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Summary: This paper presents a parametric analysis of the reliability of bent wooden
beams. Reliability coefficient is determined for the cases of utilization of section beams
due to the normal stress, shear stress and deformation of beams. Out of these three
conditions only one is authoritative, and the one that gives the smallest load capacity
beams. Parametric analysis was performed according to the requirements of the
Eurocodes, both in terms of stress and strain analysis, and in part that requires the
reliability of structures. To determine the reliability coefficient, well-known structural
reliability of analytical methods is used, as well as application programs. The goal of
the analysis is to show how the theoretical results of reliability of bent wooden beams
are used in practice according to Eurocodes.
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1. INTRODUCTION

In the modern design of timber structures, in addition to other conditions and
requirements that must be met, great attention is paid to the resistance, i.e. durability of
the building or designing buildings to life design construction. Basic requirements for
capacity, serviceability and durability of structures are given in the Eurocodes [1]. The
wooden structure should be designed so that capacity and usability throughout the
lifetime of the structure are not affected, and this is achieved by regular maintenance.
Also every timber structure must have adequate: structural resistance, serviceability, and
durability [1]. General principles of durability and reliability of structures are described
in the Eurocodes [1], [2], [3]. The basic reliability elements considered in these papers
include probability of failure p (or equivalent reliability index P) corresponding to a
certain reference period T used in verification of structural reliability [4]. Reliability
index B is determined by the beam loaded by uniform load for three typical cases,
bending, shear and deflection of the beam. Service life of the structure is determined by
the importance of the building and its importance for the environment. At the beginning
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of design must be clearly and precisely define the life cycle of construction and service
life which is defined by Eurocode [1] as the assumed period of construction or part of the
structure with regular maintenance that does not require a large recovery and repair.

2. RELIABILITY ANALYSIS METHODS

Of all requirements to be met by a wooden structure, the most important features are:
safety and serviceability. Both requirements must be guaranteed for some predefined
period of time — durability, and achieved by minimum cost [4]. Each of these conditions
can be written in the form of limit state conditions, which are generally expressed as:

g(X,,X,,.. X )>0 (1)

The X are random variables that are not necessarily physical quantities such as size,

load, etc... They may also be of some other size, such as deflection of the beam etc. [4].
Limit state equation clearly separates the two opposite zones as follows:
safe area and the area of the fracture.

g(X, X, X )=0 @
Collapse of structures or failure is defined by the failure condition as:

g(X,,X,,..X)<0 (3)

Based on the above it follows:

P =P{g(X,X,,.X,)<0} (4)
P, represents a probability of failure. Method for the determination of this probability

depends on the complexity of the function. Some of the basic methods are: Monte-Carlo
method, Basler, in the notation of Cornell, method of Hasofer and Lind etc. In further
are given basic principles of the methods of Hasofer - Lind. The limit state function g is
given as:

g=R-E Q)
In these expressions R and FE are stochastic variables representing, in terms of
structural engineering, the resistance of a section and the stress in this section due to
applied loads and actions, respectively [4]. Toward a solution Hasofer and Lind,
performed the transformation limit state function in the so-called standard space. The

random variables R and E are transformed into U, and U, :

R—pu
U1=—R:>R=U1‘GR+IUR (6)
O-R
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The variables U, and U, are sometimes called reduced variables [5]. The limit state

function g can be expressed in terms of the reduce variables by using Eqs.6 and 7. The
result is:

g=R—E=(U1’(7R +/uR)_(U2 'O-E+IUE)=(IUR _luf)—i_Ul Oy _UZ.GE (8)

The line of interest to us in reliability analysis is the line corresponding to
2(U,,U,) =0 because this line separates the safe and failure domains in the space of
reduced variables [5]. From the above it follows that the reliability index as the shortest
distance from origin of reduced variables to the line g(Ul,Uz) =0. According to
Eurocode [1] reliability index is marked with £ and in literature, often with HL
(Hasofer-Lind) safety index (Fig.1).

3
Mr-UE
//' FAILURE

Figure 1. Reliability index

Using geometry easily be reached to reliability index (shortest distance):

B= HR—Hg
Jo3+ol ©)
From the above follows:
p=-0"'(P) P =0(-p) (10)

3. RELIABILITY ANALYSIS OF FLEXURAL TIMBER MEMBERS

The three types of failure modes (failure limit state function) are represented by
following failure criteria:
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. . q 4 hj
mode 1 -bending failure: b, f, . hl)=————| —| =0 11
e 2(4.5, pushil) =— 3 (1 (1

. q A4S h
mode 2-chear failure: g,(q,b, f, , . h,l)= - (—jz() (12)

2( o ) b .f;n.g,k 3 f;n,g,k l

384 Loy (1)
mode 3-deflection: g, (q,b,E0 ¢ mean” h,l) -1 _ e (—) =0 (13)
= bfyen 60 m-f  \I

It is requested the minimum £ value of the three modes.

4. EXAMPLE

In this example, the [ values are determined for three cases of structural failure in

terms of the ratio / / & simply supported beam of laminated wood loaded by Fig. 2.

—N

[T I

Sop

Figure 2. Simply supported beam

MATERIAL CONSTANTS
- characteristic bending strength: f, ~ =28N/ mm’

- characteristic shear strength: ~ f,  =3,2N/ mm’

-modulus of elasticity :  E .. =12600N/ mm®
The beam corresponds to the GL 28 class, whose characteristics are displayed in the
Table 1 in EN 1194, as well as the characteristic strength and stiffness in N / mm’ and

densities in kg / m’ for homogenous glulam [6].

model: Calculation of reliability index # -usage of normal bending stresses
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Adopted values [6], For example: % =12,1=20m ,h=1,67Tm, b=0,20m,

q =20000N /m
S = 6,09 - bending stress (the smallest 3 value)
P =9,92 - shear stress
S = 6,29 - maximal deflection
For target value of reliability index # for Class RC2 strucural members, for 50 years,
£ = 3,8 (ultimate limit states) [1] is obtained the load g = 22850N / m
mode2: Calculation of reliability index £ - usage of shear stress

Adopted values [6], For example: % =8, [=20m, h=2,50m, b=0,20m,

q =45000N /m
S =4,67 - bending stress
S = 4,08 - shear stress (the smallest 3 value)
S =5,42 - maximal deflection
For target value of reliability index # for Class RC2 strucural members, for 50 years,
£ =3, 8 (ultimate limit states) [1] is obtained the load is ¢ = 49300N / m
mode3: Calculation of reliability index / -usage of maximal deflection

Adopted values [6], For example: %= 20, [=20m, h=1,00m, b=0,20m,

g =4000N / m

S =13,40 - bending stress

S =31,90 - shear stress

£ = 2,94 - maximal deflection (the smallest 3 value)

For target value of reliability index # for Class RC2 strucural members, for 50 years,
P =1,5 (serviceability limit states) [1] is obtained the load is

is g=4715N /m

5. CONCLUSION

The example shows that, depending on the selected parameters of the beam in three
modes, a given load q, for each mode corresponds to the value, so that the smallest value
is determined by what mode to calculate reliability. Target values of reliability index S

are taken [1] for Class RC2 structural members, for 50 years. For these values are
calculated corresponding load on the reliability limits.
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Pao je nanucan y oxeupy ucmpascuearsa na Kameopu 3a mamepujane u xoncmpyryuje
I'pahesuncko  apxumexkmonckoe ¢axynmema  Vuusepsumema y  Huwy, noo
menmopcmeom Ilpogh.0p Hpaecocrasa Cmojuhia

AHAJIN3A ITIOY3JAHOCTHU APBEHUX
KOHCTPYKIIUJA

Pezume: Pao npesenmyje napamemapcky auanusy noy30aHocmu casujene epeoe.
Koegpuyujenm noyszoanocmu ce oopehyje 3a cayuajese uckopuuherna npecexa epede
ycaeo HOPMAMHUX HANoHA, cmuuyhux nanona wiu ycied uckopuuihera degopmayuja
epede. Q0 06a mpu ycioea camo je jeoan mepooasas, u mo OHAj KOju oaje Hajmarsy
Hocugocm epede. [lapamemapcka ananusza je pahena npema 3axmesuma Espoxooosa,
KaKo y 6e3u ananuse Hanpesarba u oegopmayuja, maxko u y 0euy 3axmesd Koju ce 00Hoce
Ha noyzoanocm xowcmpykyuja. 3a oopehusarbe Koeuyujenma noy30anocmu Kopucme
ce nosHame memoode KOHCMPYKYUjcke ROY30AHOCTU QHAAUMUYKU KAO U NPUMEHOM
npoepama. Lums ananuze je 0a noxasgce Kako ce meopujcku pe3yimamu noy30aHoCmu
casujene epede kopucme y npaxcu npumene Eepoxooosa.

Kayune peuu: Iloyzoanocm, opsene xoncmpyxyuje, Eepokooosu
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