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1 UvVoD

Osnovna funkcija gradevinskog inzinjerstva je
adekvatno rjeSenje prihvatanja i provodenja sila kroz
sistem (konstrukciju). U tu svrhu se vrSi analiza, koja
predstavlja idealizaciju = konstrukcije ~u  smislu
jednostavnijeg, ali logicnog matematickog rjeSenja, koje
sadrzi osnovne elemente stvarne konstrukcije. Kod
tradicionalnog pristupa analizi, dejstva na konstrukciju su
modelirana kao potpuno definisani, jednostavni

geometrijski ili analiticki izrazi. Isto tako svojstva
materijala su usvojena kao nepromjenljiva unutar
konstrukcije i u vremenu. Naravno, dejstva na

gradevinske konstrukcije nisu nikada u potpunosti
poznata u smislu njihovog intenziteta i ucestalosti
pojave. Usvojene proradunske veli¢ine dejstva su
slu¢ajne i svaka konstrukcija moze biti izlozena dejstvu
veceg intenziteta od projektovanog. Savremeni pristup
uspostavljanja zavisnosti promjenljivih ulaznih veli¢ina i
izlaznih veli¢ina primjenom vjeStackih neuronskih mreza
prezentiran je u radu [25]. Ovakav pristup je pokazao
zadovoljavajucu preciznost u slucajevima kada postoji
dovoljan broj izmjerenih eksperimentalnih podataka.

Svi gradevinski materijali sadrze mikrokristalne
imperfekcije ili lokalne nedostatke. MoZe se re¢i da je
svaki materijal zbir raznih defekata i za upotrebu se
smatra prihvatljivim ako je zbir defekata predvidljiv. Ne
postoje, ni do danas, razvijene teorije koje uspostavljaju
odnose izmedu ¢vrstoée i deformacije tijela. Takode, ne
postoje uokvirena istrazivanja fenomena kao Sto su:
plasticno tecenje i krti lom metala, zamor i puzanje,
elasti¢ni i postelasti¢ni odgovor i sl.
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1 INTRODUCTION

The basic function of building design is adequate
acceptance and implementation of loads through the
system (construction). For this purpose performs the
analysis, which represent of structures idealization in
terms of simpler, but the logical mathematical solution,
which contains the basic elements of the real structures.
With the traditional approach to the analysis, the actions
on the structure are modeled as fully defined, simple
geometrical or analytical expressions. Also, material
properties are adopted as fixed within the structure in
time. Of course, the actions on civil structures have
never fully known in terms of their intensity and
frequency of occurrence. Adopted design values of the
actions are random, and each structure can be exposed
to the actions with greater values than design values.
Modern approach to establishing the dependence of
variable input and output values using artificial neural
networks is presented in the paper [25]. This approach
has proved sufficiently precise in cases where a
sufficient number of measured experimental data.

All  building materials contain microcrystalline

imperfections or local defects. It can be said that each
material is sum of various defects and for the use is
considered acceptable if the sum of defects are
predictable.
Not today, developed theories that relate the strength
and deformation of the body not exist. Also, there are no
framed research of phenomena such as plastic creep
and brittle fracture, fatigue, and elastic and post-elastic
response etc.
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Nacini na koje dolazi do otkaza gradevinskih kon-
strukcija, njihova ucestalost, ekonomske i socijalne
posljedice, pokazuju priliénu razliku izmedu hipotetickih i
realnih konstrukcija. Proradunsko opterecenje, uslovi na
gradiliStu, svojstva materijala, razvijene proracunske
procedure i adekvatnost predvidenih veli¢ina i oblika
konstrukcije i njenih elemenata je ponekad daleko od
stvarnih parametara. Navedeni parametri su rezultat
kompleksnih medusobnih odnosa, defekata materijala,
strukturalnin  odstupanja, ljudskih greSaka, i imaju
karakter slu¢ajno promjenljivih. Stoga je za kvantifikaciju
sposobnosti konstrukcije da ispuni ocekivane zahtjeve
neophodno odredivanje mjere uspjeSnosti, koja se
naziva pouzdanost.

Uobi¢ajena definicija pouzdanosti je:

Pouzdanost je vjerovatnoca da ¢e objekat (sistem)
adekvatno ispuniti njegovu Zzahtijjevanu funkciju, u
definisanom vremenskom periodu, pod odredenim
okolnostima.

Prvi korak u ocjenama konstrukcije koriStenjem
teorije pouzdanosti jeste pribavljanje svih neophodnih
ulaznih podataka koji opisuju konstrukciju. Analiza
pouzdanosti zapocinje sa identifikacijom razlicitih izvora
rizika na konstrukciji. U radu [21] prezentirano je stablo
slu¢aja, koje razmatra sve moguce uzrocnike otkaza
elementa i podsistema koji vodi otkazu sistema. Za svku
komponentu u stablu slu¢aja mora se definisati grani¢no
stanje. Analiza pouzdanosti uklljuuje proracun i pred-
vidanje vjerovatnoc¢e naruSavanja grani¢nog stanja u bilo
kojem trenutku eksploatacionog vijeka konstrukcije.
Vjerovatno¢a pojave dogadaja kao $to je naruSavanje
graniénog stanja je numeri¢ka vrijednost moguénosti
pojave. Iz jednacine grani¢nog stanja moze se za svki
parametar proradunati vjerovatnoéa otkaza pr i indeks
sigurnosti 3. Kada se odredi vjerovatnoca, slijedeci korak
je odabir alternative prorac¢una koja poboljSava pouzda-
nost konstrukcije, a minimizira rizik od otkaza. Pri tome
je odgovarajuée opazanje nepouzdanosti klju¢no za
sigurnost i efikasnu odluku. Probabilisticka proracunska
procedura je analiza konstrukcije koja uzima u obzir
informacije probabilistickog karaktera o kapacitetu |
zahtjevima. Ovakav pristup uslovljava sveobuhvatnu
analizu konstrukcije sa svrhom optimaliziranja zahtjeva
sigurnosti i ekonomicnosti.

Koncept pouzdanosti je danas opSte prihvacen za
projektovanje konstrukcija, iako je dobro poznato da je
Cesto potrebno znacajno pojednostavljenje proracun-
skog problema da bi se ovaj koncept efikasno primijenio.
Ovo je prije svega iz slijede¢a dva razloga:

(1) U svojoj najjednostavnijoj formulaciji procedure
zasnovane na pouzdanosti zahtjevu prikaz performansi
konstrukcije u eksplicitnim relacijama izmedu varijabli
(promjenljivin) dejstava i otpornosti. Ali kada je
ponasanje konstrukcije uslovljeno nelinearnostima visSe
varijabli, kao $to je uvijek slu¢aj sa betonom, ovakve
relacije opéenito su dostupne samo u implicitnom obliku.

(2) Kod konstruktivnih sistema sa viSe komponenti,
potpuna analiza pouzdanosti podrazumjeva analizu
pouzdanosti dijelova sistema i sistema. Zavisno od broja
i rasporeda dijelova ocjena pouzdanosti sistema moze
postati vrlo komplikovana pa ¢ak i prakticno nemoguca
za velike konstruktivne sisteme.

Ways to come to the failure of civil structures, their
frequency, economic and social consequences, show a
reasonable difference between the hypothetical and real
structures. Design actions, site conditions, material
properties, developed design procedures and the
adequacy of the anticipated size and form of structures,
and its elements, are sometime far from the real
parameters. The mentioned parameters are the result of
complex mutual relations, material defects, structural
differences, human errors, and have the character of
random variable. Therefore, for the quantification of
structural capacity to meet expected requirements it is
necessary to define measures of success, which is
called reliability.

The usual definition of reliability is:

Reliability is the probability that the building (system)
is adequate to meet its desired function in the definea
time period, under certain circumstances.

The first step in reliability-based assessment is to
acquire all necessary input data describing the structure.
The reliability analysis starts with the indentification of
the different sources of risk of the structure. In the paper
[21] is presented fault tree, which regards all possible
causal sequences of component and subsystem failures
that lead to system failure. For all components in a fault
tree a limit-state has to be defined. Reliability analysis
includes the calculation and prediction of the probability
of limit-state violation at any stage during a structure’s
life. The probability of the occurrence of an event such
as a limit-state violation is a numerical measure of the
chance of its occurring. From the limit state equation can
be calculated for each parameter probability of failure p,
and safety index 3. When the probability determined, the
next goal is to choose design alternatives that improve
structural reliability and minimize the risk of failure.
Where appropriate perceptions of uncertainty are
essential for safe and efficient decisions. Probabilistic
design procedures is the analysis of structures which
take into account probabilistic-based information about
capacities and demands. This provides a comprehensive
analysis of structures with the aim of optimizing the
requirements of safety and economy.

Reliability-based concepts are nowadays widely
accepted in structural design, even if it is well known
that, before such concepts can be effectively
implemented, the actual design problem often needs to
be considerably simplified. This is mainly due to the two
following reasons:

(1) In their simplest formulation, reliability-based
procedures require the structural performance to be
represented by explicit functional relationships among
the load and the resistance variables. But, unfortunately,
when the structural behavior is affected by several
sources of non-linearity, as always happens for concrete
structures, such relationships are generally available
only in an implicit form.

(2) For structural systems with several components,
a complete reliability analysis includes both component-
level and system-level estimates. Depending on the
number and on the arrangement of the components,
system reliability evaluations can become very
complicated and even practically impossible for large
structural systems.
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2 OSNOVE TEORIJE VJEROVATNOCE |
MJERODAVNI STATISTICKI PARAMETRI

Vjerovatnoc¢a odredenog dogadaja u trenutku vreme-
na T se definiSe izrazom:

P(r<i)=

Vrijednost vjerovatnoée moze biti u granicama
0< P(A)s 1. Prema tome, sigurnost se moZze definisati

kao P[C] =1,0. Isto tako mora vrijediti jednakost:

2 BASIS OF THE THEORY OF PROBABILITY AND
THE RELEVANT STATISTICAL PARAMETERS

The probability of particular events in the moment of
time T is defined expression:

F(t); t=20 (1)

The value of probability can be inside0 < P(A)s 1.

Accordingly, security can be defined as P[C] =1,0. Also
must be valid equality:

P[success + failure] =1 g P[success] + P[failure] =1 (2)
Vjerovatno¢a uspjeSnosti konstrukcije je njena The probability of structure success is its reliability
pouzdanost i moze se definisati izrazom: and can be defined by expression:
R+P(f)=1 (3)
UvrStavanjem (1) u (3) dobije se funkcija Substituting (1) to (3) obtain the reliability function:
pouzdanosti:

Rt)=1-F(r)=P(T >1)

F(t) je funkcija raspodjele otkaza, koja pokazuje
vjerovatno¢u otkaza sistema do trenutka vremena t. F(t)
se jo§ zove kumulativna funkcija raspodjele. Derivaci-
jom funkcije raspodjele otkaza dobije se funkcija gustine
otkaza,

Prema tome izraz (4) dobija oblik:

R(t)=1-F()=

Promjena intenziteta otkaza u eksploeatacionom
vijeku sistema (konstrukcije) moze se iskazati pomocu
funkcije intenziteta otkaza date izrazom [19]:

A(D)

Funkcija pouzdanosti se moze izraziti preko funkcije
intenziteta otkaza u obliku:

R(t)=e

Kljuéni statistiCki parametri diskretizovane raspodjele
sluéajno promijenljivih, o¢ekivana vrijednost i varijacija,
definiSu se iz analogije krutog Stapa optereéenog nizom
vertikalnih koncentri¢nih sila f; na udaljenostima x;, kako
je pokazano na slici 1.

Iz uslova ravnoteze je poznato da je sila koja
uravnotezuije vertikalne sile f;jednaka

M

dok se njen polozaj odreduje izrazom,

X =

Ako se pretpostavi da su diskretne koncentrisane sile
sa slike 1 vjerovatno¢e mogucih dogadaja xi, Xz,...,Xn i

1 —J’ 1 (e)dr :J’ (e)ar

:Zfi

(4)

F (t) is a function of the failure distribution, which
quantify probability of system failure until moment of time
t. The function F (t) is also called cumulative distribution
function. With derivation of function of failure distribution
obtain the function of failure density.

(5)

Thus expression (4) gets the form:
t [
(6)
0 t

Change of failure intensity during system (structure)
service life can be expressed using a function of failure
intensity expressed as [19]:

0]
R(1)

Reliability function can be expressed through the
functions of the failure intensity with form:

(7)

_' A(t)dt
l 8)

Key statistical parameters discrete distribution of
random variable, expected value and variation, can be
defined by analogy from solid beam loaded with a series
of concentric vertical forces f; at distances x;, as shown
in Fig. 1.

From the condition of equilibrium is well known that
the force that balances the vertical forces f; equal to,

n

9)
i=1
while its position is determined expression,
n
Z x. f;
i=1

M

(10)

If we assume that the discrete concentric force
(Fig.1) are probability of possible events xy, xz,..., X, and
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vrijedi jednacina (2) (M=1), izraz (9) se moze napisati u
obliku:

E[x]=)_c=i

equation (2) is valid (M = 1), expression (9) can be
rewritten in the form:

x; f; (11)

=1

f(x)
11 1
XX
X

fi f.
Vo
X Xn X

SI.1. Koncentisane sile na krutoj gredi
Fig.1. Concentric forces on solid beam

Mijera varijabilnosti (rasipanja) slu¢ajnih varijabli se defi-
niSe takode iz statike, analogijom sa momentom inercije,
n
—\2
I, = Z(xi —x) fi
i=1
Na osnovu izraza (10) i (11) varijanca se moze
izraziti kao oc¢ekivanje,

(12)

V[xi] = Elxizj_(E[xi])z

Standardna devijacija je: O [xi] = 1/lei |

Drugi vazan parametar rasipanja rezultata je
koeficijent varijacije, koji predstavlja mjeru odstupanja od
centralne osi,

V(x) =

Za analizu kontinuirane raspodijele slu¢ajno promjen-
liive moze se primjeniti analogija sa jedankopodijeljenim
vertikalnim opterecenjem na krutoj gredi od x(a) do x(b)
[14], prikazano na slici 2.

olx

=

Analogy with the moment of inertia can be defined
measure of variability (dispersion) of random variables

Vil=y -3

On the basis of expression (10) and (11) the
variance can be expressed as an expectation,

(13)

(14)

Standard deviation is: O[xi] = 1/leil
Another important parameter of random variables
scattering is the coefficient of variation, which is a
measure of deviation from the central axis,
100 (%) (15)
For the analysis of continuous distribution of random
variable can be applied analogy with distributed vertical

load on solid beam, from x(a) to x(b) [14], presented in
Fig.2.

f(x) A
y
X(h)/ /\
X dx
—> <
X)Xz
—
A X
X M

S1.2 - Jenoliko podijelieno vertikalno optere¢enje na krutoj gredi
Fig.2 - Continuous distribution of vertical load on solid beam

U ovom slucaju, izraz (9) je oblika, In this case, expression (9) has the form,
x(b)
M = If(x)dx

x(a)

(16)
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aizraz (10), and expression (10),

x(b)
xf (x)dx
— _ x(a)
X = (17)
M

Povrsina ispod krive f(x) za interval dx je vjero- Area under the curve f(x) for interval dx is the proba-

vatnoca da ¢e vrijednost x biti u intervalu od x; do xz: bility that the value of x will be in the interval from x; to x2:
X2
If(x)dx:P[xl Sxsz] (18)
Rl

Povrsina ispod krive u intervalu x(a) do x(b) mora biti Area under the curve in the interval of x(a) to x(b)

1 (jedan). must be 1 (one).
Xb)
J’f(x)dx=1 (19)
X(a)
Za kontinuiranu raspodjelu o¢ekivana vrijednost je, For continuous distribution expected value is
x(b)
E[x]: Ixf(x)dx (20)
x(a)
a varijanca, and variance,
x(b)
—\2
V[x]: I (x—x) f(x)dx (21)
x(a)
3 FUNKCIJA GUSTOCE VJEROVATNOCE 3 PROBABILITY DENSITY FUNCTION

Teorija vjerovatnoce razmatra vjerovatnocu odrede- Probability theory treats the likelihood of a given
ne pojavnosti dogadaja i kvantificira mjere nesigurnosti event's occurrence and quantifies uncertain measures of
sluéajnin dogadaja. Metodologija, kojom se mogu random events. Methodologies, which can consider the
razmotriti slu€ajnosti ili nesigurnosti u podacima ili mode- randomness or uncertainty in the data or model, are
lima, poznata je kao analiza nesigurnosti ili stohasticka known as uncertainty analysis or stochastic analysis.
analiza. Na slici 3 pokazane su razne metode analize Figure 3 shows various methods of uncertainty analysis
nesigurnosti zasnovane na prikazu nesigurnosti. based on the representation of uncertainties.

Uncertainty Analysis
1
I 1
Probabilistic | Mon-Probabilistic
Approach Approach
I |
Stochastic Finibe Elemen Method Inferval Analysis
Firgt- and Second-Crder Rekability Mathod bt .I.het:\r‘,-'
Monite Caro | Latin Hypercube Sampling Possibility Theory
Random Process [ Random Fiekd Ewvicunce Theary
S1.3 - Kategorije analize nepouzdanostif7]
Fig.3 - Uncertainty Analysis Categories[7]

Probabilisticki pristup zasnovan je na teoretskim The probabilistic approach is based on the theo-
osnovama funkcije gustoce vjerovatnoce i uvodenju retical foundation of the probability density function
kori§'enja sluéajno promjenljivin za prikaz nesigurnosti, information and introduces the use of random variables
dok deterministiCki (ne-probabilisticki) pristup koristi to represent uncertainty, while the non-probabilistic
neprecizno znanje o stvarnim vrijednostima parametara. approach manages imprecise knowledge about the true

Funkcija gustoée vjerovatnocée reprezentira relativnu value of parameters.
uCestalost odredene realizacije slu€ajne promijenljive. The probability density function represents the
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Osnova statisticke obrade podataka jeste definisanje
zakonitosti (funkcije) raspodjele sluajno promijenljivih.
Podaci utvrdeni analizom rezultata eksperimenata imaju
odredenu zakonitost raspodjele. U postupku analize
raspodjela utvrdenih podataka se uporeduje sa poznatim
teorijskim zakonitostima raspodjele. Izbor najpovoljnije
zakonitosti raspodjele zapocinje postavljanjem hipoteze
0 mogucem teorijskom zakonu raspodjele. Ocjena
postavljene hipoteze se vrsi preko statistickih testova
zasnovanih na maksimalno dozvoljenom odstupanju
empirijskog i teorijskog zakona raspodjele. Aproksimaci-
ja eksperimentima utvrdene raspodjele nekom poznatom
teorijskom raspodjelom omoguéava koriStenje analize
poznate teorijske raspodjele, $to znac¢ajno pojednostav-
ljuie postupak ocjene pouzdanosti sistema (kons-
trukcije).

Nekoliko kontinuiranih raspodjela igra znacajnu
ulogu u gradevinarstvu. Najvaznije su jednolika, ekspo-
nencijalna, gama, beta, Weibull-ova, binomna, lognor-
malna i normalna raspodjela. Najjednostavniji oblik konti-
nuirane raspodjele je jednolika sa funkcijom gustoce
vjerovatnoce, srednjom vrijednosti i varijancom,

_ 1
fx) =

E [x] =

,a<x<b (22)
a

b+a

(23)

Kod eksponencijalne raspodjele vjerovatnoca da se
ne¢e desiti sluéajno promjenljiva X u vremenskom
intervalu tje,

relative frequency of certain realization for random
variables. The basis of statistical data processing is to
define the probability density function. Data determined
during analysis of the experiments results have
particular laws of distribution. In the process of analysis
the distribution of determined data comparisons with
known theoretical laws of distribution. Selecting the best
laws of distribution begins by setting the hypotheses
about the possible theoretical distribution law. Evaluation
of set hypothesis is done by statistical tests based on the
maximum permitted deviations of the empirical and
theoretical laws of distribution. Approximation of the
distribution determined by experiments with a known
theoretical distribution analysis allows the use of well-
known theoretical distribution, which greatly simplifies
the process of assessing the reliability of the system
(structure).

Several continuous distribution play useful roles in
civil engineering. The more important ones are the
Uniform, Exponential, Gamma, Beta, Weibull, Binom,
Lognormal and Normal distribution.

The simplest type of continuous distribution is the
uniform with probability distribution function, mean and
variance

(b-af

= 24

V== (24)
By exponential distribution the probability of no

occurrences of the random variable X during a time

interval tis

P(x =0)=¢™ (25)

a kumulativna funkcija raspodiele je,

and cumulative distribution function is

P(T<t)=F(t)=1-e™ (26)

Ova raspodjela je primjenljiva za elemente koji ne
mijenjaju svoje karakteristike u veoma dugom eksploa-
tacionom vijeku. Pogodna je za betonske konstrukcije.

Sa fizikalnog stanovista, inzinjeri i naucnici su
ustanovili da empirijske raspodjele mnogih prirodnih
procesa i procesa u konstrukciji priblizno odgovaraju
gama raspodjeli. Standardna gama funkcija raspodjele
vjerovatno¢e moze se napisati,

r=1 -t

FO=0r®)

I"(r) je standardna gama funkcija definirana kao,

<)

I(r) :J’t’_le_'dt, for r>0
0

for 0<t and r>0

This distribution is applicable for elements that do not
change their characteristics in a very long period of
exploitation. It is suitable for concrete structures.

From the physical viewpoint, engineers and
scientists have found that the empirical distributions of
many natural and structural processes closely resemble
the gamma. The standard gamma probability distribution
function is written as

(27)

0 otherwise

["(r) is complete (standard) gamma function defined as

(28)

=0 otherwise

Parametar r je poznat kao parametar oblika.

Beta raspodijela se koristi kod eksperimenata koji se
ponavljaju N puta sa odvojenim izlazima za svaki
eksperiment, gdje je x broj uspjeSnih eksperimenata.
Modeli sa beta raspodjelom imaju posebnu ulogu kod
metoda odlucivanja. Raspodjela slu¢ajno promjenljive
koja poprima vrijednosti u odredenom intervalu. Beta
funkcija raspodjele vjerovatnoce data je izrazom,

The parameter ris known as the shape parameter.

The beta distribution is used in the experiments
repeated N times with independent output for each
experiment, where x is the number of successful
experiments. The beta distribution models plays a
special role in decision methods. The distribution of
random variable that takes value in the interval. The beta
probability distribution function is given by
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Sl4 - Standardna gamma funkcija gustoce vjerovatnoce [16]

Fig.4 - Standard gamma probability density functions [16]
FOLB) = ——

cx—l( _ )B—l
X =x) 7, for 0<x<l,a >0,6>0
B(a.B)

=0 otherwise
sa beta funkcijom,

with beta function

B(a, B)ZJ’xa_l (1-x)P"dx
0

Bata 4, 4)

S1.5 - Standardna beta funkcija gustoce vjerovatnoce [16]

Fig.5 - Standard beta probability distribution functions [16]
Weibull-ova raspodjela se koristi u praksi za sisteme

koji pokazuju porast tendencije ka otkazu u vremenu.
Weibull-ova funkcija raspodjele vjerovatnoée data je
izrazom,

Weibull distribution is used in practice for systems
that show a growing tendency to failure over time. The
Weibull probability distribution function is given by

f(x)=%%§_l expé&%géﬁr x>0,A>0

=0 otherwise

Ly —

Sl.6 - Weibull-ova funkcija gustoce vjerovatnoce [16]

Fig.6 - Weibull probability distribution functions [16]
Dok se duktilni otkaz armiranobetonskog konstruk-

tivnog elementa deSava simultano duz povrSine otkaza,
okarakterisan Gauss-ovom raspodjelom ¢&vrsto¢e kon-

While ductile failure of reinforced concrete structure
elements occurs simultaneously along the failure surface
and

is characterized by Gaussian distribution of
MATERIJALI | KONSTRUKCIJE 53 (2010) 2 (47-70)

53



strukcije, bez uzimanja efekta veliCine elementa, na
kvazikrti otkaz znacajno uti€e veli¢ina elementa i za
velike elemente se pojavljuju ekstremne statisticke vrije-
dnosti po modelu najslabije karike, Sto vodi, prema [2],
do Weibull-ve raspodjele cvrsto¢e konstrukcije (uz
pretpostavku da se otkaz deSava sa pocetkom mikro
prslina).

Lognormalna raspodjela je vrlo dobar model za
prou€avanje otkaza uslied zamora i njegove znacajne
primjene u podrucju odrzavanja. Lognormalna funkcija
raspodjele vjerovatnoce data je izrazom,

-
f(x)_o'a-ﬂ/ﬁe

Normalna funkcija raspodjele vjerovatno¢e data je
izrazom,

fx)=

U radovima [7], [14], [16], [19], [20] i [22] opisane su
detaljnije funkcije raspodjele slu¢ajno promjenljive, koje
se koriste za analizu pouzdanosti tehnickih sistema.

Za analizu pouzdanosti gradevinskih konstrukcija
obi¢no se koristi normalna raspodjela vjerovatnoée u
obliku,

1
o+2m

structural strength with no size effect, quasibrittle failures
propagates, exhibits a strong size effect and, at large
sizes, follows extreme value statistics of the weakest-link
chain model, which leads, according to [2], to Weibull
distribution of structural strength (provided that failure
occurs at macro-crack initiation).

Lognormal distribution is a very good model for
studying the failure of which is the cause of fatigue and
has significant application in the field of maintenance.
The Lognormal probability distribution function is given
by

- AP0
(lnx )\) g

2
g 20 g (32)

The Normal probability distribution function is given
by

O (-5 8

- (33)

In the papers [7], [14], [16], [19], [20], and [22] are
described in some detail the functions of distribution of
random variable, which is used to analyze the reliability
of technical systems.

For reliability analysis of civil structures commonly
used normal probability distribution in form

| -lpeef
f(x): e 200 0O .
0421
f(x) f(x)
o 0
0,9+
0,847
0,777 172
o(x)=1/2 0,64 0()=(2)/2
_u i t-u
o 0 Z=
> s 6 0 ‘ t
2 3 5.6 7 X ;
x=4
S1.7 - Neki oblici krive normalne raspodjele S1.8 — Funkcija gustoce V/gg;zz}gze 2 standardnu normalnu
Fig.7 - Some forms of normal distribution curves Fig.8 — Probability density function for standardized normal
distribution

Kumulativna funkcija normalne raspodjele moze se
ocijeniti samo numeri¢kim metodama. U svrhu evaluacije
u praksi se koristi standardizovana kriva sa transforma-
cijom promjenljive Xu Z:

1=
o

zZ= (35)

Cumulative distribution function of normal distribution
can only be evaluated by numerical methods. In practice
one uses the standardized curve for the purpose of
evaluation with the transformation of the variate X to Z
as follows:

1,
52

_ 1 )
d)(z)—ﬁ@ ;

—0<z<o00 (36)
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4 MJERE POUZDANOSTI

Normativi po kojima se vr$i analiza nosivosti grade-
vinskih konstrukcija zasnovani su na deterministickim i
semi-probabilistickim  proracunskim procedurama, sa
usvojenim faktorima sigurnosti. Odabrani faktori sigur-
nosti za pojedine proracunske situacije su rezultat pret-
hodno provedene analize uticajnih parametara primje-
nom teorije pouzdanosti.

£(S)
f(R)

f(S)

(S J'

4 MEASURES OF RELIABILITY

Standards in use to perform analysis of civil
structures capacity are based on deterministic and semi-
probabilistic design procedures, with the adopted safety
factors. Selected safety factors for the individual design
situations are the result of a previously performed
analysis of influential parameters using the theory of
reliability.

f(R)

Si

T i

F4dS
L

S.R

S1.9 — Definicija pouzdanosti
Fig.9 — Definiton of reliability

Vjerovatnoéa da je uticaj Sy u intervalu ds jednaka je
povrsini Ay, , i moze biti izraZzena kao,

ds

——SsSSl+d
2

P 1

O

Vjerovatno¢a da je otpornost veca od uticaja Sy
jednaka je povrsini Az

2

r-5)= [ rlk

Pouzdanost je proizvod vjerovatnoce (37) i (38),

dR = (5, )dS} f(R)dr

odnosno opéti izraz za pouzdanost je oblika:

R:IdR:if(S)gf(R)dRéiS il R:J’dR:

Uvodenjem smjene = R—S (¢ >0) i standardizi-

a E: f(Sl)ds = A

Probability that the action Sy is in the interval ds,

equal to the area Ay, , can be expressed:

37)

Probability that the resistance is greater than the

action Sy is equal to the area Az

)dR = A, (38)

Reliability is the product of probability (37) and (38),

(39)
and the general expression for the reliability is:
0 Or O
i f(R)%J’f(S)dSEiR (40)

With the introduction of § =R-S (& >0) and

rane sluajno promjenljive Z =E — funkcija pouzda- standardized random variable Z :ﬁ reliability
o) o)
g g
nosti ima oblik: function has the form:
(A
R:—D[ez dz (41)
V2m
_&
O¢
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SI.10 — Standardizirana

funkcija gustoce vjerovatnoce

Fig. 10 — Standardized probability density function

Neadekvatnost sistema da ispuni zahtjeve, mjerena
kao p; vezana je sa dijelom raspodjele gdje mjera
sigurnosti Z poprima negativne vrijednosti, a odovara-
juca pouzdanost je,

R

Vazna mjera adekvatnosti inZinjerskog projektovanja
je indeks pouzdanosti, definisan kao odnos izmedu
srednje vrijednosti i standardne devijaciie mjere
sigurnosti sistema.

B:

Opéti izraz za indeks pouzdanosti u odnosu na prva
dva momenta kapaciteta i funkciju zahtjeva moze se
napisati kao,

ProGability of failure, o,

D000 =
Y

The inadequacy of the system to meet the demand,
as measured by py, is associated with that portion of the
distribution of the safety margin wherein Z takes
negative values, and corresponding reliability is

=1-p, (42)

An important measure of the adequacy of an
engineering design is the reliability index, defined as the
ratio between the mean and standard deviation of the
safety margin of the system.

U

4

(43)

Q

A general expression for the reliability index in term

of the first two moments of the capacity and the demand
function can be written as

1)

ek

1 ? 3
Raliakility index, 3

SI.11 — Snaga aproksimacije vjerovatnoce otkaza kao funkcija indeksa pouzdanosti za normalnu raspodjelu S i R [16]
Fig.11 — Power approximation of the probability of failure as a function of the reliability index for normally distributed S
and R [16]

B

uR _uS (44)

Ocjena pouzdanosti podrazumjeva usporedbu prora-
¢unatog indeksa pouzdanosti B sa vrijednosti indeksa
pouzdanosti koji se smatra adekvatnim na osnovu pret-
hodnih iskustava na datom sistemu. U tom smislu, mora
se uspostaviti odnos izmedu kapaciteta sistema i zahtje-
va (uticaji). Ukoliko su kapacitet i uticaji jednaki sistem je
u grani¢nom stanju, koje se moze pisati u obliku,

\/0122 -

2
2pRsOR05 +0

The assessment of reliability mean comparing the
calculated reliability index B with that found to be
adequate from previous experience for the given
system. For this purpose, one must establish a
relationship between the capacity of the system and the
demand (load). If the capacity and load equal, this is a
limit state, which can be written in the form
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SI.12 — Stanje otkaza, stanje sigurnosti i graniéno stanje [20]
Fig.12 — Failure state, safe state and limit state [20]

Opcenito su u gradevinarstvu svi problemi funkcija
viSe sluc¢ajno promjenljivih, gdje je vazno da sve slu¢ajno
promjenljive imaju odgovarajuéu pouzdanost. Pouzda-
nost sistema slu¢ajno promjenljivih, kod kojeg svaki
element mora funkcionisati da bi sistem funkcionisao
predstavlja se kao serijski spoj uticajnih parametara [19],
[22]:

R=1-Pl 0% 0...0%)

i generalno je sistem medusobno nezavisnih slu¢ajno
promijenljivih, za koje vrijedi izraz,

R= P(xl )P(x2 )....P(x,, )

Za m nezavisnih slu¢ajno promjenljivih X, sa
normalnom raspodjelom, dobije se m-dimenzionalna
raspodjela gustoée prema multiplikacionom pravilu
proracuna vjerovatnoce [12]:

S (X,

xﬂ‘l) =

U slu€aju dvije osnovne promjenljive: x; i Xz, odnosno
R (otpornost) and S (dejstva), dobiju se hiper povrsine,

fxl ('xl) @CXZ ('xZ) Ll @me ('xm) -

Generally in the civil engineering all the problems are
function of several random variable, where it is important
that all random variables have adequate reliability.
Reliability of random variable system, where each
element must function that the system functioned,
present as a serial combination of influential parameters
[19], [22]:

(46)
and generally is a system of mutually independent
random variable, for which valid expression:

(47)

For m independent random variable x;, with normal
distribution, the result is m-dimensional density
distribution according to multiplication rule of probability
calculation [12]:

— L -1 Dz

In the case of two basic variables: x; and x», and R
(resistance) and S (action), get a hyper surface, the

(48)

m

(21'[)2 EI'I 0,

istih raspodjela gustoée, odnosno m-dimenzionalne same distribution density, and m-dimensional balls [12]
kugle [12] (Slika 10). (Fig.10).
¥ Podruéjc bez otkaza
. £20
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S1.13 - Jednacina graniénog stanja u x domenu [12]
Fig.13 - Limit state equation in x — area [12]
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U praksi funkcija gustocée nije poznata i najviSe $to je
poznato je set n slu¢ajno promjenljivih X koje definiraju
problem konstrukcije (kao S&to su mehanicke i
geometrijske karakteristike, pokretna i stalna dejstva,
dejstvo prednaprezanja itd.). StaviSe, kod proracuna
betonskih konstrukcija graniéna stanja su obiéno
formulisana preko funkcija slu¢ajno promjenljivin Y=Y(X)
koje opisuju odgovor konstrukcije (odnosno naprezanja,
dilatacije itd.), i ovakvi izvodi su generalno dostupni
samo u implicitnom obliku. Stoga je neophodan
numeriéki pristup. Za rjeSavanje sistema slu¢ajno
promijenljivih razvijene su 3 metode rjeSavanja:

1. Tacéna metoda, koja zahtjeva kao ulazne podatke
poznate funkcije distribucije vjerovatnoce za sve
promjenjive. U postupku rjeSavanja primjenjuje se
numeriéka integracija i Monte Carlo metoda. Ovaj
postupak zahtjeva opseznu kompjutersku analizu.

2. FOSM (First order second moment method), gdje
se u postupku rieSavanja koriste Taylor-ovi redovi.

3. PEM (Point estimate method) koja se najviSe
koristi u analizama jer omoguéava postepeni razvoj
rieSenja.

Analiticka integracija je moguc¢a samo kod specijalnih
slu€ajeva. Numericko rjeSenje problema je jednostavnije,
ali ako je pod integralom viSe od dvije slu€ajno
promjenljive, numericka integracija ne moze u svim
slu€ajevima dati dovoljno tacno rjeSenje. Sa povec¢anjem
broja varijabli zna¢ajno rastu proracunski zahtjevi, jer su
u tim sluajevima integraciona podrucja slozenije
geometrijske figure, n-dimenzionalne sfere. Stoga su za
odredene metode razvijena rjeSenja na osnovu
numeri¢ke integracije, kao Sto su Monte Carlo metode,
koje mogu biti primjenjene samo kod razvijenih
sistemati¢nih metoda numerickog uzorkovanja osnovnih
promjenljivih X, kao S§to je Markov lanac metoda
simulacije prezentirana u radu [3].

U radu [1] opisane su dvije metode Monte Carlo
simulacije: direkina metoda simulacije i uzorkovanje
prema vaznosti. Direktna metoda simulacije obuhvata
uzorkovanje osnovnih nekoreliranih varijabli prema
njihovim odgovarajuc¢im probabilistickim karakteristikama
i njihovo uvodenje u funkciju performansi Z koja moze
biti izrazena u funkciji od osnovnih slu¢ajno promjenljivih
Xi za odgovarajuca dejstva i ¢vrstocu konstrukcije

In practice the density function is not known and at
the most some information is available only about a set
of n basic random variables X which define the structural
problem (e.g. mechanical and geometrical properties,
dead and live loads, prestressing actions, etc.).
Moreover, in concrete design the limit states are usually
formulated in terms of functions of random variables
Y=Y(X) which describe the structural response (e.g.
stresses, strains, etc.), and such derivation is generally
only available in an implicit form. Therefore a numerical
approach is required. For solving random variable
systems have been developed 3 methods of solution:

1. Accurate method, which requires as input known
probability distribution functions for the variable. In the
process of resolving apply numerical integration and
Monte Carlo methods. This procedure requires extensive
computer analysis.

2. FOSM (First order second moment method),
where in the process of solving the use Taylor's series.

3. PEM (Point estimate method) that is most used in
the analysis because it allows a gradual development of
solutions.

Analytical integration is possible only in special
cases. Numerical solution of the problem is simpler, but
when it is integral to more than two random variables
numerical integration can not in all cases provide
sufficient accurate solution. With the increasing number
of variables significantly increasing the calculation
requirements, because in these cases integration areas
are complex geometric figure, n-dimensional sphere.
Therefore, solutions based on numerical integration for
the specific methods were developed, such as Monte
Carlo simulation, which can be applied only to developed
systematic methods of numerical sampling of basic
variables X, or Markov chain simulation method
presented in the paper [3].

The paper [1] described two Monte Carlo Simulation
Methods: the direct simulation method and importance
sampling. The direct simulation method comprises
drawing samples of the basic noncorelated variables
according to their corresponding probabilistic
characteristics and then feeding them into the
performance function Z, that can be expressed in terms
of basic random variables X; for relevant loads and
structural strength

Z=7(X;,Xy,X3.. X,)=R-S (49)

Srednja vrijednost i varijanca vjerovatno¢e nezado-
voljavajuéih performansi,

The mean and the variance of the unsatisfactory
performance probability

By = [of i, O ), (50)

moze se izraziti kao

NL
. 51

N (51)
uz pretpostavku da je N, broj ciklusa simulacije za Z<0 u
ukupnom broju ciklusa simulacije N. Kod manijih vjero-
vatnoca nezadovoljavajucih performansi potreban je veci
broj ciklusa simulacije. Ovaj nedostatak moze se preva-
zi¢i koriStenjem uzorkovanja prema vaznosti.

U ovoj metodi osnovna slu¢ajno promjenljiva generi-
rana je u saglasnosti sa pazljivo odabranom raspodjelom
vjerovatnoc¢e (funkcija gustoce vaznosti hx (x)) sa sred-

P, =

can be expressed as

Var(Pu)J—[1 ZP (52)
with assuming N, to be the number of simulation cycles
for which Z<0 in a total N simulation cycles. By smaller
unsatisfactory performance probabilities require larger
numbers of simulation cycles. This deficiency can be
overcome by using importance sampling.

In this method, the basic random variables are
generated according to some carefully selected proba-
bility distributions (important density function hyx (x)) with
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njim vrijednostima koje su blize proracunskim vrijedno-
stima nego njenoj originalnoj raspodijeli vjerovatnoce.
Jednacina (50) za ovu metodu ima oblik
J— 1 N
P =—
N2
gdje je

I — funkcija indikatora performansi sa vrijednostima 0
ili 1

fx — originalna funkcija gusto¢e osnovnih slu¢ajno
promijenljivih

hx — odabrana funkcija gustoce osnovnih slu¢ajno
promijenljivih

Primjena ove metode prezentirana je u radu [11].

Primjena Monte Carlo simulaciie za analizu
pouzdanosti armiranog betona i prednapregnutog
betona data je u radu [4], na primjeru lu€nog mosta.

U radu [5] opisana je primjena Fuzzy teorije u
odnosu na teoriju vjerovatno¢e. Fuzzy teorija
omogucava analizu nesigurnosti u sluéaju nedostatka
informacija za razliku od teorije vjerovatnoce, koja je
zasnovana na potpunom znanju o stohastickim
promjenama koje su rezultat slu¢ajne prirode odredenih
veliéina. KoriStenjem Fuzzy kriterija sve nesigurnosti
mogu se modelirati kroz interval vrijednosti, ograni¢en
odgovaraju¢im minimalnim i maksimalnim ekstremom.

Fuzzy funcija pripadnosti p =p;(x) fuzzy seta

AOX , za odredeni nivo pripadnostia D[O,l],
moguca raspodjela pogodna za opis informacija o
nesigurnosti, tamo gdje raspodjela vjerovatno¢e nije
direktno dostupna.

[ R i

[y J—

mean values that are closer to the design value than
their original probability distributions. Equation (50) for
this method have form

(xll 9eeey x

(x . (53)
Lioee>

where

I — performance indicator function that takes value of
Oor1

fx — the original density function of the basic random
variables

hx — the selected density function of the basic
random variables

Application of these methods is presented in the
paper [11].

Application of Monte Carlo simulation for reliability
analysis of reinforced concrete and prestressed concrete
is provided in the paper [4], for example arc bridge.

The paper [5] describes the application of fuzzy
theory in relation to the probability theory. Fuzzy theory
allows analysis of uncertainty in case of lack of
information as opposed to the probability theory, which is
based on a perfect knowledge about the stochastic
variability resulting from the random nature of the same
quantities. Using a fuzzy criterion all uncertainties can be
modeled through bands of values, bounded between
suitable minimum and maximum extremes. A fuzzy

membership function p =5 (x) of a fuzzy set ADX,

for defined level of membership O(I][O,l], is a

possibilistic distribution suitable to describe uncertain
information, when a probabilistic distribution is not
directly available.

i

[
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Sl.14. (a)Pripadajuca funkcija i a nivo; (b)Mapiranje izmedu intervala nepouzdanosti na osi x i odgovarajuceg intervala
odgovora na osi Ar [5]
Fig.14. (a)Membership function and a level; (b)Mapping between the interval of uncertainty on x and the corresponding
response interval on e [5]

Primjena Taylor-ovih redova zahtjeva formulisanje i
rieSavanje derivacija, Sto je za viSevarijabilne probleme
zahtjevan zadatak, posebno kada je funkcija zadana
implicitno u vidu krive, grafa ili kao rjeSenje MKE.
Pojednostavljeni model pouzdanosti, prvobitno pred-
stavljen kod projektovanja ¢Eeliénih konstrukcija, koristi
samo srednju vrijednost i koeficijent varijacije za
otpornost R i dejstva S u pojedinim grani¢nim stanjima
da bi se dobio indeks pouzdanosti B, koji se prora-
¢unavao kao,

Application of Taylor's series requests in formulating
and solving the derivative, which is for multi-variable
problems demanding task, especially when the function
is implicit in the form of the default curve, a graph or as a
FEM solution. A simplified reliability model, first
introduced in structural steel design, only uses the mean
values and coefficients of variation for the resistance R
and load S in a particular limiting state to obtain the
reliability index [, which is computed as

MATERIJALI | KONSTRUKCIJE 53 (2010) 2 (47-70)

59



B:

nezavisno od tipa raspodjele Ri S.

Primjeri su prezentirani u radovima [7], [14] i [16].

PEM metodu je prezentirao Rosenblueth 1975 g., a
potpuno je razvijena 1981 g. Metoda je zasnhovana na
analogiji izmedu distribucije vjerovatnoée i distribuiranog
vertikalnog optere¢enja na horizontalnoj krutoj gredi.
Ocekivana vrijednost odgovara polozaju djelovanja sile
koja uravnotezuje opterecenje (jedini¢na vrijednost) ili
teziStu optere¢enja. Rosenblueth je predlozio da se
parametri oCekivane vrijednosti i standardne devijacije
odrede iz analogije sa slobodno oslonjenom gredom.

f(x)

In(pg / Kg) (54)

\/VR2 +V§

regardless of the type of distribution of R and S.

Examples are presented in the papers [7], [14] and
[16].

PEM method was presented by Rosenblueth 1975,
and is fully developed in 1981. Method is based on the
analogy between probability distributions and distributed
vertical load on the horizontal solid beam. Expected
value corresponds to the position of action that balances
the load force (unit value) or the center of gravity of the
load. Rosenblueth proposed that the parameters of the
expected value and standard deviation determine
according to the analogy with the simple beam.

[N
Ps

SI.15 — Distribucija vjerovatnoce — analaogija sa krutom gredom
Fig. 15 — Distribution of probability — solid beam analogy

Reakcije p- i p+ su dvije ravnotezne tacke funkcije
distribucije f(x). Primjenom postavki teorije pouzdanosti
mogu se postaviti slijede¢e jednacine:

» Uslov ravnoteze:

Reactions p- and p + are two points of equilibrium of
distribution function f(x). Applying the theory of reliability
can set the following equation:

» The condition of equilibrium:

Py tp_ =1 (55)
» Ocekivana vrijednost: Expected value:
PiXy ¥ p_x_ = E[f (x)] =X (56)
* Mijera rasipanja « The measure of dispersion
pulre =3P+ p_(=3f =a[f (] =07[x] (57)
» Asimetrija raspodijele: e Asymmetry of distribution:
pole, =%+ p_ (e -x) =pl)o[3] (58)
RjeSenje jednacina (55) do (58) su: Solutions of equations (55) to (58) are:
O O
O ; O
p+:lai 1- S,p =l-p,y; x, = x+0[x] X_=x- O[x] a3 (59)
: 8 :

Kod standardizirane normalne raspodjele moze se
usvojiti B(1) =0 tako da izrazi (59) imaju oblik:

With standardized normal distribution can be
adopted B(I)ZO so that expressions (59) have the
form:

p+=p-=%; x, =x+0[x]; x. =¥ -0[x] (60)
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Na osnovu odredenih taaka slu¢ajno promjenjivih x i
funkcionalne zavisnosti x i y dobiju se vrijednosti funkcije
y(x), y +1 y-, koriStenjem izraza,

£y |-

gdje M odgovara broju poznatih momenata za slu¢ajno
promjenjivu x.

5 ANALIZA POUZDANOSTI VEZE
PREFABRIKOVANE PLOCE | MONOLITNOG ZIDA

U periodu 2004. — 2008. godina provedena su eks-
perimentalna i numericka istrazivanja veze prefabrikova-
ne plo€e i monolitnog zida (slika 16), sa ciliem defini-
sanja mehanizma rada ovakve veze. Detalji istrazivanja i
rezultati istrazivanja prezentirani su u radovima [23] i
[24].

Numericki modeli su uradeni koriStenjem MKE i Link
elemenata modeliranih  koriStenjem eksperimentom
dobijenog M-¢ radnog dijagrama (slika 17) [24].
Uporedni rezultati provedenih numerickih istrazivanja
prezentirani su na slici 18. Istrazivanjem je utvrdeno da i
monolitne veze imaju odreden stepen popustljivosti. 1z
mnostva rezultata ovdje se daju dvije vrijednosti stepena
popustljivosti prefabrikovane veze u odnosu na
monolitnu:

» Eksploataciono opterecenje - Yeaic.serv. = 0.92

« Grani¢no opterecenje sa faktorom sigurnosti 1.75 -
Yeale.,1,75 = 0.90

On the basis of certain points of random variable x
and the functional dependence x and y get the value of
the function y(x), y + and y-, using the expression,

pyM +pyY (61)

where M corresponds to the number of known moments
for random variable x.

5 RELIABILITY OF THE PRECAST PLATE-
MONOLITHIC WALL CONNECTION

In the period 2004"-2008" years, were performed
experimental and numerical research of precast plate —
monolithic wall connection (fig.16), with the aim of
defining the work mechanism of such connections.
Details of the research and results are presented in the
papers [23] and [24].

Numerical models are done using FEM and Link
elements modeled in the experiment obtained using M-¢
working diagram (Fig.17) [24]. Comparative results of
the conducted numerical studies are presented in Figure
18. Research has found that the monolithic connection
have a certain degree of yielding. From the many results
here are two values of the degree of prefabricated
connections yielding relatively to the monolithic:

¢ Serviceability load - Vcaic.serv. = 0.92

¢ Ultimate load with safety factor 1.75 - Yeac.1,75 =
0.90

I s, A
N Model width B=50cm
:
2 H Px
k=
S 90
=
, 12,
N— ; —
[ Pre-cast plate e
N— 1
o
=
=
)
9 =
”7 S
5
=
MODEL 1
N
| e |

15.75kN(one floor)...78.75kN(five floors)

SI. 16 — Montazna veza montazne ploce i monolitnog zida
Fig. 16 — Precast connections of precast plate and monolithic wall

U radu [23] detalino su dati rezultati eksperimen-
talnog istrazivanja. Ovdje se daju uporedne vrijednosti
stepena popustljivosti prefabrikovane veze u odnosu na
monolitne:

* VYexpserv. = 0.907 + 0.913

* VYexp,1,75 = 0.897 + 0.903

The paper [23] have detailed the results of experi-
mental research. Here give comparative values of the
degree of prefabricated connections yielding relatively to
the monolithic:

* VYexpserv. = 0.907 + 0.913

* VYexp,1,75 = 0.897 + 0.903
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SI.18. Racunske krive oslonacki moment - optere¢enje (M-p) za analizirane numericke modele
Fig.18. Calculation curves support moment — load (M-p) for analyzed numerical models

Uporedba rezultata pokazuje zadovoljavajuéu tacnost
numerickih modela. Da bi se verificirali prezentirani
rezultati neophodna je analiza pouzdanosti dobijenih
karakteristiénih vrijednosti u cilju definisanja stepena
sigurnosti (faktora sigurnosti) analiziranog prefabrikova-
nog sistema gradenja.

5.1 Analiza popustljivosti veze
Provedena analiza pouzdanosti stepena popustlji-

vosti istraZivane veze prefabrikovane plo¢e i monolitnog
zida definisana je izrazom datim u radu [8],

a

Sy _ S Ly,

Comparison of results showed a satisfactory ac-
curacy of the numerical model. To verify the presented
results is necessary reliability analysis of the obtained
characteristic values with the aim of defining the safety
degree (factor) of analyzed prefabricated building
systems.

5.1 Analysis of the connection yielding
Reliability analysis of yielding degree of researched

precast plate-monolithic wall connection, defined by
expression given in the paper [8], was performed

(62)

B

pl.

E Dpl.
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Analiza je uradena uz pretpostavku normalne
funkcije raspodjele vjerovatnoée za uticajne parametre.
Raspon ploce je usvojen konstantan L, =6,75m, a koe-
ficijent iskrivljenosti raspodjele B1=0. Dakle, analiziran je
stepen popustljivosti kao funkcija tri slu¢ajno pro-
mijenljive a :f(S(p,E,I).

Posto je ispitivanje provedeno na 3 monolitna i 3
montazna modela ne postoji dovoljan broj podataka za
statisticku obradu podataka, odnosno pouzdanu deter-
minaciju parametara rasipanja rezultata. Stoga su
obradeni rezultati ispitivanja uporedivani sa do sada
provedenim istraZivanjima i preporukama prezentiranim
u [6], [9], [14], [18]i [19].

Tako je Ellingwood 1980.godine, na osnovu prove-
denih opseznih eksperimenata, preporuéio reprezen-
tativne vrijednosti koeficijenta varijacije, i to za betonske
elemente izloZzene savijanju 8+9,5%. Isti autor je defi-
nisao za spoj greda-stub koeficijent varijacije 10%.
Mehlhorn je u [18] prezentirao opsezna istrazivanja
smicanja glatkih spojnica gdje je za 176 opita dobijen
koeficijent varijacije 16%. Iste rezultate su dobili Hansen,
Olesen, Fauchart i Cortini. Pommeret je dobio koeficijent
varijacije 12+15%, Laing 17+18%, Pume 13%. U radu
[13] je prezentirana statisticka obrada rezultata ispitanih
95 modela za koje je dobijen koeficijent varijacije 12%.

Na osnovu prethodnih navedenih podataka i rezulta-
ta eksperimenata analiza je provedena za koeficijente
varijacije 10 - 25 %. Za oc¢ekivanu vrijednost je usvojena
eksperimentima dobijena srednja vrijednost

S =3507,94 kNm/ rad .

Kod proizvodnje prefabrikovanih elemenata veli¢ina
dopustene greSke zavisi od tipa konstrukcije, nacina
proizvodnje i montaze elemenata i najceSce se kreée u
granicama od 3 +10 mm Error! Reference source not
found..

Za potrebe definisanja pouzdanosti u ovom radu
usvojena je tolerancija za Sirinu plo€e modela £10mm, tj.

b, =500+10 mm, a za debljinu plote +10mm, tj.
d, =160x3 mm.

Uz pretpostavku standardizovane normalne raspo-
djele i karakteristi¢nih 5%-fraktilnih vrijednosti dozvolje-
nih odstupanja, koeficijenti varijacije su:

- za Sirinu modela CV = 1,22 % (usvojeno 1,5%)

- za debljinu plo¢e CV = 1,13 % (usvojeno 1,5%)

Razlika eksperimentom utvrdenih reprezentativnih
vrijednosti modula elasti¢nosti betona monolitnih i
montaznih modela je 4,78%. Ova razlika ima odraz na
razlicite deformacione karakteristike. Medutim provede-
na eksperimentalna i numericka istrazivanja su pokazala
da utvrdena veli¢ina razlike nije imala znacajan uticaj na
uporednu analizu stepena popustljivosti monolitnih mon-
taznih modela. Posto su izrazi za odredivanje modula
elasti¢nosti u funkciji évrstoce na pritisak betona, ovdje
se u nedostatku dovoljnog broja podataka uzimaju
preporucene vrijednosti koeficijenata varijacije, zasno-
vane na opseznim istrazivanjima pojedinih autora.

Ellingwood je 1980. god. predlozio za armirani
betonski element opterecen na savijanje koeficijent
varijacije 14% [14]. Bljuger je prilikom analize spojeva
zidova usvojio koeficijent varijacije CV=12,8% [6].
Zasnovano na rezultatima istrazivanja koja su uradili
Entroy 1960, Murdock 1953, Rusch 1969, Mirza 1979,

The analysis is done assuming a normal probability
density function for the influential parameters. The span
of plate was adopted L, =6,15m, and coefficient of
distribution distortion Ps=0. Therefore, the yielding
degree as a function of three random variables

a= f(Sq,,E,I) was analyzed.

Because the testing performed on the 3 monolithic
and 3 precast models 3 was not enough data for
statistical data processing, and reliable determination of
scattering results parameters. Therefore, the obtained
results of experimental research compared with results
of so far performed research and recommendations
presented in [6], [9], [14], [18] and [19].

On the basis of extensive experiments Ellingwood
1980’s recommended a representative coefficient of
variations, for concrete elements exposed to bending,
from 8 to 9.5%. The same author has defined for the
beam-column connection coefficient of variation of 10%.
Mehlhorn in [18] presented extensive studies of smooth
shear connectors, where for the 176 experiments
obtained coefficient of variation 16%. The same results
were obtained Hansen, Olesen, Fauchart and Cortini.
Pommeret got a coefficient of variation 12-15%, Laing 17
+18%, Pume 13%. The paper [13] presented a statistical
analysis of the testing results with 95 models, for which
the obtained coefficient of variation of 12%.

Based on these previous data and results of
experiments, analysis for the coefficient of variation from
10 to 25% was performed. The experiment obtained
mean value S, =3507,94 kNm/ rad Was adopted as the

expected value.

By production of precast elements, size of permitted
deviation depends on the type of structures, production
procedure and erection procedure, and often is within
the limits of 3 to 10mm Error! Reference source not
found..

For the purposes of the definition of reliability in this
paper, tolerance for the width of panel models was
adopted +10mm, ie., b, =500+10 mm , and for a plate

thickness £10mm, ie., d , =160+3 mm .

Assuming standardized normal distribution and
typical 5%-fractii values of permitted deviations,
coefficients of variation are:

- for width of the model CV = 1.22 % (adopted 1.5%)

- for plate thickness CV = 1.13% (adopted 1.5%)

Difference of value of modulus of elasticity of precast
and monolithic model concrete determined with expe-
riment is 4.78%. This difference is reflected in different
deformation characteristics. However, conducted expe-
rimental and numerical studies have shown that defined
size of differences had no significant effect on the com-
parative analysis of the yielding degree of monolithic and
precast models. Since the expressions for determining
the modulus of elasticity in the function of compressive
strength of concrete, here is the lack of sufficient data to
take the recommended values of coefficients of varia-
tions, based on extensive research of individual authors.

Ellingwood in 1980. proposed for reinforced concrete
elements loaded in bending coefficient of variation of
14% [14]. Bljuger during the analysis of compound walls
adopted coefficient of variation CV = 12.8% [6]. Based
on the results of research that is done Entroy 1960,
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Melchers je prezentirao u tabeli 8.7 [19] koeficijente
varijacije, odnosno standardne devijacije koje se krecu
od 2,8 MPa za odli¢an beton do 5,6 MPa za lo$ beton.
Ovo su rezultati za évrsto¢e na pritisak fc > 28 MPa. Za
Evrstoéu na pritisak nominalne vrijednosti 30 MPa
koeficijent varijacije je: CV=9,33% za odlican beton, a
CV=18,66% za loS beton.

Za analizu pouzdanosti u ovom radu usvojeni su
koeficijenti varijacije kao i kod krutosti spoja 10 - 25 %.

Usvojena ocekivana vrijednost je E, =34975 MN/ m*.

Za funkciju tri slu¢ajno promjenljive y = y (x1, X2, X3)
vrijedi:

Murdock 1953, Rusch 1969, Mirza 1979, Melchers is
presented in Table 8.7 [19] coefficient of variation or
standard deviation ranging from 2.8 MPa for the excel-
lent concrete to 5.6 MPa for the bad concrete. These are
the results of compressive strength fc > 28 MPa. For
compressive strength with a nominal value 30 MPa the
coefficient of variation is CV = 9.33% for the excellent
concrete, and CV = 18.66% for the bad concrete.

For reliability analysis in this paper have been
adopted the coefficient of variation as for connection
stiffness from 10 to 25%. Expected value is adopted
experimental mean value E, = 34975 MN / m” .

For the function of three random variable y = y (xi,
Xz, X3) is valid:

Vit :Y(X_liG[XI],x_ziG[szgiG[xﬂ) (63)
Tezinski koeficijenti p su: Weight coefficients p are:
— — 1 . — — 1
D+t = D —§(1 TPt Pt p31), Pis- =Py = ?(1 P P~ p31)
- _ 1 : - _
Dot =Py = ?(1 ~ P12 = P23 tP3 ) sP4—m T Doy = ?(1 P2t P2 p31) (64)
Ocekivana vrijednost je: Expected value is:
E[yM]:P+++)’K+ +p++—yﬁ— +~'+p———yf/[—— (65)

Posto je moment inercije I funkcija dvije slu¢ajno
projenljive | = f(by, hp), prethodno je uradena analiza
statistickih parametara momenta inercije. Statistickom
obradom podataka za Sirinu modela i debljinu ploce

dobijen je koeficijent korelacije: p, 5, =0 . Prema tome
tezinski koeficijenti su:

Since the moment of inertia / is function of two
random variable I = f(by, hp), analysis of the preliminary
statistical parameters of the moment of inertia were
performed. Correlation coefficient of model width and

thickness of plate was adopted p,,; ., = 0. Accordingly,
weight coefficients are:

1 b, [h)
= _=p_,.=p__ :_; I = Pl P
P+s = P+ P-+ =D 2 D
a proracunata varijacija, and calculated variation is
v(I)=597 %

U daljnjem prora¢unu usvojena je varijacija V(I) =
6,0%.

U radu je prezentirana analiza jednog statistickog
sluéaja. Pregled svih analiziranih statistickih slu¢ajeva
daje se u tabeli 1.

Slucaj (a)

1=0,00003392 m*

E, =34975 MN | m*
S =3507.94 kNm/ rad
L=6,15 m=const.

Koeficijenti korelacije eksperimentalnih rezultata su:
Pre. =045pr5, =0.9;:pp 5, =0,6

I, =0,000035955
I_=0,000031884

Tezinski koeficijenti su:

Prys = P-—- =

o | —

In further calculations was adopted V(I) = 6,0%.

The paper presented the statistical analysis of one
case. Review of the all statistical cases is given in
Table 1.

Case (a)
v(1)=6 %
v(E.)=10%
V(s,)=6 %

Correlation coefficients of experimental results are:
Pre. =045pr5, =0.9;:pp 5, =0,6
S+ =3858,73
Se- =3157.15

Ep, =38472,5
E._ =314775

Weighting factors are:

(1+0,4+09+0,6)=03625

64
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Par = po_y = % (1+0.4-0,6-09)=-0,0125
Poce =Py = % (1-0,4-0,6+09)=01125
Piee =Py = % (1-0,4+0,6-09)=0,0375
O((I,EC,S(p) O Dijic o Lo Gijkz Gijkz Lhi
O,.. 17,036 03625 617555 290,225 105,2066
O,,. 13939 -0,0125 -017424 194296 —2,4287
O,_, 20968 01125 23580 439,657 49,4614
o,_ 17156 00375 064335 294328 11,0373
a_,, 19346 00375 0725475 374,268 14,0351
a_,_ 15829 01125 178076 250,557 28,1877
a__, 23645 -0,0125 -029556 559,086 ~—6,9886
a___ 19346 03625 701293 374,268 1356721
18,227 334,183

Ela]=18227;  Eln?|=334183
Via] =334,183 - (18,227)* =1,95947
ola]=13998

Varijacija stepena popustljivosti je:

Variation of yielding degree is:

(@)= 13998 00=7,68 %
18,227
Na osnovu provedene statistiCke analize odredena je On the basis of the statistical analysis determined
minimalna vrijednost stepena popustljivosti za koju je the minimum value of the degree of yielding, for which is
vjerovatno¢a manjih vrijednosti 5 % (karakteristi¢na 5%- probability of smaller value of 5% (typical 5% fractil
fraktilna vrijednost). Proraun je proveden primjenom value). The calculation is performed using the
standardizovane normalne raspodiele. standardized normal distribution.
O 05 =18,227-1,64 01,3998 =15,931
Za proracunatu vrijednost oslonacki moment ¢e biti: For above calculated value moment on support will
be:
M,, =0,888[M
Tabela 1 — Analizirani statisticki slucajevi
Table 1 — Analyzed statistical cases
Modulus of . .
- Moment of inertia | (m*) elasticity E¢ Connection stiffness D.egr.ee OI
Statictical 2 Sy (kNm/rad) yielding y
(MN/m®)
cases
E[l] V()% E[E] V(Ec)% E[S] V(Sy% | V(Y% Yo,05
Case (a) 0,00003392 6,0 34975 10,0 3507,94 10,0 7,68 0,888
((é)ase 0,00003392 | 6,0 | 34975 | 150 | 350794 | 150 | 11,31 | 0,878
((g)ase 0,00003392 | 6,0 | 34975 | 20,0 | 350794 | 250 | 26,17 | 0,839
(g)ase 0,00003392 | 6,0 | 34975 | 250 | 350794 | 250 | 20,61 | 0,860
(g)ase 0,00003392 | 6,0 | 34975 | 10,0 | 350794 | 250 | 1590 | 0,869
Case (f) | 0,00003392 6,0 34975 25,0 3507,94 10,0 21,91 0,860
1 y= a
2+d
MATERIJALI | KONSTRUKCIJE 53 (2010) 2 (47-70) 65



Na osnovu provedene analize usvojena je maksi-
malna ocekivana varijacija 27 %, odnosno zaokruzena
najveca vrijednost iz tabele 1.

Karakteristi¢na 5 % fraktilna vrijednost a je,

Based on the performed analysis adopted the
maximum expected variation of 27%, ie., maximum
value from Table 1.

Characteristics 5%-fractil value of a is,

005 =18,276-1,64[4,2935=10,183

odnosno moment nad osloncem,

or the moment on support is,

E(MOSIA,OA05) = 0,835 W

Varijacija momenta nad osloncem je:

V(M g .005)=7.22% .

5.2 Analiza vjerovatnoce otkaza veze

Ellingwood je 1980. god., na osnovu statisticke obra-
de rezultata mjerenja na objektima, dao prijedlog repre-
zentativnih vrijednosti varijacija za stalno i pokretno
optereéenje i to:

- za stalno opterecenje V(g) = 10%

- za pokretno opterecenje V(p) = 25%

Posto je kod opterecenja ispitanih spojeva odnos g:p
= 2:1, varijacija ukupnog optere¢enja je V(q) = 15%.
Ocekivana vrijednost momenta nad osloncem (u spoju),
za eksploataciono opterecenje, je E(M;)=14,17 kNm.

Uz usvojene varijaciie za stalno i pokretno
optereéenje, grani¢ne vrijednosti uticajnih momenata su
Mg min=12,04 KNM i Mg ma=16,30 KNm.

Srednja vrijednost momenta nosivosti utvrdena
eksperimentom je: M, = 42,67 kNm

Uz uvazavanje analize pouzdanosti stepena
popustljivosti spoja, provedene u prethodnoj tacki,
minimalna i maksimalna vrijednost momenta nosivosti
spoja je Mnmin=39,58 KNm i My, max=45,75 kNm.

Mjerodavni statisticki parametri su:

W, =M,-M,=42,67-1417 =285 kNm

02 =04, 0,

o2, =(0.072232,67)* =9.491 (kNm)*
Indeks pouzdanosti je,

B

odnosno vjerovatnoc¢a otkaza je,

_ 285 _
3,743

Variation of moment on

V(M g .005) =7.22% .

support is:

5.2 Analysis of the probability of connection failure

On the basis of statistical processing results of
measurements on objects, Ellingwood 1980th proposed
representative values of variation for dead and live loads
as follows:

- for dead load V() =10 %

- for live load V(p) =25 %

Since the load ratio of researched connection g.p =
2:1, the variation of the total load is V(q) = 15%.
Expected value of moment on support (in connection
area), for service load, is E(Mg)=14,17 KNm.

With variations adopted for the dead and live loads,
the limit value of moments are Mgmin=12,04 kNm and
Mg max=16,30 KNm.

Average value of moment capacity determined in the

experiment is: 1\7,, =42,67 kNm

With the appreciation of the reliability analysis of
degree of yielding, implemented in the preceding para-
graph, the minimum and maximum value of connection
moment capacity is Mnmin=39,58 kNm and M, max=45,75
kNm.

The relevant statistical parameters are:

0, = (0150417 =4,518 (kNm)’
02 =9,491+4,518 =14,009
Reliability index is,

7,61

or probability of failure is,

P, =¢(-7,61)=1,445007".

Eksperimentom je utvrdena varijacija momenta loma
10 %. U tom slucaju je indeks pouzdanosti,

Experimental value of variaton of failure moment is
10%. In this case, the reliability index is,

B =" =508

4,767

a vjerovatnoca otkaza,

and the probability of failure,

P, =¢(-598)=132500".

U tabeli 2 date su preporu¢ene minimalne vrijednosti
indeksa pouzdanosti za klase pouzdanosti, preuzete iz
reference[10].

Indeks pouzdanosti je definisan za pocetnu krutost
prefabrikovane veze. Ako je indeks pouzdanosti < 2, u
radu [15] preporucuje se uvodenje u analizu rezidualne
krutosti veze.

In table 2 are given recommended minimum values
of reliability index for reliability classes RC, taken from
reference [10].

Reliability index is determined by the initial stiffness
of the precast connection. If the reliability index B < 2,
the paper [15] recommends the introduction to the
analysis of residual connection stiffness.
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Tabela 2 — Preporucene minimalne vrijednost indeksa pouzdanosti3 (ULS) [10]
Table 2 — Recommended minimum values of reliability index B (ULS) [10]

Reliability Minimum values for 3
classes Reference period of 1 year | Reference period of 50 years
RC3 5,2 4,3
RC2 4,7 3,8
RC1 4,2 3,3

6 ZAKLJUCCI

Analiza gradevinskih konstrukcija podrazumjeva
viSevarijabilne probleme, gdje su skoro sve varijable
stohasticke. Prvi korak u analizi pouzdanosti je defi-
nisanje funkcije gustoc¢e vjerovatnoée pojedinih varijabli.
Postupci koji se primjenjuju svode se na uporedivanje
zakonitosti promjene varijable sa uobicajenim zakonito-
stima koje se koriste u gradevinarstvu, opisanim u radu.
Pouzdanost definisanja zakonitosti je ve¢a $to je veéa
baza podataka provedenih istrazivanja odredene vari-
jable. Kod prefabrikovane gradnje pouzdanost prije
svega zavisi od pouzdanosti veza prefabrikovanih ele-
menata. Realan mehanizam rada veze moze se utvrditi
samo eksperimentom. Stoga kod prefabrikovanih veza
ostaje problem unificiranja postupaka analize. Poveéanje
baze podataka o ponaSanju pojedinih montaznih veza
daje mogucnost za primjenu analize pouzdanosti u ovom
podrucju gradevinarstva. U tom smislu analiza pouzda-
nosti prezentirana u ovom radu poveéava postojecu
bazu statistickin podataka potrebnih za definisanje
pouzdanosti prefabrikovanih veza. Analiza je uradena za
eksperimentom utvrdene srednje vrijednosti i varijacije,
kao i za varijacije preporuéene od autora koji su se bavili
razmatranom problematikom. Za analizu je usvojena
normalna raspodjela slu¢ajno promjenljivih. Koeficijenti
korelacije izmedu pojedinih slu¢ajno promjenjivih su
usvojeni za uslove eksperimenta. Zbog nedovoljnog bro-
ja ispitanih uzoraka za primjenu pouzdane statistiCke
procedure, koeficijenti korelacije su reducirani na
ocekivane minimalne vrijednosti. Usvojena je redukcija

koeficijenta korelacije Prs, i Pe..s, 22 20%. Naime,

smatra se da slu¢ajno promjenljive imaju jaku korelaciju
ako je njihov koeficijent korelacije p = 0,50. Posto je
korelacija momenta inercije i krutosti spoja, kao i krutosti
spoja i modula elasticnosti betona, kod ispitanih
montaznih veza jaka, u sklopu diskusije su razmatrani
koeficijenti korelacije umanjeni na vrijednost koja je na
donjoj granici dobre korelacije.

Prema tome usvojeni statisticki parametri su:

Pre. =045 Prs, =0,72; pg 5, =048 .

Varijacija stepena popustljivosti i moment nad
osloncem su:

6 CONCLUSIONS

Analysis of civil structures includes multivariable
problems, where almost all stochastic variables. The first
step in analyzing the reliability is definition of probability
density function of individual variables. The procedures
applied are reduced to comparing the law of the variable
changes with the usual laws that are used in civil
engineering, as described in the paper. Reliability of
definition of laws is greater the larger the database
conducted research specific variables. By prefabricated
buildings the reliability mainly depends on the reliability
of the precat connections. Realistic work mechanism of
the connection can be established only in the experi-
ment. Therefore, the precast connections remains
problem of analysis procedures unification. Increase the
database on the behavior of individual precast con-
nections gives the possibility for the application of
reliability analysis in this area of civil engineering. In this
sense, the reliability analysis presented in this paper
increases the existing base of statistical data required for
defining the reliability of precast connections. Analysis is
done for experiment determined the mean and variation,
as well as variations recommended by authors who have
dealt with issues under consideration. For the analysis
adopted a normal distribution of random variable. Cor-
relation coefficients between individual random variable
adopted for the experiment conditions. Due to an insuf-
ficient number of tested samples for implementation of
reliable statistical procedure, the correlation coefficients
were reduced to the expected minimum values. Adopted

is to reduce correlation coefficients p, . and p, ¢ of
il (S

20%. It is considered that random variables have a
strong correlation since the correlation coefficient is p =
0,50. Since the correlation between moment of inertia
and connection stiffness, and connection stiffness and
modulus of elasticity of concrete strong for researched
precast connection, in the discussions were considered
correlation coefficients reduced to a value that is at the
lower limit of good correlation.

Accordingly, the correlation coefficients were

adopted: PrE, =04; p,,sw =0,72; pEc,Sq, =0,48

Variation of degree of yielding and moment on
support are:

v(a)=29,03%

v(m,,)=8%<vM

Indeks pouzdanosti ispitane prefabrikovane veze je 8
=5,98.
Varijacja momenta nosivosti, za ocekivane

osl..exp ) =10%

Reliability index of researched precast connection is
B =5.98.
Variation of moment capacity, for the expected
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minimalne vrijednosti koeficijenata korelacije, je manja
od usvojene za uslove eksperimenta, Na osnovu
prethodne analize preporucuje se za potrebe definisanja
pouzdanosti montaznih veza, koje se ponaSaju sli¢no
kao ispitane predmetne montazne veze, koristiti sljedece
minimalne koeficijente korelacije:

- korelacija momenta inercije i modula elastiénosti
betona p;e: = 0,40,

- korelacija momenta inercije i krutosti veze pjs, =
0,72,

- korelacija modula elasti¢nosti betona i krutosti
veze Pk, so = 0,48,

- korelacija Sirine i debljine elementa py, n = 0

Ova preporuka vazi za analize pouzdanosti
konstrukcija za koje nisu provedena ili su u malom
obimu provedena eksperimentalna istrazivanja. Kod
eksperimentalnih istrazivanja vec¢eg obima preporuka
moze biti konzervativna.

Analiza pouzdanosti, prezentirana u ovom radu,
obuhvatila je nepouzdanosti mehanickih veli¢ina: optere-
¢enja, geometrije i svojstava materijala. Medutim, pou-
zdanost gradevinske konstrukcije zavisi od svih ucesni-
ka u izgradnji objekta (investitor, projektant, izvodac i
nadzor). Za adekvatnu pouzdanost konstrukcije vazne
su sve faze «stvaranja» objekta, Sto podrazumjeva:

- kompetentnost lica ili tima za izradu projektnog
zadatka i tenderske dokumentacije;

- odabir projektantske kuce i izvodacke firme sa
kvalifikacionom  strukturom radnika, opremom i
referencama koje smanjuju mogucnost greSaka;

- sistem kontrole kvalitete u pogonima firme koja se
bavi proizvodnjom  prefabrikovanih  konstruktivnih
elemenata;

- kompetentnost i struénost osoblja koje provodi
nadzor i kontrolu kvaliteta radova, organizacija i
funkcionalnost inspekcijskih sluzbi;

- pogodnost i primjenjivost zakonske regulative iz
oblasti osiguranja kvaliteta, prava i obaveza svih
uCesnika gradenja, kaznenih mjera i efikasnosti njihove
primjene.

Pored prethodno navedenog, socijalne prilike i stanje
morala u lokalnoj ili Siroj druStvenoj zajednici takode
imaju uticaja na pouzdanost objekata. Stoga je za
potpuno definisanje prihvatlive pouzdanosti grade-
vinskog objekta neophodno analizirati sve navedene
parametre.

Napomena:

Drugi autor (R. Foli¢) je zahvalan na finansijskoj
podrSci od strane Ministarstva nauke Republike Srbije u
okviru projekta TR 16018.

minimum correlation coefficient, is less than the adopted
for the experiment conditions. Based on performed
analysis is recommended for defining the reliability of the
precast connection, which behave similarly as
researched precast connections, use the following
minimum correlation coefficient:

- correlation between the moment of inertia and
modulus of elasticity of concrete

- piec =0.40,

- correlation between the moment of inertia and
connection stiffness p;sy, = 0.72,

- correlation between the modulus of elasticity of
concrete and connection stiffness

= PEc, 59 =0.48,

- correlation between width and thickness of the
element py, n = 0.

This recommendation applies to the analysis of the
reliability of structures that are not implemented or are in
small scale experimental research was conducted. With
large scale experimental research recommendations
may be conservative.

Reliability analysis, presented in this paper, include
the unreliability of mechanical quantities: load, geometry
and material properties. However, the reliability of civil
structures depends on all participants in born of building
(investor, designer, contractor and supervision). For
adequate reliability of structure all phase of "creating"
building are important, which includes:

- competence of the person or team to create a
project task and tender documents;

- selection of design houses and contractor with the
adequate company qualifications structure of workers,
equipment and references, which reduces the possibility
of error

- a system of quality control facilities in the company
that manufactures prefabricated structures elements;;

- competence and expertise of personnel who
supervise and control the quality of work, organization
and function of inspection services

- suitability and applicability of the legislation in the
field of quality assurance, rights and obligations of all
participants of construction, crime rate and efficiency of
their application.

In addition to the foregoing, the social conditions and
state of moral in the local or wider community also have
an impact on the reliability of buildings. Therefore, for the
full definition of acceptable reliability of buildings is
necessary to analyze all of these parameters.

Note:
The second author (R. Foli¢) is grateful for the

financial support by the Ministry of Science of the
Republic of Serbia in the scope of the project TR 16018 .
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REZIME

POUZDANOST AB MONTAZNIH VEZA

Damir ZENUNO VIC
Radomir FOLIC

U prvom dijelu rada date su teoretske osnove ii
pregled stanja aproksimativnih postupaka za analizu
pouzdanosti. Nadalje, u radu je prezentiran nastavak
istrazivanja veze montazne plo¢e i monolitnog zida,
obavljenih u periodu 2004.-2008. godina, koja su
provedena sa ciliem definisanja mehanizma rada
ovakvih veza. Rezultati istrazivanja i preporuke autora
koji su provodili sliéna istrazivanja koriSteni su za analizu
pouzdanosti dobijenih rezultata. Za analizu veze
montazne plo¢e i monolitnog zida koriStena je metoda
diskretnih tacaka. Na osnovu provedene analize u
zaklju¢cima se daju preporuke za analizu sliénih spojeva
u gradevinskoj nauci i praksi.

Kljuéne reci: analiza pouzdanosti, funkcija gusto¢e
vjerovatno¢e, indeks pouzdanosti, popustljivost,
montazna veza, montazna plo¢a, monolitni zid

SUMMARY

RELIABILITY OF RC PRECAST JOINT

Damir ZENUNOVIC
Radomir FOLIC

In the first part of the work given the theoretical basis
and review the status of procedures for the approximate
analysis of reliability. Furthermore, in the paper was
presented continuation of research of prefabricated
connection of prefabricated plate and monolithic wall,
performed in the period 2004th-2008th years, which
were carried out with the aim of defining the work
mechanism of such connections. Research results and
recommendations of authors who have conducted
similar studies were used to analyze the reliability of the
obtained results. For analysis of the prefabricated
connection of prefabricated plate and monolithic wall
was used Point Estimated Method. Based on the
analysis in the conclusions are given recommendations
for the analysis of similar connections in civil engineering
science and practice.

Key words: reliability analysis, probability density
function, reliability index, yielding, prefabricated
connection, prefabricated plate, monolithic wall
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