIAL MBECETIRCS SRR

CONSOLIDATION APPARATUS MACHINE

25“‘““EXEHIENCE

IS SOMETHING THAT YOU CAN’T BUY INELAS ERECO D.0.0

Inelas Ereco d.o.o. se bavi prodajom i servisiranjem laboratorijske opreme u domenu
ispitivanja gradevinskih materijala kao $to su i

- Agregati - Asfalt, bitumen i putevi - Beton - Cement i malter - Celik - Zemljiste

- Opsta laboratorijska oprema

Inelas Ereco d.o.o. ToSin bunar 274a, Novi Beograd
tel +381 11 2284 574, info@inelasereco.rs



UcCestvuj

u stvaranju
arhitekture
buducnosti

LafargeHolcimAwards

5. Medunarodna LafargeHolcim Nagrada

za projekte odrzive gradnje

® Ukupni nagradni fond: 2.000.000 USD

® Posebna kategorija Nova generacija
za mlade profesionalce i studente

® Prijave do 21. marta 2017.
na www.lafargeholcim-awards.org/enter

L* A member of LAFARGE
LafargeHolcim

Korak po korak vodic€ za prijavu moZes pronadi na www.lafargeholcim-awards.org/quide



Gradevinska hemija
za profesionalce

SINCE1947

TKK DODACI ZA BETONE |
MALTERE 1 ZASTITNI PREMAZI

CEMENTOL

dodaci za proizvodniju trajnog i
kvalitetnog betona

SILIFOB

vodootporne i druie zastite mineralnih
i drugih gradevinskih materijala

www.tkk.rs

TKK d.o.0., Ugrinovagka 206, 11080 Zemun
Tel: 4381 11 316 91 10, M: +381 641 549 007, office@tkk.rs



CEMENT. AGREGATI. BETON.

Kompanija CRH je vodeci diversifikovani proizvoda¢ gradevinskih materijala na svetu.
CRH u Srbiji proizvodi cement, agregate i beton. CRH je posvecen unapredivanju
gradevinske delatnosti kroz isporuku vrhunskih materijala i proizvoda za sprovodenje
i odrzavanje infrastrukturnih, stambenih i komercijalnih projekata. Nasa kompanija za
ekoloska reSenja Ecorec nudi usluge odgovornog upravljanja otpadom.

www.crhserbia.com



KVALITET.

Kompanija IZOMONT D.O.O. iz Beograda bavi se izvodenjem zavrsnih radova
u gradevinarstvu. Prvenstveno smo specijalizovani za betoniranja, izradu
industrijskih podova i hidroizolacija.

HODROIZOLACIJA BETONITRANJE INDUSTRIJSKI

PODOVI




BUILDING TRUST

Kompanija Sika pruza trajnu dodatnu vrednost vlasnicima od ispitivanja uslova i razvoja inicijalnog koncepta ojacanja
gradevinskih objekata, njihovim konsultantima i izvodatima, pasve do uspesnog zavrSetka i primopredaje projekta
kao i tehnicku podrSku tokom svih faza projekta,

SIKA - VAS PARTNER NA GRADILISTU SIKA VREDNOSTI I INOVACIJE U GRABEVINI

m Globalni lider na trziStu gradevine i gradevinske hemije m Integrisani proizvodi i sistemi visokih performansi koji

m Najbolja tehnicka ekspertiza i praksa za sanaciju betona i mogu da povecaju i poboljSaju kapacitet, efikasnost,
strukturalna ojacanja trajnost i estetiku zgrada i drugih objekata - u korist nasih

m Odlicna reputacija kod vodecih izvodaca i ugovaraca posla klijenata i boljeg odrzivog razvoja

m Sika mreZa obucenih i iskusnih gradevinskih stru¢njaka

JEDINSTVENA SIKA RESENJA U ZAHTEVNIM USLOVIMA POTVRBENI SIKA SISTEMI | TEHNIKE APLICIRANJA

m ReSenja za gotovo sve uslove apliciranja m Preko 40 godina iskustva u strukturalnim ojacanjima,
m Kontrolisano vreme rada, vreme sazrevanja i ocvrscavanja sistemima i tehnikama

za razlicite vremenske uslove m Proizvodi i sistemi sa brojnim testovima i procenama kako
m Posebna reSenja zavrSnih ojatanja za koriscenje kod betona internim tako i eksternim

slabije jacine i drugih podloga m Najvisi medunarodni standardi proizvodnje i kontrole

kvaliteta
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Zajedno gradimo
odrzive veze

TITAN Cementara Kosjeri¢ deo je TITAN Grupe, multiregionalnog, vertikalno integrisanog proizvodaca
cementa i gradevinskih materijala, sa preko 115 godina poslovnog iskustva. Grupa, Cije je sediSte u Grckoj,
posluje u 10 zemalja i zaposljava vise od 5.500 ljudi Sirom sveta. Kroz svoju istoriju, TITAN je uvek kombinovao
vrhunsku operativnost sa postovanjem ljudi, drustva i Zivotne sredine.

Nas uspeh zasnovan je na koris¢enju najboljih dostupnih tehnologija, sistemati¢nom istrazivanju, stalnom
unapredenju znanja i vrhunskoj stru¢nosti nasih zaposlenih. Odrzivi razvoj je integralni deo naseg poslovanja,

+ a negovanje i jacanje saradnje sa svim stejkholderima od vitalnog znacaja za postavljanje ¢vrste osnove za
odrzivu i bolju buducnost za sve.

Titan Cementara Kosjeric d.o.o.

Zivojina Migica b.b. /
. 31260 Kosjeri¢, Srbija é TI‘I‘AN

, www.titan.rs CEMENTARA KOSJERIC
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Oplatna tehnika.

Merenje cvrstoce betona
u realnom vremenu

Concremote® — Savremena tehnologija u sluzbi betoniranja

Optimizacija procesa gradnje Laka upotreba Najsavremeniji nacin merenja
Smanjenje troSkova radne snage i opreme Brza montaza mernih senzora jednostavnim Concremote® se istice svojom dokazanom
skra¢enjem radnih taktova na maksimum 2-3 dana. postavljanjem na svez beton. pouzdano$céu i lakocom upotrebe.

BEe

ulig

Vise informacija na:
www.doka.com/concremote

Doka Serb d.0.0. | Svetogorska 4 | 22310 Simanovci | Srbija | T +381 22 400 100 | F +381 22 400 124 | serb@doka.com | www.doka.rs
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NASE OPREDELJENJE ZA TRANSPARENTNOST.

Vec 80 godina utiCemo na poboljSanje kvaliteta Zivota ljudi zahvaljujudi istraZivanjima i razvoju hemi-
jskih proizvoda za gradevinsku industriju. Radimo predano, drustveno i ekoloSki odgovorno, maksi-
malno poStujuci etiku, zdravlje i sigurnost korisnika. Kroz razvoj nasih proizvoda, naglasak smo uvek
stavljali na inovacije kako bismo zadovoljili potrebe naSih klijenata i istovremeno zastitili Zivotnu sredinu.

OrLe & MAPEI

‘ S . GRADEVINSKI LEPKOVI + HIDROIZOLACIONI SISTEMI
/mapeispa Vise na: www.mapei.rs HEMIJSKI PROIZVODI ZA GRABEVINARSTVO





