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Abstract This paper presents the results of research in reliability of short seismic links in shear
based on tests. Four types of short links were analysed, each having the same cross section and the
same length, but with different number of web stiffeners. The main purpose of the stiffeners is to
preserve buckling of the seismic link web, i.e. to achieve plastification of the cross section by
shear. The design model of shear resistance according to Eurocode 8 is applicable only to short
links without web stiffeners. By adding the web stiffeners nonlinear inelastic behaviour of short
seismic links differs depending on the number of stiffeners, so that the calculation model of shear
resistance according to Eurocode 8 for short seismic link with stiffeners should be improved. This
fact is considered by introducing the improve factors that were determined from the laboratory
tests conducted on 16 specimens. On the base of tests in the second part of this paper the reliability
of short seismic link is performed by forming limit state equations. These equations are formed by
using the stochastic model, i.e. by describing the statistical nature of basic variables calculating the
reliability index as an operational value of failure probability. The reliability level was determined
by using the probabilistic analysis based on the first order reliability method (FORM) which
resulted with the conclusion that the short seismic links with two and three couples of web
stiffeners designed according to requirements of Eurocode 8 have enough reliability for the
reliability class RC2 and the mean recurrence interval (MRI) of 50 years.
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1 Introduction
In this paper, the reliability analysis of the most ductile elements of the eccentrically braced steel
frames called seismic links is conducted. It is well known that seismic links are usually designed
to remain in the elastic region during ordinary loading but withstand nonlinear inelastic
deformation during the seismic event, having the capability to dissipate seismic energy (Fig. 1)
(Mazzolani and Piluso 1996; 1997; Causevic 1993,1998; Mastrandrea and Piluso 2009).
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Fig. 1 A simple eccentrically braced frame and its collapse mechanism
The seismic link should be designed in a way that it may bear great inelastic deformations
without losing resistance, i. e. that most of the seismic energy is possible to dissipate within it. The
research in this work was restricted to the short seismic links because they are capable of
dissipating seismic energy in larger quantity by shear, while the webs in these links are expected to
yield in shear during large seismic events, i. e. dissipation of seismic energy by bending in links is
negligible (Fig. 2) (Malley and Popov 1983, 1984; Hjelmstad and Popov 1983; Bulic 2005, 2009).
To achieve the required plastic rotation local instabilities (such as flange or web buckling) should
be delayed. The web local buckling will be prevented by adding number of transverse stiffeners
along the web of the link. Dissipation of energy in the stiffened link will occur sooner through
inelastic shear deformations than through inelastic web buckling (Kasai and Popov 1986;
Mazzolani and Piluso 1994).
The major critical factor which influences the inelastic behaviour of the link is its length which
is correlated to the capability to dissipate seismic energy and the collapse mechanism of the system
(Fig. 1). In such a system the danger of brace buckling may be prevented since the seismic link
acts as a fuse which limits the axial force in the bracing.
Seismic links are classified into three categories according to the type of plastic mechanism
development: short, long and intermediate links. The behaviour of long links was generally
observed as bad in practice when compared to the short links because long links are less stiff in
shear and have a smaller capability to dissipate seismic energy. Therefore usage of short links is
recommended in practice because the yield of material is achieved by shear forces. Shear
deformations are basically plane deformations of the cross section web of the link, without any
significant tendency towards lateral torsional buckling. The short link is subject to high shear force
along its entire length but low axial force and bending moments (Fig. 2) (Malley and Popov 1984;
Engelhardt and Popov 1989).
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Fig. 2 Cross-section forces in the beam and in the link under lateral load in both directions

The design resistance of the short seismic links, which yield essentially in shear, should satisfy
the following relationship VEd ≤ V p ,link , where VEd is the design shear force and V p ,link is plastic
design shear resistance of the link which for I sections, if N Ed / N pl , Rd ≤ 0,15 , has the following
value (Eurocode 8 2004):
fy
V p ,link = d − t f ⋅ tw ⋅
(1)
3
Web stiffening of the short seismic link improves the capability of dissipating seismic energy
in the link by delaying the inelastic web shear buckling and it slows down the decrease of the load
bearing capability of the seismic link by controlling the displacement amplitude outside the web
plane. The seismic link must be free of any supports. Such supports can prevent occurrence of
inelastic deformations in the link, which can lead to deformation of other system elements
(Mazzolani et al. 1994).
First, the laboratory tests were conducted on 16 specimens of short seismic links with different
number of stiffeners in order to determine the level of reliability of seismic links according to (1).
The probabilistic analysis is conducted by means of the software VAP (Schneider 1997). The
probability of the short seismic link yielding and consequently the seismic energy dissipation in
seismic link is presented through the reliability index. Based on the obtained statistical data the
reliability index was calculated for four types of short seismic links.
For obtaining the reliability index of short seismic links the cycling tests were not necessary,
that is the laboratory tests were conducted having in mind required level of plastification in link
specimens which is obtained by the application of quasi-static one directional loading.
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2 Testing program
The tests were conducted at the Laboratory for structures at the Faculty of Civil Engineering,
University of Zagreb. Four types of short seismic links were tested, each having the same cross
section (HEA100) and the same length (300 mm) but with different number of web stiffeners, i. e.
without any stiffener on the seismic link length, with one, two and three couples of web stiffeners
(Fig. 3):
a)
b)
c)
d)

Fig. 3 Selected specimen of short seismic links
The link length for all specimens was chosen in a way to fulfil the requirement of Eurocode 8
for short seismic links with two and three couples of web stiffeners. The nominal geometrical
characteristics of the cross-section HEA 100 (height d = 96 mm , width b = 100 mm , web
thickness tw = 5 mm and flange thickness t f = 8 mm ) were adopted for all specimen. At the
seismic link ends 15 mm thick endplates were placed. Web stiffeners were 10 mm thick plates
placed on both side of the web. Fillet welds connecting a web stiffeners to the link web should
have a design strength adequate to resist a force γ ov f y Ast , where A st is the area of the stiffener
and γ ov is material overstrength factor. The design strength of fillet welds fastening the stiffener
to the flanges should be adequate to resist a force of γ ov f y Ast / 4 (Eurocode 8 2004). The 5 mm
thickness of fillet welds fulfils these requirements; i. e. the fillet welds resistance is higher than
resistance of the basic material (Eurocode 3 2005).
Instead of conducting tests on the whole eccentrically braced frame system at which the link is
the most important element, it is more economical to single out only the link as the most critical
element and conduct tests on it. Singling out the seismic link from the rest of the construction
requires creation of boundary conditions which will correspond to real eccentrically braced steel
frame (Causevic et al. 2008; Bulic et al. 2011).
The first set of tests was conducted on the separate specimens tested in pairs (Fig. 4). The
isolation of an element of a structure requires that certain surfaces, which are in the interior of the
global domain, must serve as boundaries of the isolated domain. Constraints imposed at these

boundaries should model as closely as possible the expected state in the structure. For the purpose
of the present research the auxiliary structure was made (Fig. 4). Each seismic link was connected
to the auxiliary structure on one side and to the central steel plate on the other side through which
the load was introduced.
During testing the loading was applied by controlling the displacement with the Zwik/Roell
actuator of 600 kN capacity.
Seismic links

Auxiliary structure
Fig. 4 Zwik/Roell actuator type and test preparation
All specimens were tested using the same number, location and type of measurement devices.
The seismic link displacements were measured with nine LVDTs (Linear Variable Displacement
Transducers) (1 to 9), and the web stress was measured with strain gauges (1 to 6) (Fig. 5).
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Fig. 5 Location of the measurement devices
The boundary conditions prevent rotation at both ends of the link. On one side of the link all
six conditions of freedom were prevented, while on the other side five conditions of freedom were
prevented and displacement on the vertical axis was allowed. Loading is applied through the
application of vertical displacement at the link end.
The tests were conducted by monotonic application of shear load on the seismic links so that
the quasi-static standard loading was applied gradually in one direction only, having intensity from
zero to the level which caused yielding in the link web. The tests were carried out under
displacement control with a constant speed of 0,05 mm/s. The load was applied up to the
displacement of seismic link to 52 mm which corresponds to the rotation angle of the seismic link
of 0,20 rad. Under this load a plastification of the web is noticed (Fig. 6). The same procedure of
step by step loading increase was conducted by Hjelmstad and Popov (1983); Malley and Popov
(1983) and Kasai and Popov (1986). These results can be partially comparable with the results
obtained here and it can be concluded that similar results were obtained.

Fig. 6 Testing of seismic links and specimen B2-2 after testing
The second set of tests was conducted on the realistic simple frame model of eccentrically
braced steel frame. Due to space limitation in laboratory, a simple frame with one eccentric brace
was chosen. The width and height of the frame are 2000 mm each and the length of the seismic
link is 300 mm. Having restriction in the laboratory for horizontal application of force, the model
of an eccentrically braced frame is placed in a position rotated for 90° (Fig. 7).

Fig. 7 Position of the testing model in the laboratory
The frame model elements were selected so that a plastic hinge can be developed in the
seismic link due to the shear force before the loss of stability of other frame elements occurs. For
frame columns and beam cross section HEB120 was chosen of steel quality S355; for bracing
hollow cross section 80x80x5 was chosen of steel quality S355; for the seismic link HEA100 of
steel quality S235 was used.

Seismic link
Fig. 8 Frame model before testing

The frame was designed in a way that nonlinear inelastic deformations in seismic link is
provided while at the same time other frame elements remain within the elastic region.
Loading is applied by controlling the displacement, using a Zwik/Roell actuator type of
capacity up to 2000 kN (Fig. 8). The load application speed was 0,05 mm/s.
Vertical and horizontal displacements were measured for each specimen using the LVDT
sensors (Fig. 9). The seismic link displacements were measured with five LVDT sensors on the
one side and two more sensors on the other side for control. The displacement of the whole frame
was measured with one LVDT sensor and the displacement on the load input position with another
one so that a total of nine LVDT sensors were installed.

Fig. 9 Seismic link in the frame model after testing
The load was applied until the seismic link displacement of 33 mm occurred, which
corresponds to the rotation angle of the seismic link of 0,12 rad, that is, when the link rotation
crossed the required value θ p = 0,08 rad (Eurocode 8 2004) for 50%. At this rotation angle of
the seismic link, elastic deformations of other frame elements became visible which resulted in
interruption of the loading.

3 Test results and discussion
The mechanical properties of the steel were tested according to EN 10002-1 (2001), using 12 test
pieces of the same shape and dimensions, regardless of the place where they were taken out of the
member. The mechanical properties are shown in Table 1 (Bulic 2009).
Table 1 Values of the mechanical properties
Mechanical property
fy (N/mm2)
Web 1-1
305,6
Web 2-1
329,6
Web 3-1
320,2
Web 4-1
319,7
Web 5-1
332,5
Web 6-1
322,9
Flange 1-2
328,7
Flange 2-2
324,3
Flange 3-2
319,2
Flange 4-2
338,4
Flange 5-2
321,4
Flange 6-2
311,6

fu (N/mm2)
419,5
445,8
438,8
435,6
445,8
443,4
450,3
441,7
438,5
454,4
436,9
436,6

ε (%)
19,1
19,2
20,0
19,6
19,9
19,3
17,4
17,9
16,5
17,4
16,8
18,3

On the base of tests applied on seismic links with different number of stiffeners Shear-Rotation
relationships were obtained (Fig. 10). Behaviour of different seismic links in elastic region is
identical. Adding stiffeners increases shear force at which the seismic link yields.
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Fig. 10 Shear–Rotation relationships in the first and in the second set
The plastic shear force V p ,link according to (1) has value 81,7kN for the mean yield strength
f yw obtained from Table 1. This value is near to the shear force obtained by tests at the beginning
of nonlinear inelastic deformation of seismic link specimen without web stiffeners (79,9 kN, Table
2). By adding web stiffeners this force increases, so that at the specimen of seismic link with one
couple of web stiffeners the shear force is 94,9 kN (15% increase), at the specimen with two
couples of stiffeners the shear force is 110,6 kN (35% increase) while at the specimen with three
couples of stiffeners it is 113,5 kN (40% increase) (Table 2) (Bulic 2009).
Table 2 Test results in the first set
without
web
stiffeners

1 couple
of web
stiffeners

2 couples
of web
stiffeners

3 couples
of web
stiffeners

maximal displacement before
unloading

(mm)

62,2

62,3

60,5

54,3

displacement after unloading

(mm)

57,7

57,4

55,9

49,8

(kN)

198,8

209,8

220,6

220,5

(kN)

114,5

130,8

146,4

162,2

(kN)

79,7

94,9

110,6

113,5

(rad)

0,24

0,24

0,23

0,21

(rad)

0,22

0,22

0,21

0,19

maximal shear force before
unloading
shear force at rotation angle 0,08
rad
shear force at the beginning of
plastic deformation
maximal rotation angle before
unloading
rotation angle after unloading

By comparing the behaviour of the short seismic link in the first and the second set it can be
concluded that the behaviour is identical up to the rotation angle θ p = 0,08 rad (Fig. 10), which
corresponds to the requirement of the Eurocode 8 stating that the rotation angle θ p between the
seismic link and the beam outside the link should be consistent with global deformations.
According to Eurocode 8, it should not exceed the value of 0,08 rad for short links. If the seismic
link rotation angle is larger than 0,08 rad the elastic deformation of other frame elements occurred
at the frame model, which caused the reduction of shear force in the seismic link.
The seismic links without stiffeners reach the link rotation of 0,08 rad at shear force 114,5 kN,
while the seismic links with three couples of stiffeners reach the link rotation of 0,08 rad at shear
force 162,2 kN, which is an increase of 42%. By increasing the number of web stiffeners a linear
increase of shear force at the link rotation angle of 0,08 rad occurs (Table 2).

The design model of shear resistance (1) according to Eurocode 8 should be improved with the
improve factors determined from these tests, which are introducing the influences of web
stiffeners. These improve factors will be discussed later on. It is correlated with the procedure
given in Eurocode 3 (2005) for shear resistance of arbitrary stiffened steel plate elements.
Web plastification of specimen without web stiffeners and specimen with two couples of web
stiffeners are shown in Fig. 11.

Fig. 11 Web plastification
The tests tend to be performed on small specimen due to economic profitability. By modelling
the finite element method, calibration of models on existing results of tests can be performed
which can replace the expensive tests to great extent. However, the model calibration is not
possible without the conducted tests.
Some new research is needed on the topic of eccentrically braced design of steel frames, like
investigations on link to girder and link to column connections (Okazaki et. al. 2009).

4 The probabilistic analysis
4.1 General
The reliability of seismic links is influenced by more stochastic parameters such as material and
geometrical properties, and action effect. To obtain the proper degree of reliability of the structure
it is necessary to take into consideration the stochastic nature of both the structure properties and
the actions on structure (Schneider 1997, Causevic, et. al. 2010). Namely, the real values of the
mechanical characteristics of the material and the geometric characteristics of the elements deviate
from ideal values (imperfections). During design of the structure actions differ in reality from the
supposed ones.
All parameters of unreliability in a probabilistic analysis are taken into consideration through
stochastic variables which are called basic variables. They characterize behaviour and reliability of
the structure and they are defined by their mean value, standard deviation and distribution
function. The variability of basic variables was taken into consideration both on the side of
resistance and on the side of action (Causevic et. al. 2008; Bulic 2009)
The aim of a reliability analysis is to estimate the probability of failure
Pf =

∫{

g ( x )≤0}

f X ( x )dx

(2)

where X is a random vector which contains all uncertain basic variables such as material
properties, loads, member dimensions; f X (x ) represents the joint probability density of the basic
random variables; and g (x ) is the limit state function corresponding to the failure mode
considered and defined such that the failure event corresponds to g ≤ 0 . In this research, the first
order method was implemented and it was developed to approximately evaluate the reliability
index β . According to approximate methods such as FORM (Ditlevsen and Madsen 1996) the
procedure is as follows:

The limit state function is recast in the standard normal space by using a probabilistic
transformation X ↔ U . The probabilistic transformation applied is of the Nataf or Rosenblatt type
(Liu and Der Kiureghian 1986). Then the problem is transformed into that of finding of design
point U * , which minimises the distance from the origin of the standard normal space to the limit
state surface g ( X (U )) = 0 . The determination of the design point requires an optimisation
algorithm such as the Rackwitz–Feissler algorithm (Rackwitz and Fiessler 1978), later improved
by Zhang and Der Kiureghian (1995).
The reliability index β is defined as the obtained distance, i.e. U * . The approximate
probability of failure is finally computed from the normal cumulative distribution function
Pf ,FORM = Φ ( − β )

(3)

This corresponds to approximating the limit state function by a tangent hyper plane at the
design point (first-order approximation). FORM also provides the so-called weighting factors.
These factors are defined by the square of the coordinates of the unit vector α = U * / β which sum
up to 1. Generally written as a percentage, these factors allow the ranking of the basic random
variables according to their importance in the reliability analysis (Skejic et al. 2008).
In accordance with the described method, the evaluation of the reliability level of the short
seismic links is performed in the following manner:
1. The shear resistance of the short seismic link is considered according to (1) (Eurocode 8). Basic
variables of resistance and action are identified.
2. The stochastic model is formed. Basic variables are defined as a one-dimensional stochastic
model.
3. The limit state functions are defined for the four types of seismic links, and they are expressed
in general form as follows:
g i ( X ) = Ri ( X ) − E

(4)

where Ri ( X ) is the vector of basic variables of resistance and E is the vector of basic variables
of action effect. The value of action effect is the same for all types of seismic links.
4. Computation of the reliability index β , for different types of seismic links, was conducted
through the use of a computer programme package VAP described in (Schneider 1997) which
enables computation of the reliability index according to the First Order Reliability Method –
FORM.
The computed reliability indices are compared with the target reliability index for the
reliability class RC2. Targeted value of the reliability index β in this case is 3,80 for a mean
recurrence interval (MRI) of 50 years, according to (Eurocode 0 2002).

4.2 Limit state equations and basic variables
The reliability of short seismic links is performed by forming limit state equations, forming the
stochastic model, that is, by describing the statistical nature of basic variables, by calculating the
reliability index β as an operational value of failure probability size and by calculating the
weighting factors

αi which represent the sensitivity of the reliability index.

Limit state equations were defined for each type of seismic link, where g i (X ) are limit state

functions, V p ,link ,i are the plastic shear resistance of the links and VE is the action effect (Table 3).
The quality of the materials and the geometric values of seismic link cross section are random
variables on resistance side and the seismic action on the action side is also a random variable so
that their stochastic nature has a direct influence to the reliability. In the probabilistic concept of
reliability, the material properties, geometrical properties and action effect are defined as basic
variables (Table 4). Each basic variable are described with appropriate distribution functions, i.e.
they are determined by type of distribution, mean value µ and standard deviation σ .

Table 3 Limit state equations
g 0 ( X ) = V p ,link ,0 − VE = 0

(

)

f yw

)

f yw

g 0 ( X ) = γ 0 ⋅ (150t w − 2,18a real 0 ) − t f ⋅ t w ⋅

−VE = 0

3

g1 ( X ) = V p ,link ,1 − VE = 0

(

g1 ( X ) = γ 1 ⋅ (150t w − 4,36a real1 ) − t f ⋅ t w ⋅

3

−VE = 0

g 2 ( X ) = V p ,link ,2 − VE = 0

(

)

f yw

)

f yw

g 2 ( X ) = γ 2 ⋅ (150t w − 6,54a real 2 ) − t f ⋅ t w ⋅

−VE = 0

3

g 3 ( X ) = V p ,link ,3 − VE = 0

(

g 3 ( X ) = γ 3 ⋅ (150t w − 8,72a real 3 ) − t f ⋅ t w ⋅

3

−VE = 0

Table 4 Basic variables
Resistance

γi
f yw

improve factors

tw
tf

web thickness

a real i

real spacing of web stiffeners

yield strength of link web
flange thickness

Action
VE

action effect (shear force)

The statistical parameters of basic variables were obtained from tests in a way of dimension
control, real yield strength of link web and the improve factors. Mean values, standard deviations
and the corresponding distribution functions of all basic variables are provided in Table 5.
Table 5 Statistic parameters of basic variables
Basic
Distribution
Mean value [µ]
variable
model
γ0
Normal
1,21

Standard
deviation [σ]
0,0476

γ1

Normal

1,35

0,0586

γ2

Normal

1,49

0,0627

γ3

Normal

1,74

0,0640
2

f yw

Lognormal

321,74 N/mm

9,44 N/mm2

tw

Normal

5,29 mm

0,1436 mm

tf

Normal

7,79 mm

0,1553 mm

a ac 0

Normal

300,18 mm

2,3085 mm

a ac1

Normal

149,65 mm

1,7792 mm

a ac 2

Normal

99,57 mm

1,2272 mm

a ac 3

Normal

75,43 mm

0,7128 mm

VE

Gumbel

36200 N

9100 N

Since in developing a resistance model certain influences are either consciously or
unconsciously neglected, deviations between analysis and tests are to be expected. This fact is

considered by introducing the improve factor of resistance γ i that is determined from the tests.
The test results, V p ,m,i , are divided by the corresponding results, V p ,link , obtained using the
resistance model:
V p ,m,i
(5)
γi =
V p ,link
where V p ,m,i is a shear force in the seismic link obtained from the results of the tests in the
moment when the link web yielding starts, and V p ,link is shear resistance according to (1).
The real mechanical characteristics of the material, f yw yield strength of link web, are
obtained experimentally (Table 1). Detailed measuring of geometrical values, t w web thickness,
t f flange thickness, and a real i real spacing of web stiffeners, of all specimens of seismic links
was conducted.
The Normal distribution was adopted for all geometrical basic variables and the improve
factors. For yield strength f y the lognormal distribution and for the action effect (shear force) VE
the Gumbel distribution was adopted.
By analyzing results presented in (Herak et al. 2001; Ambraseys et al. 1996), in this paper the
coefficient of variation ν = 0,25 (ν = σ/µ) was adopted. Based on the characteristic shear
resistance according to (1) for adopted cross section (VE = Vp.link = 59,7 kN), coefficient of
YDULDWLRQȞ*XPEHOGLVWULEXWLRQDQGth percentile of action effect, by using the program package
STATISTICA the mean value (µ = 49,6 kN) and the standard deviation (σ = 12,4 kN) of the basic
variable VE were determined.

4.3 Results and discussion of probabilistic analysis
The analysis was conducted on basic variables defined as a one-dimensional stochastic model and
the mean values and standard deviations as well as the distribution type were determined. Limit
state equations were formed for four types of short seismic links and the values of reliability index
β were calculated.
The calculated values of reliability index according to FORM for analyzed seismic links are
from β = 3,28 for seismic links without stiffeners to β = 3,95 for seismic links with three couples
of stiffeners (Fig. 12). The analysis proved that the short seismic links with two and three couples
of web stiffeners have a larger reliability index than targeted value β = 3,80 according to
Eurocode 0 for reliability class RC2 and mean recurrence interval (MRI) of 50 years.

Reliability index β

5
4

3,80

3

3,28

3,53

3,81

3,95

2
1
0

without
stiffeners

1 couple of
stiffeners

2 couples of
stiffeners

3 couples of
stiffeners

Fig. 12 Reliability index β (FORM)
The significance of particular basic variable is expressed by weighting factors α i which
represent the sensitivity of the reliability index β regarding their mean value and standard
deviation. Since these factors present the ″weight″ of each basic variable regarding its influence on
the value of the reliability index, results of analysis pointed out that the web thickness t w and the
action effect (shear force) VE have an increased influence on reliability index β (Fig. 13) (Bulic
2009).
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Fig. 13 Weighting factors α i
This result points out both the importance of dimension control of web thickness during future
experimental research and the significance of an accurate estimation of seismic load variability.

5 Conclusions
On the base of tests of the short seismic links with different number of web stiffeners ShearRotation relationships were obtained. Behaviour of short seismic links with different number of
web stiffeners in elastic region is identical. By adding the web stiffeners nonlinear inelastic
behaviour of short seismic links differs, so that the shear force increase 15% for one couple, 35%
for two couples and 40% for three couples of web stiffeners are observed.
It can be concluded that the design model of shear resistance (1) according to Eurocode 8 is
applicable to short links without web stiffeners, while for short links with web stiffeners the
calculation model should be improved with the improve factors. This increase should be taken into
consideration at design of seismic links, i.e. enlargement of the capacity of dissipation of seismic
energy realizes at nonlinear inelastic deformations in short links is taken into account with the
improve factors.
Using the probabilistic analysis based on FORM and taking into account the variability of the
basic variables of resistance and action, the reliability of short seismic links was investigated and
presented. From the probabilistic analysis the reliability index of β = 3,28 was obtained for short
links without stiffeners, β = 3,53 for links with one couple of stiffeners, β = 3,81 for links with
two couples of stiffeners and β = 3,95 for links with three couples of stiffeners. The probabilistic
analysis proved that the short seismic links with two and three couples of web stiffeners designed
according to requirements of Eurocode 8 have enough reliability which is greater than the targeted
value of the reliability index β = 3,80 according to Eurocode 0 for the reliability class RC2 and
the mean recurrence interval (MRI) of 50 years. Lower values of the reliability index ( β < 3,80 )
were obtained for short links without web stiffeners and with one couple of web stiffeners.
According to the obtained weighting factors of basic variables it can be concluded that the web
thickness t w on the resistance side and the action effect (shear force) VE on the action side have a
prevailing influence on the reliability index. The aim is to equalize the reliability levels of
components by using the probabilistic analysis.

This paper represents the base of further more extensive research. The final conclusion will be
provided based on both the results of the future research on a larger number of different specimens
and the research results of other laboratories.
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